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Str. I, wiersz 4 od dolu:
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OD REDAKCJI

,,Archiwum Minevalogiczne’” zaloZone zostalo w roku 1925 jako jedno
z ciaglych wydawnictw Towarzystwa Naukowego Warszawskiego. Powstalo
ono z inicjatywy Profesora St. J. Thugutta i dzieki Jego niezmordowanym
staraniom rozwijalo sie z roku na rok pozyskujac stopniowo autoréw i wspdl-
pracownikéw ze wszystkich oérodkéw naukowych Polski. W doéwiadczonych
i starannych dloniach Profesora Thugutta jako redaktora zyskiwalo ono
coraz wigksze uznanie w kraju i poza jego granicami $wiadczac przed nauks
wszech§wiatowa, ze polscy badacze z zakresu nauk mineralogicznych, jak-
kolwiek nieliczni, przyczyniaja sie w miare swych mozliwosci do pomno-
zenia ogdblnego dorobku naukowego w tej dziedzinie.

Do roku 1938 wyszlo 14 rocznikéw ,,Archiwum - Mineralogicznego''.
Tom XV w roku 1939 nie zdolal si¢ ukazaé z powodu wybuchu wojny; bar-
barzyhskie dzialania wojenne hitlerowskich najezdzcéw na terenie miasta
Warszawy zniszczyly doszczetnie caly gotowy juz wéwczas naklad tego
tomu.

Dopiero po odzyskaniu przez Polske niepodleglosci i po wypedzeniu
okupanta z calego jej terytorium w r. 1945 ,,Archiwum Mineralogiczne’’
moglo odzyé na nowo. I znowu Profesor Thugutt, nie baczac na wiek swdj
i ciezkie przezycia wojenne, zabiera si¢ z zapalem do swej ukochanej pracy
redaktorskiej, rekonstruuje zniszezony tom XV i wéréd trudnych poczat-
kowo warunkéw powojennych wydaje go drukiem na nowo. W latach nastep-
nych wychodzg jeszcze dwa dalsze tomy: XVI (1946) i XVII (1947). Jednakze
trud redagowania przekracza juz sily jednego czlowieka. Profesor Thugutt,
zblizajac si¢ do wieku lat dziewieédziesieciu i mieszkajac w Krakowie, nie
moze kierowaé wydawnictwem wychodzacym w Warszawie. Dalsze tomy
,,Archiwum’’ juz si¢ nie ukazuja.

Dopiero powstanie Polskiej Akademii Nauk, naczelnej instytucji koor-
dynujacej i organizujacej dzialalno§é naukowa w kraju, stwarza warunki
dla ozywienia ,,Archiwum Mineralogicznego''. Wydawnictwo to, uznane
przez te instytucje za potrzebne, jest wziete pod jej bezposrednig opieke.
Wydzial III P. A. N. powoluje w r. 1953 nowy Komitet Redakcyjny, do
ktérego Profesor Thugutt wchodzi jako Redaktor honorowy. Rok 1954 staje
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si¢ rokiem wznowienia tego pisma w nowym ukladzie organizacyjnym nauki -
polskiej i w nowych, korzystniejszych warunkach rozwojowych.

Redakcja' ,,Archiwam Mineralogicznego’’, oddajac w rece czytelnikéw
pierwszy zeszyt tomu XVIII jako pierwszy numer serii wydawanej pod
egida Komitetu Geologicznego Polskiej Akademii Nauk, pragnie nawigzad
do chlubnej tradycji Archiwum dawniejszego, z drugiej jednak strony be-
dzie sie starala wprowadzi¢ uzupelnienia potrzebne do wigkszego ozywienia
wydawnictwa. Bedzie zamieszczal prace oryginalne dowolnych rozmiaréw
poSwiecone /hrystalografii, mineralogii, petrografii i geochemii, drukowane
na ogél w caloéci po polsku, ze streszczeniami w jezykach kongresowych.
Dla prac po$wigconych problematyce ogdlniejszej wyzej wymienionych
dziedzin, bardziej nauke zagraniczng interesujgcych, przewiduje sie mozi-
liwoéé drukowania pracy w caloSei w jednym z jezykdw kongresowych,
ze streszczeniem w jezyku polskim. _

Zeszyt niniejszy zawiera jedynie prace oryginalne; w zeszycie drugim
tego tomu zamieszczone beda, obok prac oryginalnych, krdtkie notatki nau-
kowe, artykuly referatowo-dyskusyjne oraz bibliografia. Przyczyni si¢ to
niewatpliwie do nadania czasopismu pigtna aktualno$ci i do silniejszego
powigzania nurtu rozwojowego nauki krajowej z nauka zagraniczng.

K. Smulikowski
Redaktor naczelny
»Archiwum Mineralogicznego’™



OT PEJAKLIHU

,,MunepaJjoruueckuit Apxus‘* 6bl1 ocHOBaH B 1925 rofy Kak OZHO H3 HEpPHO-
JAHYECKHX M3aaTenbCTB BapuiaBckoro Haywnoro O6muecTBa mo HHHIMATUBE
npogeccopa Cr. 0. Tyryrra. Brarogapss HeyTOMHMEIM CTapaAHHSIM HHHILAATO-
Pa H31aTeNbCTBO DPA3BHBAJOCH C KAXKIBIM TOHOM MpHOOpeTas MOCTENEHHO
aBTOPOB H COTPYJZHHMKOB M3 Bcex HayuHbix neHTpoB [lombu. [lom onbiTHOM
u 3a60TaMBO# pepaxiueit npodeccopa TYTyTTa OHO [OMB30BATOCE BCE GOMBLINM
upusHanuem B Ilosbiie ¥ 3a ee NpexeNamH, CBHIETENbCTBYS Iepel MHPOBOH
HaYKOH, UTO HEMHOIOYHCJEHHAas IPynna MOJbCKHX HCCaefoBaTenell B obJacTH
MHHEPaJOTHYECKHX HAyK BHOCHT CBOH BKJaJ B OOlIye HayuyHble JOCTHXKEHHS
MHHEp aJIOTHH. ‘

o 1938 roma Gwuio BeimyiineHo 14 Tomoe ,,Munepasornueckoro Apxusa‘.
B 1939 r. XV-bifi TOM yKe He MOABHJICS HA H3JATeNbCKOM phiHKe. Bo Bpems.
BOEHHBIX JEHCTBHH, NIEPEHECEHHBIX BAPBAPCKUMH THTIEPOBCKUMHE arpeccopamn
Ha TEPPHTOPHIO TOpoja Bapuiasbi, Bech rOTOBHI B 3T0 BpeMs THpax XV-ro
TOMa GBI TOJHOCTBIO YHHUTOXKEH.

,,Munepanornyeckuil ApxuB‘ MNOJYUHJI BO3MOXKHOCTb BHOBbL BO3POJHUTHCA
JIMLb TIOCJe BOCCTAHOBJIEHHSI HEe3aBHCHMOCTH ITOJIBIIM M NOJHOTO H3THAHHS
OKKymaHTa u3 ee npenenoB. M omstb npodeccop Tyryrr, HecMoTps Ha CBO#
MIPEKJOHHEIH BO3PACT M TsKeJIble BOEHHBIE MCILITAHHS], TPHHHMAETC C JHTY-
34a3MOM 32 H3MIOOJNEHHYIO PeNakUHOHHYI paboTy, PEKOHCTPYHPYET YHHYTO-
skeubld XV-bIfl TOM B, B TPYAHBIX YCJIOBHAX €IBa 3aKOHUEHHOH BOHHEI, H3-
7lAeT ero.3aHoBO. B Teuenus IBYX CJELYIOIIHX JeT NOsABJsioTes ToMbl X VI-biff
(1946) u XVII-eit (1947). Tpyn peZaKTHPOBAHHS MPEBRILAET OAHAKO CHJILI
ofHOro yenoBeka. JlanbHeduine TOMEL ,,ApXuBa‘ He TOSBJIFIOTCS.

OcuoBauue [Toabckoli Axkanemuu Hayx, uMeromel Leabl0 KOOPAHHAUHKIO
M OpraHM3auHi0 HAYYHOH JeATeJbHOCTH B Ilosblle, CO3aeT YCAOBHS IS
oXuBJeHusT ,,Munepanornueckoro Apxusa‘“. ManarenncTBo npusHaercs Heol-
XOIMMBIM M [ONMAJAeT MOJ HEIOCPEACTBEHHOE MOKPOBHTENBCTBO AKaleMHH
Hayk. [1I-e orxenenne I1.A.H. o6pasyer s 1953 r. woBbiil' Penakunonnsiit Ko-
MHTET, B KoTopom npodeccop TyryTT npurHMaer yuactbe B xapakrepe ITouer-
noro Pegakropa. Hbinemsuii 1954-bf rof SABNSETCS TOXOM BO30GHOBJIEHHS
H3JATENLCTBA B HOBOH OPraHM3aI[HOHHON CHCTEME NOJbCKOH HayKH H B HOBBIX,
GoJiee 6aronpHATHLIX YCAOBHAX IJS €r0 PasBUTHA.
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Ilepenasas B pyku uyurarenelr nepsoifl Buiyck XVIII-ro Ttoma, mamaHubii
nop srumoii [eosornueckoro Komurera ITombckoft AxameMun Hayk, Penax-
nust ,,MuHepasoruueckoro Apxuea‘ mocraBuia cefe HENIblo HE TOJBKO COXpa-
HHUTb IIeHHble TPAAHIUHN ,,APXHBA‘* MPOIILIX JET, HO PAAOM C TeM M OXKHBUTh
ero cojepxanue. B magarenscrBe HalAyT cBOe MeCTO B NEPBYIO OUepelb OpH-
rHHAJIbHEIE TPYILL MOCBSIIIEHHBIE BOIPOCAM Kpucraasoepaduu, muneparoauu,
nerpoepagun u eeoxumul, nedataHHble B IPUHIMIE HAa ITOJIbCKOM S3BIKE H CO-
IepKallyue pesloMe Ha HHOCTPAHHBIX f3bIKAX NPHHATHIX HAa MEKAYHAPOAHBIX
KoHrpeccax., Huast Tpynos mocBsineHHbIX Oojee ofmiell npolJeMaTHKEe BHILIC
TIEPEUHCIEHHBIX JUCHUIUIME, H TeM CaMBIM HHTEPECYIOUIHX MyOxe 3apybex-
HYIO HAYKy, TMPEIBHIHICS BO3MONKHOCTb NEUATAHHS HX [OJHOCTHIO HA OJHOM
M3 KOMTPECCHRBIX SI3bIKOB C PE3IOME Ha MOJBCKOM SI3BIKE.

HpiHelmHU BHITYCK COJEPKUT HCKIIOUHTENIBHO OPHUIHHAJNBEBIE TPYALI; BO
BTOPOM BBIIIyCKe 3TOro ToMa 6yAyT NOMelleHbl, PSAAOM C OPHTHHAJLHBIMH pa-
foramy, KpaTKHe HayuHble 3aMeTKH, peepaTbl H JIUCKYCCHOHHBIE CTAThH
U, HakoHel, Oubauorpadus. Penaxmus Hajgeercs, uro OHH OYAYT aKTyaJH3H-
pOBaTh H3IATENLCTBO M Kperre CBSXKYT IYTH PAasBHUTHS IOJbCKOH HaYyKH
¢ HayKo# 3a py6exom.

K. Cuyarukoscku

Inasuerit Pepaxrop
.MHutepanornueckoro Apxusa‘



EDITORIAL
The first issue of the ,,Mineralogical Archives’’ appeared in 1925 as one of
the serial publications edited by the Warsaw Scientific Society. It was in-
itiated by Prof. St. J. Thugutt and thanks to his indefatigable efforts and
care it showed a steady development, gradually acquiring the cooperation of
all the scientific centres of Poland. Under Prof. Thugutt’s skillful and
solicitous editorship this publication gained an evzr increasing approval
both at home and abroad, thus bearing testimony that Polish investigators
from the field of mineralogy, though but few in number, contribute their
share to the universal advancement of science.

Fourteen annual issues of the ,,Mineralogical Archives’’ were published
up to 1938. The outbreak of war in 1939 prevented the XVth volume to
appear. The barbarous war activities of the Nazi aggressors in Warsaw
completely destroyed the entire edition of this publication, ready for- dis-
tribution. :

The ,,Archives’’ could not be revived before Poland regained her in-
dependence and the hordes of aggressors had, in 1945, been driven out of
all Polish territories. Here again, disregarding his advanced age and the
hardships suffered in the course of the war, Prof. Thugutt takes up the
editorial work, recompiles the destroyed volume XV, and has it reprinted
under difficult post-war conditions. The following years, 1946 and 1947, .
yield two more subsequent volumes, XVI and XVII. The toils of the
editorial work, however, prove too burdensome under the circumstances.
" The subsequent numbers of the ,,Archives‘ do not, therefore, appear.

The establishment of the Polish Academy of Sciences, an institution gov-
crning, co-ordinating and organizing the scientific activities in Poland,
creates conditions favourable to the revival of the ,,Mineralogical Archives’’.
This publication, being deemed necessary by the Academy, is placed
under its direct protection. In 1953, a new editorial board is organized, with
Professor Thugutt as honorary Editor. The year 1954, facing a new organ-
izational pattern of Polish science and new better conditions for its develop-
ment, witnesses the dctual revival of the ,,Archives‘‘.

Archiwum Mineralogiczne
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Wher presenting to the readers part 1 of volume XVIII, published under
the auspices of the Geological Committee of the Polish Academy of Sciences,
the Editorial Board will make efforts to continue the praiseworthy tra-
ditions of the former series. On the other hand, however, endeavours will
be made to actualize the publication. Original papers will be published from
the field of crystallography, mineralogy, petrography and geochemistry, as
a rule in the Polish language, but with summaries in Congress languages.
Full texts of reports dealing with more general problems of the aforesaid
sciences may be published in one of the Congress languages, with
summaries in Polish. ‘

The present issue includes original reports only, while the next one will
also publish information, reviews and bibliographical notes. This will,
undoubtedly, help to give to this publication a more up-to-date character
and to strengthen the ties uniting the advancement of the Polish with that
of the foreign science.

K. Smulikowski
Head-Editor



BLANKA ZIOLKOWSKA
(Zaklad Mineralogii Politechniki Warszawskiej)

ZALEZNOSC KATA OSI OPTYCZNYCH W KRYSZTALACH
OD SPOLCZYNNIKOW ZALAMANIA

STRESZCZENIE

Analiza funkeji tangensa kata osi optycznych wykazala, ze dla niskich dwédjlom-
nodci nie wystarczajg trzy albo cztery znaki po przecinku w liczbach, wyrazajacych
spéiczynniki zalamania, jesli chcemy obliczyé z nich kat osi opbycznych chocby w
przyblizeniu. Liczba znakéw dziesietnych konieczna do wyznaczenia kata V z doklad-
nosciag do 1°, 30/, 15, 10/, & i 1’ podana jest w przedostatniej kolumnie tab. IX.

Wtep

W krysztalach dwuosiowych zalezno$¢ miedzy katem osi optycznych
i spélczynnikami zalamania da si¢ ujgé matematycznie w jeden ze wzordw:

sin V. -l|/u, albo (1)
y '_a
. R2
cosV——ﬂ]/y £, albo 2
'y _a

tg V== ]/% (3)

Do obliczen logarytmicznych stosuje sie wzory:

cos V=-"2 r (Zii)(::ﬁg (Panebianco). (4)

lub cos V = e ¢ , Przy czym cose A , €OS @, = 2z (G. Bartalini) (5)
tg ¢ : 14 ‘ 14
Zdawaloby sie wiec, i — jak sig wydaje — takie bylo dotychczas ogélne
mniemanie, ze znajgc spélezynniki zalamania badanej substancji mozna obli-
czyé warto$¢ kata osiowego 2V, zmierzonego poza tym osobno.

1 — Archiwum Mineralogiczne
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Sprawdzajac dane z literatury zauwazymy, ze bardzo czesto wartosci kata
2V uzyskane tymi dwiema drogami réznig sie miedzy sobg do$¢ znacznie.
Przyczyna tej rozbieznosci lezy najcze$ciej nie w niedopatrzeniu autoréw,
lecz w zbyt malej dokladno$ei podanych spétczynnikéw zalamania.

Aby ze znanych wartosci spélczynnikéw zalamania mozna bylo obliczyé
kat osi optycznych, muszg by¢ one zmierzone i podane z nalezyta doklad-
noécig.

Sprawa ta nie zostala jeszcze, o ile nam wiadomo, ujeta liczbowo, ce-
lem wigc tej pracy bedzie zbadanie, w jakim stopniu zmiany wartosci spél-
czynnikéw zalamania wplywaja na zmiane wielkoSci kata osi optycznych
wyliczanego ze wzoru na tangens tego kata, ktéry ze spélczynnikéw ma pod
tym wzgledem najwieksze znaczenie i_jak wplywa na te zaleznosci rézna lam-
liwo$é (B) i rézna dwéjlomnosé.

Ostateczne zestawienie wynikéw i ew. wykreélne ich przedstawienie
winno wskazywaé dokladno$é, z jakg musialyby by¢ podawane spélczynniki
zalamania $wiatla, aby z nich mozna bylo z zgdana, dowolng dokladno$cig
obliczy¢ kat osi optycznych, np. z dokladnoscig do 1°, 307, 157, 10, 5%, 1”.

Za material do obliczen postuzyly dane z tablic A. Bolewskiego i St. Ja-
skélskiego!, pierwszej obszernej polskiej publikacji z tej dziedziny.

Juz na pierwszej stronie tych tablic znajdujemy dwa przyklady, wyma-
gajace dokladniejszego zbadania, a mianowicie:

a B y char. opt. 2V 2V,
1. mirabilit 1,394 1,396 1,398 (—) 760  104°
2. trydymit-y 1,469 1,471 1,473 (+) 35°

W obu tych przypadkach obie charakterystyczne dwéjlomnosei (y—g)
i (B—a) sg sobie réwne. Ze wzoru
Y g2 —a?
ol p—p
wynika, ze w takim przypadku kat osi optycznych 2 V,, jest niewiele wigkszy
od 90°, czyli ze krysztal jest optycznie ujemny?.

W obu omawianych przykladach, przyjmujac podane spélczynniki
a f y za zupelnie dokladne, nalezaloby sie spodziewaé wartosci kata osi opty-
cznych 2V, nieco wigkszej od 90°, gdy tymczasem kat ten dla mirabilitu
znacznie przekracza 90° (wynosi 104°), dla trydymitu-y za$ zupelnie odbie-
ga od spodziewanej wartosci, jest stosunkowo bardzo maly (35°), a co za tym
idzie, krysztal jest optycznie dodatni.

W przypadku mirabilitu i trydymitu-y zachodzi wiec sprzeczno$é
miedzy wartoSciami kata osiowego znalezionymi do$wiadczalnie a warto-

tg Vy=

1 A. Bolewski i St. Jaskdlski. Oznaczanie mineratléw, Warszawa 1951, str. 204—255.
2 T. J. Wojno, Dwéjlomno$¢ jako kryterium znaku optycznego krysztaléw dwu-
osiowych. Arch. Min. Tow. Nauk. Warsz., tom 111, 1927, Warszawa 1928, str. 119—128.
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$ciami, ktére uzyskalibySmy biorgc za podstawe trzy podane spéiczynniki
zalamania i obliczajac kat osi optycznych wedlug wyzej wspomnianego wzoru.
Przyczyny tej sprzeczno$ci mozemy doszukiwaé sie wlasnie w zbyt maIeJ
dokladno$ci spélezynnikéw zalamania.

Juz na pierwszy rzut oka jest widoczne, ze zaokraglenie warto$ci spél-
czynnikéw do trzech miejsc po przecinku, mogace spowodowaé odrzucenie
lub dodanie nawet 0,0005, bardzo znacznie zmienia stosunek dwéjlomnosei;
wplyw ten musi byé szczegélnie wyrazny przy stabej dwéjlomnoéci, wynosza-
cej, jak w przypadku mirabilitu i trydymitu-y, y —a = 0,004.

Zakladajac, ze blad przy wyznaczaniu spélezynnika zalamania wynosi
np. 4 0,001 i analizujgc wplyw tego bledu na wielko$é kata osi optycznych,
musimy rozpatrzy¢ wiele réznych przypadkéw, uwarunkowanych tym, czy
danym bledem jest obcigzony jeden ze spélezynnikéw, dwa czy wszystkie
trzy réwnoczeénie, i czy ten blad obniza, czy tez podwyzsza warto$¢é danego
spoIczynnlka

Ponizsza tabelka daje liczbe mozliwych kombinacji.

a py a B v a By
o o o o + —
+o o —o0 o o —+
o +o o — o +o0o —
o o + oo — —~u 1
o + -+ O — = o @
+a — B — — 4o
+ + o — —o
+ 4+ + = e g
— = o I s
+ — o Tt
e == =
W tabeli ‘tej o oznacza przyjecie spélczynnika zalamania za dokladny, -+
powigkszenie go o 0,001, — zmniejszenie o 0,001.

Moze wiec byé 27 réznych sposobéw, w ktérych blad przy wyznaczaniu
spélczynnikéw réznie wplywa na wielkoéé kata osi optycznych. Osiem kom-
binacji daje réwnoczesne obcigzenie bledem wszystkich spélezynnikéw, po-
zostale dziewigtnascie uzyskujemy, gdy jeden lub dwa z nich pozostaja
niezmienione.

Najwigkszy wplyw bedzie wywierala zmiana podanego f, w tym przy-
padku bowiem zmieniaja sie réwnoczeénie réznice (y*—p?) i (f%—a?), wiec

wedlug wzoru 5 5
’ tg ¥, =2/ =%
Y a yz _ /32

licznik i1 mianownik zmieniajg si¢ w przeciwnych kierunkach dajac daleko
wiekszy efekt, niz zmiana pozostalych spéleczynnikéw @ i .



BLANKA ZIOLKOWSKA

Przygotowanie materialu do obliczen

Przechodzgc do szczegélowego badania interesujgcych nas zalezno$ci
i dla latwiejszego wyodrebnienia wplywu poszczegdélnych czynnikéw podzie-
litam wybrane z tabeli przyklady mineraléw na cztery grupy:

1. mineraly o slabej

5,
3,
4.

"

>3

tR

,» silnej
,,» slabej
,» silnej

lamliwogei i slabej

1

k]

14

i

7y

i silnej

I

R

Tabela 1

Staba lamliwo$é i staba dwdjlomnosé
(both refringence and birefringence weak)

dwéjlomnosci

1y

I Nazwa mineratu| 5% . y—a PY%
p. (name) dziela a |f—a B |y—-8 y |charakt. opt.
(page) (opt. char.)
1 mirabilit 204 1,394 0,002| 1,396| 0,002 1,398 0,004(—) 769
2 trydymit-y 204 1,469 0,002| 1,471] 0,002) 1,473| 0,004(-) 350
3 | mordenit 204 1,472] 0,003| 1,475 0,001} 1,476; 0,004(—) 570
4 | ferrieryt 206 1,478 0,001] 1.479| 0,003| 1,482 0,004(-L) 500
5 | pikeryngit 206 1,476| 0,004! 1,480 0,003| 1,483 0,007(—) |S$redni
6 apjonit 206 1,478 0,004 1,482| 0,000 1,482 0,004(—) | maly
7 | leonit 206 1,483 0,004 1,487| 0,003| 1,490( 0,007(—) 830
8 | wanthofit 206 1,485| 0,003} 1,488 0,001| 1,489 0,004(—) |ok. 849
9 | bledyt 206 1,486| 0,002; 1,488| 0,001| 1,489] 0,003(—) 710
10 | desmin 208 1,494 0,004 1,498 0,002| 1,500, 0,006(—) 330
|1 11 | beulandyt 208 1,498| 0,001| 1,499| 0,006| 1,505 0,007(-) 340
1 12 | filipsyt 208 1,498] 0,002 1,500 0,003} 1,503 0,005(-) 700

¢ Tu i w tabelach nastepnych odsyfam do odpowiednich stron publikacji Bolewskiego

i Jaskélskiego (p.

footnote p. 2).

odnoénik 1,

str. 2).

Tabela 2
Silna tamliwo$é i slaba dwdjlomnosé

(refringence strong, birefringence weak)

(Pages refer to Bolewski's textbook, see

Nazwa mineratu| U LW

1 Lp. (name) dziela a |B—al|l B |y—B| v |charakt.opt.| 2V

! : (page) (opt. char.)
1 gadolinit 246 1,801} 0,011} 1.812| 0,012 1,824} 0,023(+) | 85°
2 ceryt 246 1,817 0,001; 1,818} 0,003 1,821} 0,004(4) | 25°
3 fajalit 246 1,805] 0,033| 1,838| 0,009| 1,847 0,042(—) [47-54°
4 linaryt 248 1,809| 0,029 1,838| 0,012 1,850 0,041(—) | 80°
S anglezyt 248 1,877 0,005 1,882 0,012| 1,894 0,017(4) | 700
6 larsenit 248 1,92 | 0,03 | 1,95 | 0,04 | 1,96 | 0,040(—) | 80°
7 pseudobrukit 252 2,38 10,01 | 2,39 | 0,04 | 2,43 | 0,050(4) | o6°
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(refringence weak, birefringence strong)

Tabela 3
Staba lamliwo$é i silna dwdjlomnosé

. y str. . y—a
Lp. Namzzlzwr:zgemtu dzieta a |(p—al| B |y—B| v |charaki.opt.| 2V
(page) (opt. char.)
1 heksahydryt 204 1,426| 0,027| 1,453 0,003| 1,456} 0,030(—) | 380
2 epsomit 204 1,432{ 0,023| 1,455 0,006| 1,461] 0,029(—) | 520
3 sassolin 204 1,340 0,116/ 1,456( 0,003| 1,459 0,119(—) 70
4 kernit 204 1,454| 0,018] 1,472{ 0,016| 1,488 0,034(—) | 80°
5 karnalit 204 1,466 0,009] 1,475 0,019| 1,494 0,028(-) | 70°
6 lanstordyt 204 1,456( 0,020} 1,476| 0,031 1,507 0,051(4-) | 60°
7 goslaryt 206 1,452| 0,023| 1,475 0,004| 1,479 0,027(—) { 71°
8 saletra . 208 1,335 1,170| 1,505 0,001| 1,506 0,171(—) 70
potasowa
Tabela 4
Silna tamliwo$é i silna dwdjlomnoéé
(both refringence and birefringence strong)
i str. y—a
Lp. Nazuz('zu:méz)eralu dzieta a {B—a| B |y—B| vy |chareki.opt.| 2V
m (page) , (opt. char.)
1 tiujamunit 248 1,670( 0,200| 1,870 0,025 1,895 0,235(—) |(36-57°
2 malachit 248 1,655| 0,220( 1,875| 0,034} 1,909] 0,254(—) | 43¢
3 siarka rodzimal 250 1,958 0,080| 2,038} 0,207} 2,245 0,287(+) | 69°
4 cerusyt 250 1,804) 0,272 2,076| 0,002 2,078| 0,274(—) 80
5 lepidokrokit 250 1,94 | 0,26 | 2,20 | 0,31 | 2,51 | 0,570(—) | 83°
6 krokoit 252 2,31 10,06 {237 | 0,29 | 2,66 | 0,350(+) | 57° -
7 melanochroit 252 2,34 | 0,04 12,38 | 0,27 | 2,65 | 0,310(}) |redni
Tabela 5
Jednakowe dwdjlomnosci charakterystyczne
W—f)=F—a)
. str. charakt.
Lp. Nazwcrz“m;z)eratu dziela y—B B 2V opt. 2Vy
( (page) (opt. char.)
1 mirabilit 204 0,002 1,396 760 (—) 1040
2 trydymit-y 204 0,002 1,471 350 (+) 350
-3 kainit 208 0,011 1,505 850 (—) 95¢
4 petalit 210 0,008 1,510 830 (+) 830
5 mikroklin 212 0,004 1,526 | 75—850 (—) 95—103°
6 labrador 216 0,004 1,567 | 76—90° (+) 76—90v
7 celzjan 220 0,005 1,589 860 (+) 860
8 danburyt 226 0,003 1,633 | 86—90° (—) 90—94°
.9 forsteryt 232 0,020 1,660 860 (-+) 860
10 oliwin 234 0,019 1,670 | 70—90° (=) 70—1100
11 bronzyt 234 0,005 1,678 | 70—90° (+) 70—90°
12 klino-zoizyt 240 0,002 1,717 66° (+) 66°
13 trymeryt 240 0,005 1,720 830 (—) 970
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Na szczegbélng uwage zaslugiwaly mineraly o jednakowych charakte-
rystycznych dwéjlomnoéciach (y — g) = (8 —a), ktére powinny mieé 2V,
nieco wigksze od 90°, dlatego zebralam je w oddzielna grupe pigta (p.str.5).

Na podstawie rozwazain dotyczacych tych 47 przykladéw staralam sig
opracowaé wymienione na wstepie zagadnienia.

Obliczenie kqta osi optycznych

Na wstepie musialam obliczyé¢ kat osi optycznych 2V biorgc do obliczen
podane w tablicach spélczynniki afy i poslugujac si¢ wzorem na tangens
tego kata, aby przekonaé sig, jak dalece wartosci w ten sposéb wyliczone
beds odbiegaly ,od katéw znalezionych do$wiadczalnie.

Do obliczen postuiyly:

1° Barlow’s Tables of squares, Londyn 1947 (do znajdowania warto$ci
kwadratéw spolczynnikow);

2° Bremiker's logarithmisch-trigonometrische Tafeln, Stuttgart 1943
(do pozostalych obliczen).

Przyklad obliczenn (dla mirabilitu):

2 2
==L
tg VV:—Z_I/ﬁz__‘gz

o= 1,39 a? = 1,943236
% — a® = 0,005580
B = 1,396 B? = 1,948816
2 — B2 = 0,005588
y = 1,398 »? = 1,954404
V, = 45%
2V, = 90°7"

Z zestawienia podanego na str. 7 (tabela 6) widzimy, ze w wielu przy-
padkach oznaczonych gwiazdka(*) warto$ci teoretycznie wyliczone znacznie
odbiegaja od znalezionych do$wiadczalnie.

Obliczenie spolczynnika p

Dla przypadkéw, w ktérych katy obliczone i podane w tabelach réznily
sie znacznie, wyliczylam, jakie musialoby byé g, aby $cisle zgadzaly sie
uzyskane doswiadczalnie i wyliczone wartoSei katéw osi optycznych. Z trzech
spétezynnikéw afy wyliczam B, przyjmujgc a i y za dokladne, poniewaz,
jak juz wspominalam, zmiany kata osiowego spowodowane niedokladnoscig
P sa znacznie wyrazniejsze, niz wywolane niedokladno$ciami a lub y.



ZALEZNOSC KATA OSI OPTYCZNYCH OD SPOLCZYNNIKOW ZALAMANIA 7

Tabela 6

Zestawienie wynikéw obliczen kata osi optycznych
(results of calculations of optic axial angles)

Nazwa mineralu 2V., zmierz. | 2V,, oblicz.
Lp. Y
(name) (measur.) | (calcul.}

1 mirabilit 1049 9007’ *

2 trydymit-p 35° 9007 *

3 mordenit 1230 120067

4 ferrieryt 500 6006”

5 pikeryngit $redni 98025

6 leonit 970 98025

7 wanthofit ok. 96° 12006"*

8 bledyt 109° 109033’

9 desmin 1470 109038’ *
10 heulandyt 340 440337 %
11 filipsyt 700 78036”
12 gadolinit 850 8803’
13 ceryt 259 6005 *
14 fajalit 133—1260° 125039”
15 uelsyt 390 780367 *
16 linaryt 1000 1150227
17 anglezyt 700 66027
18 larsenit 80° 1200467
19 pseudo-brukit 560 539517
20 heksahydryt 1420 143040”
21 epsomit 1280 126935’
22 sassolin 173° 162051*
23 kernit 1000 940227
24 karnalit 700 690507
25 lansfordyt 600 790 *
26 goslaryt 1090 135017 #
27 saletra potisowa 1730 1710597
28 tiujamunit 144—1230 1440227
29 malachit 1370 14108’
30 siarka rodzima 690 69067
31 cerusyt 1720 1710147
32 lepidokrokit 970 9601/
33 krokoit 570 53037
34 melanochroit éredni 45047
35 kainit 950 © 90038”
36 petalit 830 90020”
37 mikroklin 105—950 90014/
38 labrador 76—90° 90013/
39 celzjan 869 900167
40 danburyt 86—900 9009”
41 forsteryt 86° 912"
42 oliwin 70—90° 90059
43 bronzyt 70—900 90015
44 klino-zoizyt 66° 9006"*
45 trymeryt 830 90015

Wyprowadzenie wzoru do obliczenia 8:
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tg*V, o (2 — f%) = y* (8> — o)

a®f? tg?V,, + p°p% = o®y® 1g?V, + a%?

a®y* (tg*V, + 1)
a®tg?V, +

ay Vg2V, + 1

b=, S

2

Tabela 7

Zestawienie wynikéw obliczen g
(results of g calculations)

L Nazwa mineralu B zmierz. B oblica.
P- (name) (measur.) (caleul.)
1 mirabilit 1,396 1,39648
2 trydymit-y 1,471 1,46936
3 wanthofit 1,488 1,48721
4 desmin 1,498 1,49952
5 heulandyt 1,499 1,49861
6 uelsyt 1,500 1,49855
7 ceryt 1,818 1,81719
8 linaryt 1,838 1,8327
9 larsenit 1,95 11,9432

10 sassolin 1,456 1,4585
11 lansfordyt 1,476 1,4683
12 goslaryt 1,475 1,4697

Sa tu przeliczone te mineraly, dla ktérych dwie wartodci kata osiowego
réznig sie najbardziej, ale nawet wéréd nich znajduja sie takie jak mirabilit
czy heulandyt, dla ktérych réznice te mogly powstaé wskutek zaokraglenia
liczby wyrazajacej wielko§é spélezynnika # do trzech miejsc po przecinku.

W ten wiec sposéb uwidoczniony zostal duzy wplyw, jaki ma niewielka
stosunkowo zmiana B na warto$é obliczonego ze spélezynnikéw kata V.

Dyskusja btedow

Dla dokladnego zbadania wplywu niedokladno$ci poszczegélnych spél-
czynnikéw na wielko§é kata V, przeprowadzilam dyskusje bledéw.

Tangens kata osi optycznych mozna ogélnie przedstawié jako funkeje
trzech spélczynnikéw:

v=thy=f(arﬂ’7),
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a blad przy obliczaniu tangensa mozemy przedstawié z wystarczajaca doklad-
no$cig za pomocg Wzoru

Av=AtgV, = (6)

af|A+

Aﬂ—|—|

Wzér na tangens kata osiowego zrézniczkowalam wigc kolejno wzgledem
wszystkich trzech spélczynnikéw.

(af) —_L]/_ﬁz_a2+_y_ I S
da/py @V p—pF e Yy—p 29—

P8 —af) +a] _
V=PV —a

_ yB? ) 7
Y-V —a’ L
(01) _ ! L2601 — )+ 2B —ah) _
Blay @ o0/ =0 (v*—
,}/2_‘82

vB (Y2 —8% + (82— a’) _

a Ypr—aVyE—pE (2 —B%

_78 el ; (7h)
a yYpi—ayyi—pt (y*— B

of =i]/ﬂ2—az ¥ e 41 .__1__.2 =
(Oy)aﬂ a yz—ﬁ2+“l/ﬂ a( 2) (v*— %" o
_VP—a [ (S v ]
¢ VE—B VY —B (P — )
]/ﬂz—az . y2— B2 y? _
@ VP —B (" —8?)
_ VB —d . stad (7c)
A= r—p)

Av=|— vE* | Aot |12 y—a |ag +
’ @y —p* V p—al| e VE—a V=8 o*—p] g
BVE—a* I (62)
P —8)
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‘Z powyzszego wzoru mozna obliczyé blad popelniony przy wyznaczaniu
tangensa, natomiast blad przy obliczaniu samego kata wyniesie:
e

AV = ..
'1 + v2
gdyz V=arc tg ¢ 8
Z tego wzoru otrzymamy bezpoérednio blad w mierze lukowej; zamiang na

180

miare katows uzyskamy mnozac wynik przez

Z uzyskanego wzoru wyliczylam dla badanych mineraléw zmiany kata
osiowego (AV,) dla bledu przy wyznaczaniu spéiczynnikéw, wynoszacego
0,001 i 0,000001.

Otrzymalam zmiany kata osiowego wywolane niedokladnosciami po-
szczegblnych spélezynnikéw, jak réwniez lgcznym ich dzialaniem.
 Przyklad obliczehr wykonanych maszyna (dla mirabilitu):

o B2 1 180
(@)= a?Vy?— B2 VB —al 1+ tg?V' =x
i 1 180
AV yZ:2 Y —a _ :
B~ | o VEE—a® ViP— 2 (y2— Ag- 1+ tg2V T
g2y ﬁZ—a_ 1 180
Yo =g 2
VY —F (" — 8 1V =

Wskazniki (a) (8) (y) przy AV oznaczaja, ze blad przy obliczaniu kata zostal

wywolany niedokladno$cia spélczynnika, wyrazonego wskaznikiem.

1. Zestawiamy wartoéci, potrzebne do obhczenla wzoréw dla dokladnodci
0,001:

@ =1,39% a? = 1,943 y?—a? = 0,011 V, = 45%’
B = 1,39 2 = 1,949 2 — B2 = 0,005 tg V, = 1,002
y = 1.398 »? = 1,954 > — a® = 0,008 tgV, = 1,004

Aa = Ag = Ay = 0,001

Otrzymujemy nastepujace trzy skladniki:
AV (4 = 7,305° A.V(ﬁ) = 16,081° AV, =8,760°

Suma ich daje maksymalny blad wartoéci polowy kata:
AViapy) = AV(q) + AVip + AV, = 32,146°

Jak z tego wynika, przy odchyleniach wartosci a, 8, y o 0,001 mozliwe
jest otrzymanie kata V;, z dokladnoécig do - 33°. Podany w tablicach kat
2Vq = 76% 2V, = 1049, V,, = 52° miedcilby sie zatem zupelnie dobrze

w granicach
4504’ 330
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Tabela 8
Zestawienie wynikéw obliczania bledéw AV (aBy) (przy Aa=Ag=Ay=0,001)
(Results of calculation of errors)

p | e B p y—8 y—a s AV(a) AV(H) AV() aviagy | Ofest

1 mirabilit {1,002 1,396 0,002 0,004 450 4 7,3050 16,0810 8,7600 32,1460 330

2 1 trydymit-y 3,002 1,471 0.002 0,004 450 4 7,0410 14,0600 7,0210 28,1220 290

& nordenit 0,003 1,475 0,001 0,004 Y 4,073 16,2540 12,1830 32,5170 330

4 ferrieryl 0,001 1,479 0,003 0,004 300 12,2600 16,3380 4,075 32,(5730 330

3 pikeryngil 0,004 1,480 0,003 0,007 4901 3,6640 8,123 4 4550 16,2440 170

§ leonit 0,004 1,487 0,003 0,007 49012 3,5260 8,2060 46790 16,4110 170

7 wanthofit 0,003 1,488 0,001 0,004 GO0 4,108 16,4020 12,2910 32,8010 330

8 bledyt 0,002 1,489 0,001 0,003 54044 6,7110 20,1050 13,3970 40,2130 410

9 desinin 0,004 1,488 0,002 0,006 54944 3,3830 10,1200 6,737 20,2400 210

10 heulandyt (0,001 1,489 0,006 0,007 22017 10,0600 11,7270 1,668¢ 23,435° 240

11 [ilipsyt 0,002 1,500 0,003 0,005 39018 7,034 11,7080 4,6740 23,4120 240

12 eadolinil 0,011 1,812 0,012 0,023 440 o 1,3190 2,4720 1,1540 4,9450 50
13 ceryt 9,001 1,818 0,003 0,004 300 2 11,8080 16,0880 4,2810 32,1750 330
14 fajalit 0,033 1,838 0,004 0,042 (20501 0,3640 1,6560 1,2910 3,3110 3,40
15 linaryt 0,029 1,838 0,012 0,041 57044/ 0,4530 1,4950 1,0420 2,9900 30

16 anglezyt 0,005 1,882 0,042 0,017 330 1 2,6240 3,720 1,0980 7,445° 7,50
17 larsenit 0,030 1,950 0,010 0,040 60023 0,416 1,6580 1,2410 3,3150 3,49
18 Licksahydryt 0.027 1,453 0,003 0,030 74050 00,3180 30190 2,7010 6,0380 6,40
19 lanslordyt 0,020 1,476 0,031 0,051 390367 0,7470 1,1610 0,4440 2,3220 2,40
20 goslaryt 0,023 1,475 0,004 0,027 (7038 0,4630 3,2710 2,8080 65,5420 660
21 saletra pot. 0,170 1,505 0,001 0,172 860 0,0140 2,008° 1,9940 4,0160 4,10
22 malachit 0,220 1,875 0,025 0,245 70034 0,0440 00,3080 0,2540 0,610 0620
23 siarka (1,080 2,038 0,207 0,287 243 0, 1780 0,2320 0,056° 0,466¢ 0,470
24 cerusyt 0,272 2,076 © 0,002 0,274 85036/ 0,0110 1,1670 1,156 2,3349 2740
25 lepidokrokit 0,260 2,20 U3l 0,57 48 0, 0660 {),101° 0,080 00,2050 0,210
26 krokoit 0,06 2,37 0,29 0,35 26048’ 0,199¢ 0,2310 0,033 0,46:0 0,470

U.\"aga: .Ze wzgledu na to, ze chodzi o obliczenie maksymalnego odchylenia, liczby ostatniej kolumny zostaly zaokraglone wzwyz whrew zwyezajowl odrzucania. ostatniéj
cylvy mniejszej od 5. :
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2. To samo dla dokladnosci 0,000001:
a=13% qa?=1943236 9% —a?=0,011168 V, = 45%
f=1,396 p2=1,948816 »*—p>=0,005588 tg V, =1,00205

y = 1,398 52 =1,954404 B2 —a? =0,005580 tg?V, = 1,004104
Aa = Ag = Ay = 0,000001

Otrzymujemy nastepujgce 'trzy sktadniki:
AV 5y = 0,007° AV (g = 0,016° AV(y) = 0,007°
Maksymalny blad wartoéei polowy kata wyniesie:
AV(upyy = AV(q) T+ AV(ﬂ) + 4V, =0, 030°

Z tego obliczenia wynika, ze gdyby spélczynniki zalamania mogly byé
dznaczone z nieosiggalng w praktyce dokladnodcig do 0,000001, to kat V),
méglby sie wahaé w granicach

4504" 4-0,03° = 454 + 2.

Z zestawienia wynikéw dyskusji bledéw (tab. 8) przy ustalonym dla wszyst-
kich przykladéw bledzie: spélezynnikéw Ag = Aﬁ = Ay = 0,001 w1dz1my, 70

1° najwigkszy blad przy obliczaniu kata V), jest spowodowany nie-
dokladnoscia B; stanowi on sume bledéw wywolanyeh lacznym dz1alanlem
niedokladnodei a i v,

2% blad przy obliczaniu V,, praktycznie nie zalezy od lamliwosci (),
np. (p. Lp. 4 i 13 w tabeli 8):

—a B y—B v—a Vyeony AViesy)
ferrieryt 0,001 1,479 0,003 0,004 30°3’ 32,673°
ceryt 0,001 1,818 0,003 0,004 30°27 32,175°

Dla tych dwéch mineraléw wartosci spélezynnikéw f réznig sig miedzy
soba znacznie, natomiast maksymalny blad AV(aﬁy) jest niemal identyczny.
~ 3°W miare wzrostu dwéjlomnoéei zmniejsza sie wplyw bledu spélezynni=
kéw na blad obliczanego kata Vy np. (patrz jow. Lp. 7 i 17):

p—a. B y—B y—o Vyun AV(Otﬁy)
wanthofit 0,003 1,488 0,001 0,004 60°3" 32,801°
larsenit 0,030 1,950 0,010 0,040 60°23" 3,315°

Dwéjlomnosé (y—a) wanthofitu WthSi‘ 0,004 i jest dziesieé razy mniej-
sza od dwdjlomnogei larsenitu, wynoszacej 0,040, maksymalny za$ blad przy
obliczaniu kata V, w przypadku larsenitu wynosi 3,315°, jest wigc blisko
dziesigciokrotnie mniejszy od maksymalnego bledu, ktéry moze byé popel-
niony przy obliczaniu kata osi optycznych wanthofitu (32,801°).



12 BLANKA ZIOLKOWSKA

4% Wplyw dwéjlomnosci zalezny jest poza tym od stosunku v—F
(patrz j.w. Lp. 5 i 10): f—a
np.

p—a g v—8 v—a Vy(obl.) AV(aﬂy)
pikeryngit 0,004 1,480 0,003 0,007 49°12* 16,246°
heulandyt 0,001 1,489 0,006 0,007 22°17/ 23,455°

Pikeryngit i heulandyt majg taka samg sumaryczng dwdjlomnosé
y —a=0,007, jednak maksymalny blad AV(4g,) jest réiny w obu tych
przypadkach (dla pikeryngitu AV(ep,) = 16,246°, dla heulandytu za$
AV(apy) = 23,455°), poniewaz stosunek e dla pikeryngitu wynosi */, ,

a dla heulandytu 6.

Mapr) [y2

a°

0
1

Q
3

20°

15°

)
o020

%18

12 5 14 02!
15 024
19 22 23 26 25
T

0 605 00  Of5 020  .025 030 035 040 045 050 G55 Fa

Wykres 1
A4V(a,B,y) = f(y—a) dla da = A4 = 4y = 0,001

Wplyw dwéjlomnosci na dokladnoéé obliczonego kata V, (dla Aa =
= Ap =.Ay =0,001) przedstawia graficznie wykres 1. Na osi odcietych zo-
staly odlozone wartosci dwéjlomnosci, na osi rzednych — AV(qp,). Na wy-
kresie uwidoczniono duzy wplyw bledu w wyznaczaniu spélezynnika na wiel-
kos¢ obliczonego kata V,, dla mineraléw stabo dwéjlomnych. W miare wzrostu
dwdjlomnoéci wplyw ten jest coraz mniejszy. Dla kilku mineraléw punkty
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leza poza krzyws; rozbieznosci te mozna wytlumaczy¢ réinym ustosunko-
waniem sig do siebie réznic (y—pg) i (8—a).

Dokladnoéé, z jaka musza byé podawane spélczynniki zalamania, aby
z nich mozna bylo z 7adang dokladnoscia obliczy¢ kat V,, moze byé znale-
ziona dwiema drogami: liczbowa, polegajgca na obliczeniu, od jakiej wartosci
napewno nie jest wigkszy wyraz przy badanym spéleczynniku we wzorze na
AV; rozkladajac zalozony blad AV na trzy wystepujace w tym wzorze wy-
razy otrzymamy potrzebna dokladnoéé a, §, y; lub droga wykreslng oblicza-
jac dla kazdego mineralu szereg punktéw krzywej wg wzoru

2 ___ 2
th,,=l B a

a .yz_ﬂz

7

90°

e
7
[

. 1393 1394 1395 1396 1397 1398 8

Wykres 2 — mirabilit
Vy =(B)

Wybierajac metode wykreslng sporzadzilam dla badanych mineraléw
wykres zaleznoéci V,, = f(B), gdzie § zmienia si¢ od a do y. Krzywe te sg
pokazane na wykresach 2 i 3, sporzadzonych dla mineralu o dwéjlomnosci
slabej (mirabilit) i silnej (lepidokrokit).

Zasadniczy przebieg krzywych bylby ten sam dla wszystkich mineraléw
dwuosiowych, Srodkowa cze$é wykresu jest odcinkiem linii prostej, gérna
stanowi krzywa wygieta ku gérze, dolna—ku dolowi. Interesujacy odcinek
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L

80°

70°

609

3509

40°

30°

20° /
10°

240 250 8

prostej pokazany jest dla le-
pidokrokitu w wigkszej skali
na oddzielnym wykresie 4.

Chceace znalezé zadanag do-
kladnosé spélczynnika odczy-
tujemy na wykresie rézinice
jego wartosci, odpowiadajaca
zalozonym granicom doklad-
noéci kata V,. Np. w przy-
padku lepidokrokitu widaé
nawykresie 4 w okolicy punktu
$rodkowego, ze dla wartodci
Vy od 47°55” do 48°5' B pray-

0 200 210 220
Wykres 3 — lepidokrokit
Vy = {(B)
%
43°
48°
470 s
249 2,20 2.21

Wykres 4 — lepidokrokit

biera wartosci od 2,1992 do
2,2008; dla obliczenia wiec
kata V,, z dokladnoscig do 10,
wartos$é spétezynnika f musi

zawieraé si¢ miedzy 2,1992 a 2,2008, czyli spélezynnik ten powinien byé
podawany z dokladnoscig do trzech znakéw po przecinku.



B. ZIORKOWSKA

Zestawienie wynikow obliczania dokladnodcei spélezynnikéw zalamania dla osiggniecia zadanej dokladnosci V.,
(Exactness of refractive indices necessary to obtain the required exactuess of V,f)

Tabela 9

ARCHIWUM MINERALOGICZNE, VOL. XVIII, napizeciwistiiasg

1

L. N(I-ZH’(/;(II::IIT({I)f?ralu e D()kla‘d/méé Iioszczego'ln.ych .s-pé[—czynnikﬁc,—u‘) (Ezactness ofltlze pa:iicular irdices) ,(%\;.lc‘z,ize:!f));rdf:i"f;?;:li:c’;:‘) S
o 307 1 1w | 5 ! 1’ ] 030 15 161 5 1!
1 mirabilit 30 0,00003 0,000015 0,000007 0,0000045 0,000002 0,0000004 55 6 6 6.7
2 Crydymit-y 240 0.000035 0,000017 0,000008 0,000005 0,0000025 0,0000005 556 6 6 7
3 mordenit 3330 0,00003 0,000015 0,000007 0,0000045 0,000002 0,0000004 5 56 6 6 7
4 lerrieryt 30 0,00003 0,000015 0,000007 0,0000045 0,000002 0,0000004 55 6 6 6 7
5 pikeryngit 170 0,00005Y 0,000029 0,006014 0,000009 0,000004 0,0000008 555 6 6 7
6 leonit {70 0,000059 0,000029 0,000014 0,000009 0,000004 0,0000008 5556 6 17
7 wantholit, 330 0,00003 0,000015 0,000007 0,0000045 0,000002 0,000000%4 55 6 6 6 7
8 bledyt 410 0,000024 0,000012 0,000006 0,000004 0,000002 0,0000004 55 6 6 6 17
9 desmin ) o 0,000048 0,000024 0,000012 0,000008 0,000004 0,0000008 555 6 6 17
10 heulandyt 240 0,000042 0,000021 0,00001 0,000006 0,000003 0,0000006 5 5 5 6 6 7
1 lilipsyt 240 0,000042 0,000021 0,00001 0,000006 0,000003 0,0000006 555 6 6 7
12 gadolinit 3 0,0002 0,0001 0,00005 0,00003 0,000015 0,000003 4 4 55 56
13 ceryt 330 0,00003 0,000015 0,000007 0,0000045 0,000002 0,0000004 55 6 6 6 7
14 fajalit 3,49 0,00029 0,00014 0,00007 0,000045 0,000022 0,000004 4 4555 6
15 linaryt 30 0,00033 0,00016 0,00008 0,00005 0,000025 0,000005 4 455 5 6
16 anglezyl 7,50 0,00013 0,00006 0,0000: 0,00002 0,00001 0,000002 455556
17 larsenit 3,40 0,00029 0,00014 0,00007 0,000045 0,00002 0,000004 4 4555 6
18 heksahydryt 6,10 0,00016 0,00008 0,00004 0,000027 0,600013 0,000002 45 5.55 6
1y lansfordyt 2,40 0,00042 0,00021 0,0001 0,00006 0,00003 0,000006 4 4 4 5 5 6
20 goslaryt 6,60 0,00015 0,00007 0,0000:35 0,00002 0,00001 0,000002 4 5 5 5 5 6
21 saletra pot. 4,10 0,00024 0,00012 0,00006 0,00004 0,00002 0,000004 4 4 5 5 5 6
22 malachit 0,620 0,006 0,0008 0,0004 0,00027 0,00013 0,00002 54 4 4 55
2 sintka 0,47 0,001 0,001 0,0005 0,0003 0,00015 0,00003 33 4 4 45
24 cerusyl 2,40 0,00042 0,00021 0,0001 0,00006 0,00003 0,000000 4 4 4 558
25 lepidokrokit (3,210 0,0048 0,0024 0,0012 0,0608 0,0004 (0,00008 3 3 3 4 45
2 kiokoit 0,479 0.0021 0,001 0,0005 0.0003 0,00015 0,00003 34 4 4 45

Uwagn: W przedostatniej kolumnie widaé, ze. po oznaczeniu spofezynnikéow zalamania z dokladnoseia 5 do 4 znakow dziesigtnych. co 'udpowiada .s:t(_)sow
metodom, tylko dla poz. 12 (gadolinitu) i od 14 (fajalitu) do 26 (krokoitu) moina obliczad wielkoét kata osi optyeznych z nadzieja na otrrymanie dokladnoici co
— Graniczne liczby 3 i 4 zostaly odpowiednio podkre$lone: podwdjng kreska (3) i pojedyncza (4).
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Poniewaz blad przy obliczaniu V,, spowodowany niedokladno$cig 8,
jest z duzym przyblizeniem réwny sumie bledéw wywolanych niedoklad-
noéciami a i y, wige dopuszezalny blad spélezynnikéw, w przypadku sumowa-
nia sie wplywu ich bledéw, znajdujemy z wykresu dla krzywej V, =1(B)
biorgc polowe réznicy wartoSci spélczynnikéw, odpowiadajacej zgdanej do-
kladnosci V. :

W ten sposéb otrzymujemy dla:

1) mirabilitu (y—a = 0,004)

igdana niezbedna konieezna liczba
dokiadnosé V,, dokladnosé miejsc po przecinku
spolcaynnikéw w wartosciach spbét
czynnikow

10 0,00003 5

307 0,000015 )

157 0,000007 6

10’ 0,0000045 6

5 0,000002 6

1’ 0,0000004 7

2) lepidokrokitu (y—a = 0,57)
2gdana niezbedna konieczna liczba
dokiadnos§é Vy doktadnosé miejsc po przecinku
spéteaynnikéw w wartoSciach spéi-
czynnikéw

10 0,0048 3

30” 0,0024 3

157 0,0012 3

10/ 0,0008 4

bY 0,0004 4

1’ 0,00008 )

Widaé stad, ze w miare wzrostu dwéjlomnoéci od mirabilitu do lepi-
dokrokitu spélczynniki zalamania moga byé oznaczane z coraz mniejszg
dokladnoscig dla osiagnigcia tej samej dokladnosci V.

Poniewaz oznaczajac doéwiadczalnie spéiczynniki zalamania moglismy
dotychczas otrzymaé najwyzej cztery cyfry po przecinku, wigc, jak wynika
z tabeli 9 (w zal.) ze wzoru na tangens kata osi optycznych mozna obliczyé
ten kat z dokladnoScia:

1) do 1° dla mineraléw o dwéjlomnoSci > 0,017

2) 12 30, 2 ER] i 1y > 0,040
3) 12 15, LR LR 72 ' 29 > 0,05'1
4) ?? 10’ 2 1R 1 " > 01245

5 . 5 R, ., S 0,287



16 BLANKA ZIOLKOWSKA

Tyczy sie to przypadkéw, gdy réinice y—f i f—a sa mniej wigce]
réwne. Dla mineraléw, w ktérych wartosei dwéch spélezynnikéw sg bardzo
bliskie siebie, warto$¢ za$ trzeciego znacznie sig¢ od nich rézni (np. saletra
potasowa: a = 1,335; B = 1,505; y=1,506), kat osiowy mozna obliczyé
z jeszcze mniejszg dokladnoscia. Z dokladnoécig do 1’ nigdy nie moina wy-
znaczyé kata osiowego ze wzoru na tangens tego kata, jezeli spélczynniki
zalamania sa oznaczone do 4 liczb po przecinku.

Dla wigkszosci mineraléw spdlczynniki zalamania zostaly oznaczone me-
todg immersyjng z dokladnoécia do 0,001. Dla tych przypadkéw mozna
obliczy¢é kat osi optycznych z dokladno$cia:

1)'do 1° dla mineraléw o dwéjlomnoéei > 0,245
2) ,, 30" ” " " > 0,287
3) 1 15’ 1 1y kR bR > 0757

Wigkszej dokladnosei dla tych przypadkéw uzyskaé nie mozna.

Postugujgc sig wige wartoSciami katéw osi optycznych mineraléw, ob-
liczonymi ze wzoru
Y/ B—a

g ) Ye=pp
nalezy zawsze braé pod uwage dokladno$é, jaka mogla by¢ osiagnieta przy
tych obliczeniach.

Serdecznie dzigkuje Panu Profesorowi Dr. T. Wojnie za udzielenie mi
wyjaénien i wskazéwek oraz za dostarczenie zrédel do niniejszej pracy.

Panu Profesorowi Dr. R. Sikorskiemu i Panu Profesorowi Dr.S. Stra-
szewiczowi dzigkuje za wyjasnienia i kontrolg matematycznej strony zagad-
nienia.
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B. 3I0JIKOBCKA

(Munepanoruueckasi JlaGopatopust Bapmasckoro Ionnrtexmuueckoro MHcTHTyTa)

O COOTHOWEHHWH MEXOY BEJIWMUHWHOM YTJIA OIITUYECKHX OCEV
U TIOKA3ATEJISIMU TIPEJIOMJIEHHS

PE3IOME

Vsyuenue (QYHKIMK TAHTEHCA YIJla ONTHYECKHMX OCEeH MOKA3EIBAET, UTO [JIs
HeOOJBIION BENHUMHBLI JBYIPEIOMJEHHS HEIOCTATOYHO TPEX HJH YeThIpex
JIECATHYHBIX 3HAKOB B UKCJAAX NOKA3ATeNeH TPENOMIEHHS JIJA TOrO, UYTOOH!
BLIYUCJINTE H3 HHX YroJl ONTHUYECKHMX oCell Jaxe ¢ NpUOJMKEHHOH TOYHOCTHIO.

Uncso HeCATHUHBIX 3HAKOB HEOoOXOAHMMOe IJsi TOro, uToOBl BHIYHCIHTH
yrost V ¢ tounoctetio mo 19, 307, 15’, 10’, 8" u 1, comocraBiieHo B mpexmocie-
aHedt kojonne tab, 9,
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B. ZIOLKOWSKA
(Mineralogical Laboratory of the Polytechnic School of Warsaw)

ON THE RELATION BETWEEN THE OPTIC AXIAL ANGLE
AND THE REFRACTIVE INDICES

ABSTRACT

The analysis of the function tan V,, shows that for small birefringences the usual
exactness of the refractive indices is not adequate. The author gives the number of decimal
places required for an adequate accuracy of V,,.

SUMMARY

It is a matter of general belief that the optic axial angle may be comput-
ed if the values of the refractive indices are known. But the fact that in the
sine, cosine and tangent formulae we have to do with small differences between
approximate values, mostly accurate to three or four decimal places, makes
this belief doubtful in some cases. For instance mirabilite with a = 1.394,
g = 1.396, y = 1.398, so that its birefringence is y—p = f—a = 0.002,
suggests an axial angle a little over 90° (exactly 90°7”) when calculated from
the refractive indices; when measured directly its 2V, = 104°.

In order to study this question four lists of minerals have been made
in which _

both refringence and birefringence are weak (see Table 1in the Polish text),

the refringence is strong and birefringence weak (Tab. 2),

the refringence is weak and birefringence strong (Tab. 3),

both refringence and birefringence are strong (Tab. 4).

Minerals with equal birefringences y—pB = f—a as presenting a special
interest have been listed in Tab. 5. _

In the first column of Table 6 are given the calculated axial angles to
compare with the angles measured. The most striking discrepancies have been
marked with an asterisk. -

Table 7 contains the values of g calculated from the measured angle
2V and the indices a and y, the last being supposed accurate. It is easy to
see that the changesin § areslight even when they produce great differencesin V.

In order to work out these relations the tangent formula has been differ-
entiated (see equations 7a, 7b and 7c¢ in the Polish text). The total change
in tan V, caused by changes in the refractive indices may be expressed with

sufficient accuracy as

vB?

- Av = |— A
Atan Vy Av l azl/yz—ﬂz I/ e a-+
' g T
=t 76 4 IA + I— e Ay;
Ry gy oy Rl Y TN i

2 — Archiwum Mineralogiczne
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1
and the change in the axial angle V as AV = ————. Av in radians, or

in degrees when multiplied by 180:=. b=t
In Table 8 are listed the maximal differences corresponding to the change
Ain refractive indices A = —+ 0.001. They are great when the birefringence is
weak, and slight when it is strong; for instance in bloedite (Tab. 8, Nr 8) with
y—a = 0.003 the change in V,, amounts to 41°, while in lepidocrocite with
y—a = 0.57 it is only 0.2°
As a general result it could be stated that
1° the maximal change in optic axial angle is produced by changing the re-
fractive g index,

2° this change does not perceptibly depend on the absolute g value,

3% the stronger the birefringence, the smaller is the change in the optic axial
angle,

4% the influence of the birefringence depends upon the value of the quotient
y—8
g—a

The graphs 1—4 illustrate these relations. In the first diagram the change
in the optic axial angle AV (a, 8, y) calculated from the refractive indices is
represented as a function of the birefringence y—a.

The second diagram represents the relation between the changing index
p and the axial angle V), for the a and y values of mirabilite, as an example of
a mineral with weak birefringence.

The third diagram represents the same relation for the a and y values
of lepidocrocite as an example of a mineral with strong birefringence. The -
magnified middle part of this diagram will be found in the fourth diagram.

Table 9 shows the degree of accuracy required in determining the
refractive indices when a definite exactness of Vy is needed. For the values
of mirabilite the error in the a,8,y values must not surpass 0.00003 (1) if
V, should be correct to 1°, and 0.0000004 if the accuracy needed is 1, ete.

The last but one column in Table 9 shows the number of decimal places
required in the calculation of a,8,y values (figures) for a definitely
accurate V,, demanded. ‘

The corresponding birefringences have been tabulated in the last column.
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PRZEJSCIE Z RZUTU GNOMONICZNEGO
DO RZUTU STEREOGRAFICZNEGO ZA POMOCA EKIERKI

Niech plaszezyzna rysunku (fig. 1) bedzie plaszczyzng rzutu gnomonicz-
nego, a punkt G rzutem pewnej ciany krysztalu. Chcemy znalezé rzut stereo-

graficzny tej samej $ciany.
Polaczmy linig prosta punkt G
ze $rodkiem kola rzutu 0. Oznaczmy
punkt D lezacy na okregu kola,
tak by <C GOD = 90°. Z pomocy
dwéch ekierek lub linijki i ekierki
prowadzimy prostg OF réwnolegla
do prostej DG. Punkt F, lezacy na
okregu kola, laczymy linig z punk-
tem D. Punkt S, lezacy na prze-
cieciu linii OG i linii DF), jest szu-
kanym rzutem stereograficznym..

Fig. 1

Odwrotnie — mozemy przejéé z rzutu stereograficznego pewnej Sciany
krysztalu do jej rzutu gnomonicznego. Prowadzimy w tym celu prosta przez

Fig. 2

punkt O i §. Zaznaczamy
punkt D, lezacy na 6krggu, tak
by prosta OD byla prostopadla
do prostej OS. Prosta DS daje
w przecigciu z okregiem punkt
F. Prosta, przechodzaca przez
punkt D i réwnolegla do pro-
stej OF, przecina prostg OS
w punkcie szukanym G.
Uzasadnienie konstrukeji
podaje rysunek (fig. 2). Plasz-

czyzna przechodzaca przez punkty O,SG a prostopadta do plaszezyzny rysunku
jest jednoczeénie plaszczyzna rzutustereograficznego i gnomonicznego. Gdy éro-
dek kuli znajduje sig w punkcie O, to rzutem gnomonicznym $ciany P jest bie-
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gun G. Natomiast gdy kulg przesuniemy do takiego polozenia, by srodek jej
znalazl si¢ w punkcie O;, to plaszezyzna rzutu stereograficznego zlewa sie
z dawniejszg (przed przesunieciem kuli) plaszezyzna rzutu gnomonicznego
i na jednej prostej O,G otrzymamy réwniez punkt S, bedacy rzutem stereogra-
ficznym $ciany P. Normalne do §ciany P, tj. proste OP i O, P, wobu kulach
sg do siebie réwnolegle, podobnie jak proste DG i OF w rysunku (fig. 1),
proste za§ OSP i 0,SG rysunku (fig. 2) odpowiadaja kierunkom DSF i OSG
rysunku (fig. 1)

T. TIEHKAJIF
(Munepanoruueckan JlaGopatopns Bapmasckoro Yuusepcurera)

IMEPEXOL OT THOMOHHMYECKOM IMPOEKIIMH K IMPOEKIIMH
CTEPEOT'PAG®UYECKON IIPU INMOMOIIM YTOJIBHUKA
PE3IOME

Ilycers Touka G (puc. 1) o3HauwaeT MOMOC TPAHH KPHCTAJJI& B NMPOEKIHH
THOMOHHYECKOH, MBI X0ueM HaHTH crepeorpa(pﬂqecxy}o IPOEKIHIO 3TOH IPaHH.

CoeJmHﬁeM touky G ¢ cepexuHoit mnpoekuuH O W YEPTHM TPAMYIO
OD | OG. Ilpu nomoiy JuHeHKH U yroJbHHKa uepTuM aBe npameie OF || DG.
Touka §, KoTopast JIexXuT Ha nepecederuu npambix OG u DF, siBaseTcs Hckae-
Mo#t crepeorpaduueckolt nmpoekunes stoil rpaHy. O6paTHass KOHCTPYKIIHS LaeT
BO3MOXHOCTb NepedTH oT cTepeorpacduyeckolf K THOMOHHYECKOH IIPOEKIHH.

Puc. 2 ofmbsacHsAer 3Ty KOHCTPYKIMIO, MOKAa3biBas IONOXKEHHE IEHTpa
IPOEKIHH ¥ OTHOCHTEJbHEIE NOJOKEHHS OXHOH M TONXKe TPaHH B ABYX MPOeEK-
IIHSX.

T. PENKALA
(Lakoratoire de Minéralogie de 1'Université de Varsovie)

SUR LA TRANSFORMATION DE LA PROJECTION
GNOMONIQUE EN PROJECTION STEREOGRAPHIQUE
A L'’AIDE D'UNE EQUERRE

RESUME

Soit G, fig. 1, la projection gnomonique d'une face du cristal, nous
cherchons sa projection stéréographique.

On trace la droite OG dans l'azimut de la face G et on trouve le
point D sur la droite OD | OG. Puis & l'aide d'une équerre et d’'une
régle on trace deux droites paralléles OF | DG. La droite DF coupe OG
dans le point § qui est la projection stéréographique de la méme face.

La construction exécutée dans le sens contraire permet de transfor-
mer le point stéréographique S en point gnomonique G.

La fig. 2 donne l'explication de cette construction, en représentant
la position du centre de projection O et les positions relatives des
cercles et des faces projetées.
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THE PROBLEM OF GLAUCONITE

PRINCIPAL THESES: 1° All pure glauconites agree with the general formula of the
mica group: R, M,, [(OH),Si, Al O;o]-n H,0—2° Different members of this group differ
from each other in mutual relations of the indices y, w, 2— 3° Illite and pholidoide are
distinct members of the mica group: in the former z~y <1, in the latter z <y <1—
40 11lite, pholidoides, aluminous glauconites and typical glauconites form together a con-
tinual crystallochemical series of minerals — 5° The crystalline structure of glauconite
must be intermediate between true micas and the montmorillonite group — 6° The
chemical composition of glauconite depends, to some extent, on the geological age and on
the lime content of the sediment — 7° In pure marine conditions the following reaction
series occurs: illite — pholidoide — aluminous glauconite — typical glauconite. The
progress in this series is regulated chiefly by the rate of sedimentation.

CONTENTS
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Errors and deficiencies in chemical analyses of glauconite . . . . . . ... ... 38
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INTRODUCTION

Problems concerning the properties, the nature and the origin of glauco-
nite will ever be actual, althouzh every yzar new contributions to the know-
ledge of this mineral appear in scientific literature. Such problems are very
interesting to mineralogists, as well as to all geologists, on account of the
wide occurrence of glauconite in common marine sediments, from present to
very ancient, early Palaeozoic times.
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* Glauconite may also be of interest from the technological point of view.
It may be used as natural earth colour. It may be reckoned among the most
effective mineral adsorbents, suitable for decolouration of crude petrolenm
and for softening of natural waters, due toits ion-exchange power. It should
also be taken into consideration as a raw material of potassium, relatively
poor (6—8% K,0), but widespread and abundant in many sedimentary
series. Iinally, glauconite almost constantly accompanies the phosphates of
marine origin, and beds, rich in glauconite, often present an important con-
centration of phosphoric acid.

The interest of the presentauthorin the glauconite problem dates from the
beginning of his scientific work in petrology, and his first paper was devoted
to this mineral (1924, 52)!. Eleven years later he described a particular macro-
lamellar variety of aluminous glauconite, which he called skolite, and, on.
this occasion, he discussed some general problems concerning the glauconite
group as a whole (53). Both papers, especially the former, remained unknown
to foreign mineralogists and geologists.

It seems useful to start the present paper with a critical review of scien-
tific progress in the glauconite problem for the last 30 years, and to com-
mence by the recollection of the author’s first, ignored paper, which brought
some interesting and, at that time, new observations.

The results of the author's work of 1924 may be summarized as follows:

1% The density of glauconite is in no sample constant and varies within
some limits, according to the water content, which depends on the tension
of water vapour in the atmosphere.

209 About half of the water content of glauconite (up to 4%) is adsorbed
from the air, like the water of zeolites and hydrogels. It can be easily expelled
by a short heating to 105°C and then, after cooling, entirely regained after -
24 hours. Stronger heating or ignition causes the discolouration of glauco-
nite from green to brown-red; the water expelled in such conditions cannot
be recovered and presents a chemically bound fraction (constitutional water).

39 Glauconite grains show a strong adsorption power towards some
organic colouring matters; they decolourize darkened tetrabrometan, they
refine the brown raw petroleum or paraffin etc.

4% The examined glauconite from Mokrotyn and Glinsko (NW of Lwéw)
is accompanied by scarce white or yellow grains, optically isotropic and quite
similar to the grains of glauconite in their size and shape. The microchemical
analysis proved that they are composed of amorphous calcium phosphate.
Chemical analysis of pure glauconite, ‘controlled' under the microscope for
purity and homogeneity, demonstrated quite an important proportion of

t Figures in italics in brackets refer to the literature quoted on pp. 107—109.
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tri-calcium-phosphate invisibly adsorbed within the grains of glauconite. In
the pure glauconite grains from Glifisko the content of such concealed Ca,P,04
amounts to 10% of weight, and is accompanied by 0.8% of calcium carbon-
ate in the same manner as in most sedimentary phosphorites. This adsorbed
phosphoritic matter can be washed away by very diluted het acids; within
about ten minutes of such treatment, CaO and P,0; are extracted in propor-
tion 3:1, while glauconite itself remains practically intact. It may be concluded
that the phosphoritic matter, present in the submarine medium during the
sedimentation of glauconitic sand, coagulated mostly together with glauco-
nite grains, and only in very small amount in separate phosphate grains.

5° Long boiling of entire grains of glauconite in strong mineral acids
leaches away all cations, and leaves a colourless and amorphous silica gel in
form of hard skeletons, reproducing exactly the original shape of grains. This
extraction affects equally all cations of glauconite, except lime, which, com-
bined with phosphoric acid, escapes very quickly. Hydrochloric acid extracts
the cations evenly from the whole volume of each glauconite grain, causing
their gradual bleaching. Concentrated sulphuric acid does not react at all,
but, diluted with 50% water, acts more quickly than HCI, and proceeds
gradually from the surface toward the centre of each glauconite grain; in
some advanced stage of this operation the grains show a dark green, well
conserved cofe in a discoloured shell of pure silica.

6° Lixiviation of the grains of glauconite in a hot 25% solution of NaOH
on a waterbath dissolves, after 5 hours, only insignificant amounts of silica
and alumina. But subsequently, shaken in pure water, the grains relax into
fine, light green suspension, i.e. they are subject to peptisation and give
a glauconite sol, persistent only in a neutral medium. But a slight acidifica-
tion of such colloidal solution with a few drops of HCl leads to a coagulation
of shaky tufts. In a concentrated, boiling solution of NaOH glauconite de-
composes distinctly; after 24 hours of heating on a waterbath, 13.8% of SiO,
and a trifle of Al,O, passed into solution, and 9.2% of Fe,0, was separated
as rusty ferri-hydroxide.

7° The interpretation and discussion of two chemical analyses of glauco-
nite from Roztocze (Mokrotyn and Glifsko) and of 21 best glauconite analyses
of other authors have shown a very wide variability of its chemical compo-
sition. The application of some graphic and statistical methods permitted to
distinguish four chemical kinds of glauconite, joint together by many tran-
sitions:

I — Principal and typical group characterized by the following stol-
chiometric formula, agreeing well with the formulas of Clarke and of Caspari:
(R3, R™O. R{MO,. 4 Si0, + x H,0 with R! = K, Na; R = Mg,Fe', Ca;
R = Fel'l Al.
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IT — Glauconites deficient in RI"O, and with excessive (R RIHO.
Si0,: RO, > 4 and (RL RO > RIUO,;

III — Glauconites with excessive R}™0, and deficient in (R}, R™)O.
Si0, RITO, < 4 and (RL RO ¢ RIVO,;

IV — Glauconites remarkably deficient in SiO,.

8° The original nature of glauconite was certainly colloidal and might be
characterized as mixed ferri-alumo-siliceous hydrogel with adsorbed potas-
sium. Such an origin of glauconite, as an absorptive rather than purely chemi-
cal compound, might explain the variability of its quantitative composi-
tion. Posterior alteration of the primitive colloid into a cryptocrystalline
aggregate finally conduced to some physico-chemical homogeneity and ap-
proached its composition to some stoichiometric proportions.

9° The variability of the chemical composition of glauconite may be the
consequence of two principal causes: a) physical conditions and concentra-
tion of chemical elements in the sedimentary environment influence the
composition of glauconite at the time of its precipitation; b) in the course
of its formation glauconite tends to approach a certain chemical composition,
expressing a certain chemical equilibrium of the submarine environment.
But, afterwards, in ready sediments, in consequence of later changes of equi-
librium, it may depart anew from its achieved original composition.

10° Hummel's hypothesis of the halmyrolitic formation of glauconite
from alumosilicate minerals was a subject of serious criticism. A supposi-
tion was drawn that the formation of glauconite at the sea bottom may take
place by various ways and from different materials, provided that suitable
physico-chemical conditions are secured by the submarine environment. Be-
side the direct coagulation of mixed colloids of continental provenience from
the sea water, many other sedimentary components, as clay minerals, frag-
ments of volcanic glass, even amorphous silica, may undergo an alteration
into glauconite. This process named glauconitization has a very wide geological
importance, and leads to extensive generation of glauconite, on condition
that the occurrences are favourable and the rate of sedimentation sufficiently
slow to prolong the direct contact of fresh coagulation or of altering fragments
with free sea water. If the sedimentation proceeds too quickly,all these pro-
ducts will be cut off without delay from the medium of glauconitization
and remain as imperfect glauconite, or they cannot participate at all in this
process.

The chemical formula of glauconite, suggested by Schneider (50) in 1927,
resembles my formula for the principal group, but it is less general, since it
stabilizes the proportion of water and the ratio of univalent to bivalent bases

(K,Na) (Fe'l, Mg) (Fe'™, Al), Si,0,-3 H,0
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Hallimond's formula of 1922 and 1928 (27, 28) has a much more general
application. It implies mutual substitution of bivalent and trivalent cations
and complies well with my three glauconite groups I—IIl. It stabilizes,
however, the alkalis:silica ratio at 1:10, which is not always true.

R,0-(4 RO,R,0,)-10 SiO,-n H,0

Moreover, Hallimond points out the possibility of an interpretation of
aluminous glauconite as a combination of muscovite and montmorillonite.

K,0+4 ALO,-10 Si0,-aq = K,0-3 Al,0,-6 Si0,-aq -+ AlO,-4 SiO,-ag

An improvement of Hallimond’s formula was proposed by Ross (47) who
regards common glauconites as isomorphous mixtures of two extreme mole-
cules:
Glauconite { 2 H,0 K,0 2(MgO, FeO) 2(Fe,0,, Al,O;) 10 Si0, + 3 H,0

2 H,0 K,0 (MgO, FeO) 3(Fe,0;, Al,O,) 10 SiO, + 3 H,0

Obviously the application of this concept cannot be better than that of
Hallimond’s formula.

The year 1932 yields a publication very important for the geological
knowledge of glauconite, namely Hadding's study of the glauconitic rocks
of Sweden (26). We find here many perspicacious observations on the occur-
rence of glauconite, excellent descriptions of its appearance in microscopic
slides, a thorough discussion on the mode of formation and a historical review
of earlier opinions on this subject. Little new and valuable is said there about
the physical and chemical properties of glauconite and, in this respect, even
earlier issues are quite insufficiently taken into account (density, optical
propertics, chemical behaviour etc.). It would be superfluous to recapitulate
all the results of this paper, but the most important.and notable theses must
be pointed out. '

Glauconite always forms in the course of retarded, interrupted or even
negalive sellimentation, frequently in connection with interformational con-
glomerates, hence in agitated water, under decreased deposition of detrital
material, and especially with the practical exclusion of finest silt. It is connect-
ed with rather cold water, slightly acidified by carbon dioxide, and it
avoids highly oxidizing, as well as strongly reducing conditions at the sea
bottom. The presence of organic matter is not necessary for glauconite gener-
ation, but in moderate amounts it seems to be rather favourable thereto. The
conditions of glauconite formation are difficult to explain, because its grains
are frequently deposited on sccondary beds, and such circumstances can seldom
be demonstrated.

In what concerns the formation of glauconite grains and the primitive
materials from which they derive, Hadding's views accord with my opinion



26 KAZIMIERZ SMULIKOWSKI

of 1924: they are products of coagulation of colloidal matter containing
potash and magnesia adsorbed from sea water. Subsequently this matter was
subjected to dehydration, stiffening and re-crystallization in a cryptocrystal-
line squamous aggregate. Sometimes glauconite coats pebbles or fossils, but
its chemical precipitation may be quite similar in this case too. Hadding
does not perceive in his material any evidence of a secondary formation of
glauconite in the course of diagenesis.

The observations of L. Cayeux (9) on glauconite from carbonate rocks
indicate a very common substitution of this mineral for calcium carbonate
of organic or inorganic origin. Skeletons of animals belonging to different
groups may undergo this substitution often with such fineness, that all subtle
details of their structure are perfectly preserved. The shells of Foraminifera
are not at all privileged in this respect, and do not play any particular role
in the formation of glauconite. Glauconitized organic debris get into the
sediment from another environment and also ordinary glauconite grains are
mostly of foreign origin. The place of glauconite generation is not identical
with the place of its deposition, like odlites, the formation and sedimenta-
tion of which must be also referred to quite different spots on the sea ground.

Some interesting new data on glauconite were reported by Pilipenko
(45). Detection of considerable lithium content (0.1-0.2% Li,O) points out the
possibility of concentration of some rare bases from sea water by selective
adsorption. Another important statement is the distinction of two different
kinds of water in the composition of glauconite, which confirms my earlier
observations. A great portion of water escapes at below 110°C, a small one
at about 180°C, and then glauconite discolours into rusty tints. The rest
of water is discharged at red-heat.

The deliverance of hard siliceous pseudomorphs after glauconite grains
by treatment with hot hydrochloric acid leads Pilipenko to an unjustified
supposition that glauconite cannot be a homogenous mineral, but a mixture
of silica and some complicate ferripotassic compound, which can be extracted
from the silica by hot acids. Judging from optical properties Pilipenko claims
this silica as.a mixture of lussatite and opal. This is certainly a misunder-
standing, because the author’s tests of maceration in acids and alkalis proved
the' chemical homogeneity of pure glauconite. The deliverance of siliceous
skeletons, after treatment with acids, does not speak against the homogene-
ity of glauconite, because many other common silicates as biotite, many zeo-
lites etc. behave in the same manner, although they possess a quite homogenous
crystal lattice structure.

A certain optical anisotropy of siliceous pseudomorphs after glauconite,
obtained by boiling in HCI, was elucidated by my investigation of skolite,
a macrolamellar variety of aluminous glauconite (53). Skolite scales digest-
ed in hot hydrochlorid acid leave white lamellar pseudomorphs of pure
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hydrated silica, easily soluble in a hot soda solution. Such siliceous scales,
however, are not isotropic, but feebly birefringent, and furnish fair images
of acute negative bisectrix a with a rather small angle of optical axes, iden-
tical with those of primitive skolite, but with strongly reduced refraction
indices (below 1.49). It means that silica set free by acids does not move from
its primitive positions in the crystal lattice of skolite and persists in a quasi
homogenous structure, in spite of removal of all cations.

The chemical composition of skolite satisfactorily agrees with my for-
‘mula of the principal glauconite group, but departs from the formmnlas of
Hallimond and Ross. Investigation of the escape of water in elevated tempe-
ratures enables the distinction between adsorbed water and constitutional
water in the formula of skolite.

H,(K, Na) (Mg, Fe'l, Ca) (Al, Fe'), Si,0,,+ 4H,0

The loss of water by heating is fairly continuous from 40°C up to 180°C
(adsorbed H,0); at this point a little leap of about % % H,O could be ascer-
tained, and then the original green colour grows rusty. During further heating
to 420°C skolite maintains a nearly constant water content (about 4% ), which
may be considered as constitutional (OH). But from this point water begins
to escape quickly and finally it is completely lost (dehydration curve fig. 19,
p. 83). Dehydrated rust-brown skolite shows somewhat lower refrac-
tion-indices, but other optical data scem to remain unaffected.

Skolite is a diagenetic mineral, originating in sandstone by local accu-
mulation and recrystallization of its primitive scanty cement, which may be
characterized as a cryptocrystalline squamous aggregate of argilo-sericitic
appearance. Fractional chemical analyses of different marine marls published
by Thiébaut (56) proved the existence of some argillaceous components decom-
posable by hydrochloric acids and rich in potash and magnesia. As the term
sDhyllites’’ given them by Thiébaut is, in some languages, used as an equi-
valent for slightly metamorphosed slates, I proposed to replace it by ,,pho-
lidoides’’. This name designs mineral components of many sediments very
near, in their chemical properties and formula, to glauconites and certainly
linked with them in a common group of micaceous minerals; they differ.from
glauconite, however, in their preponderance of alumina over iron and in
their appearance in sediments, never forming individualized grains, but dis-
persed in finest cryptocrystalline squames in the matrix. This statement is
strongly supported by the study of Gawel (I7) who in the greenish Lower
Eocene clays of East Carpathians proved the existence of a particular
clay-substance chemically very like glauconite, but much richer
in alumina. This substance may be certainly classed also among the
pholidoides. Skolite may be defined as a macrolamellar variety of pholidoides
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recrystallized in the course of diagenesis of the sandstone. Bravaisite should be
also assigned hitherto.

The paper of Kampioni-Zakrzewska (36) describes a glauconite from Z4-
rawno (U.S.S.R.) interesting by its paragenesis with abundant syngenetic
pyrite, and then originating from relatively strongly reducing medium. It con-
tains, therefore, comparatively much FeO and little Fe,O; and agrees better
with Hallimond’s than with my formula of typical glauconites. The curve
of dehydration by heating is similar to that of skolite (see fig 15, p. 83).

Close relationship of the glauconite group to the mica group was long ago
allowed by many mineralogists. Scaly cleavage, optical orientation of acute
negative bisectrix a nearly perpendicular to the cleavage plane, pleochroism
with minimal absorption along a, birefringence rather strong, abundance of
potash, these are all characters which were arguments for Lacroix in favour
of the micaceous nature of glauconite. Powder X-ray diagrams of glauconite,
previously executed already by Schneider (5§0), were very similar to those
of mica. But, first of all, more accurate structural investigations of Gruner
(23), executed on glauconite, at the time when the sheet structure of mica
was already well known, have confirmed that supposition beyond any doubt.
Not only the general structure type of glauconite, but also the spacing of
lattice planes of its sheet structure have been shown almost identical with
those of mica structure. The most important difference between both minerals
consists in the excess of water and some deficit in potassium ions, which
may be explained by some lattice gaps; such deficit often happens, how-
ever, in many micas too, and it is not much greater in most glauconites.

Another difference between micas and glauconites consists in the fact,
that in the tetrahedral layer of mica, aluminium and silicium participate in
1:3 proportion, while in glauconite aluminium is deflicient and the corre-
sponding proportion is about 1:5. Gruner explains the excess of silicium in
this layer as well as that of H,O, as effects of the marine medium of glauco-
nite formation, where both elements must have been in superfluity. In
consequence, Gruner proposes the following formula for glauconite:

(OH)g,,K, 5 (Mg, Fe'l, Ca); g (Fenlf Al, Si);_¢ (Sij34 Ally) Ogsqg

Almost at the same time Galliher (I6) published his observations on
the secondary formation of glauconite at the expense of detrital biotite. At
the bottom of Monterey Bay in California, in the granitic detritus, abundant
scales of biotite show gradual transformation into rounded glauconite grains.
Such recasting consists in strong hydration, in decrease of Al,Mg and K and
in cxidation of ferrous into ferric iron.Chemical analyses of the secondary
glauconite, however, differ distinctly from those of ordinary mineral, and
do not agree with any chemical formula hitherto proposed. Notwithstanding
that, Galliher claims an unjustified opinion that all glauconite everywhere
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originates by transformation of biotite. This process might be conditioned
by alkalinity of sea water, anaerobic environment and slow muddy sedi-
mentation.

Micaceous components of many sedimentary rocks mostly named ,,seri-
cite’' or ,,sericite-like substance’’ are the subject of a special study of Grim
and his co-workers (21). The authors are right in their opinion that the
terms ,,sericite’’ or ,,sericite-like’’ do not mean anything accurate in miner-
alogy, and that for those cryptocrystalline components of sediments a new
mineralogical name would be needed, especially if they are not identical
with muscovite in their chemical composition. Grim proposed the name
illite as a collective term for those micaceous substances. They differ from
ordinary white mica in their higher content of water, silica and magnesia,
in lower content of potash and they approach, therefore, in their chemical
composition highly aluminous glauconites. Grim ignored the fact that such
a collective term for argilo-micaceous compounds of sediments already
existed: Thiébaut's phyllites, later changed by me to pholidoides. The crystal-
line structure, quite similar to that of muscovite, as well as the optical
properties, chemical composition and loss of constitutional water between
380 and 440°C, well accentuate this connection. It will be shown later (p. 70)
that,” besides this similarity, an important difference exists between illites
and pholidoides and then both names will be indispensable in their more
particular significance.

The same kind of argilo-micaceous minerals is interpreted in the paper
of Maegdefrau and Hofmann (39), and compared with glauconite and celado-
nite. Analogy with the mica group is confirmed by determination of density,
optical properties and chemical analyses, although they contain somewhat
less alkalis and a little more water. The roentgenographic analysis proves
their close analogy with micas and almost identical lattice spacing, although
the number of interference stripes is usually smaller. Special interest is paid
to the strong base exchange power of those minerals. The curves of dehydration
by rising temperatures are very similar to those demonstrated by Polish
authors for glauconite, but their even shape seems to have been obtained by
interpolation from an insufficient number of points. The decolouration of
glauconite by heating is explained in this paper as en effect of oxidation
of Fe', assuming that the green colour of glauconite is due to the simultaneous
presence of ferrous and ferric iron. This interpretation is certainly wrong,
because many common green glauconites are originally very poor in ferrous
iron, and a sudden oxidation at 180°C, just at the moment of losing the rest
of adsorbed water, is quite improbable.

A great progress in the knowledge of glauconite and a welcome contribu-
tion to the question of its chemical constitution has been given by Hendricks
and Ross (30). A new method of calculation of glauconite analyses for a modern
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crystallochemical formula, based on the mica model, facilitates the mutual
comparison of glauconites of different origin and explains their connection
with celadonites. A general formula proposed for the whole group of those

minerals 1ty (A1 FeULFell, Mg)y (Al Si),0,,(OH,F),
where X = K,Na,Rb,Cs,Ca,Ba,Sr, A = 1 or less, 2 is less than 3, in glauconite
mostly 2 ("’heptaphyllite group’’ after Winchell). The average formula of
glauconite calculated from 32 analyses shows the following elementary
proportions:

(K,Ca,Na), g4(Al, 4 FeglgrFeq 1oMgy 40) (Sis 65Alg55)01(OH),
The average formula of celadonite is:

(K:C37Na)o.84(A10.34Fe<I).I7IsF9(I).Iz4Mgo.7s) (Sig.g9Alg.1,010(OH),

In what concerns the genesis of glauconite, Hendricks and Ross object
by many arguments to its universal origin from biotite. Their observations
upon the formation of glauconite from pyroclastic fragments of phonolite,
andesite, augite etc. are very interesting. The constant presence of ferrous
iron in glauconites is interpreted as a proof of reducing conditions, which
may be ascribed to the cooperation of some bacteria in muds.

In the same year excellent analyses of New Zealand glauconites-were
furnished by Hutton and Seelye (32). A very useful improvement of the
method of caleculation of glauconite formulas was proposed by Harvey (29).
In all my calculations I have made use of this simple and objective method.

In the last ten years the method of differential thermal analysis found
general application in the study of ill-crystallized minerals, especially of
clay substances. This method, derived from the old way of Le Chatelier
(1887), was improved by Orcel (1933) and lately perfected and compleied by
various . technical means. It has become an indispensable operation in the
research of clay minerals and their mixtures in sediments, rocks and soils.
Its diagnostic importance may surpass the value of chemical analyses,
optical investigations and even of roentgenographic determination of crystal
structure. )

Differential thermal analysis consists in the electrical heating of an
investigated sample with continuous rise of temperature up to 1000° or to
its" melting point, and in the registering of endothermic and exothermic
effects which occur in the sample during this heating. The temperatures and
measures of those effects are  different in various minerals, this method,
therefore, can serve for their diagnosis even in strongly crumbled condition,
or in mixtures, when not too complicated. Many papers stress the valuable
results in this matter (3, 4,7, 20, 21, 22, 37). They concern above all minerals
constituting elay sediments and their importance for the present paper may
be pointed out chiefly in regard to illite, which shows much similarity with
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the glauconite group. Glauconite itself was treated accidentally by those
methods, as far as its thermal curve resembles that of illite (20). The illite
curve shows three distinct endothermic points (at 1509, 5509 and 900°C) denot-
ing three different portions of escaping water, and one exothermic point
indicating probably the formation of spinel (about 950°C). The thermic curve
of glauconite drawn by Grim and Rowland (22) shows the endothermic points
at the same intervals of temperature, but the leaps are smaller and the
exothermic peak at 950°C is wanting.

Special investigation of glauconite by means of differential thermal
analysis is offered by the study of Sabatier (48). Thermal curves published
by this author are not similar to those of Grim and Rowland: the first endo-
thermic point at 150-200° shows a very deep drop of heat, with a character-
istic little dent at 120° the second one at 550-600°C is much smaller, the
third at 900° almost missing. The thermal curve of bravaisite is very similar
to that of glauconite but without any dent at 120°. The comparison of those
thermal curves with the dehydration curves published by me and by Kampioni-
Zakrzewska proves that the first endothermic point at 150-200°C corresponds
to the loss of adsorbed water, the second point at 550-600° to the loss of
a mean part of constitutional water. This second point lies, however, some
120-150° higher than the starting point of escape of constitutional water.
Such a difference is quite normal and conceivable and is also observed in
other minerals e.g. kaolinite, since the endothermic minimum corresponds
to the moment when the loss of heat caused by endothermic reaction is just
balanced by the afflux of heat from without, and it takes place much later
than the beginning of this reaction.

Moreover, Sabatier's study offers a thorough examination of French
glauconites from three different formations (Lower Cretaceous, Upper Creta-
ceous and Tertiary) including chemical analyses, optical data, determinations
of density and of crystal structure. Particular interest is paid to the problem
of base exchange in glauconites and to the theoretical explanation of this
phenomenon.

The important paper of G01bunova (19) of 1950 brings interesting new
statements about glauconite. Most remarkable there is the confirmation
of the connections of the chemical composition of glauconite and its proper-
ties with the geological facies of glauconite-bearing sediments. In the glauco-
nite strata of Upper Jurassic and Lower Cretaceous from the Moscow basin
three types of glauconite have been distinguished.

Ist type occurring in shallow water sand sediments forms common grains
of usual size (0.1-0.25 mm of diameter). This type shows dark green
colouration, relatively high density (2.7-2.9) and high average index of re-
fraction (about 1.59). It is typical glauconite, rich in ferric iron and potash
(20% FeyO4, 6.35% K,0) and poor in free silica (3.3%).
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2nd type limited to muddy Upper Oxfordian and Kimmeridgian se-
diments, i.e. to the facies of rather calm and deeper sedimentation, is inter-
mediate between the 1st and 3rd type. Its grains are smaller, grading to
fine pelite (about 0.05 mm), light coloured, yellow-green; the average re-
fraction index is lower (1.57), the density smaller (2.6-2.8), the content of
Fe,0, and K,0 moderate and free silica more abundant (10% of uncombined
Si0,).

. 3rd type is connected with deep water clay sediments of Oxfordian,
with abundant carbonates and syngenetic montmorillonite. This glauconite
is nearly colourless, pale greenish-yellow and its grains are still smaller
(down to 0.01 mm), mostly constituting a clay-like squamous groundmass
with subparallel arrangement of micropelitic scales. Low density (2.4-2.5)
and feeble refraction indices ( about 1.54) correspond to relative poverty in
iron and potash (Fe,O; = 5-8%, K,0 = 2-2.5%) and to relative abundance
of free silica (14-18%). Adsorption power is very great, more than twice
greater than of the normal glauconite (1st type).

The occurrence of those three glauconite types could be ascertained
on a vast area of the Russian plateau in close relationship with sedimentary
facies. The differentiation of glauconite presents a continuous series, from
the dark green highly ferriferous type 1 to the nearly colourless aluminous
and iron-poor type 3. The latter is said to originate in environment poor in
free iron which was mainly bound in pyrite or marcasite. The concentration
of free silica (opal or chalcedony), which is not a later introduced element
but certainly a syngenetic one, rises at the same time. The grains of typical
glauconite, in the investigated sediments, are always of much greater size
than quartz grains, and this supports the opinion that they were formed by
chemical precipitation in the sediment, probably as microconcretions of
colloidal clay materials.

In one and the same sediment the grains of glauconite show wide
differences of individual density, which is certainly caused by an important
diversity of chemical composition. Powder roentgenograms of different
glauconite types, however, present identical figures, which indicates constant
crystal-structure. But in the pale glauconite type 3, besides the lines proper
to this mineral, some quartz lines appear and also some other lines which
might be ascribed to an admixture of montmorillonite. The paragenesis of
glauconite and montmorillonite is described as especially characteristic for
the Oxfordian clays and marls of the Moscow basin, where the substitution
of glauconite by montmorillonite and vice versa may often be encountered.

From the above descriptions one may conclude that typical glauconite,
in the sense hitherto accepted in mineralogy, is solely the 1st type. The
so-called ,,colourless glauconite” of the 3rd type corresponds probably to
pholidoide mixed with opal and montmorillonite, and cannot be considered
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as a homogeneous mineral. The 2nd type also presents a mixed and inter-
mediate product between the typical glauconite and a pholidoide mingled with
opal and montmorillonite. Such an interpretation explains the unusually low
potash content in types 2 and 3.

The confirmation.of a genetic connection of the pholidoides and mont-
morillonites with ordinary glauconites is certainly the most important and
interesting statement in the above-mentioned paper of Gorbunova (79).
While pholidoides, unable to flock into compact isolated grains, form in
the conditions of quiet sedimentation in deep water, the typical glauconite
may, on the contrary, originate in agitated water during sabulous sediment-
ation as well individualized dark green granules, enriched in iron and potash,
but impoverished in alumina.

Hydromuscovite, as well as illite and glauconite, have a mica-like
lattice structure manifesting, however, a certain deficit in potassium and
an excess of water. This difference might be explained by some structural
defects or gaps. But also another explanation could be offered, as pointed out
in 1948 by Gruner (24) and in 1952 by Brown and Norrish (6). Big potassium
ions in interlayer spaces can be substituted by complex univalent ions of
oxonium (H,O)*! having nearly identical diameters. According to this
hypothesis the illite formula could be as follows: ‘

(K,H,0,Na,Ca) (Al Fe™ Mg, Fe™, Ti), [(Si,Al),0,,(OH),]
which might be also applied mutatis mutandis to glauconite.

After having reviewed the progress in the knowledge of glauconite for
the last thirty years, I would now attempt to utilize, in a more complete
and universal manner, all the data and observations now accessible, for the
elucidation of the many still unsolved problems concerning the place of
this mineral among the whole group of micaceous substances, and to draw
some conclusions with regard to its generation.

CHEMICAL ANALYSES OF GLAUCONITE

The discussion on the chemical composition of glauconite will be based
upon 68 chemical analyses of this mineral, selected from the available
literature. In this assortment I have omitted analyses either incomplete
or very old, and those, the figures of which indicate either grave analytical
errors, or evident impurity of analysed material. On that account the analyses
of Gorbunowa (79) have not been here included, as the author herself confirms
an important admixture of opal and montmorillonite in the analysed glauco-
nites. This collection of analyses is arranged in tables 2—6, im the sequence
of geological age, beginning with Holocene and concluding with Cambrian
glauconites. The last table (7) contains some glauconites of unknown age.

3 — Archiwum Mineralogiczne
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Table 1

Glauconite from Ordovician limestone
(Eriksore, Oland, Sweden) — (Analyst N. Sahlbom)
(vide table 6, No. 52).

P 3 RS S i
3 | mot sus;tr. §§ § § cation proport.
3 prop. (ayP,0, S ¢ 3 E for 22 vol. units
Si0 51,35 855 855 | X4| 3420 Si 3,697 :
ALO, | 9047] 93 x2| 186 | x3| 558| Al*  0.303 } 4.000(51.A1)
Als 0.501
Fe,0, | 16,37 102.5 X2| 205 | X3| 615| Felll 0.886 2014 M
FeO 4.75| 66 66 | X2| 132 | TFell 0.285]~
MgO 3.7 719 79 | X2| 158 | Mg 0.342
K,O 7.34] 178 X2] 156 [ X1| 156 K 0.675
Na,O 1.22] 20 X2 40 | X1 40| Na 0.173 3 0.865 R
Ca0 0.63] 11 7 4 | %2 8| Ca 0.017
H,0 | 4.85
P,0 0.35] .21 21 : 22
B oo fs | — quotient ———— = 4,324
Total | 99.50 5087 J 087

The list of analyses includes also information about the kind of sediment
from which glauconites were separated. In this respect, too, the available
literature does not always contain sufficient data: e.g. Nos. 30,44,45,58,
66-6G8 are of unknown origin.

All this information is carefully quoted in view of an examination, whether
some relations between the chemical composition of glauconite and its
geological age or its sedimentary source could not be brought to light. It is
not impossible that the present lack of knowledge of such relations is caused
merely by insufficiency of analytical material.

All chemical analyses of glauconite were calculated on atomic proportions
in order to utilize them for the establishment of chemical formula admitting
close crystallochemical analogy of this mineral with white mica. If the
theoretical formula of muscovite is

KAL[(OH),Si,Al0,],

the generalized formula of glauconite and all the other members of the
mica group should be as follows:

R M,[(OH),Si,.,ALO,]-n H,0

R denotes all large interlayer cations with coordination number 12 against
oxygen, i.e. K,Na,Ca,Rb,Cs,Ba,Sr.
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M designates cations of moderate size with coordination number 6
against oxygen and hydroxyl ions: Al, Felll, Fell, Mg, TilV, Li, MnII (so-
called octahedral cations).

z indicates the number of Al-ions replacing Si-ions in tetrahedral layers
[(Si,Al),0,,]. In glauconite it is always smaller than y and much smaller
than 1 (z<y<1). w cannot be greater than 3, in glauconites and muscovites
it usually approximates 2.

Muscovite Micas in general
Layers Layers
K R Interlayer cations
1/2 SizAl0,, 1/2 Sig-xAlxO,, Tetrahedral layer
(OH) (OH)
Al, My Octahedral layer
(OH) (OH)
{/2 8i;A10,, 1/2 Si4-xAlxO,, Tetrahedral layer
K R Interlayer cations
1/2 SigAlO,, 1/2 SiyxAlxO,, Tetrahedral layer
(OH) (OH)
Al My Octahedral layer
(OH) = (OH)
1/2 8i4Al10,, 1/2 Sip-xAlx0O,, Tetrahedral layer
K Lé-\z‘ R Interlayer cations

Schemes of co-ordination

Fig. 1
Muscovite structure as prototype for the whole mica group

The calculation of chemical analyses to the above named formula regards
cations alone, and is executed in relation to 22 valence units (10%X0-2+4-
-+ 2(0OH)-!). Adsorbed water (n H,0) as well as constitutional water (OH)
are not taken into account. The mode of calculation is founded on the princi-
ple of Hendricks and Ross (30) and on its improvement by Harvey (29).

At first the lime is substracted from the total figure to form together
with CO,, P,O, and fluorine CaCO,,Ca,P,0, and CaF,, and only the excess
of CaO is supposed to enter into the constitution of the silicate. Then the oxides
converted into cation ratios and later into valence proportions of the
cations. Finally, the cations are recounted on the sum of 22 valence units,

(for cont. see p. 38)



Table 2

Recent glauconites

1 3 3 4 5 6 7 8
Si0, 47.46 49.12 46.90 51.15 54.58 55.95 51.90 47.6
Al0, 1.53 7.09 4.06 7.61 7.47 11.56 1.52 9.9
Fe,0 30.83 25.95 27.09 18.83 18.27 9.99 27.98 21.9
FeO 3.10 0.89 3.60 2.78 2.86 2.02 1.26 1.5

o Mgo 2.41 3.10 0.70 4.54 2.95 6.77 4.67 3.7

; TiO, — — — s st T 0.59 0.30 —

& - K,0 7.76 7.02 6.16 7.80 5.34 412 4.90 5.3

o Na,0 — = 1.28 == 1.23 0.61 0.53 1.4
Ca0 — — 0.20 — 1.86 3.95 0.89 0.8
H,0 -+ } _ } 9,99 4.05
e } 7.00 7.12 9.25 7.56 6.53 by ¥y 7.7
P,0, — — - — - 0.18 0.11 —
Total 100.09 100.29 99.24 100.27 100.79 100.56 100.21 99.8
Si 3.637 3.603 3.657 3.721 3.854 3.766 3.782 3.498

2 Al 0.138 0.397 0.343 0.279 0.146 0.234 0.131 0.502

5 Al — 0.220 0.032 0.376 0.447 0.679 — 0.354

R ™ 0.225 — e o - — 0.087 —

S Pelll 1.557 1.432 1.592 1.031 0.971 0.509 1.445 1.209

@ Fell 0.198 0.053 0.234 0.170 0.170 0.113 0.074 0.093

~ Mg 0.276 0.339 0.080 0.494 0.309 0.679 0.508 0.406

& T — — — — — 0.028 0.017 —

& K 0.755 0.656 0.609 0.725 0.483 0.356 0.455 0.494

¥ Na — — 0.197 — 0.170 0.080 0.074 0.198

< Ca — — 0.019 - 0.140 - 0.267 0.057 0.062

§  (Si,Al,Fe) 4.000 4,000 4.000 4.000 4.000 4.000 4.000 4.000

S M 2.031 2.044 1.938 2.071 1.897 2.008 2.044 2.062
R 0.755 0.656 0.825 0.725 0.793 0.703 0.586 0.754

9¢
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4 — Agulhasbank, -ibidem, depth 110 fth. Recent greensand. An. Caspari (fide 26, No. 7, p.- 122)

5 — Aomori Bay, Japan (Takahashi fide 30, No. 35, p. 693)

6 — Monterey Bay, Cal. U.S.A. Recent glauconite. An. Hanks (I6)
7 — Monterey Bay, Cal. U.S.A. Recent glauconite. An. Hanks (I6)
8 — San Pedro, Cal. U,S.A. Pleistocene marl (50)

1 2 3 4 ) 6 7 8
|
Al* 15.4 31.2 28.6 20.2 10.5 14.5 . 18.3 31.2.
= AlS — 17.3 2.7 27.3 32.3 42.0 — 22.0
R 84.6 51.5 68.7 52.5 57.2 43.5 81.7 46.8
£
S g = 0.363 0.397 0.343 0.279 0.146 0.234 0.218 0.502
,§° Nz 3u +0.383 --0.260 +0.500 --0.451 +0.788 -+0.740 +40.433 +0.313
= X 39.1 43.1 40.7 241 15.6 22.9 23.8 42.3
28 z 50.9 42.6 37.2 57.5 51.3 74.7 61.8 42.0
= U- —10.0 —14.3 4221 —18.4 +33.4 —2.4 —14.4 —15.7
8
.
S al — 10.7 1.7 18.2 23.5 34.3 — 17.2
S felll 76.7 70.1 82.1 49.8 51.2 25.7 71.3 58.6
= fell 9.7 2.6 121 8.2 9.0 5.7 3.6 4.5
“ mg 13.6 16.6 4.1 23.8 16.3 34.3 251 19.7
al + mg 13.6 27.3 5.8 42.0 39.8 68.6 25.1 36.9
al 4 fell 9.7 13.3 13.8 26.4 32.5 40.0 3.6 21.7
al 4 felll 76.7 80.8 83.8 68.0 T4.7 60.0 71.3 75.8
1 — Tuscarora, Pacific, depth 317 m. Recent greensand (Collet & Lee, fide 26, No. 1, p. 122)
2 — Pacific of Panama, depth 556 fth. Recent greensand. An. Caspari (fide 26, No. 8, p. 122)
3 — Agulhasbank, near Agulhascap, South Africa, depth 217 m. Recent greensand. An. Giimbel (fide 26, No. 6, p. 122)

JLINOONVID 40 WHTI0dd dHL

Le
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‘multiplying their atomic ratios by the quotient resulting from the division
of 22 by the sum of valence proportions. The Al-portion, completing Si to
the sum of 4, is regarded as Al in tetrahedral coordination; the rest of Al
is thought to exist in octahedral coordination, and included in cation-group
M, together with FellI, Mg, Fell, etc. An example of such a calculation is
shown in table 1 (p. 34).

The tables of analyses 2—7 comprise those cation ratios necessary
for the modern crystallochemical formulation of each analysed glauconite.
They also include some crystallochemical parameters, which will later be
employed for the construction of some auxiliary diagrams (p. 53—58). The same
mode of crystallochemical calculation may be applied to all the other miner-
als of the mica group, as biotite, phengite, illite etc. It enables their mutual
comparison and the determination of the position of glauconite in the whole
mineral group. This task will be strongly facilitated by the use of the above
mentioned diagrams.

Before setting about those comparative considerations it would be
useful to examine, whether the chemical analyses of glauconite constituting
the base of those considerations do not include any errors or inconsistencies,
which might exert a prejudicial influence on the obtained results. The analyses
of glauconite not infrequently show diversity and instability of many com-
ponents. Is this not caused by analytical incorrectness or by inaccurate
separation of the mineral from the sediment?

ERRORS AND DEFICIENCIES IN CHEMICAL ANALYSES OF GLAUCONITE

The reliability of some chemical analyses of glauconite is questionable
because the purity and homogeneity of analysed material seems to be doubtful.
Uncertainty in this respect grows when the methods of separation of glauconite
and of its control for purity are not stated, a fact very common in older
publications. In amorphous or cryptocrystalline minerals, such as glauconite,
one may always suspect some admixture of other components of the sediment
in an unperceivable form..

Among the most common components of sedimentary rocks some are
very easy to detect by microscopic examination, as mechanical impurities
in glauconite grains. E.g. detrital quartz particles, even very {ine, cannot
be overlooked in a microscopic preparation of crushed glauconite grains.
Calcite and other carbonates, thanks to their very high birefringence, always
disclose their presence in a polarizing microscope, unless they are extremely
finely crystallized and very scanty. Opaque points orclodsof pyrite also cannot
escape the notice of the careful investigator. Hydroxides of iron, often set free
in glauconite by its alteration, steadily mark their presence in the form of
rusty sprinkling on the grain surface, as brown points in their interior or
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Table 3
Tertiary glauconites
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Density 2.687 2.66 2.708 2.580 2.735 2.555 2.790 2.770 2.772 2.675 2.790
Si0, 51.30 49.07 33.1 46.86 49.00 4Y.67 49.47 44.97 48.70 49.76 50.40 52.64 49.29 43.33 [ 48.54 47.42 47.15 49.89 51.00 49.53 48.12
ALO, 5.15 10.95 13.6 12.39 8.35 9.29 7.73 9.11 12.87 8.18 6.46 5.78 3.17 7.27 7.82 7.19 6.20 7.52 9.93 5.84 9.16
Fe,O, 16.02 15.86 11.5 18.52 20.20 19.88 19.42 16.40 16.08 16.00 20.17 17.88 21.72 24.87 17.50 22.64 21.50 18.93 18.69 20.06 19.10
FeO 3.99 1.36 2.9 e 1.80 1.28 (.49 0.98 2.25 | 3.77 1.43 3.85 3.19 2.90 3.07 .3.39 3.76 3.00 1.98 5.95 3.47
MgO 1.74 4.49 2.7 3.32 3.31 4.03 3.96 3.32 .85 3.97 4.34 3.43 3.85 2.95 3.26 2.28 2.80 3.75 3.85 2.92 2.36
MnO — trace — — — —_ —_— — — — 0.02 trace trace trace trace trace trace — — — — =
o Cr,0, = 0.07 — — — — — — — — 0.03 — — — 0.03 0.04 0.05 — e = = —
=B '{1002 — 0.15 = — == — — — -— — 0.09 0.16 0.12 0.20 0.10 0.10 0.14 0.05 — —= = —=
= Ay et — s = — — — — — — trace = — — = — — — — — — —
E.)" K,O 8.34 7.51 5.1 8.26 6.80 3.68 1 7.52 6.83 0.28 7.57 7.97 7.42 6.02 6.00 5.87 7.46 6.98 7.52 7.66 9.31 7.08 6.88 .
3 Na,O — 0.13 1 1.01 trace 3.00 0.12 0.29 2.40 0.52 0.11 0.18 0.12 0.02 0.22 0.05 0.13 0.11 0.35 0.46 0.22 0.63
%n(()) 2.30, 0.07 12.3 0.20 0.77 1.95 1.92 5.61 1.12 0.41 0.03 0.12 0.74 0.10 0.68 0.27 0.46 0.25 0.87 0.56 0.76 0.52
a — == — == = — — — — — — — — — - — 0.04 — — - — —
Rb,0 =5 = — — — — — — == — 0.02 — = — = — — — i ol = =
H,0 - 9.3 6.63 | l gra |1 1 - 1« o 5.02 5.86 7.21 6.22 6.00 6.07 6.47 6.1 5.83 491 }
H0 — 4.86 366 | f 70 983 | pl007T 788 | 844 } 7.55 } 9.50 } 982 1 Yoo | 283 | 460 | 594 | 671 | 301 420 | 234 | (365 | (3.45) |j10-06 | 6.34
%’zg) — 0.19 9.7 — — — 0.90 4.47 — — 0.04 0.18 0.32 0.15 0.14 0.22 0.19 0.22 — — = —
20,y — = — — — — — 0.36 — — — = — — — — — — — — — —
S5 — 0.06 — . - — — - — 0.03 = — — 0.05 0.05° 0.06 — £ — - ==
Total 499.02 | 100.20 99.4 16069 | 100.30 100.66 499.97 99.89 | 100.45 | 100.00 99.82 | 100.33 | 100.35 99.95 99.99 | 100.19 | 100.13 | 99.69 | 100.16 99.54 | 100.33 99.75
i)
S Si 3.931 3.641 3.162 3.482 3.688 3.581 3.708 3.666 3.575 3.728 3.756 3.879 3.832 3.444 3.737 3.611 3.654 3.714 3.840 3.676 3.623 3.750
= Al 0.069 0.359 0.838 0.518 0.317 0.419 0.292 0.334 0.425 0.272 0.244 0.121 0.168 0.556 0.263 0.389 0.346 0.286 0.360 0.324 “0.377 0.250
= AlS 0.401 0.595 0.688 0.571 0.423 0.269 0.392 0.537 0.6886 0.448 0.320 0.384 0.124 0.121 0.449 0.261 0.222 0.375 0.471 0.183 | 0.437 0.173
= Felll 0.921 0.882 0.826 1.036 1.142 1.078 1.098 1.008 0.84%0 0.900 | 1.128| 0.992 1.270 1.488 1.048 1.300 1.257 1.068 1.003 1.118 1.086 1.252
X Fell 0.258- 0.085 0.230 — 0.113 0.078 0.032 0.064 0.137 0.236 0.090 0.239 0.205 0.191 0.199 0.245 0.242 0.188 0.120 0.370 0.217 0.196
5 Mg 0.198 0.495 0.384 0.366 0.370 0.433 0.441 0.401 0.203 0.443 0.484 0.376 0.443 0.348 0.375 0.261 0.321 0.416 0.407 0.321 0.267 0.383
], Ti — 0.009 — —_ e — — - — — 0.005 0.009 0.005 0.009 0.005 0.005 0.009 0.004 — = — —
@ K 0.815 0.713 0.620 0.786 0.650 0.338 0.720 0.710 1 - 0.494 0.725 0.716 0.700 0.598 0.611 0.574 0.723 0.689 0.715 0.6%4 0.882 0.678 0.643 .
E Na — 0.018| 0.275 0.143 — 0416 | 0.018 | 0.040 | 0344 |  0.077 0.018| 0.027{ 0.019 — 0.037| 0.009| 0.019| 0.018] 0.051 0.062| 0032 | 0.088
N Ca 0.189 — 0.086 0.018 — 0.151 0.067 — 0.088 0.032 = - 0.028 — 0.042 — 0.019 — 0.064 0.045 0.063 0.040
g (Si,Aly 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.0060 4.000 4.000 4.000 4.000 4.000 | - 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4000 | 4.000-
S M 1.778 2.066 2.128 1.973 2.048 1.958 1.963 2.015 1.916 2.027 2.027 2.000 2.044 2.157 2.046 2.042 2.051 2.051 2.001 1.992 2.007 2.004
E R 1.004 0.731 0.981 0.947 0.650 0.905 0.805 0.759 0.926 0.834 0.734 0.727 0.645 0.611 0.653 0.732 0.727 0.733 0.809 0.989 0.773 0.771,
Al 4.7 21.3 | 33.4 25.4 22.8 24.8 19.6 20.5 20.9 17.5 18.8 9.8 18.0 43.2 19.3 28.1 26.7 205 | 22.0 21.7 23.8 20.9
~ Als 27.2 35.3 27.5 28.1 30.4 21.8 26.3 32.9 33.7 28.8 24.7 3.2 12.9 9.4 32.9 18.9 17.2 26.9 28.7 12.2 27.5 14.5
§ R 68.1 43.4 39.1 46.5 46.8° 53.4 94.1 46.6 45.4 93.7 56.5 59.0 69.1 47.4 47.8 53.0 56.1 52.6 49.3 66.1 48.7 64.6
S st S W% e gEn E SURESMEYE ] R oS S SRS e e o -
;” o« X 0.069 0.359 .838 (1.518 0.317 0.419 0.292 0.334 0.425 0.272 0.244 0.121 0.168 0.556 0.263 0.389 | © 0.346 0.286 0.360
= Nz 3u 1.122 0.373 0.230 0.447 0.339 0.637 0.284 0.425 0.592 0.598 0.488 0.606 0.511 0.059 0,431 0.345 0.401 0.447 0.524
Y X 5.8 31.8 45.6 53.7 33.6 39.7 33.3 39.3 41.8 26.4 27.3 16.6 17.8 35.7 27.1 39.4 32.9 27.5 40.5
s 8 z 38.3 50.6 33.5 37.9 51.2 48.4 54.0 55.4 33.4 65.8 63.6 83.4 68.2 34.0 58.7 47.8 52.6 57.8 59.2
s U +55.9 |—17.6 |—20.9 484 |—15.2  |—11.9 |442.7 —5.3 |--24.8 —17.8 —9.1 00 |—14.0 |-—303 |—14.2 [—12.8 |—145 |—14.7 —0.3
[ - %
‘3 al 22.6 28.9 32.3 28.9 20.6 18.8 20.0 26.7 35.8 2241 15.8 19.3 5.9 5.6 22.0 12.8 10.9 18.3 23.6
5 felll 51.8 42.9 38.8 52.5 55.8 55.1 55.9 50.0 46.4 44.4 55.8 49.8 62.3 69.3 49.9 63.8 61.6 52.2 50.1
B fell 14.5 4.1 10.8 0.0 5.5 4.0 1.6 3.4 7.2 11.6 4.5 12.0 10.1 8.9 9.7 10.6 11.8 9.2 6.0
S ™ mg 11.1 241 181 18.6 18.1 224 22.5 19.9 10.6 21.9 23.9 18.9 21.7 16.2 18.4 12.8 15.7 20.3 20.3
© al -+ mg 33.7 53.0 50.4 47.5 38.7 40.9 42.5 46.6 46.4 44.0 39.7 38.2 27.6 21.8 40.4 25.6 26.6 38.6 43.9 ;
al + fell 37.1 33.0 42.1 28.9 261 22.8 21.6 30.1 43.0 7 33.7 20.3 31.3 16.0 14.5 31.7 23.4 22.7 27.5 29.6 .8 : ; i
al 4~ felll 4.4 71.8 71.1 81.4 76.4 73.9 75.9 76.7 82.2 66.5 71.6 69.1 68.2 74.9 71.9 76.6 72.5 70.5 73.7 65.3 75.9 714 ‘
0 — Ystad, Scania, Sweden. Limestone. An. Palmquisl (26, No. 54. p. 124) 20 — Makerewau Creek, Mangatu, Otago Land, New Zealand. Tertiary sand. An. Seelye (32)
10 — Milburn, Table Hill, Otago, New Zealand. Limestone. An. Seelye (32) 21 — Whare Flat, East Taieri, Otago Land, New Zealand. Sandstone. Idem (32)
11 — New Braunlels, Texas, U.S.A. Iiocene marl. An. Schneider (50) 22 — Elephant Hill, Canterbury, New Zealand. Sandstone. ldem (32)
12 — Tinlea, Prahova, Romania. U/prer Oligocene marl. An. Zamlirescu (2) 23 — Kahoko Creek, Otepopo, Otago Land, New Zealand. Sandstone. I1dem (32)
13 — Cuise-la-Mothe, France. Tertiary sand. An. Sabatier (/8) 24 — Otepopo Tunnel, Otago Land, New Zealand. Sandstone. Idem (32)
14 — Kurische Nehrung, Baltic Sea. Oligocene sand. An. Johnson (26, No. 33, p. 12) - 25 — Waianaharna, Otepopo, Otago Land, New Zealand. Sandstone. Idem (32)
15 — Maokrolyn, Roztocze. U.8.8.R. Oligocene sand. An. Smulikowski (52) 26 — TySmienica, Carpathian Mts, Lower Oligocene sandstone. An. Szubartowski (54)
16 — Glinsko, Roztocze, U.S.8.R. Oligocene sand. ldem (52) 27 — Traktymirov, prov. Kiev, U.S.S.R. Tertiary sandstone. An. Glinka (26, No. 21, p. 123)
17 — Galowicze n.Grodno, B.S.S.R. Oligocene sand. An. Smirnoll (51) . 28 — Ural, U.S.S.R. Eocene sandstone. ldem (26, No. 20, p. 123)
18 — Grodno, B.S.S.R. Tertiary sand. An. Kupfler (30, No. 25, p. 692) 29 — Lewes, Sussex, England. Palacocene. An. Radley (30, No. 16, p. 693)

19 — Chobbam, Common Surrey, Fngland. Eocene sand. An. Harvey & Clelland (29) 30 — Average of 7 Tertiary samples. (Takahashi in 30, No. 29. p. 693)



K. SMULIKOWSKI

ARCHIWUM MINERALOGICZNE, VOL. XVIII, facing p. 38

Table 4
Cretaceous glauconites
31 32 33 34 | 35 36 37 38 39 40 AL 42 43 44 45
Density 2.73 1 2.64 2.855 2.63 2.798 2.711 2.73
Sio, 52.00 49.09 49.81 50.72 50.43 492 49.0 53.14 50.20 49.75 50.58 49.47 48.95 52.74 21,55
Al 04 6.60 15.21 6.33 8.58 6.25 10.7 4.2 10.25 7.80 7.82 (.72 5.9 7.66 12.29 4.03
Fe, O, 18.90 10.56 13.24 12.66 20.84 16.2 19.5 17.84 17.90 22.26 19.50 19.406 23.43 9.30 2217
FeO 4.40 3.06 5.81 4.18 Lrace 3.4 3.3 0.32 1.80 2.36 2.496 3.36 .32 6.30 3.54
° MgO 2.66 2.65 4.50 3.71 2.82 4.0 3.6 Lrace 3.23 3.25 4.10 3.96 2.97 4.05 3.86
& 13,0 — — pa — 0.20 — _ — _ - — sl — — _
:;50 K,0 7.14 6.05 7.45 7.73 4.93 6.2 6.3 7.16 6.42 9.04 §.26 8.04 9.54 7.97 7.03
iz Na,0 Lrace 1.21 0.16 2.29 213 1.2 0.6 0.34 trace 0.30 0.04 0.16 0.98 0.09 0.55
S Ca0 trace 0.55 .58 1.52 1.69 2.4 0.5 0.19 0.81 — 0.34 0.60 (.56 0.55 0.69
H,0 + | | T 1 e g 549 17, 1 - . 5.50 _ 5.16 = g . A3 1) s |1 g
o } 8.26 | 11.64 } 9.70 7.46 e | fua |} Gy |t | g } : 76 } 856 | (iam |} o |} os2
P,0, - - 0.33 1.28 0.69 = - — e — 0.27 1.06 s — e
CQ, s — 0.98 — — — — — — — 0.30 0.96 —= e —
F, _— - — — o e - - — — — — . 0.13 o
Total 99.96 100.02 99.8Y 100.43 | 100.35 9.4 99.9 98.48 99.43 99.91 100.83 | 100.80 | 100.34 99.40 | 100.04
E Si 3.835 3.621 3.851 3.795 3.799 1562 3.549 3.896 3.812 3.613 3.734 3.793 5.064 3.743 3.786
S Al 0.165 0.379 0.149 0.205 0.201 0,438 0.401 0.104 0.188 0.387 0.266 0.207 0.436 0.257 0.214
= Al 0.411 0.942 0.427 0.550 0.351 0.475 0.393 0.785 0.514 0.285 0.319 0.299 0.220 0.775 0.135
® [Felll 1.045 0.585 0.771 0.710 L1480 0.887 1.076 0.986 1.024 1.218 1.082 1.054 1.286 0.499 1.227
2 Fell 0.270 0.191 0.376 0.261 — 0.187 (.203 0.022 0.114 0.144 0.182 0.216 0.074 (0.375 0.216
5 Mg 0.292 0.293 0.520 0.414 0.317 0.431 1.393 — 0.365 0.353 0.452 0.451 0.324 0.431 0.424
£ Li — — e . 0.063 — — - — — = - — = =
2 K 0.673 0.567 0.734 0.737 0.470 0.574 0.591 0.669 0.620 0.838 0.781 0.787 0.883 0.725 0.662
= Na — 0173 0.028 0.333 0.307 0.165 0.128 0.048 — 0.04 0.009 0.023 0.140 0.013 0.079
& Ca — 0.044 —= —— 0.068 0.187 0.040 0.013 — — — — 0.044 0.043 0.053
2 (Si AL 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
2 M 2.018 2.011 2.094 1.935 1.911 £.980 2.065 |.793 2.014 2.000 2.035 2.020 1.904 2.080 2.002
= R 0673] 07841 07621 1070| 0.845| 0.926| 0759 | 0.730| 0.620| 0.882) 0790 0810| 1.067) 0781, 0.794
Alt 13.2 18.0 11.1 11.2 V4.4 23.8 25.8 6.4 14.2 249 19.4 15.7 25.3 14.2 18.7
« AlS 32.9 44.8 31.9 30.2 25.1 25.8 25.3 48.5 38.9 18.3 23.2 22.7 12.8 42.7 11.8
z R 53.9 37.2 57.0 38.6 60.5 50.4 48.9 45.1 46.9 56.8 97.4 61.6 64.9 | 43.1 69.5
<
go sz 0.165 0.379 0.149 0.205 0.201 0.438 0.401 0.104 0.188 0.387 0.266 0.207 0.436 0.257 0.214
3 5 4 3u 10,508 | 40451 | 4-0.614 | 10.870 | +0.710 | --0:678 | 4-0.401 | 4-0.643 | --0.437 | 4-0.497 | 40.520 | 40.607 | 4-0.676 | 4-0.566 | - 0.634
< X 211 42.3 11.2 194 22.4 39.2 33.6 13.9 26.5 43.8 26.5 22.2 39.2 19.7 24.9
= .8 Z 72.0 54.0 67.5 62.8 48.6 30.4 50.0 3.0 67.6 56.2 63.1 71.4 36.2 61.9 4.4
= U —6.9 —3.7 |-21.3 +18.14 +29.3 +5.4 16,4 14-83.1 —9.4 0.0 |[—10.4 —6.4 L1246 |—18.4 0.7
é al 20.4 46.8 20.4 28.4 19.0 24.0 19.1 43.8 25.5 14.3 15.7 14.8 11.5 37.3 6.7
= felll 51.8 291 36.8 36.7 63.8 44.8 2.4 55.0 50.7 60.9 53.2 52.2 67.4 24.0 61.3
b fell” 13.4 9.5 18.0 13.5 — 0.4 9.8 1:2 5.7 T2 8.9 10.7 4.1 18.0 10.8
S = mg 14.4 14.6 24.8 21.4 17.2 21.8 19.0 —_— 18.1 17.6 22.2 22.3 17.0 20.7 2.2
Q al - mg 34.8 61.4 45.2 49.8 36.2 45.8 38.1 43.8 43.6 31.9 38.9 37.1 28.5 08.0 27.9
al -~ fell 33.8 56.3 38.4 41.9 19.0 33.4 28.9 45.0 31.2 21.5 24.6 25.5 15.6 55.3 17.5
al + felll 72.2 75.4 57.2 65.1 82.8 68.8 71.2 08.8 76.2 75.2 68.9 67.0 78.9 61.3 68.0
31 — Pugel-Théniers n. Nice, France. Lower Cretaceous limestone. An. Sabatier (48) 39 — Villers-sur-Mer, France. Upper Cretaceous sand. An. Sabatier (48) »
40 — Nasonovo n.Smolensk, U.S.S.R. Cretaceous sand. An. Glinka (26, No. 19.

32 — Ashgrove, Illgin, Scotland. Cretaceous oilitic limestone (30, No. 15, p. (59’2)
33 — Bujanéw n.Zurawno on the Duiester, U.S.S.R. Senonian sandy marl. An. Kam-

pioni-Zakrzewska (36)

34 — Bonarka n.Cracow, Poland. Cretaceous marl. An. Starzynski (42)
35 — Lysaja Gora n.Saratov, U.S.S.R. Cretaceous marl. (45)
36 — Folkestone, N. Carolina, U.S.A. Cretaceous marl. An. Schneider (50)

37 — Woodstown, New Jersey, U.S.A. Cretaceous marl. Idem (50)

38 — Eriksdal, Scania, Sweden. Senonian sandy marl. An. Palmquist (26, No. 33,

p. 124)

41 — Sewell. New Jersey, U.S.A. Upper Cretaceous sand. An. Manslield

p. 123)
p. 692)

(

30, No. 26,

42 — Elmwood Road, New Jersev, U.S.A. U/ pper Cretaceous sand. 1dem (30, No. 28,

p. 693)

43 — Padi, prov. Saratov, U.S.S.R. Cretaceous sandstone. An. Glinka (26, No. 18

p- 123)

44 — Tosberup,' Scania, Sweden. Senonian glauconite.

45 — Hokkaido, Japan. Upper Cretaceous glauconite (30. No. 31, p. 693)

An. Sahlbom (49)
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by a general change of glauconite colouration in transmitted light, from
emerald or grass-green to yellow-olive-green.

The recognition of the admixed clay or micaceous minerals, such as
sericite, illite, montmorillonite etc., is certainly more difficult. When present
in greater amounts, as in the cement of some glauconitic sandstones, they
distinctly modify the colour of glauconite grains, which become somewhat
uneven, greyish or dirty-green in microscopic preparations. The identification
of such admixtures may become quite impossible even by roentgenographic
methods, since the crystal structure of sericite or illite and of glauconite is
known as quite similar. The differential thermal analysis may also be mis-
leading, as the thermic curves of glauconite and illite differ very little.

We are quite perplexed in the case of colourless amorphous substances,
such as opal, which are quite invisible when included in glauconite grains.
They must be expected in all silified marls and gaizes. The glauconite
cannot be set free from such silica otherwise than by chemical treatment,
1.e. lixiviation by a hot 5% solution of NaOH. It sometimes occurs that
amorphous silica coagulates syngenetically with glauconite and is completely
dissimulated in its grains (Gorbunova, 19).

It was also confirmed that amorphous calcium phosphate frequently
coagulates with glauconite, and may be included in its grains in a quite
invisible form. The quantity of such masked lime phosphate is usually small,
below half percent, but sometimes it may exceed 5% of weight. As examples
may be cited the Oligocene glauconite from Glinsko with 10% Ca,P,04
(tabl. 3, analysis No. 16), and the Eocene glauconite from New Braunfels-
Texas, with 21% Ca,P,04 (tab. 3, analysis No. 11). Glauconite grains can
be readily released from this phosphate by treatment during 15-30 minutes
with strongly diluted hot nitric acid, which, within so short a time, does
not attack glauconite in a considerable degree.

If one prefers to avoid this treatment for fear of endamaging the glauconite
itself, one is obliged to determine in each case the P,O;, in order to eliminate
the content of Ca,P,0, from the composition of this mineral. In the case
of high proportion of lime phosphate such simple elimination implies possible
errors, because the phosphate substance in glauconite, as well as common
sedimentary phosphorites, contains as a rule some CaCO,, Ca(OH), and CaF,.
The elimination of phosphate substance included in glauconite. grains by
simple subtraction of Ca;P,0, alone may leave some lime excess which
would be wrongly included in the silicate constitution of glauconite, while-
in reality it is combined with phosphate.

Such errors are especially common in the analyses of glauconite published
hitherto. A relatively small number of them contains the figures of phosphoric
acid, which ought to be determined in every case. Its omission affects not only
the position of lime but also that of alumina, because in the standard method

(for cont. see p. 42)



Table 5
Jurassic glauconites
46 47 48 49 50 51
Density 2.550 2.749 2.634 2.551 2.400

Sio, 47.88 42.35 47.59 42.32 41.02 54.45

Al O, 14.94 14.33 17.99 16.51 22.19 9.77

Fe,O, 17.13 8.17 13.95 18.94 18.49 16.58

FeO 2.68 5.78 3.70 2.80 2.06 1.38
= MgO - 2.45 1.93 1.80 1.74 0.69 2.61
s MnO — — — — — 0.04
g Ti0, - - - — — 0.14
3 K,O 8.04 7.16 7.21 7.49 5.74 6.14

Na,0 0.43 0.43 0.42 0.42 0.38 0.51

CaO 0.56 8.37 1.22 2.20 1.96 0.68

H,0 4+ 5.91 4.45 5.27 7.48 7.88 ' 7.48

H,0 — (5.12) (2.46) (4.91) (5.86) (7.77)

P,0; -— 7.18 — — — 0.09

Total 100.02 100.15 99.15 99.87 100.41 99.87
& Si 3.429 3.532 3.379 3.156 2.986 3.861
'E Alt 0.571 0.468 03621 0.844 1.014 0.139
8 Als 0.694 0.940 0.889 0.606 0.892 0.678
'§ Felll 0.921 0.511 0.742 1.056 1.014 0.885
= Fell 0.159 0.401 0.222 0.175 0.127 0.081
R Mg 0.262 0.240 0.192 0.192 0.074 0.277
3 Ti = == = — — 0.008
2 K . 0.731 0.762 0.653 0.712 0.533 0.553
25 Na 0.060 0.070 0.060 0.063 0.052 0.068
& Ca 0.043 —_ 0.094 0.175 0.153 0.038
§ (Si,Al) 4.000 4.000 4.000 4.000 4.000 4.000
5 M 2.036 2.092 2.045 2.029 2.107 1.929

R 0.834 0.832 0.807 0.950 0.738 0.659

0%
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46 47 48 49 50 51
Al 27.2 20.9 26.8 35.2 38.4 9.4
= Al 33.1 42.0 38.4 25,2 33.7 45.9
R 39.7 37.1 34.8 39.6 27.9 44.7
§ z 0.571 0.468 0.621 0.844 1.014 0.139
E L 0.313 0.365 0.279 0.280 —0.120 0.563
S b¢ 51.9 33.8 53.1 65.0 66.0 19.8
= z 38.3 46.3 35.4 28.3 13.1 49.9
=& U —9.8 —19.9 = 1.5 —6.7 —20.9 +30.3
3
3 al 34.1 44.9 43.5 29.9 42.4 85.3
5 felll 45.2 24.4 36.3 52.0 48.1 48.1
S fell 7.8 19.2 10.8 8.6 6.0 4.2
© mg 12.9 215 9.4 9.5 3.5 14.4
al + mg 47.0 56.4 52.9 39.4 45.9 49.7
al 4 fell 41.9 64.1 54.3 38.5 48.4 39.5
al 4 felll 79.3 69.3 79.8 81.9 90.5 81.4

46 — Cernovskoe Niznij Novgorod, U.S.S.R. Jurassic sandstone. An. Glinka (26, No. 22, p. 123)

47 — Kosolapovo, Niinij Novgorod, U.S.S.R. Jurassic sandstone. Idem (26, No. 25, p. 123). Presumed P,0; is subtracted from Al,0,
48 — Kosolapovo, Niznij Novgorod, U.S.S.R. Jurassic sandstone. Idem (26, No. 26, p. 123)

49 — Karovo, Kaluga, U.S.S.R. Jurassic sandstone. Idem (26, No. 23, p. 123)

‘50 — Karovo, Kaluga, U.S.S.R. Jurassic sandstone. ldem (26, No. 24, p. 123)

51 — Crailsheim, South Tirol. Triassic limestone (31)

HLINODNVID. 40 WAT80dd dHL
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of silicate analysis the overlooked P,0; must be included in the figure of
Al O;. In such a case the scientific value of glauconite analysis.is seriously
endamaged, in spite of the highest accuracy in analytical operation.

The quantitative role of lime in the constitution of micaceous minerals
is usually quite subordinate and Jakob (34) claims that in the muscovite
structure it is entirely lacking. Also in the composition of pure glauconite
never more than 1% of lime may be expected. If some glauconite analyses
show much more CaO, an important admixture of calcite or phosphorite must
be feared. The suspicion of an admixture of lime phosphate is especially
justified in case when an excessive amount of CaO is joined with high
alumina and relatively low silica.

A typical example of such anomaly is analysis No. 47 (table 5), made
by Glinka of the heavier fraction of a Jurassic sandstone of Kosolapovo
(U.S.S.R.). This analysis shows such anomalous proportions that it does
not agree with any known formula of glauconite. It quotes too much lime
and alumina and too little silica and ferric iron. Despite all expectance
the analysis of the lighter glauconite fraction from the same sandstone (No. 48)
shows more Fe,O,, less Al,0; and quite normal proportions of CaO and SiO,,
and its agreement with the theoretical formula is quite satisfactory. This
may be explained by the admission that glauconite No. 47, in spite of its
lower content of Fe,O,, is heavier because it is charged with ignored lime
phosphate, and that the omitted separation of P,0, has falsely augmented
the proportion of Al,O,. If we combine the total lime of this analysis (8.37
weight % of CaO) with a suitable proportion of presumed P,0; (7.18 weight %)
to form Ca,P,0, (15.55 weight %), and if we subtract this proportion of
P,0; from the total alumina, then the calculation of such a reduced analysis
of glauconite leads to a satisfactory agreement with the theoretical formula.
Glauconite No. 47, recalculated in this way, has been included in table 5.

A similar operation was applied-to glauconite No. 34, table 4, from the
Upper Cretaceous marl of Bonarka near Krakéw, the analysis of which also
cannot be brought to agree with the theoretical formula. The elimination of
calcium phosphate in the 4bove named way brings the composition of that
glauconite nearer to this formula, but the approximation is not yet satisfactory.
It is too rich in alkalis and the index of interlayer cations y exceeds here
number 1, which contradicts the theoretical formulation. The potash content
is here quite normal, but soda uncommonly high. One may suspect here an
erroneous overestimation of Na,O.

The most recent and most credible chemical analyses of glauconite
never show more than decimal fractions of one percent of Na,O (maximum
1% of weight). In the mica structures, in general, soda replaces potash in
a very low degree and soda-rich micas are rather exceptional. This is not
surprising in view of the important difference of ionic radii of sodium and
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Table 6
Early Palaeozoic glauconites
52 53 54 ’ 55 56 57 58 59 60 61
Density 2.82 2.863 2.867 | 2.781 2.825 ‘
Si0, 51.35 47.84 52.96 48.99 4913 | 49.42 51.53 49.4 48.66 48.5
A0, 9.47 7.16 12.76 | ©10.91 9.96 10.23 17.00 10.2 8.46 9.0
- Fe,0, 16.37 24.31 13.56 17.24 16.67 16.01 6.32 18.0 18.80 20.0
s FeO 4.75 0.33 2.34 0.55 1.29 3.00 1.68 3.1 3.98 e
= MgO 3.47 2.80 411 3.95 3.01 3.78 0.99 3.5 3.56 3.7
= K,0 7.34 9.23 8.69 8.41 8.87 7.91 7.98 541 8.31 Bd
g Na,0 1.22 0.50 0.47 0.48 0.49 0.26 0.36 L4 — 1.5
Ca0 0.63 0.82 e 1.23 0.95 0.31 0.53 0.6 0.62 0:4
1,0 4 4.85 3.85 4.91 4.70 5.03 | ) 7.09 } : T b
no - Rt (3.16) | 3.69 LpL | § ome 6.13 8.3 } 6.56. | § T3
P,0; 0.35 '
Total 99.50 100.95 99.80 | 100.12 99.74 99.00 99.61 99.6° | 98.95 99.6
~ Si 3.697 3.569 3.690 3.587 3.666 3.657 3.796 3.617 3.598 3.575.
g Al 0.303 (.431 0.310 0.413 0.334 0.343 0.204 0.383 0.402 0.425.
N Als 0.501 0.197 0.736 0.528 0.544 0.546 1.274 0.496 0.345 0.354
= el 0.886 1.363 0.711 0.950 0.932 0.889 0.354 0.993 1.062 1.106
5 x Fell 0.285 0.022 0.138 0.035 0.081 0.187 0.102 0.189 0.247 0.190.
e Ao 0.342 0.309 0.427 0.431 0.336 0.418 0.111 0.382 0.396 0.407
$= K 0.675 0.879 0.770 0.782 0.843 0.746 0.752 0.475 0.792 0.575
3 Na 0.173 0.072 0.067 0.070 0.072 0.036 0.053 0.198 — 0.211
- a 0.017 0.067 = 0.097 0.076 0.027 0.044 0.048 0.049 0.031
g (Si, AL 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
3 M 2.014 1.891 2.012 1.944 1.893 2.040 1.841 2.060 2.050 2.057
R 0.865 1.018 0.837 0.949 0.991 0.809 0.849 0.721 0.841 0.817
Al 18.2 26.2 16.5 21.9 17.9 20.2 8.8 23.9 25.3 26.6
— Al 30.0 12.0 39.1 27.9 29.1 32.2 54.7 31.0 21.7 )
’ \ 51.8 61.8 4b 4 50.2 53.0 47.6 36.5 45.1 53.0 51.2
A 0.303 0.431 0.310 0.413 0.334 0.343 0.204 0.383 0.402{  0.425
A L 0.585 0.658 0.529 0.634 0.738 0.485 0.690 0.391 0.493 0.426
N X v 31.2 39.6 34.0 39.5 31.2 32.1 22.8 33.8 33.6 | . 8560
L a2 z 64.5 30.4 62.0 44.5 38.9 56.7 23.8 50.3 53.8 50.1
= U —4.3 +30.0 —40 | 4160 | 299 | —11.2 | 4534 |—15.9 | —126 | —14.3
S) _ 5
3 al 24.9 10.4 36.6 27.1 28.7 26.7 69.2 24.1 16.8 4735
B felll 44.0 72.1 35.3 48.9 49.2 43.6 19.2 48.2 51.8 53.8
g felt 14.1 1.2 6.9 1.8 4.3 9.2 5.6 9.2 12.1 9.2:
S = omg 17.0 16.3 21.2 22.2 17.8 20.5 6.0 18.5 19.3 19.8
al 4 mg 41.9 26.7 57.8 49.3 46.5 47.2 75.2 42.6 36.1 37.0
al - fell 39.0 11.6 43.5 28.9 33.0 55.9 74.8 33.3 28.9 | 264
al - felll 68.9 82.5 71.9 76.0 77.9 70.3 88.4 72.3 68.6 .| T4
57 — Swir, Oloniee, U.S.S.R. Silurian limestone.

52 — Eriksére, Oland. Sweden. Ordovician limestone. An. Sahibom (49)

53 — Hulterstad, Oland, Sweden. Ordovician limestone. An. Palmquist
(26, No. 49, p. 124)

54 — Udrias, B.S8.8.R. Ordovician limestone. An. Glinka (26, No. 27,
p- 123)

55 — Boda, Dalecarlia, Sweden. Lower Ordovician limestone. An. Falm-
quist (26, No. 52, p. 124)

56 -— Berg, f)stergiitland, Sweden, Lower Ordovician limestone. Idem
(26, No, 51, p. 124)

(30, No. 18, p. 692)

98 — Storberg, bsbergéblaud. Sweden. Lower Ordovician.:
(26, No. 50, p. 124)

59 — Norwalk, Wisconsin, U.S.A. Cambrian dolomite. A1 Sch

60 — Bonne ‘Terre, St. Francis County, Miss. U.S:iA..-
lomite. An. Brown (47)

61 — Norwalk, Wisconsin, U.S.A. Cambrian eandstone. AnESchiielderH@en)

62 — Karga-Oro, Ontika, E.S.S.R. Silurian sand: SAXRESSIONIER
(30. No. 22, p. 692)
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potassium. Too high a content of interlayer cations in glauconite (y>1) is
chiefly involved by an excessive proportion of soda, lime or both, and results,
in my opinion, from analytical errors or inaccurate separation of the mineral
from the sediment (admixture of lime carbonate or phosphate).

Some older analyses of glauconite, especially those made by Glinka,
show a very high proportion of potash exceeding 9% of weight K,0 (Nos. 28,
43, 53), which may be also erroneous. After Hendricks and Ross, it is caused
by using Thoulet’s solution to the gravity separation of glauconite from the
rock, and by artificial enrichment of potassium ions adsorbed from the
solution by base exchange. Application of Clerici’'s solution would be able
to introduce some thallium in the same way. It results therefrom that for the
separation of glauconite with heavy liquids only organic reagents are admis-
sible, such as bromoform, tetrabromethane or metylene iodide.

Caspari has purified his glauconite by alternate digestion in hot hydro-
chloric acid and in a hot solution of NaOH. By stirring in pure water glauco-
nite is peptised and, after slight acidification, coagulates in pale green flocks
and can be filtered, washed, dried and analysed (table 2, analysis No. 2).
Doubtlessly glauconite, prepared in such a way, is set free of all common
impurities of sedimentary origin. But one cannot be sure that it has not
suffered any chemical change in the course of those operations, and that it
has not become a product in some degree artificial, more or less different
from the original glauconite in pure condition.

I believe that for the separation of glauconite from a given sedlment
mechanical methods must, above all, be used: bromoform and electromagnet.
Chemical methods of refining, especially treatment with hot acids, must
be avoided as far as possible because such an operation draws out some
cations and increases the silica proportion. A short boiling of glauconite
in a hot 5% solution of NaOH, in order to remove an eventual admixture
of amorphous silica, is permissible, because, as was shown by my experiments,
it very well resists such a treatment. Should it seem necessary to purify the
grains of glauconite, mechanically separated from carbonate rocks, from
adherent lime particles, only very weak and cold acid may be used
(5% HNO,) which acts very slowly on glauconite itself.

Whatever might be the method of separation of glauconite for a chemical
analysis, it is indispensable to examine the separated grains under binocular
magnifying glass, and to pick out by hand those which appear not to be
pure or fresh. Neither should a microscopic control of crushed grains be
omitted.

Each chemical analysis of glauconite must comprise the determination
of P,0;, which appears especially essential in the case of an important lime
content. If the weight percentage of P,0; exceeds 1%, also CO, and fluorine
must be determined. Glauconite extracted mechanically from marls or

(for cont. see p. 46)



Table 7

Glauconites of unknown age

63 64 65 66 67 68
Density _%ggé— 2.73
Sio, 50.36 40.00 46.70 49.23 48.66 49.28
ALO, 7.04 13.00 5.52 7.11 8.46 21.32
Fe,0, 19.13 16.81 21.62 20.89 18.80 7.10
FeO 3.95 10.17 2.42. 3.06 3.98 2.96
MnO 0.06 — — trace — —
B MgO 4.08 1.97 4.16 3.44 3.56 3.60
3 TiO, 0.02 — — — _ _
® Li,0 0.01 o - = _ _
8 K,0 6.62 8.21 6.97 8.51 8.31 7.58
Na,0 1.58 2.16 1.73 0.11 — —
Ca0 0.91 1.97 0.63 trace 0.62 1.35
H,0 + 4.88 5.76
g0 6.32 } 6.19 11.48 1.83 6.56 o
P,0, 0.26 — — — 0.12 —
Total 100.34 100.48 101.23 99.06 99.07 98.95
« Si” 3.680 3.076 3.605 3.662 3.618 3.425
5 Al4 0.320 0.924 0.395 0.338 0.382 0.575
o Als 0.286 0.249 0.106 0.287 0.360 1.169
s Felll 1.054 0.970 1.253 1.170 1.054 0.367
x Fell 0.242 0.679 0.158 0.192 0.246 0.171
iy Mg 0.444 0.226 0.478 0.380 0.393 0.375
R, K 0.615 0.804 0.687 0.804 0.786 0.672
2 Na 0.224 0.323 0.260 0.018 - —
s Ca 0.044 0.162 0.051 — 0.036 0.100
. (Si.Al) 4.000 4.000 4.000 4.000 4.000 4.000
5 M. 2.026 2.124 1.995 2.029 2.053 2.082
s R 0.883 1.289 0.998 0.822 0.822 0.772

Vi
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63 84 65 66 67 68
Al 21.5 37.5 26.3 23.4 24.4 22.8
- AlS 19.2 10.1 7.1 19.8 23.0 46.5
R 59.3 52.4 66.6 56.8 52.6 30.7
S 4 z 0.320 0.924 0.395 0.338 0.382 0.575
N z 1 3u 0.608 0.533 0.651 0.485 0.480 0.300
= X 29.5 42.0 37.8 33.9 32.4 421
2 z 63.3 41.1 60.8 57.4 54.1 39.9
«& U —72 —16.9 1.4 —8.7 —18.5 —18.0
:
~§ al 14.1 14.7 5.3 14.1 17.5 56.2
5 ™ felll 52.0 45.7 62.8 57.7 51.3 17.6
Q fell 12.0 32.0 7.9 9.5 12.0 8.2
mg 21.9 10.6 24.0 18.7 19.2 18.0
al 4 mg 36.0 22.3 29.3 32.8 36.7 74.2
™ al + fell 26.1 43.7 13.2 23.6 29.5 64.4
al + felll 66.1 57.4 68.1 71.8 68.8 73.8

63 — Monte Brione, Garda Lake. Italy. Sand. An. Schwager (£5)
64 — Woodburn, Carrickfergus, Antrim, Ireland. Sandstone. An. Hoskins, fide (10)
65 — Falermo, Italy. Limestone. An. Comucci (11)
66 — Big Goose Canyon, Wyoming, U.S.A. An. Steiger, fide (10)

67 — St. Joseph L.ead Co. Mines. An. Brown (fide 30, No. 11, p. 692)
68 — U.S.A. Neopermutite. An. Holmann (39)
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limestones must always be examined for the content of carbon dioxide,
even if the microscopic control could not detect any carbonate admixture.
In the presence of pyrite a special determination of sulphur is needed.

Any discussion on the necessity of quantitative determining of the main
oxides in glauconite composition as Si0,, Al,0,, Fe,0;, FeO, MgO, CaO,
K,0, Na,0 and H,0 would obviously be useless. The analytical determinations
of minor constituents such as TiO,, MnO, Li,O, Rb,0, BaO and others are
desirable, but not obligatory. Water must be positively determined and
never as aloss by calcination. The distinction between H,O lost below 110°C
and H,O escaping above this temperature, however, has no real significance,
because the experiments of dehydration of glauconite have shown indubitably,
that with rising temperature the absorbed water escapes continually from
20°C up to 180°C.

These are, in my opinion, the necessary conditions which must be ful-
filled by every single analysis of glauconite, if it is to represent a real and
full scientific value. Unfortunately, in the analytical material hitherto
available, the majority do not comply with those demands. Notwithstanding
that, I think that the abundance of this material greatly recompensates its
qualitative deficiencies and renders possible the elimination of greater
errors by way of comparative investigation. Most of the glauconite analyses,
in spite of very variable data, agree sufficiently well with the theoretical
formula, which speaks in favour of such a supposition.

CRYSTALLOCHEMICAL CONSTITUTION OF GLAUCONITE

Examining the tabular collection of glauconite analyses (tables 2-7)
we can perceive a very large variability of the chemical composition. If we
eliminate those data, which let us surmise some errors or impurities, the
range of variation of the main constituents of glauconite may be determined
as follows:

Table 8

Minimum | Maxzimum Most often
Si0, 43.3 52.7 47 -50.5
AL O, 1.5 18.0 5-10
Fe, O, 6.3 30.8 15-22
FeO — 6.3 2-4
MgO 0.7 4.5 3-4
Ca0 2.4 0-0.8
K,O 4. 9 9.5 6-8
Na,O 2.1 0-0.5
H,u 4.8 12.7 7-9

Now we may attempt a crystallochemical discussion of the chemical
composition of glauconite, as compared with that of white mica, which was
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taken as a simple model of the whole micaceous group. The universal formula
of this group, including glauconite — R M,[Si, ,AL,0,;(OH),].n H,0 —
presents the most liberal generalization of the muscovite formula and, at
the same time, it contains supplementary free water (n H,0), which is lacking
in true micas, but may play an important role in many other members of
this group. The other properties of that formula with particular reference
to glauconite may be characterized as follows. '

1\

29p

Number of glauconite analyses
(o]
1
\,
N,

0 01 0.2' 03 64 05 06 07 08 09 10 1t 12 13 14 15 16 17 18
Fig. 2
Proportion of Al and FelIl in the octahedral layer of glauconite

The octahedral cations M in typical muscovite are represented chiefly
by aluminium, with but insignificant substitution by Fe'™, Fe!!, Mg, Ti'V,
Li. In glauconite, however, this cation group is highly differentiated, as
the ferric iron prevails distinctly over aluminium and is accompanied by
important amounts of bivalent cations, as Mg and Fe''. From the diagram
fig. 2 we can learn that the most common are glauconites with Al® =0.3-0.4
and Fe'™ =1.0-1.1. Hence, in typical glauconites ferric iron prevails three
to four times over octahedral aluminium. In the total list of 68 analyses,
however, there are 9 glauconites with Al exceeding 0.7, and thus equivalent
or surpassing Fe'™! (Nos. 6, 32, 44, 47, 48, 54, 58, 62, 68). These are so-called
aluminous glauconites forming a transition to the pholidoides (see p. 70). They
are probably even rarer than this (proportion 9:68), because some of them
show other anomalies of chemical composition, which let us suppose some
analytical errors or contamination of analysed material (Nos. 6, 47, 58).
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The sum of octahedral cations w in glauconite is very near to the number2,
like muscovite (,,heptaphyllite micas’’). Small deviations from this pro-
portion are more frequent in the positive than in the negative direction.
Among 68 analyses taken into consideration

2 have w = 2
47 ,, w > 2, but only in 5 cases (w—2) > 0.1
19 ,, w < 2, but only in 7 cases (2—w) > 0.1

All those 12 cases, in which w differs more than 0.1 from 2, involve
some doubts about the correctness of the analysis, or about the purity of
the analysed glauconite.

24 %
22+

20

/
18F /
_

1 -

.

Zm 2 /,,// A0 ., "
0t 02 03 04 05 06 07 08 09 10 1

Fig. 3
Proportion of tetrahedral aluminium in glauconite

M
D\

Number of glauconite analyses
[+
]

The proportion of teirahedral aluminium replacing silicium in tetrahedral
layers [(Si,Al),0,,], designed in the general formula as the variable %, equals
1 in the theoretical muscovite. In glauconite it is always much lower, in
" consequence of a higher content of silica. As shown graphically in {ig. 3,
glauconites with x=0.3-0.4 are most common. In more than 2/3 of all
analysed glauconites z varies between 0.2 and 0.5 and those which exceed
these limits are relatively rare or of questionable purity. Glauconites with
z smaller than 0.2 are excessively rich in silica probably in consequence of
admixed quartz or opal. Those with z greater than 0.5 are especially poor
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in silica and rich in alumina, which in most cases is probably caused through
contamination by sericite, illite or clay minerals. '

The amount of interlayer cations R, designed in the formula with the
coefficient y, in the normal muscovite is very near 1 and thus nearly equals z.
In glauconites it is as a rule smaller than 1, but much greater than z. The
statistical illustration of this fact is given by fig. 4, showing not only total y,
but also the share of potassium alone. It may be seen there, that most of
the glauconites have total y, as well as potassium, in the interval 0.7-0.8.
About 90% of analysed glauconites show y within the limits 0.6-1.0 and
potassium itself within 0.5-0.8. The highest amounts of y are probably
caused by a contamination of glauconite with lime or by an excessive figure
of soda. Too low amounts of potassium are probably the effects of similar
analytical defects. From the fact, that the variation curve of total y and K
have a common maximum at 0.7-0.8, we may conclude that in typical glauco-
nites potassium is always the chief interlayer cation and that sodium and
calcium are quite unimportant. ‘ ‘

The comparison of figures 3 and 4 proves that most of the glauconites
have £=0.3-0.4 and y =0.7-0.8. It means that they contain at least twice
more interlayer cations than tetrahedral aluminium. This is the most import-

ant crystallochemical charac-

1 teristic of glauconite. Typical

ar muscovite shows quite a differ-

22 ent condition, ¥ and z being

g A nearly equal and approxi-

PT1 mating 1 (z= y==1). The lat-

j% 6k ter mineral therefore demon-

PR strates quite simple crystallo-

E ok chemical relations: every

g fourth tetrahedron has an

» o  aluminium core [Al O,]°

s 8 . while the others have silic-

5 b K’ﬁ/ ium cores [SiO,]~*. The sub-
= 7 . . s

g 4 stitution of one Al in the

z of 4 space unity of the tetra-

ol SR L\ > hedral layer [Si,AlO,,J~° as

05 04 0500 07 08 03 0 20 30 04 compared with the purely si-

Fig. 4 liceous one [Si,0,,]7*4, gives a

Proportion of interlayer cations in glauconite gain of one negative charge,

which renders possible the fixa-

tion of one large univalent cation (chiefly potassium) in the interlayer space.
However, in glauconite the crystallochemical complication increases,
because the substitution of Al for Si in the tetrahedral layer occurs in a much

4 — Archiwum Mineralogiczne
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lower proportion (most commonly [Siz,_,,Al ,_ .50,]) and cannot suffice
for the fixation of interlayer cations in an amount at least twice greater
(Ry.7_0.5)- This becomes possible only if, at the same time, an electrostatical
compensation is furnished by the octahedral layer M. In this layer the
trivalent cations Fe'" and Al may be substituted by bivalent ones, as Mg
and Fe', and in this way a suitable amount of negative charge may be spared.

If the proportion of octahedral cations w’ precisely equalled 2, then
the amount of interlayer univalent cations y’ would be given by the sum of
univalent negative charges gained by the substitution of Al for Si in the
tetrahedral layer (z) and of univalent negative charges spared in the octa-
hedral layer by the substitution of bivalent cations for the trivalent ones
(z7 = Mg + Fell).

1) yYy=z+72

The total of octahedral cations, however, usually departs a little from
2 and this may be signed by u = 2 — w. When w > 2 and u is negative,
which occurs in the greater part of typical glauconites, then the gain of
univalent negative charges provided by the  octahedral layer diminishes.
If w<2 and u is positive, which happens rather rarely, the gain of uni-
valent negative charges supplied by the octahedral layer increases. This may
be expressed by the following equation:

2y =z+272+3u
This equation would be quite exact, if 3’ might represent only univalent
interlayer cations such as K, Na, Rb etc. But usually they are accom-
panied by minor amounts of bivalent cations, such as Ca, Ba, Sr, the sum
of which may be designed by ¢. In such a case the total amount of all
interlayer cations y equals y'—c, or

B y=z+2+3u—c

Another source of crystallochemical complication appears when among
octahedral cations M, besides trivalent and bivalent cations, some others of
a different valency might participate, as tetravalent titanium or univalent
lithium. This occurs rather exceptionally in glauconite which is practically
devoid of such accessory constituents, but in other micas, as titaniferous
biotites or lithinm micas, it becomes very important. Instead of z’ another
index z = 2’ — Ti -+ 2Li must be used in the equation (3):

4L y=z+z+3u—c

This equation may be applied to the calculation of the amount of inter-

layer cations, if the constitution of tetrahedral and octahedral layers is

thoroughly known. It may also serve to the control of the calculation of
chemical analyses for the crystallochemical formula of glauconite or any
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other mineral of the mica group. The parameters of this equation will also
find application in the construction of some diagrams facilitating the com-
parison of different glauconites between each other and of the whole glauconite
class with other members of the mica group.

As examples illustrating the discussed mode of calculation we may
present the computation of the Upper-Cretaceous glauconite from Hokkaido-
Japan (table 4, No. 45), and of the biotite from Tatra-granite of Pogredni
Goryczkowy (table 14, analysis Bi,).

Glauconite from Hokkaido (table 4, No. 45)

Si 3.78R
Alt 0.214} +.L00 z = 0.214
Al 0.135 z = 0.640 = 2
Felll 1.227 w=  2.002

M 2.002 u = —0.002
Fell 0.216 c = 0.053
Mg 0.424) | according to equation (4):

y = 0.214 4 0.640 — 0.006 — 0.053 = 0.795

K 0.662 difference 4-0.001
Na 0.079} R 0.794
Ca 0.053

Biotite from Tatra: Posredni Goryczkowy (table 14, an. Bi,)

Si 2.495)
Alt 1505 § 4000 s = 1.505
Z = 1.943
A6 0.206 z = 1.943 — 0.153 - 0.098 = 1.888
Felll 0.427 w= 2.778
Fell 0.8u2 v = —0.778
Mg 1.038}3’ M 2.778 ¢ = 0.083
MnII 0.043
Ti1tv 0.153 according to equation (4):
Li 0.049 y = 1.505 4 1.888 — 2.334 — 0.083 = 0.976
difference —0.001
K 0.683
Na 0.211 } R 0.977
Ca 0.083

GRAPHICAL METHODS

The discussion of crystallochemical relations of glauconite to all the
other minerals of the mica group is a fairly complicated task. It may be effect-
ively facilitated by the application of some graphical methods, able to set
off distinctive features of each mineral with a desirable neatness. These
methods, in the service of the comparative crystallochemical analysis of
micaceous minerals with special reference to glauconite, are here dealt with.

Obviously it would be impossible to illustrate all essential relations by
means of a single diagram.In such a complicated question we must foresee
that many different graphical methods will be necessary to study the problem
thoroughly.
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I'have adopted four such methods most suitable, in my opinion, for a com-
parative analysis of the whole material. At first, they will be used for the
illustration of the chemical variability of glauconite. Later, they will serve
for the crystallochemical characteristic of many other minerals of the mica
group as compared with glauconite and for determining the crystallochemical
situation of glauconite among the whole group. Finally, they will be employed
for the examination, whether the chemical differentiation of glauconite
cannot be in any way conditioned by geological age or by the lithological
character of the sediment. v

The 1st method is based on three crystallochemical parameters recalculat-
ed from the atomic composition of the mineral on the sum of 100 and repre-
senting the corners of the concentration triangle.

Al* — aluminium replacing silicon in tetrahedral layers (x)

Al® — aluminium taking part in the octahedral layer M

R — sum of interlayer cations (y)

(AlS+AIS + R = 100)

68 analyses of glauconite plotted in this triangle (fig. 5) give widely dis-
sipated points. These points are concentrated, however, within a restricted
area delimited by the coordinates Al* = 14-31, Al®=16-35, R =43-61, and
characterized by its centre of gravity with coordinates Al* = 21, Al® = 25,
R = 54. This area may be designated as the area of typical glauconite and
includes about half of all the glauconites taken into consideration. It extends
on both sides of the altitude R of the triangle: some typical glauconites have
Al* > Al®%, others — and the more numerous ones — Al* { AlS.

The points of the remaining glauconites are widely scattered around the
main area, and sometimes quite far from its boundary. These are nontypical
glauconites, chiefly responsible for the reputed chemical variability of this
mineral. Glauconites numbered 21, 28, 30 and 45, poor in alumina, and espe-
cially the recent glauconites 1 and 7 completely deprived of octahedral alu-
minium, protrude toward the summit. Toward the corner Al* move the glauco-
nites numbered 64, 22, 11, 49 and 50, all of them of an unusual chemical
composition involving serious doubts about the correctness of the analysis
or about the freedom from argillaceous contamination. In the contrary di-
rection, near the Al® R side of the triangle, some glauconites draw that are
particularly poor in Al* (numbered 31, 33, 34, 20, 5, 9 and 38); most of them
have too much silica, which might be explained by the contamination with
quartz, chalcedony or opal. The aluminous glauconites numbered 54, 6, 44,
62, 32, 47, 58 and 68 approach toward the corner Al®. Their chemical anomaly
is not in any case caused by analytical defects, but may be explained by their
transitory character towards pholidoides.

The 2nd method uses the parameters of the equation (4) (p. 950)

(for cont. see p. 54)
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which supply the univalent negative charges necessary for the fixation of
interlayer cations R:

z — univalent negative charges furnished by the tetrahedral layer, by
the replacement of Al for Si

z — univalent negative charges furnished by the substitution of triva-

lent cations in the octahedral layer M, by cations of another valency

3u — univalent negative charges supplied by the sum of octahedral cat-

ions .M, different from 2; this parameter may be either positive
(w < 2) or negative (w » 2).

This method may be graphically expressed in two different variants.

Variant 2a (fig. 6) is simpler, the rectangular system of coordinates
being used: on the abscissae are plotted x, or the gain of charges supplied by
the tetrahedral layer; on the ordinates is plotted the sum (z 4 3u), or the
gain of charges supplied by the octahedral layer M. The sum of both coordi-
nates gives the total amount of negative charges permitting the fixation of
interlayer cations (without taking account of bivalent cations as Ca etc.,
which in most cases are relatively unimportant). In this diagram, therefore,
the distance of each point of glauconite from the zero-point denotes the con-
tent of interlayer cations (chiefly potassium). '

The glauconite points are there concentrated in a well limited area with
lowz (0.15-0.45) and high z-+3u (0.35-0.75). It means that in typical glauco-
nites the capacity for interlayer cations must be ascribed rather to the
surplus of negative charge supplied by the octahedral layers, than to that of
the tetrahedral ones. )

Single points moving out from that area in different directions indicate
glauconites which are anomalous in every respect. Most remote from this
area are the glauconites 68, 46, 48, 49, 11 and 22 having very high z and
small (z + 3u); they are probably contaminated by sericite. Glauconite
No. 64 with very high z and high (z + 3u) is quite solitary; its composition
is so extravagant that one may doubt, whether it is a true glauconite. Un-
usually small z is shown by Nos. 31, 51, 20, 33 and 38 which are suspected
of being contaminated by free silica. =~ Very high (z + 3u) with low z is
proper to glauconites Nos. 5, 9 and 34 which also involve serious doubts as
to the correctness of their analyses. Small (z 4 3u) at intermediate x charac-
terizes the recent glauconite analysed by Caspari (No. 2); it is not impossible
‘that his method of purifying by alternate treatment with HCl and NaOH is
responsible for this anomaly.

Variant 2b takes into account all three parameters z, z and 3u as sepa-
rate coordinates, recalculated on the sum 100 for the application to the” trian-

.gular diagram.
z 3u )

X=100—2> |  Z=100—2, U=100 .
z+z-+3u z+z+3u z+z+3u
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As u may be either positive or negative, the graphical figure must consist
of two equilateral triangles with common side XZ: the upper triangle with
the corner +U, the lower one with the corner —U (fig. 7).

This variant shows some advantages as compared with the foregoing one,
but, at the same time, also some deficiencies. The possibility of considering
separately the factors zand u, which renders the graphical differentiation of
glauconite more sensitive, is certainly favourable. This advantage is, how-
ever, also an inconvenience, because the dissipation of representative
points, especially in the upper triangle, is highly exaggerated and the com-
pactness of the typical glauconite area too much enfeebled.

This area is here situated on the right side (Z > X) and on both sides

of the median line XZ (small U either 4 or —). But the greatest condensat-
ion of glauconite points occurs below this line (small negative U), which
means that in the majority of typical glauconites the sum of octahedral cat-
ions My amounts to a little more than 2. Glauconites situated in the upper
triangle (with positive U) are less numerous and more differentiated, the
glauconite area dissolves here in widely scattered and far removed points.
Most remote here are the glauconite points numbered 43, 53, 56, 35, 51, 38, 5,
58 and 9, half of which were already shown in foregoing diagrams as more
or less anomalous in consequence of analytical defects or imperfect separa-
tion. On the left side of the diagram,in the direction of the prevailing X,
are placed some glauconites (Nos. 11, 46, 48, 49 and 50) which were formerly
suspected of contamination by sericite or illite. On the contrary, glauco-
nites 33, 20, 5 and 9 are especially poor in X, probably in consequence of
silica admixture.
: The 3rd method is adapted to the illustration of quantitative relations
between different octahedral cations. Four principal cations are here taken
into consideration: Al¢, FeI'I, Fell and Mg, the atomic proportions of which
are recalculated on the sum 100 and used as coordinates in the concentration
tetrahedron

al = 100 Al felll = 100 fe™
Al® + Felll 4 Fell 4 Mg Al® + Felll 4+ Fell + Mg

fell = 100 T : mg = 100 Mg
Al® + FelH + Fell + Mg AlS + FellI o Fell .+ Mg

This graphical method was used for the first time in the petrography of
igneous rocks by Niggli (,,Gesteins- u. Mincralprovinzen’’, 1921). ’

* The points representing different glauconites are then dispersed in the
threc-dimensional space of the tetrahedron, which is inconvenient from the
graphical point of view. However, they can be graphically represented on
a drawing plane in threc orthogonal projections in three perpendicular direc-
tions. of three diad axes of the tetrahedron. Each of those projections of the
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tetrahedron has a square form with four corners al, e, fell, mg, correspond-
ing to the coigns of the tetrahedron. Two diagonals of each square correspond
to the opposite edges of the tetrahedron perpendicular to the projective di-
rection and parallel to the plane of delineation; the sides of each square cor-
respond to the remaining four edges of the tetrahedron equally inclined to-
ward the plane of delineation. The size of the square sides equals 100.

If we intend to determine graphically the situation of the representative
points of different glauconites within the space of the tetrahedron al felll
fe'l mg in a univocal mode, we must draw three, or at least two above-
named square projections, because one of them could not properly reproduce
the space relations. Fig. 8 shows such a threefold square diagram for all
glauconite analyses taken into consideration.

Square I is drawn on the projection plane parallel to the edges felll mg
and al fe'I of the tetrahedron; the first edge lies at the top (diagonal design-
ed with a heavy line), the second —at the bottom of the tetrahedron (dot-
ted line). The situation of each point of glauconite is determined by two rec-
tangular coordinates (al + fe'!) and (al + mg).

Square I1 is drawn on the projection plane parallel to the edges al felll
and mg felI of the tetrahedron, the first of which lying at the top (heavy
diagonal line), the second — at the bottom (dotted diagonal line). Rectangu-
lar coordinates are here (al + fel!) and (al + mg).

Square 111 is drawn on the projection plane parallel to the edges al mg
and felll felI of the tetrahedron, the first of them lying at the top (heavy
diagonal line), the sccond — at the bottom (dotted diagonal line). Rectangu-
lar coordinates are here (al + fe'™) and (al + felf).

In such a threefold diagram of the tetrahedron al felll fe'l mg the glauco-
nite points are distinctly concentrated in a threedimensional space sector
nearest to the coign felI. This sector, in all threc square diagrams, is distinctly
elongated in the direction al « fellI, which means that, as regards octahedral
cations, the widest differentiation of glauconite concerns the ratio Fe'l to
Al®. The square diagram III reveals that the glauconite area extends equally
on both sides of the diagonal felll fell, i.e. that the proportions of Al® and
Mg are usually almost equal (Al® = Mg). In square I it is clearly shown
that the majority of glauconites lie on that side of the diagonal fe'' mg
which is determined by the preponderance of al over fell, The conclusion to
be drawn therefrom is that typical and most common glauconites are charac-
terized by following relations among the octahedral cations:

Felll > Al® = Mg > Fell

Those glauconites, which were known frem the former discussion as ab-
normal or suspected of contamination, are disposed and dispersed out of the
compact glauconite area. Nos. 1, 2, 3 and 7 particularly near to the corner
fel denote.recent glauconites cspecially poor in alumina. On the contrary,
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aluminous glauconites Nos. 6, 32, 44, 47, 48, 54, 58, 62 and 68 protrude
toward the corner al. Exceptionally rich in Fell is glauconite No. 64
which formerly was also pointed out as of an extravagant and improbable
composition. Unusually poor in bivalent cations are glauconites Nos. 50
and 38, probably contaminated with foreign material.

OTHER MINERALS OF THE MICA GROUP AND THEIR
CRYSTALLOCHEMICAL CHARACTERISTICS AS COMPARED, WITH GLAUCONITE

Having in view a more precise determination of the situation of glauco-
nite in the whole mica group, I have assorted from literature about 70 che-
mical analyses of the following chief representatives of this group, collected
in tables 9—14: :

Pholidoides (f,-f,;), including skolite and bravaisite — table 9

Ilites (/,-1,), hydromuscovites (H;, H;) and giimbelite (G) — table 10

Muscovites (M,—M,5)—table 11 '

Phengites (F,-F,) — table 12

Sericites (§,-83) — table 13

Biotites (Bi,-Bi,,) — table 14

The crystallochemical comparison of all these minerals with glauconite
and with one another is based on the opinion, that they can all be conduced
to the common crystallochemical formula discussed in foregoing chapters.
Notwithstanding the possibility of some structural complication of the layer
structure suspected for many micas, especially biotites, I believe that such
a general formula may be quite adequate for the whole group.

All those mica analyses were recalculated in the same way as the ana-
lyses of glauconite and cation ratios included in the tables. There are also
assembled all the crystallochemical parameters necessary for the application
of the same graphical methods as used for the discussion of the variability
of glauconite. As may be seen in the diagrams fig. 9-13, each mineral kind
covers with its points a certain area, and the position of those areas may
give information about the crystallochemical properties and relations be
tween those mineral kinds. In this way the crystallochemical characterization
of different members of the mica group is effectively facilitated.

Concentration triangle A1*Al°R (fig. 9) — According to their theoretical
formulas all true micas should be here situated on the median line joining
the corner Al® with the middle point of the side Al*R, because Al* should
equal R. Theoretical phlogopite (P)—K (Mg, Fell), [Si,Al*O,,(OH),;]—does not
contain any Al® and lies in the middle of Al*R. Theoretical muscovite —
K AI§[Si;Al40,,(OH),]— lies on that line at the point with coordinates Al*—25,
‘Al® — 50, R — 25. On the corner point Al® lies the theoretical montmoril-
lonite A1§[Si,0,,(OH),]. n H,0 which contains neither Al* nor R. In reality,
however, there occur many deviations from the theoretical composition and
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Table 9
Pholidoides incl, bravaisite and skolite
Br Sk h fe fs Je fs fs fr fs fo o Tii
Density 2.555 . 2.75—2.77
Si0, 51.40 49.09 52.56 48.49 53.10 54.94 51.53 54.58 56.99 52.92 48.15 54.83 51.65
Al 0, 18.90 18147 17.54 20.59 20.02 18.43 18.49 19.97 18.19 16.28 20.78 18,48 21,67
Fe,0, 4.00 6.42 — 8.59 4.04 — — 3.86 515 10.87 5.81 2,96 .20
TeQ — 2.56 6.32 2.21 3.46 7.6 9.23 3.38 2.75 2.20 2.95 - 1 9%
= Mnt _ o 0.22 0.07 0.24 0.05 0.24 — 0.06 0.70 — 0.02 s
- MgO 3.30 340 9.87 7.23 5.48 6.41 3.93 4.03 4.49 4.48 7.89 346 4.48
5 Ti0, = 0.21 — — — — — — - — — 0.72 =
T 1,0 6.50 5.62 4.67 4.40 6.71 6.37 6.52 5.30 4.63 2.85 6.11 4.490 6.08
< Na,0 e 0.23 1.91 1.41 0.66 0.66 1.42 0.36 1.32 1.27 2.40 9773 0.31
Ca0 2.00 . (1.013, 00 — = — - — - = — i 1.00 -
H,0 + T -06(+-160%) ;.91 - .6 1 ;2 | I o 4.26 :
e } 1330 @aNtiae b ser |} sie 6.68 628 |} 86z |b 890 } 69 [} 631 } 7.50 &2 } 6.44
P,0; — — — == e — — = — —- — 0.12 =
Total 99.40 99.90 100.00 100.85 100.39 100.00 99.99 100.38 100.48 101.08 100.59 100.17 98.07
:é Si 3.718 3.642 3.587 3.341 3.600 3.722 3.655 3.720 3.792 3.616 3.326 3.791 3.542
S Al 0.282 0.388 0.413 0.659 0.400 0.278 0.345 0.280 0.208 0.384 0.674 0.209 0.458
3 A6 1.825 1.186 0.997 1.012 1.200 1.195 1.201 1.324 1.219 0.929 1.019 1.298 1.286
g Folll 0.217 0.354 — 0.447 0.204 = = 0.196 0.260 0.558 0.303 0.162 0.321
5 Fell — 0.159 0.373 0.132 0.210 0.411 0.562 0.192 0.158 0466 0.131 N 0.070
“:‘ NMg 0.356 8'3)1;2‘3 1.004 . 0.742 0.554 0.616 0.415 0.409 0.446 0.456 0.811 0.357 0.461
g Ti & A — = — — — — - — — 0.048 —
oy K 0.626 0.522 0.406 0.385 0.578 |  0.549 0.588 0.463 0.392 0.509 0.539 0.432 0.535
S Na o 0.035 0.254 0.149 0.090 . 0.089 0.196 0.049 0.172 0.168 0.282 0.365 0.041
§ Ca 0.156 0.080 — — — — = - 3 — - — 0.062 e
E (Si,AlLy 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4,000 4.000 4.000 4.000
= M 1.898 2.052 2.374 2.333 2,168 2.222 2,178 2121 2.083 2,109 2.264 1.865 2.138
2 R 0.782 0.637 0.660 0.534 0.668 0.638 0.784 0.512 0.564 0.677 0.821 0.854 0.576
Al 11.8 17.6 20.0 29.9 17.6 13.2 14.8 13.2 10.5 19.3 26.8 8.8 19.8
- Al | 555 53.6 48.1 45.9 52.9 56.6 51.5 626 61.2 46.7 405 54.9 554
: i - 32.7 28.8 31.9 24.2 29.5 30.2 33.7 24.2 28.3 34.0 32.7 36.3 24.8
s . : :
o g 0,282 0.388 0.659 0.400 0.280 0.208 0.384 0.674 0.209 0.458
g 243w 0562 | 0880 Sl e 4+0.238 | 10355 | +0205 | L0450 | 0714 | 4-0.117
. v'e 29.9 37.7 26.0 24.9 22.5 19.6 28.8 28.0 22.6 32.6
S 37.1 47.2 34.5 45.8 48.3 56.9 46.7 39.1 33.5 37.9
= U +32.4 —15.1 —39.5 —-30.2 —29.2 —23.5 —24.5 —32.9 +43.9 —29.5
el
s felll 11.4 17.3 19.2 0.4 9.2 ?gg %g i‘g(lz 8:(5 1)5_(')
S w mg 18.8 16.7 31.8 25.6 19.3 21.4 21.6 35.8 19.7 21.6
S «l+ mg | 886 74.9 0.2 80.9 81.7 79.9 65.6 80.8 91.1 81.7
Sk A = {4 e 65.0 71.5 66.1 51.9 50.8 71.4 (3.4
al 4- felII| 812 75.5 62.6 64.7 4.6 71.0 70.5 58.4 80.3 75.1
Br— Bravaisite. Noyant, France (41) . .. fs — Pholidoide. Corneville, France. Greyish-blue Oxfordian marl. 1dem (56)
Sk — Skolite. Skole, Lastern Carpathians. An. Smulikowski (58) } #: — Pholidoide. Romainville, France, Green Triassi}:' marl. 1dem (56)
/i — Pholidoide. Serolle, France. Greyish-green Triassic marl. An. Thiébaut (56) fs — Pholidoide. Fresnes, France. Green Triassic marl. 1dem (56)
fa — Pholidoide. Laneuveville, France. White Triassic marl. Idem (56) fo — Pholidoide. Pechelbronn, Alsace, ¥rance. Green Triassic marl. ldem (56)
fs — Pholidoide. Varangueville, France. Green Triassic marl. Idem (56) T10 — ,,Clay’" (greenish-blue). Monte Caslano, Tessin, Switzerland. An. Jakob (40)
f. — Pholidoide. Mommenheim, France. Green Triassic marl. ldem (56) fiy — ..Mica-clay”. Goeschwitz, Switzerland. Marl. An. Hofmanu (39)

55 — Pholidoide. Hortes, France. Triassic dolomite. ldem (56)
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Table 10

Ilites, hydromuscovites, giimbelite

7, 1y 7 /, Iy I /. Is _|__H, H, | @
Density 2.7 | 2,65 '
8i0, 50.10 51.22 47.76 49,26 48.95 47.55 50.50 48.34 46,54 49.54
AL, 0, 25.12 25.91 26.13 28,97 26.74 32.45 32.80 34.64 36,37 29.51
Fe,0, 5.12 4.59 5.66 2,27 2.44 0.76 — 1.15 0.72 —
o MO — e — 0,04 0.08 — - o e =
) Mg 3.93 2.84 3.56 1,32 1.68 1.70 1.95 0.44 .50 4.14
= Ti0, 050 0.33 . 0.05 0.07 0.64 trace 0.1 0.17 0.87
> K,0 6.93 6.09 6.81 7.47 5.44 6.22 6.72 7.82 8.06 8.21
& N a,0 0.03 0.17 0.53 0.13 0.16 1.05 0.52 0,22 0.46 0.35
Ca0 .35 (.16 —_ 0.67 0.91 0.06 0.9 0.26 .22 0.25
Hy0 -} .82 7.49 8.92 6.03 6.74 7.73 .98 6.07 6.31 6.56
Hig0) — (90y | (1.45) 0.63 3,22 5.52 e .44 (.52 0.24
i it 8 - " _ - - 0.06 0.06 e
Pl o . _ . e — = 0.06 0.02 —
Total 100.44 10070 | 100,00 100,00 100.30 99.19 100.01 99.82 99.93 100,31 100.37
= Si 3.374 3.430 3.321 3.379 3.344 3.459 3.195 3.318 3.214 5,102 3.293
T A 0,626 0.570 (.679 0.621 0.656 0.541 ().805 0.682 0.786 1).898 0.707
w2 Als 1.369 1,473 1.460 1.719 1.713 §.687 1.765 1.864 1.925 1.960 1.604
z Felll 0.259 0.233 0.297 0.114 0.119 0.132 0.040 - 0.056 0.036 -
oy Fell 0.085 0.096 . 0.033 0.041 0.028 0.103 — 0.016 0.020 0- 040
& Mg 0.394 0.283 0.368 0,136 0156 0.178 0,169 0.194 0.044 0.048 0.411
9k \n o _ 0.004 0.004 0.004 e — -
= i (.032 0.032 - 0,004 0.004 0.004 0,040 s — 2 0.054
£ K (.59 0.519 0.606 0.651 0.664 0.492 0.533 0.562 0.662 0.684 0.695
E N 0008 0.020 0.071 0.008 0.049 0.021 0.137 0.063 0.028 1.060 0.048
~ Ca 0.024 0.012 . 0.049 0.014 0.068 0.004 0.040) 0,018 0.016 0.018
< (Si, Al) 4.000 4.000 4.000 4.000 T 4,000 4.000 4,000 4.000 4.000 4.000 4.000
3 Al 2.139 2.117 2.125 2.010 2.037 2.033 2,119 2.058 2,041 2.064 2.109
= R 0.627 0.551 0.677 0.708 0.727 0.581 0.674 0.665 0.708 0.760 0.761
Al 23.9 22.0 241 20.4 21.2 19.3 24.8 21.2 23.0 24.8 23.0
- Als 52.2 56.8 51.9 36.4 55.3 60.0 54.3 58.1 56.3 54.2 52,2
R 23.9 21.2 2.0 23.2 23.5 20.7 20.9 20.7 20.7 21.0 24.8
S s @ 0.626 0.570 0.679 0.621 0.656 0.541 0.805| 0.682 0.786 0.898 0.707
S N 2 4 Bu 40,030 | —-0,004 | —0.007 | -+-0.139 | -+0.086 40007 —0.123 | -+0.020 | —0.063 | --0.124 | -+ 0.070
S X 42.0 44.9 47.7 75.7 68.1 63.9 57.7 64.9 81.1 715 49 .4
2 ] Z 30.0 27.4 25.9 20.6 20.4 24 .4 16.8 18.5 4.2 5.9 27.1
= U —28.0 [—21.7 |--26.4 —3.7 |—1L5 —11.7 | —25.5 |—16.6 | —127 |—16.6 |-22.9
~—
D . .
3 al 65,0 70.6 68.7 85.7 84.2 83.1 84.9 90.6 94.3 95.0 78.0
s felll 12,9 11.2 14.0 5.7 5.9 6.5 1.9 — 2.7 1.7 —
= fell 4.0 4.6 — 1.8 2.2 1.6 2.1 — 0.8 1.0 2.0
5 = mg 18.7 13.6 17.3 6.8 7.7 8.8 8.1 9.4 2.2 2.3 20,0
S al -\ mg 83.7 84.2 86.0 92.5 91.9 91.9 93.0 100.0 96.5 97.3 98.0
al - fell 9.0 75.2 68.7 87.5 86.4 84.7 90.0 90.6 95.1 96.0 80.0
al -+ felll 77.3 81.8 82.7 91.4 90.1 89.6 86.8 90.6 a7.0 96.7 78.0

1, — Illite, Gilead, Calhoun County, Ill., U.S.A. Fine colloid fraction
from frdovician shale (21, No. 1. p. 823) .

I, — Illite, ¥ithian, Vermillion County, Ill., U.8.A. Fine colloid fraction
from Pennsylvanian underclay (21. No. 2, p. 823)

1, — lIllite, T.ebigh-Northampton,enn., U.S.A.Concentrate from slate (An.
Grace. Analysis minus TiO, and Ca0O and recomputed to 100%, 3)

1, — Illite, Ballater, Aberdeenshire, Scotland, 71lite occurring in decom-
rosed granite. Fraction 1.4, An. Mackenzie (38)

1, — 1llite. bidem. The same, fraction 0.4. ldem (38)

Ly — Illite. 1bidem. The same, fraction 0.2. ldem (38)

I; — Illite. Soulh Wales, (ireal Britain. /ine fraction corrected for
kaoline and quartz (43)

Iy — ,.Mica-clay’. Sarospatak, [Tungary (39)

H, ——Hytlr?gz)uscovile. Ogofau, Carmarthenshire, England. An. Ben-
nett

H, — Hydromuscovite. Thidem. ldem (3)

G — Giimbelite. Shunga, Karelia. U.S.S.R. (1)
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Table 11
Muscovites
M, M, M, M, My ( M, M, M, M, M, My, M, M, M, M My, M, M,
. Density 2.803 [

Si0O, 45.22 44,87 45.92 45.18 44.85 45.56 45.09 45.16 45.26 45.93 46.21 46.16 45.66 44.68 46.10 45.19 46.30 46.04

ALO; 33.43 31.90 29.07 36.62 36.95 35.78 34.32 33.69 32.77 33.45 38.10 35.63 31.80 31.80 30.54 30.22 30.91 33.15

Fe, 04 1.97 4.42 3.94 2.76 1.54 1.92 3.31 4 .44 3.85 2.68 1.97 1.60 2.69 4.49 | - 3.43 4.15 4.24 3.82

FeO 0.55 — 3.58 — 1.36 0.51 1.43 0.50 0.64 0.65 —_ 1.63 1.53 0.84 1.96 0.88 0.52 0.48

MnO — —_ 0.06 — — 0.11 0.07 — 0.04 ,0.03 — e — 0.04 — — 0.09 0.02

MgO 1.42 1.65 0.79 — —- 0.94 0.06 0.08 0.74 1.58 0.06 0.51 0.92 1.30 1.71 2.24 2.09 0.82

= Ti0, 0.69 1.60 838 0.26 trace 0.47 0.20 0.25 1.20 0.29 0.34 0.24 0.31 0.70 2.04 0.71 0.49 0.45

- 14,0 0.10 — WA — —% — — = == — e — — - — — — —
Eo K,0 8.16 7.24 10.68 9.48 9.13 10.03 8.10 9.37 10.42 9.88 8.98 9.74 10.34 10.48 6.54 9.40 9.82 9.78
2 Na,0 0.63 1.03 0.27 1.22 1.78 1.07 | 3.77 1.04 1.93 1.06 0.73 1.14 0.60 0.79 3.82 2.08 1.73 1.44

Ca0 1.01 0.08 Lrace — — — — — — — — — 0.09 0.52 0.07 — — —

SrO — — -— = = — = — = e == — — 0.04 — — — —

BaO — — — - — - = = —— — — — — 0.23 — — — —

H,0 4+ 5.36 737 3.20 4.61 4.08 3.72 3.80 5.56 3.20 4.51 3.63 3.34 5.32 3.50 3.83 5.28 3.83 416

H,0 — 1.06 } : 0.53 — = 0.02 — == = — — — 0.36 0.28 — — — —

P,y 0.12 — — = & = o o ) — == — — 0.01 — — — —

F, 0.88 — — — 0.57 — = — = — oL — 0.37 0.11 0.05 — — —

"~ Tolal 100.60 | 100.16 98.69 | 100.13 | 100.26 | 100.13 | 100.15 | 100.09 | 100.05 | 100.06 | 100.13 99.99 99.99 99.81 | 100.09 | 100.15 | 100.02 | 100.16
2 Si 3.061 3.065 3.155 2.997 2.983 3.008 3.007 3.051 3.021 3.068 3.006 3.042 3.116 3.020 3.055 3.075 3.101 3.071

g Al 0.939 0.935 0.845 1.003 1.017 .992 0.993 0.949 0.979 0.932 0.994 0.958 0.884 0.980 0.945 0.925 0.899 0.929

A Als 1.728 1.632 1.508 1.857 1.878 17921 - 1.702 1.733 1.599 1.700 1.928 1.809 1.675 1.553 1.439. 1.498 1.538 1.676
® Felll 0.102 0.226 0.202 0.139 0.076 0.095 0.164 0.227 0.192 0.136 0.098 0.079 0.139 0.227 0.171 0.212 0.243 ] . 0.192
& Fell 4 \Nnll 0.030 — 0.210 — 0.076 0.034 ().084 0.028 1 | 0.040 0.036 — 0.089 0.086 0.052 0.107 0.051 0.032 0.026
R Mg 0.142 0.127 0.081 — — 0.091 0.006 0.008 0.074 0.156 0.006 0.049 0.094 0.130 0.169 0.227 0.209 0.082
7 Ti 0.035 0.082 0.0;.‘1;2) 0.014 — 0.024 0.010 0.012 0.060 0.014 0.018{ .0.012 0.020 0.044 0.127 0.037 0.0241 0.022
R, 1.i 0.028 — | 0.0 — — — o S — — — . — — — — — —

% K 0.703 0.631 0.937 0.801 0.775 0.845 0.689 0.807 0.886 0.843 0.746 0.819 0.902 0.901{ 0.553 0.817 0.841 0.833
S Na 0.081 0.135 0.037 0.155 0.228 0.139 0.488 0.138 0.249 0.136 0.094 0.146 0.082 0.106 0.490 0.274 0.225 0.184
2 Eu 0.073 0.012 — — — = =3 —= — — —— — 0.006 0.038 0.004 — — —

: it — — — — —- — — — — — — — — 0.006 — — — s
§ (Si,Aly 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
s M 2.065 2.067 2.102 2.010 |- 2.0301 .2.036 1.966 2.008 1.965 | - 2.042 2.050 2.038 2.014 2.006 2.013 2.025 2.016 1.998

R 0.857 0.778 0.974 0.956 1.003 0.984 1.177 0.945 1.135 0.979 0.840 0.965 0.990 1.051 1.047 1.091 1.066 1.017
Al 96.7 27.9 25.4 26.3 26.1 26.3 .25.6 26.2 26.4 25.8 26.4 25.7 24.9 27.4 27.6 26.3° 25.7 25.6
L, = Al ' 44.0 48.8 45.3 48.7 48.2 47.6 44.0 47.8 43.1 474 51.2 48.5 47.2 43.3 41.9 42.6 43.9 46.3
g R 22.3 23.3 29.3 25.0 25.7" 26.1 .30.4 - 26.0 30.5 27.1 22.3 25.8 27.9 29.3 30.5 311 30.4 28.1
=3
A -
P g = 0.939 0.935 0.845 1.003 1.017 0.992 0.993 0.949 0.979 0.932 0.994 0.958 0.884 0.980 0.945 0.925 0.899 0.929
s Yoz 3u —0.002 | —0.156 | 4-0.130 | —0.044 | —0.014 | —0.007 | 4-0.182 0.000 +0.159 [ 4-0.052 | —0.162 | 4-0.012| 4-0.118 | 40.114 | 4-0.449 | +0.166 | +0.169 | 4-0.092
© X . .70.8 79.2 93.2 97.1 86.0 82.6 84.5 95.2 86.0 75.4 86.4 80.0 81.4 85.8 83.4 74.5 77.2 91.0
s ]2 14.5 3.8 -| 275 — 6.4 8.4 6.8 2.4 4.7 14.4 0.6 10.5 14.7 12.1. 13.2 19.4 18.6 8.4
= U —14.7 |—17.0 |—19.3 —2.9 —17.6 —9.0 +8.7 —2.4 +9.3 |—10.2 |—13.0 —9.5 —3.9 —2.1 —3.4 —6.1 —4.2 +0.6
s al 86.3 82.2 75.3 93.0 92.5 89.1 87.0 86.8 83.9 83.8 94.9 89.3 84.0 79.1 76.3 75.3 77.2 84.8
= felll 5.1 11.4 10.1 7.0 3.7 4.7 8.4 11.4 10.1 6.7 4.8 3.9 7.0 11.6 9.1 10.7 10.7 9.7
= fell 1.5 0.0 10.5 — 3.8 1.7 4.3 1.4 2.1 1.8 — 4.4 4.3 2.7 5.7 2.6 1.6 1.3
S = mg 7.1 6.4 4.1 — — 4.5 0.3 0.4 3.9 1.7 0.3 2.4 4.7 6.6 . 8.9 1.4 10.5 4.1
Q al 4 mg 93.4 88.6 79.4 93.0 92.5 93.6 87.3 87.2 87.8 91.5 95.2 91.7 88.7 85.7 85.2 86.7 87.7 88.9
al 1 fell 87.8 82.2 85.8 93.0 96.3 90.8 91.3 88.2 86.0 85.6 94.9 93.7 88.3 81.8 82.0 77.9 78.8 86.1
al + felll 91.4 93.6 85.4 | 100.0 96.2 93.8 95.4 98.2 94.0 90.5 99.7 93.2 91.0 90.7 85.4 86.0 87.9 4.5
M, — Suchy Kondracki Mt., Tatra Mts, Poland. Pegmatite. An. Pawlica (44, No. XVII) M,y — Monte di Daro, Bellinzona, Switzerland. Pegmatile in peridotite. 1dem (33, No. 15)
M, — Posredni Goryczkowy, Tatra Mts., Poland. Granite. An. Weyberg (fide 44, No. ) M,, — Kodarma, Gya, Bengalia, India. Red-browen muscovite. Idem (33, No. 1K)

M; — Sheaban {Juarry, Graniteville, Miss., 1:.S.A. Pegmatite. An. Goldich & lllestad (58) M,, — Val Somaix, Graubiinden, Switzerland. Idem (33, No. 17)

M, — Laulenberg. Tourmaline-pegmatite. An. Jakob (33. No 4) M; — Mattawan, Nipissing, Ontario, Canada. Pegmatite (15)

M, — Otjimbojo. South-west Alrica. Tin-yielding pegmatite. Idem (33, No. 10) M., — Tollgate Quarry, Malvern, Fngland. Granite pegmatite. An. Groves (5§3)

My — Claro, Val del Mollino, Tessin, Switzerland. Idem (33, No. 11) M,; — Wissahickon Valley, Philadelphia. Pa., U.S.A. Granitic rack. An. Gonyer (46)

M, — Donkerhuk, South-west Africa. Pegmatite containing beryl, tourmaline, apalite. M,; — Gothard Mt., Switzerland. Same, with quariz in_fissures. An. Jakob (34, No. 41)

Idem (33, No. 12) M,; — Prato, Tessin, Switzerland. Triassic quarizite. ldem '(.‘34, No. 42) o

M, — Val Melbra, Morobbia, Tessin, Switzerland. Pegmatite. Idem (33, No. 13) M, — Alpe.di Tramone, Val di Lodano, Valle Maggia, Tessin, Switzerland. Gneiss.

M, — Bellinzona, Tessin, Switzerland. Pegmatite. Idem (33, No. 14) Idem (34, No. 39)
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the points of each mica mineral are scattered within some wider or narrower
areas, in the vicinity of their theoretical points.

The biotite points are scattered near the theoretical phlogopite point, but’
they constantly show a significant deviation: their area extends from the
side Al‘R far to the right, and distinctly below the median line P AlS. It
means that the biotites usually contain an important proportion of octa-
hedral aluminium, and that they contain more tetrahedral aluminium than
necessary for fiking interlayer cations (Al* > R).

True muscovites are concentrated in the vicinity of their theoretical point
in the middle of the mica-line” P Al¢. Because of excessive accumulation of

Fig. 9
Different minerals of the mica group in the concentration
triangle Al4AISR
1 glauconite, 2 pholidoide, 3 illite, 4 hydromuscovite,
5 muscovite, 6 phengite, 7 biotite

points and complicated overlapping of different mineral fields, this part of the
triangle was four times magnified and delineated separately in figure 10 (p. 64).
One may see here that the muscovite {ield is elongated parallel to AI°R. The
conclusion is to be drawn from this that ordinary muscovites are strongly
differentiated with regard to the ratio R:Al% but feebly differentiated in
the Al content. Most of them show a small overplus of R with respect to
Al4, which is shown by the fact that the majority of points lie above the medi-
an line P Al%; a reverse relation is much less common and exemplified especial-
ly by two Tatra muscovites M; and M,. The axis of elongation of the musco-
vite field cuts the median line P Al® not in the theoretical muscovite point

(for cont. see p. 64)


muscovit.es

Table 12
Phengites
Fe, Fe, Fey Fe, Feg Feg Fe,
liensity 2,895 2,867
Sio, 47.72 47.69 49 .34 48,76 50.79 50.64 49.01
AlLO, 25.96 28.30 23.69 29.91 25.53 25.25 29.01
Fe,0, 1.76 1.02 6.84 4.24 2.94 2.97 2.25
FeO 6.55 3.88 — 0.41 1.34 1.01 0.77
8 MnO — - — — 0.05 0.02 0.06
= MgO 2.30 2.712 2.97 2.63 2.80 4,15 3.91
.%n Tio, 0.18 0.11 — —_ 1.10 0.72 0.74
£y K,0 10.18 9.06 10.74 6.83 9.71 9.80 8.86
Na,O0 1.70 1.87 0.78 2.31 1.01 1.41 1.87
CaO — - 1.25 0.33 —_ —_ —
H,0 + 3.42 4.07 4.40 4.60 3.90 3.88 3.77
H,0 — — — —
Total 99.77 98.72 100.01 100.02 99.17 99.85 100.25
@ Si 3.280 3.250 3.356 3.224 3.401 3.377 3.231
g Al 0.720 0.750 0.644 0.776 0.599 0.623 0.769
. Als 1.382 1.522 1.256 1.504 1.417 1.360 1.484
8 Folll 0.091 0.053 0.351 0.210 0.149 0.148 0.111
Q Fell 0.376 0.221 — 0.022 0.078 0.056 0.046
k Mg 0.215 0.276 0.302 0.258 0.280 0.413 0.384
8 Ti - = — — 0.056 0.036 0.036
3 K 0.892 0.786 0.931 0.576 0.829 0.833 0.744
§ Na 0.227 0.246 0.102 0.298 0.133 0.180 0.238
: Ca — — 0.092 0.024 — _ —
g (Si,Al) 4,000 4,000 4,000 4,000 4,000 4.000 4,000
S M 2.064 . 2.072 1.909 2.044 1.980 2.013 2.061
R 1.119 1.032 1.125 0.898 0.962 1.013 0.982
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Fe, Fe, Fe, Fe, Feg Fe, Fe,
. Ap 22.4 22.7 21.3 24.1 20.1 20.8 23.8
Als 42.9 46.1 41.5 48.1 47.6 45.4 45.9
R 34.7 31.2 37.2 27.8 32.3 33.8 30.3
N
S, 0.720 0.750 0.644 0.776 0.599 0.623 0.769
S N 243 +0.399 +0.281 +0.575 +0.148 +0.362 +0.394 +0.211
2 X 47.9 51.2 52.8 65.3 62.3 56.9 57.4
S Z 39.3 34.0 24.8 23.6 31.4 39.5 29.3
« & U —12.8 —14.8 +22.4 —41 A +6.2 —3.6 —13.6
3
]
S al 67.0 73.4 65.7 76.0 73.6 68.8 73.3
5 fetll 44 2.6 18.5 10.3 7.7 7.5 5.5
3 fell 18.2 10.7 — 1.4 44 2.8 2.3
© g 10.4 13.3 15.8 12.6 14.6 20.9 18.9
al + mg 7.4 86.7 81.5 88.6 88.2 89.7 92.2
al + fell 85.2 84.1 85.7 77.4 77.7 71.6 75.6
al + ferll 1.4 76.0 84.2 86.3 80.3 76.3 78.8

Fe, — Rheinwaldhorn, Wiilfing 1886 (14, No. 18, p. 618)
Fe, — Rheinwaldhorn, Wiilfing 1886 (14, No. 17, p. 618)

Fe, — Syra, Foullon & Goldschmidt 1887 (14, No. 19, p. 618)

Fe, — Soboth, I.8bisch, quoted by Tschermak (14, No. 16, p. 618) _
Fe, — Rossa, Val Calanca, Tessin, Switzerland, From mica schist at the boundary of pegmatite, An. Jakob (33, No. 18)
Fe; — Valle at Vals, Graubiinden, Switzerland, From mica-chlorite schist, Idem (34, No. 44)
Fe, — Soazza, Fasso di Genano, Graubiinden, Switzerland, From joints in eclogite, 1dem (34, No. 43)

dLINODNVID 40 WHTd0dd dHL
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Table 13

Sericites

S, S, Sy 5 S, S, S; Sy

sio, 48.06 47.22 . 46.81 46.80 49.16 45.64 48.80 50.20
Al,0, 32.14 32.00 36.09 35.84 30.81 33.59 22.00 19.69

Fe,O, - - — - - 1.96 5.86 9.62

FeO 1.12 1.20 0.25 - 0.24 1.43 0.38 = —

o MnO 0.20 0.14 e —_ - 0.10 - 0.60

> Mn,0, == - _— — — — 0.72 =
e MgO 1.39 1.25 0.62 0.56 2.22 2.33 5.74 3.82
&= TiO, . = 0.01 0.01 0.04 1.81 0.92 0.81
3 K,0 9.21 8.89 10.24 10.08 10.90 8.81 10.07 9.76
Na,0 0.17 e 0.68 0.60 0.48 1.59 1.65 1.50

Ca0 — — 0.29 0.29 0.15 = — —

H,0 + 5.46 5.65 5.00 5.05 4.73 3.89 412 447

H,0 — 2.06 3.14 0.42 0.64 0.15 0.00 - -

P,0, e 0.12 — e - — — o

Tolal 99.81 99.61 100.41 100.11 100.07 100.10 99.88 100.17

= Si 3.261 3.253 3.102 3.114 3.281 3.013 3.317 3.429
3 Al 0.739 0.747 0.898 0.886 0.719 0.987 0.683 0.571
~ Alé 1.829 1.852 1.919 1.924 1.702 1.625 1,080 1.012
g Felll — = — — - 0.099 0.298 0.492
= Fell 0.063 - 0.068 0.014 0.012 0.080 0.022 — =
X Mn 0.012 0.009 — - — 0.006 0.037 0.035
5 Mg 0.141 0.128 0.062 0.056 0.224 0.230 0.582 0.388
°~ Ti — — e — — 0.089 0.047 0.041
8 K 0.799 0.782 0.863 0.856 0.926 0.741 0.873 0.849
S Na 0.020 = 0.087 0.080 0.060 0.202 0.216 0.197
& Ca s — 0.020 0.020 0.012 = . _
g (Si, Al 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
S N 2.045 2.057 1.995 1.992 2.003 2,071 2.044 1.968
S R 0.819 0.782 0.970 0.956 0.998 0.943 1.089 1.046
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5y S Ss Sy S5 Ss Sy Sy
Al4 21.8 2241 23.7 23.5 21.0 21.8 23.9 21.7
—  Alf 54.0 54.8 50.7 51.1 49.8 45.7 37.9 38.5
R 241 23.1 25.6 25.4 29.2 26.5 38.2 39.8
£
N
L 5 2 0.739 0.747 0.898 0.886 0.719 0.987 0.683 0.571
2T N z4 3u +0.081 +0.034 -+4-0.091 +-0.092 +0.292 —0.044 +0.403 +4-0.478
@ X 67.8 66.5 90.8 90.6 69.9 7241 50.6 94.4
= ] Z 19.8 18.3 7.7 6.9 29.2 12.3 © o 39.6 36.4
5 U —12.4 5.2 41.5 425 —0.9 —15.6 -9.8 +9.2
B :
£
B al — — — — — 82.0 55.1 52.5
S felll — — — — — 5.0 15.2 25.9
S fell — - — — — 1.4 — 1.8
o mg — — — — — 11.6 29.7 20.1
al 4 mg — — — — o 93.6 84.8 72.6
al + fe — — - — —_ 83.4 55.1 54.3
al 4+ felll — — — — — 87.0 70.3 78.0

S8, — light green variely from Rutherford Mine, Amelia, Virginia, U.S.A.
Sy, — yellow ». Ibidem. Idem (I8, No. 2)

Sy — lilac v. Tbidem. An. Stevens (18, No. 3)

8§, — greyish lavender v. Ibidem. Idem (18, No. 4)

Sy — chalcedony yellow v. Ibidem. Idem (78, No. 5)

Ss — from biotite-sericite schist. Campra, Olivone, Tessin, Switzerland. An. Jakob (34, No. 40)
S, — red v. from Starlera, Innerferrera, Avers, Graubiinden, Switzerland. Idem (34, No. 45)

Sg —-reddish v. Ibidem. Idem (34, No. 46)

An. Fairchild (18, No. 1)

dLINODAVID 40 WHTd0dd HHI
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but a little to the left. This means that muscovites usually contain some-
what less Al® than postulated by the theoretical formula.

The illite field extends along the mica-line P Al® and deviations in this
respect are rarer and smaller than in true micas. This field is displaced,
however, with regard to muscqvite toward the corner AlS, because illites

R

Als

Fig. 10
Fourfold magnification of a part of fig. 9

1 glauconite, 2 pholidoide, 3 illite, 4 hydromuscovite, § muscovite, 6 phengite, 7 biotite,
8 sericite

contain less. R and Al* than other micas. Within the illite field lies also
giimbelite, while hydromuscovites protrude downward being distinctly de-
ficient in R.

' The phengite field extends in the opposite direction, offering a wide
differentiation series from the theoretical muscovite point upwards toward



K. SMULIKOWSKI

ARCHIWUM MINERALOGICZNE, VOL. X V11, facing p. 64

Table 14
Biotites
Bi, Bi, Bi, Bi, Ri, Bi, Bi, Big Bi, Biy, Biy Bijy
Density 3.062
Si0, 36.38 35.79 -34.62 33.36 35.42 35.12 32.98. 33.81 3§.80 34.24 -] 38.22 34.62
Al,04 16.93 13.70 16.82 19.44 18.35 19.52 12.13 17.45 15.29 '1?3.19 14.71 17.63
Fe,0, 7.58 5.22 8.97 7.59 4.75 8.08 3.60 4.04 598 | 2.14 3.83 4.99
FeO 14.61 13.72 14.31 13.79 15.00 15.69 24.50 16.49 12.86 18.26 13.44 18.92
ARO 0.48 0.19 0.47 0.67 0.29 —= — 0.63 0.60 0.39 0.52 trace
MgO 9.28 | 12.13 5.49 9.30 8.20 477 7.38 8.53 | 11.90 847 | 13.45 7.54
© TiO, 1.15 3.51 2.15 2.71 3.29 2.26 2.95 3.12 3.68 3.41 2.96 2.42
= Li,0 . — 0.16 . — — 0.05 0.09 — — —
3 K,0 8.15 9.09 8.26 7.16 8.7 7.25 7.27 9.57 7.82 9.08 7.90 7.75
-§° Na,0 £.A42 0.15 1.87 1.47 2.74 0.84 1.04 2.14 1.22 1.05 0.50 3.09
3 CaO 0.88 0.05 0.81 1.04 1.40 0.47 0.50 0.83 2.30 0.23 1.46 0.38
BaO — 0.13 — — — — — -— — - | B B
5 .64 2.40 6.33 6.45 415 2.86 3.19 1.89 2.65
{};Si } 3.01 ?.21 } 5.88 } 4.25 0.38 = — — 0.14 1.50 0.60 0.17-
P — 0.76 — — — — 1.20 — — — — o
Cl 0.20 — — — — — — — — — —
P,0, _— 0.10 — _ — = — — 0.03 0.08 —
Remainder — — 0.30 — - = — — = _— - —
Total 99.57 99.59 99.95 | 100.94 | 100.59 | 100.33 | 100.00 | 100.81 100.54 99.88 99.56 | 100.16
Si 2.729 2.758 2.723 2.495 2.631 2,693 2.716 2.585 2.649 2.636 2.803 2.624
=2 Al 1.271 1.242 1.277 1.505 1.369 1.307 1.177 1.415 1.333 1.364 11971, 1.376
s Ti4 — — — — v — 0.107 — 0.018 — — —
= AJe 0.224 0.003 0.282 0.206 0.237 0.456 — 0.155 — 0.284 0.076 0.199
= Tie -0.065 0.204 0.128 0.153 0.183 0.131 0.076 0.179 0.186 0.196 0.163 0.137
2 Felll 0.428 0.301 0.482 0.427 0.268 0.465 0.223 0.234 0.333 0.125 0.241 0.287
R Fell 0.917 0.884 0.940 0.862 0.932 1.006 1.687 1.094 0.795 1.173 0.824 1.199
. Mn 0.032 0.014 0.031 0.043 0.018 — — 0.041 0.038 0.025 0.031 —
g; Mg 1.036 1.393 0.642 1.038 0.908 0.546 0.905 0.971 1.311 0.935 d.469 .851
o Li — — — 0.049 — — = 0.014 0.027 — — -
5 K 0.779 0.893 0.831 0.683 0.794 0.709 0.762 0.932 0.738 (.891 0.740 0.751
§ Na 0.1682 0.023 0.283 0.214 0.392 0.124 0.168 0.317 0.473 0.157 0.070 0.455
P Ca 0.072 0.005 0.068 0.083 0.112 0.039 0.045 0.069 0.182 0.018 0.115 0.032
g Ba — 0.005 — — — — — — — — — —
*E (51,A1, 1) 4.000 4.000 4.000 4.000 4.000 4.000 4,000 4.000 4.000 4.000 4.000 4.000
M 2.702 2.799 2.505 2.778 2.546 2.604 2.891 2.648 2.690 2.738 2.774 2.673
R 1.013 0.926 1.182 0.977 1.298 0.872 0.975 1.318 1.093 1.066 0.925 1.238
Al4 50.7 57,2 46.6 56.0 474 49.6 54.7 49.0 54.9 50.2 54.4 48.9
—  AlS 8.9 0.1 10.3 7.7 8.2 17.3 — 5.4 —— 10.5 3.5 Tl
- R 40.4 42.7 43.1 36.3 44.7 33.1 45.3 45.6 45.1 39.3 421 44.0
g
r;) o = 1.271 1.242 1.277 1.505 1.369 1.307 1.284 1.415 1.351 1.364 1.197 1.376
g « oz 3u —0.186 | —0.310| —0.030 | —0.446 | 40.037| —0.391 | —0.157 | —0.029 | —0.058 | —0.277 | —0.161 | --0.106
s X 24.0 21.7 29.9 26.3 29.2 28.8 20.2 26.8 25.0 247 | 21.1 25.9
s 8 Z 36.2 36.4 34.7 |- 33.0 35.8 31.3 37.8 36.3 36.8 35.1 38.0 36.0
o U —39.8 |—41.9 |—35.4 |—40.7 |—35.0 |—399 |—42.0 |—36.9 |—38.2 |—40.2 |—409 |—38.1
(=]
8 al 8.5 0.1 11.9 8.0 10.0 18.4 — |* 6.3 — 11.2 2.9 7.8
3 felll 16.2 11.8 20.3 16.6 11.4 18.8 7.9 9.5 13.5 4.9 8.1 14.3
= fell + mpll 36.0 34.6 40.8 35.1 40.2 40.7 59.9 44.6 33.6 47 .4 32.7 47.3
5 o mg 39.3 53.7 27.0 40.3 38.4 22.1 32.2 39.6 52.9 36.8 56.3 33.6
S al + mg 47.8 53.8 38.9 48.3 48.4 40.5 32.2 45.9 52.9 48.0 -59.2 41 .4
al + fell - 44.5 34.7 52.7 43.1 50.2 59.1 59.9 50.9 33.6 58.3 35.6 55.4
al 4 felll 24.7 11.7 32.2 24.6 21.4 37.2 7.9 15.8 13.5 16.1 11.0 191
Bi, — Average of 34 granitic rocks (Tschirwinsky 69, p. 240) Big — Suchy Kondracki Mt., Tatra Mts., Poland. Gneiss. An. Wey-
Bi, — Walkerville, Butte, Mont. U.S.A. An. Stokes (35, No.tia, p. 329) berg (fide 44, No. X)
Bi; — lléosz%{sltlz;, Tatra Mts., Poland. Granite. An. Weyberg (44, Bi; — Czuba Goryczkowa Tatra Mis., Poland. An. Pawlica
0. V (44, No. IX) .
Bi, —(l;zs’re_z\?ni I(i})oryczkowy, Tatra Mts., Poland. Granite. Idem Bzm——(()rnak Tatrl\ Mts, Poland Injection gneiss. An. Zastawniak
, No. 60 129
Bi; — Granaty, Tatra Mts., Poland. Granite. An. Tokarski (67, p. 4) Bi,, — Choc‘l)lolows)ka valley, Tatra Mts., Poland. Dinrite. Idem
Bi; — Wielicka valley, Tatra Mts., Czechoslovakia. Biotite schist. An. (60, p.128)
] Gorazdowski (tfide 60, p. 131) Bi,; — Tomanowa valley, Tatra Mts., Poland. Gneiss. Tdem
Bi, — Gartuch Mt., Tatra Mts., Czechoslovakia. Biotite schist. An. (60, p. 128 '

Pawlica (fide 60, p. 130)



THE PROBLEM OF GLAUCONITE 65

the R corner, because phengites are characterized by a diminution of both
Al4 and Al® with regard to R. Typical phengites Fe,, Fe,, Fe,, far differenti-
ated in this respect, approach the median line drawn from the corner point
Al* perpendicularly to AlSR, retire far from ordinary micas and draw near
the glauconite field.

Sericites give loose points which do not form any definite area. They do
not represent any separate mica species, but fall in the fields of other minerals:
some lie in the illite field (S,, S, S,, S,), others in the phengite field (S,
S;, Sg) and but one is placed among common muscovites (Sy).

Pholidoides are widely scattered in a broad area above the median line
P Al® and thus distinctly above the illite field. On the left this area overlaps
the phengite field and borders upon the muscovite field. This means that
the pholidoides are characterized by a distinct excess of R with regard to
Al*. Among the pholidoides of Thiébaut two occupy abnormal positions:
fe lying on the upper end of the muscovite field and f, falling below the
muscovite field, rich in Al* and poor in R; the latter either does not belong
to the pholidoide group or is very strongly contaminated with foreign materi-
al. Macrolamellar modifications, skolite and bravaisite, are well located in
the midst of the pholidoide area.

The glauconite area lies still higher and nearer to the corner R than the
pholidoide area, because, having the same proportion of Al*, it contains
more R and less Al®. Only aluminous glauconites draw near to the pho-
lidoide area or overlap the top of the phengite field. The glauconite area
stretches distinctly toward the corner Al® and sends its border points in this
direction.

The orthogonal diagram fig. 11 also reveals a near connection between
glauconites and pholidoides. Both kinds have nearly equal and low z, but
(z 4 3u) is distinctly lower in pholidoides than in glauconites, with possible
transitions from one to the other. The conclusion to be drawn from’ this is
that pholidoides, as a whole, show a lower proportion of interlayer cations
than typical glauconites. Glauconites, as well as pholidoides, have some repre-
sentative points strongly displaced to the right (increasing z), toward the
muscovite area, or down toward the illite field; those points could denote
transition members between pholidoide and muscovite, or between pholidoide
and illite. Skolite lies in the pholidoide area, but bravaisite protrudes far
upward, having a much greater proportion of (z + 3u). Pholidoide f, of
Thiébaut is abnormal indeed, as it falls down below. the zero- line, and rather
approaches hydromuscovites.

The illite area is situated at the zero-line, close to the right and low mar-
gin of the pholidoide area. Such a situation indicates that the illites owe their
interlayer cations chiefly to z, i.e. to the replacement of aluminium for
silicium in the tetrahedral layers. It seems as if there might exist some tran-

5 — Archiwum Mineralogiczne



66 KAZIMIERZ SMULIKOWSKI

sition members between illites and pholidoides, because some points pass
from one field into another (f,;, I, I;). The pholidoide area occupies an
intermediate position between the illites and the glauconites, as if a graduate
transition series might exist from the illites over the pholidoides into the
glauconites. On the contrary, the hydromuscovites are distinctly displaced
to the right and below the zero-line, rather approaching the lower extremity
of the muscovite field.
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Fig. 11
Different minerals of the mica group in the orthogonal diagram (z+3u) : z
I glauconite, 2 pholidoide, 3 illite, 4 muscovite, § hydromuscovite, 6 sericite,
7 phengite, & biotite

Muscovites give points scattered in a well delimited area near z = 1,
with small positive or negative values of (z + 3u) on both sides of the zero-
line. (Theoretical muscovite would lie at z = 1, (z + 3u) = 0). It may be
seen here that the muscovites with positive (z + 3u) are more numerous
than those with negative (z 4 3u), which are rather transitional to the
hydromuscovite (e.g. the muscovite M, from the Tatra).

Phengites present a wide variation series with smaller 2 values than musco-
vites, comparable to those of illites (x=0.55—0.80), they show, however,
an increasing proportion of (z + 3u), approaching in this respect pholidoides
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and even glauconites. Therefore, the elongated. phengite field occupies an
intermediate place between the muscovite and the pholidoide- glauconite

areas.
‘ Sericite points are loosely scattered in different variation fields of other

minerals: S5, S, S lie within the phengite field, 55, §,, §; among the musco-
vites, S, and S, near the
boundary of the illite area.

Biotites occupy a vast
area far to the right. They
are characterized by a very
high proportion of tetra-
hedral aluminium (z=
1.150-1.500) and by nega-
tive wvalues of (z -+ 3u).
A single exception from
this rule is offered by the
biotite Bi; from the Tatra,
analysed by Tokarski, show-
ing a very low positive
value of (z 4 3u). The bio-
tites represent the opposite
pole of the mica group with

o1

regard to typical glauco- e?

nites. . i
. (=]

The diagram of twofold o

conc. triangle +UXZ—U © 6

illustrates the important : g

statement, that most of the
minerals of the mica group

furnish the representative Fig. 12

points in the lower triangle Different minerals of the mica group in the twofold
. ; Tt _

with negative U, because concentration triangle XZU and XZU

their content of octahedral 1 glauconite, 2 pholidoide, 3 illite, 4 muscovite,
cations - usually exceeds & hydromuscovite, 6 sericite, 7 phengite, & biolile

number 2 (fig. 12). True mi-
cas, in theory, should lie on the median line connecting the corner X with
the middle of the side —UZ. Pure talc Mg, [Si,0,,(0H),] would occupy the
middle point of thisside because it does not contain any interlayer cations
and alumina. Theoretical phlogopite lies on that median line with coordi-
nates X =14.3, Z=142.9, U=—42.9, as its formula

K (Mg, Fo), [(OH), Si,AlO,]
leads to parameters z=1, z=3, u=—1.
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Theoretical muscovite KAl,[(OH),Si;A10,,] occupies the very same cor-
ner point X, as u and z equal zero. In reality, however, the analyses of musco-
vite do not strictly agree with that formula, and their representative points
are scattered in an area in the vicinity of corner X. Two points of hydromu-
scovite lie at the lower boundary of this area.

[1lites are situated along the median line, further from the corner X, as
they contain less tetrahedral aluminium. Within the illite field also lies
giimbelite, on its boundary with the phengite area.

Phengite points are dissipated in a large area which borders upon the
muscovite field and the illite belt, but extends far upwards, rising above
the XZ line, and entering into the upper triangle with positive U. Therefore,
phengites break out from the group of true micas, in consequence of a distinct
deficit of tetrahedral aluminium with regard to the content of interlayer
cations, which must be balanced by the supplementary charges of the octa-
hedral layer. In this respect phengites are comparable to glauconites.

Sericites are scattered in various fields: §, and §, lie on the upper border
of the muscovite field; §,, S5, 5, at the boundary of this field and the illite
belt; 85, §,, S are included within the phengite area.

The biotite area is relatively small and situated at the median line be-
tween the phlogopite point and the illite belt; it extends chiefly below the
line, which means that in the greater part of biotites z { 3u.

Upwards from the biotite area, in its immediate vicinity extends the
pholidoide field, which further, in the same direction, passes without any
interruption into the glauconite area. The representative point of skolite lies
in the transitional part of both latter areas. This diagram clearly shows that
the relative situation of pholidoides and illites is quite analogical to that
of phengites and muscovites. This observation is very significant for the
crystallochemical interpretation of those minerals. It means that in musco-
vites and illites z suffices for fixing the interlayer cations, while in phengites
and pholidoides it is too small and must be supplied by additional charges
of the octahedral layer M.

 The glauconite area overlapping below the pholidoide field extends
upwards and rises above the line XZ, entering the upper triangle with posi-
tive U. In this respect glauconites behave quite like phengites, with the
important difference, however, that their X proportion is lower and Z pro-
portion higher. '

The situation of bravaisite in this diagram is quite peculiar. It lies very
high in the upper triangle, above the area of typical glauconite and far from
the proper pholidoide field, having excessively small w (1.898). This contra-
dicts my supposition, that bravaisite like skolite presents a macrolamellar
variety of pholidoides. The chemical analysis of bravaisite given by Mallard
in 1878 is, of course, very old and it would not be at all surprising if its
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defects were responsible for the above-mentioned discrepancy. But, on the
other hand, there is another analysis of a ,,greenish-blue clay’’ from Tessin,
Switzerland, which also should be reckoned among the pholidoides, and
which gives a point situated still higher than bravaisite in the upper triangle.
This analysis recently made by such a good analyst as Jakob cannot involve
any grave analytical error. I suppose, therefore, that the chemical varia-
bility of pholidoides is, in reality, much-greater than shownby the analyses
assorted hitherto, and certainly not smaller than that of glauconites. It is
quite possible that the analyses of pholidoides executed by Thiébaut show
a variability artificially restricted by the method of separation, consisting
in an alternate treatment with HCI and NaOH.

Threefold projection of the tetrahedron al fe' fell mg (fig. 13).—Theoretical
muscovite occupies the corner al, as it is-completely devoid of iron and mag-
nesia. But real muscovites contain some isomorphic admixture of those cat-
ions and, therefore, their representative points protrude toward the centre
of the tetrahedron. In further sequence the fields of illite, phengite and pho-
lidoide move in this direction, each overlapping to some extent the foregoing
one, The highest proportion of iron and magnesium is contained in the pho-
lidoides, which are, therefore, the furthest from the coign al.

The principal trend of differentiation of all those minerals follows the
increase line of mg and fe!'%, while the increase of fell is rather unimportant.
This may be seen best in square II. If the muscovite field extends on both
sides of the diagonal al fe''l, the illite field distinctly passes in the mg di-
rection, and the pholidoide field does the same in a much higher degree.
Only among phengites there are some points which show fell prevailing over
mg and pass, therefore, to the other side of the diagonal al fe!'l.

The area of typical glauconite lies in the opposite part of the tetrahedron,
nearer to fel'l, and it does not overlap the pholidoide field. However, the
principal trend of differentiation of glauconite stretches in the direction fe !X —
al, and the transition between that and the pholidoides is established by
the less common aluminous glauconites. Thus the whole of the above named
minerals is disposed in a nearly continuous belt of differentiation, which,
in the form of an arc, convex toward the centre of the tetrahedron, runs from
the muscovites in the al-coign over the illites, phengites, pholidoides and
aluminous glauconites successively, to the normal glauconites near the
fe'-coign.

The biotites, in this diagram, are situated quite apart, being scattered
in an area occupying the other half of the tetrahedron, near the edge mg fe'™.
Pure phlogopite would lie on this edge itself, in a point depending on the
proportion of Fe'’: Mg. The biotite area does not approach any field of the
differentiation series muscovite-glauconite. If in the square II the biotite
area is shown overlapping the glauconite area, this is but a graphical superposi-
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tion in this particular projection; in both other square projections I and III
it is obvious that, in reality, the biotite and glauconite areas are quite far
from one another. ‘

Having made the comparative analysis of various minerals of the mica
group with the aid of some graphical methods, we shall now attempt to
give a comparative crystallochemical characterization of its different
members.

Glauconites, if pure and typical, form a distinct combination character-
ized by a low substitution of silicium by tetrahedral aluminium (z) and a rela-
tively high content of interlayer cations (y). The fixation of these cations
is due to the overplus charges furnished by the tetrahedral layer to a lesser
extent than to those supplied by the octahedral layer M. The overwhelming
role of the latter in this respect is due to the important part played by the
bivalent octahedral cations Mg and Fe without any notable excess of the
total amount M over 2 (w==2). The chief cation of the octahedral layer is

_usually ferric iron Fe'™, the proportion of other cations being variable, but
rather subordinate (Fe™ > Al®~Mg> Fel'). Only less common aluminous
glauconites show some prevalence of Al® over Fe'! (Als Fe' > Mg > Fell)
and from the chemical point of view they form a passage from the typical
glauconites to the pholidoides.

Pholidoides are nearest to glauconites in general crystallochemical re-
lations, and differ from them chiefly in their strong preponderance of AlS over
Fe™ in the octahedral layer M. Another difference between pholidoides and
glauconites consists in a somewhat lower proportion of interlayer cations
(chiefly potassium). This is usually due not to the diminution of tetrahedral
aluminium (z) but to the increase of the sum of octahedral cations over 2
(2—w=u=—0.1—0.4), which does not occur anywhere in pure glauconite.
In some pholidoides of Thiébaut the proportion of Mg rises exceedingly,
possibly in consequence of an undiscerned admixture of chlorite. Quite homo-
geneous macrolamellar varieties of pholidoide (skolite, bravaisite)and the blue-
green ,,clay-substance’ (f,;) analyzed by Jakob do not show any Mg-excess.

Illites resemble pholidoides in their strong preponderance of aluminium
over ferric iron in the octahedral layer M, but differ from them in some
other respects: the proportion of both iron and magnesium is here lower and
the total of octahedral cations exceeds 2 just a little (w=2.01-2.14). Therefore,
(z + 3u) approaches zero, which means that the octahedral layer does not
supply any notable charge for the fixation of the interlayer cations, and that
the substitution of Al for Si in the tetrahedral layer is solely responsible for
that fixation (x=y). This is an important crystallochemical difference be-
tween illite and pholidoide, and proves that both names indicate different
mineral species in the mica group, and that both must be maintained in
mineralogy. That character of illite, giving a fairly clear distinction of illite
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as compared with pholidoides and glauconites, -approaches the former to
the common muscovites. In both, muscovite and illite, the overplus charge
supplied by the tetrahedral layer suffices for the fixing of interlayer cations.
The difference between them consists in the fact, that in muscovite both
z and y are near 1, but in illite they are much smaller (z=y = 0.55-0.7).

Hydromuscovites are now represented by a number of chemical analyses
insufficient for their exact crystallochemical determination. Many authors
are inclined to join them with illites in a single mineral species, because, in
comparison with muscovite, they both show a significant deficit of inter-
layer cations and an excess of water. This, however, is not a convincing argu-
ment, because they share this feature with pholidoide and glauconite. Both
analyses of hydromuscovite, cited in table 10, show some significant differ-
ences when compared with those of illite. They reveal a much lower content of
bivalent octahedral cations Mg and Fell, comparable to that of common musco-
vite. Therefore, z is quite negligible, u negative and not very low, and z >y,
which means that interlayer cations are deficient with regard to the charge
furnished by the tetrahedral layer. Thus the hydromuscovites are far more
remote from the pholidoide and glauconite than illites.

Giimbelite, a fibrous variety of white mica from Karelia, is Very close
to the illites in its crystallochemical character.

Orilinary muscovites often exhibit some crystallochemical deviations from
the theorutical formula. Commonly the substitution of Al for Si in the tetra-
hedral layer is somewhat low (z < 1). Among all the 18 analyses of muscovite
assorted from literature, only two have z > 1, but 16 — =z < 1. The par-
ticipatinn of ferric iron in the octahedral layer is sometimes notable (Fe!!! =
= (.22}, and forms passages toward the ferrimuscovites. Also bivalent octa-
hedral tations are often of some importance and attain sometimes 0.14. In
the collected analytical material two different trends of deviation from the
theoret/cal formula of muscovite can be distinguished.

1° The trend passing toward hydromuscovites, characterized by some
deficit of interlayer cations with regard to the substitution of Al in place of
Si(y ¢ z=1). Both muscovites from the Tatra (M, M,) and the red-brown
muscovite from Bengalia (4£,,) belong here.

2° The trend passing toward phengites shows quite opposite features: the
content of interlayer cations is higher than the reduced substitution of Al
for Si (1 =~y > x). The balance of electrical charges is realized by the sub-
stitution of Mgand Fe' for Al in the octahedral layer. Muscovites My, Mg, -
M, and M,, belong here.

It might be expected that also a trend transitional toward illite would
appear with 2 and y, both equally decreasing below the entity (1 > y = z).
But in the collected analytical material no example of such a trend could be
found, probably in consequence of assorting for the analysis only macrolamel-
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lar forms from granites and pegmatites. In the microcrystalline varieties
called sericite such transitions do exist.

Phengites present a variety of light mica fairly distinct in their chemical
composition from ordinary muscovite, owing to an increased proportion of
Si0),, MgO and FeO and to a diminished proportion of alumina. The crystallo-
chemical consequence of such aberration is a lower substitution of Al in the
tetrahedral layer with a not decreased proportion of interlayer cations; the
compensation of ionic charges is performed by the octahedral layer which
contains an important proportion of bivalent cations Mg and Fe''. Phengites
do not seem to occur in pegmatites and granites, but rather in crystalline
schists, or as fissural crystallization. The crystallochemical relation between
phengite and muscovite is the same as that between pholidoide and illite:
phengite and pholidoide have y > x, muscovite and illite —y =z, but
phengite and muscovite show y=1, pholidoide and illite, however, y < 1.

Sericites do not present any definite mica species, as was justly stressed
by Grim (21). This name denotes only a micro- or crypto-crystalline modi-
fication of any white mica formed in hydrothermal, epimetamorphic or even
weathering conditions. One cannot expect, therefore, that the sericite
analyses collected in table 13 might show uniform features. In reality,
among 8 analyses of sericite only 3 (§,, §, and §;) are very near to the ordinary
muscovite, having z and y nearly equal to 1. Three other analyses, S, S; and
Ss, may be reckoned among the phengites, as they show 1=~y > z. The
remaining two sericites §, and S, distinctly approach illites, forming tran-
sition members between the latter and muscovite (1 > y = z). Varieties cor-
responding to hydromuscovites (1 = 2 > y) should not be rare among the
sericites; in our material, however, they are not represented.

Biotites mostly approach glauconite in their high content of iron and
magnesium and in their low content of alumina; after Galliher (16) they trans-
form most promptly into glauconite under suitable conditions at the sea
bottom. However, a thorough crystallochemical analysis proves that, on
the contrary, from among all the other mica minerals they are the most
remote from glauconite.

The most remarkable crystallochemical feature of biotite is the important
deficit of silicium in the tetrahedral layer where there is always less than ®/4
of the tetrahedron centra occupied by Si (Si=2.5-2.8). The substitution of
Al for Si must, therefore, attain a proportion never found in any other mica
species (z = 1.2-1.5). It often occurs that total aluminium does not suffice
for such substitution -and that titanium or ferric iron must be introduced
there to balance the Si-deficit.

The interlayer cations occur in a proportion not far from 1, but they
are always less numerous than the substitution of Al for Si in the tetrahedral
layer (1 =y < z). This is compensated by the intervention of strongly
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prevailing bivalent octahedral cations (Mg + Fe'!), while octahedral alu-
minium is rather scanty or absent; thus the total amount of octahedral cat-
ions must be high: w=2.5-2.9. °

Therefore, biotites differ very strongly from all the other micas and
have nothing in common with typical glauconites. This discussion proves
that the general formula of biotites stated in the most recent mineralogical
manuals, e.g. in that of Strunz, is quite inconsistent and complies only with
phlogopite:
(1) (K,Na,Ca) (Mg,Fell, Fe'! A1, Ti), [(OH), Si,AlO,]

In common rockforming biotites we always meet with a strong deficit
of silicium, which in the tetrahedral layer must be present in lower propoxr-
tion than 3/, and with the sum of octahedral cations always inferior to 3.
The generalized crystallochemical formula of biotite should be written:

(2) (K,Na,Ca) (Mg,Fe'!,Fel™, Ti,Al)y ;5. [(OH)ySlp.5-5.5 (ALTL,Fel™), o, ,04]

This comparative discussion may be concluded by the following sche-
matic characterization of different members of the mica group with reference
to the general crystallochemical formula:

Glauconites Ly < w=2 Al¢ < Felll
Pholidoides z{y< '1 w 2> 2 Al® > Felll
Iites z=y < 1 w > 2 Al® 3> Felll
Phengites z y=1 w=2 AlS > Felll
Muscovites r=y =1 w =2

Hydromuscovites =z > y ¢ 1 w > 2

Biotites z >y =1 w=2.5-2.8

IS THE CHEMICAL COMPOSITION OF GLAUCONITE INFLUENCED
BY THE GEOLOGICAL AGE OR BY THE FACIES OF SEDIMENT?

This question was attacked in a statistical way: from the chemical analy-
ses of glauconite, collected in tables 2—6, average compositions were cal-
culated for different geological periods represented by more numerous ana-
lyses. In this calculation all those glauconites were not included which strong-
ly differ from-the theoretical formula, nor were those which, in the foregoing
discussion, showed individual anomalies, probably due to some analytical
errors or impurities.

- Average analyses were also calculated for the glauconites from various
kinds of sediment (sands, sandstones, marls, limestones). From these average
calculations were also excluded all analyses showing important anomalies
which could not be brought to agree with the general formula.

Finally an average composition of typical glauconite was calculated.
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For this average, glauconites of any age or facies of sediment were used, but
only those which in all diagrams lie within the central area of condensed
points. In this way were eliminated not only all anomalous glauconites, sus-
pected of some defects of analysis or separation, but also glauconites which
agree well with the theoretical formula and are, of course, irreproachable,
but show extreme deviations in any direction, as highly aluminous or highly
ferriferous types.

The quantitative formula of such average typical glauconite may be
expressed as follows:

(K0;67Nao.oscao.o4) (FefﬁsMgo.41Alo.4oFeg17) [(OH)ZSi3.66A10.34010] *H,0

All those average compositions are listed in table 15, in the following
sequence:

h — Recent glauconite (average from 6 analyses: 1, 2, 3, 4, 5, 7)
t — Tertiary Wi ( ,, 18 - 10, 12, 13, 15, 16, 17, 18, 19,
20, 21, 23, 24, 25, 26, 27, 28,
29,30)
k — Cretaceous ,, ( ,, 13 ., 31,32, 33, 35, 36, 37, 39, 40,
. 41, 42, 43, 44, 45)
J — Jurassic » (T i 5 . 4B, 47, 48, 49, 50)
s — BEarly Palaeozoic glauconite (average from
10 analyses: 5.‘%, 53, 54, 55, 56, 57, 39, 60,
61, 62)

p — Glanconite from sands (average from 17
analyses: 1, 2, 3, 4, 13, 14, 15, 16, 18,
19, 20, 39, 40, 41, 42, 62, 63)

¢ — " from sandstones (average from
9 analyses: 21, 23, 24, 25, 26, 27, 28,
. 43, 61)
m — . ,, Imarls (average from 6
analyses: 8, 12, 33, 35, 36, 37)
w — . ,,» limestones (average from
11 analyses: 10, 31, 32, 51, 52, 53, 54, 55,
56, 57, 65)

T —Typical glauconit’e (average from 22 analyses: 4, 13, 14, 15, 16, 18, 19, 23,
. 26, 27, 29, 36, 37, 41, 42, 57,
59, 60, 61, 63, 66, 67). -

Those average analyses expressed in weigth % % are calculated in cation
ratios and in the coordinates of all graphical methods. The points of such
average glauconites are plotted on the diagrams fig. 9, 11, 12 and 13. It was
supposed that the number of analyses is sufficient for such statistical proce-
dure and that the graphical methods would be able to reveal any systematic
differentiation of glauconite with varying age and facies of sediment, if
such a one really existed.

In the concentration triangle Al*AI*R (fig. 9, p. 59) one may see that
the average of recent glauconite is the nearest to the corner R. Tertiary and
Cretaceous glauconites are displaced toward the corner Al®, and early Palaeo-
zoic lies still further in this direction. Thus, the differentiation with the
rising geological age seems to be consequent: the more ancient the glauconite,
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Table

ARCHIWUM MINERALOGICZNE, VOIL. XVIII, facing p. 74.

15

Average composition of glaucounite

h l k J s )2 g m w T
510, 50,19 49.40 50.21 45.79 49.75 49.91 48.92 48.82 50.09 49.58
RYPON 4.83 8.04 8.17 17.69 10.04 7.27 7.15 9.13 9.87 8.41
-2 e, Oy 24.83 19.20 17.95 15.63 17.44 20.39 20.50 18.37 17.06 18.81
- FeO) 2.47 2.62 3.18 3.62 2.95 2.45 3.20 2.29 2.31 2.78
= Mg 3.06 3.39 S0l 1.79 3.55 3.04 3.26 3.66 3.40 7o
2 K,O 6.50 7.20 7.26 7.39 7.75 7.21 7.38 6.41 7.66 7.11
= N, 0 0.51 0.39 0.59 0.43 0.66 0.47 0.44 1.13 0.4 0.55
CaO 0.49 0.35 0.47 1.19 0.57 0.24 (.38 0.79 0.48 0.51
1,0 721 9.13 8.01 6.30 7.39 8.28 8.41 8.95 8.43 8.12
Total 100.15 99.77 99.35 99.89 99.70 99.76 49.64 99.15 99.94 99.62
& Si 3.711 3.690 3.715 3.301 3.636 3.701 3.669 3.629 3.675 3.665
s Al 0.289 (.310 0.285 0.699 0.364 0.299 0.331 0.371 0.325 0.335
<3 A6 0,133 (3.399 0.426 0.803 0.501 0.333 0.360 0.433 0.530 0.398
N JFelll 1.381 1.077 1.000 ().848 0.957 1.140 1.158 1.027 0.943 1.048
5 el 0.153 0.164 “0.196 0.219 0.156 0.151 0.200 0.143 (.141 0.171
2 Mg 0.338 0.377 0.387 0.193 “0.386 0.392 0,360 0.406 0.370 0.413
28 K 0.613 0.691 0.684 (.680 0.720 0.681 0.707 0.607 0.714 0.670
‘3 Na 0.071 0.058 0.084 0.061 0.097 0.071 0.063 0.161 ).088 0.080
N Ciax 0.040 0,027 0.036 0.091 0.044 0.018 0.032 0.062 0.040 0.040
2 (S1,AY 4.000 4.000 4,000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
S M 2.0U5 2.017 2.009 2.063 2.000 2.016 2.018 2.009 1.984 2.030
< R 0.724 0.776 0.804 0.832 0.861 0.770 0.802 0.830 0.842 0.790
Al 25,2 20.9 18.8 29.9 211 21.3 23.1 22.7 19.2 22.0
— Als 11.6 26.4 28.1 34.4 29.0 23.8 20.9 26.5 31.2 26.1
o 63.2 92.2 53.1 0 35.7 49.9 54.9 56.0 50.8 49.6 51.9
“
5o
s . oz 02801 0.310] 0285 0699 0364 02091 0331] 0371 0.325| 0335
S oA 43y L0476 | 0,478 | 40556 | 4£0.223 | +0.542 | £0.495 | --0.506 | 4-0.522 | L0559 | --0.494
B X 36.3 34.4 31.8 53.8 40.2 33.6 35.0 39.2 6.8 337
T a8z 61.8 60.0 65.2 31.7 59.8 61.0 50.5 58.0 57.8 579
S U —1.9 | —56 | —3.0 |-145 0.0 | —5.4 | —57 | _—_28 | -r5.4 | —89
“»
3
2 al 6.6 19.8 21.2 38.9 25.0 16.5 14.9 21.6 26.7 19.6
S felll (8.9 3.4 49.8 41.1 47.9 56.6 57.4 51.1 47.5 51.6
fell 7.6 8.1 9.7 10.6 7.8 7.5 9.4 7.1 7.1 8.4
= mg 16.9 18.7 19.3 9.4 19.3 19.4 17.8 20.2 18.7 20.4
al 4 g 23.5 38.5 40.5 48.3 443 35.9 32.7 41.8 45.4 40.0
al - fell i4.2 27.9 30.4 49.5 32.8 24.0. 24.8 28.7 33.8 28.0
al - felll 73.0 73 71.0 80.0 72.9 73.1 72.3 72.7 742 71.2
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the more, on an average, it contains aluminium in the octahedral layer. Only
Jurassic glauconites do not fall in this differentiation series, as their point
is displaced far toward the centre of the triangle. They are all of common
origin from Jurassic sandstones of Central Russia and they are abnormally
rich in aluminium, octahedral, tetrahedral or both. All have been analyzed
by the same author (Glinka). It is beyond doubt that the discrepancy of
Jurassic glauconites is of a systematic and not accidental character.

In the orthogonal graph fig. 11, p. 66, the differentiation of glauconites
with varying geological age is less apparent. Recent glauconite has the smallest
z and (z + 3u), Tertiary glauconite—both values somewhat greater, Palaeo-
zoic glauconite — the greatest. Cretaceous glauconite has (z 4+ 3u) still
greater, but z smaller. One can say that the sum (z + z -+ 3u) rises with
increasing geological age. The average of Jurassic glauconites is far remote
from the area of typical glauconite and falls into the phengite field, having
a much greater £ and smaller (z 4 3u); but the sum z + z 4+ 3u is inter-
mediate between that of Cretaceous and Palaeozoic averages and does not
contradict the above-named rule. As the sum z 4+ z + 3u = y 4 ¢, this
rule- might be expressed in the following terms: the proportion of interlayer
cations rises with increasing geological age.

In the twofold triangle (fig. 12, p. 67) the variability of glauconite with
rising geological age does not show any apparent regularity. Recent and Cre-
taceous glauconites have very small negative U, the latter showing a some-
what higher proportion of Z. In Tertiary glauconites the negative U is a little
greater. Palaeozoic glauconite departs in the opposite direction, having
U =0. Jurassic glauconites lie as usual quite apart from other glauconites,
as they are much richer in X and poorer inZ. It is beyond doubt that Juras-
sic glauconites are quite abnormal in many respects and that they are either
strongly contaminated with some other micaceous mineral, or represent
a not achieved equilibrium on the way of glauconite formation from some
argillaceous material.

The threefold square diagram (fig. 13, facing p.68) presents a very distinct
differentiation of glauconite averages of a varying geological age. This may
be seen best in square I1: Fell and Mg seem to have no part in this differentia-
tion, while Al and Fe!!I are of great importance; the average recent glauconite
is situated nearest to the coign felll, the other averages in the sequence of
increasing geological age lie at a growing distance from that coign. The
position of the average of Jurassic glauconites is exceptional in this diagram
too, as it is particularly rich in AI6 and shows an unusual prevalence of Fell
over Mg.

Considering the differentiation of the chemical composu;lon of glauco-
nites in connection with the kind of sediment, we may also perceive 1n the
diagrams distinct signs of some regularity.
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In the concentration triangle AI*AlR (fig. 9, p. 59) the points of average
glauconites from sands, sandstones, marls and limestones lie rather near
one another, but they are arranged clearly in that sequence, from the sand
glauconite, the furthest from corner Al° to the limestone glauconite, the
nearest to that corner.

The orthogonal diagram (fig. 11, p. 66) shows that the parameter
(z + 3u) of average glauconites grows steadily in the following sequence:
sands — sandstones — marls — limestones. As regards the parameter z, we
can see that its smallest value belongs to the glauconite from sands, the
greatest to that of marls, while the glauconites from sandstones and limestones
have intermediate values. Taking into account the sum (z -+ z -+ 3u)
corresponding to the total amount of interlayer cations, the same sequence
as for the ordinate (z + 3u) may be ascertained: sand — sandstone — marl —
limestone. This regularity might be expressed as follows: the content of
interlayer cations in glauconite increases with the rising proportion of lime
carbonate in the sediment.

In the twofold triangle + U XZ—U (fig. 12, p. 67) the glauconite averages
for different sediments are slightly differentiated with respect to. the
parameter U. The lowest position with small negative U corresponds to
the glauconite average from sandstones; a little higher — to the glauconite
from sands, still higher — to that of marls with very small negative U.
The highest position with small positive U belongs to the average
glauconite from limestones. Thus, we can suppose that the abundance of
lime in the sedimentary environment seems to exert some influence on the
sum of octahedral cations (the greater the lime content, the greater the
positive value of u).

In the threefold projection of the tetrahedron al fe' fell mg (fig. 13,
facing p. 68) the differentiation of the average chemical composition of glauco-
nite from different kinds of sediments is quite apparent. The average
glauconite points of sand and sandstones lie nearer to the coign fe'll, that
of marls — further from it, of limestone glauconite — still further and very
near to the point of average Palaeozoic glauconite. The conclusion to be
drawn from this observation might be expressed in following terms: the
growing proportion of lime carbonate in the glauconiferous sediment
diminishes the usual prevalence. of ferric iron over aluminium in the
octahedral layer. A -

The representative points of the average of typical glauconite T do not
lie in the very middle of all other average figures in the discussed diagrams.
-In some of them, as in fig. 11 and 12, its position is fairly peripherical or excen-
tric, which, at the first glance, might appear incongeivable. This can be
explained by the fact that the average of typical glauconite is not the average
of the mean glauconite compositions for different geological formations or
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facies of sediment, because a great number of individual glauconite analyses,
with signs of specific differentiation, have been excluded from this average
and, on the other hand, some analyses of glauconite of unknown age or sedi-
ment type have been here taken into account.

Summing up all the above considerations, we can state that the dif-
ferentiation of the chemical composition of glauconite, with regard to its
geologic age and the kind of sediment, seems to be out of the question. The
older the geological formation, the smaller in its glauconite the prevalence of
ferric iron over aluminium in the octahedral layer and the greater in its glauco-
nite the total amount of interlayer cations. On the other side, the greater
the lime carbonate content in the sediment, the lower the sum of octahedral
cations in the glauconite, the smaller the prevalence in it of ferric iron over
aluminium in the octahedral layer, and the higher the proportion of interlayer
cations.

From the first part of this statement we may draw some conclusions very
important for geology and geochemistry. The formation of glauconite in
recent seas probably occurs at a stronger, on the average, concentration of
ferric iron, than in seas of foregoing geological epochs. At the same time less
interlayer cations (chiefly potassium) are rnow adsorbed by glauconite in
course of formation, than it was, on the average, possible in older geological
epochs, especially in the Palaecozoic epoch. This would mean, that the geo-
chemical conditions at the sea bottom, in places favourable for glauconite for-
mation, have undergone, during the whole geological history, a continual
evolution, in the direction of a growing concentration of iron and decreasing
concentration of potassium.

In connection with that conclusion the opinion of Conway (12, 13) may
be cited that the concentration of potassium in oceanic waters had gradually
decreased from the Cambrian to the actual time, in pursuance of selective
sorption of this cation by minerals like illite and glauconite settling con-
tinually on the sea bottom. Thus, the geochemical balance of potassium in
oceans would be negative: more potassium is eliminated from the sea water
by selective sorption than supplied by the continental weathering and rins-
ing. In pre-Mesozoic times, the chief adsorbent of potassium would be illite, ’
later, till the present time — glauconite.

I cannot agree with the statement of Cayeux (8), repeated after some
previous authors, that only younger glauconites show the preponderance of
ferric over ferrous iron, and that in the older glauconites this ratio changes
in favour of the latter. The analytical material collected in the present study
proves that in glauconites of any geological time, from the Cambrian till
now, ferric iron prevails 5 to 9 times over ferrous iron and that the absolute
proportion of the latter does not rise with growing geological age. The ratio
Felll/Fell may decrease a little in older glauconites, but this is due chiefly
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to the decreasing preponderance of Felll over octahedral aluminium, as . was
pointed out above.

It is not impossible, however, that the chemical differentiation of
glauconite in various geological times may have been influenced by another
factor than the geochemical evolution of the hydrosphere. The effects of
diagenesis and katagenesis? in achieved series of sediments could also cause
some chemical changes in the composition of glauconite. The older the sedi-
ment, the longer they have been in operation and the greater the secondary
transformations undergone by the glauconite. It could be imagined that such
processes are able to carry away some iron from the octahedral layer and to
enrich the interlayer gaps in potassium. At the present state of knowledge
one cannot exactly appreciate the importance of such katagenetic factors
for the chemical variability of glauconite, but I am inclined to believe that
they cannot have any primordial and general importance in this respect.

Serious perplexity.is caused by the fact that the differentiation of glauco-
nite with regard to varying geological age, and the differentiation of
this mineral with regard to the content of lime carbonate in the sediment
show quite identical trends; the proportion of interlayer cations and the
quantitative role of aluminium in the octahedral layer increase with
growing geological age, as well as with growing content of CaCOj,.

Why did two quite different and independent factors exert nearly the
same effects on glauconite?

The convergence of the chemical differentiation of glauconite with re-
gard to two different factors — the geological age and the lime content of
the sediment — may be explained in part by the assortment of the analysed
material. Early Palaeozoic glauconites in our collection originate, in 6 cases
out of 10, from Ordovician sandy limestones, Cretaceous glauconite, in 6
cases out of 13, — from marls and sandy limestones. On the contrary, out of
18 glauconites of Tertiary age 14 originate from sand and sandstones and
all recent glauconites — from greensands. Therefore, the average analyses
of glauconites set in the sequence of growing geological age, may show the
increasing role of limestone. The convergence in question might have no
real . scientific significarice and might be caused, to some extent,” by the
accidental assortment of glauconite analyses published hitherto.

Then, it is possible that only one of the two factors — geological age
or the lime content of the sediment — has real significance for the chemical
composition of glauconite. But it cannot be excluded that both factors
exert some influence on that composition, although their individual role
cannot be determined at the present time. Which of them should be consider-

ed as primordial and independent from the other?

¢ Fersman defines katagenesis as internal changes occurring in accomplished sedi-
mentary rocks much later, after their sedimentation, and without any apparent con-
nection with Lhe sedimentation itself.
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In principle it might be expected that the composition of glauconite
could depend chiefly on the physico-chemical conditions of the sedimentary
medium. Thus, the facies of sediment should be of primordial importance
for the chemical constitution of glauconite, while the epoch of its formation,
ancient or recent, should be less consequential in this respect, as the con-

" ditions of that formation could not essentially change during geological his-
tory, according to the principle of geological actuality.

On the other hand, the sedimentation of glauconite involves some spe-
cific complications, which, in some sense, contradict the abovenamed theoreti-
cal opinion. Glauconite forms in places of delayed, interrupted or negative
sedimentation (submarine erosion), where finer clastic material is rather
carried away by the agitated water into the neighbouring areas of the sea bot-
tom, characterized by quieter sedimentation. Thus, the place of formation
of glauconite and the place of the sedimentation of its fresh grains are usually
not identical and possibly very distant. Therefore, the quality of the glauco-
niferous sediment may have no direct connection with the chemical composition
of glauconite grains, as they have immigrated from another place. The geologi-
cal aspects of such a view will be discussed in the last chapter of this paper.

I am inclined to believe that the indubitable differentiation of glauco-
nite is due chiefly to the geochemical evolution of the hydrosphere during
the post-Cambrian history of the Earth. The influence of the quality of the
sediment on the chemical composition of the true and typical glauconite,
developed in common rounded grains, is, in my opinion, rarely of any impor-
tance because such glauconite was usually formed somewhere else than
where it was deposited. If some influence of the petrographic properties of
the sedimentary rock on the chemical composition of glauconite were postu-
lated. then it would occur rather in an indirect way: the diagenetic and kata-
genetic processes, depending on the structure and composition of the glauco-
niferous rock, could, to some extent, affect the primitive form and com-
position of the glauconite.

Unfortunately, at the present state of knowledge, no sure arguments
can be foand-in favour of this opinion. The analytical material published
up to the present was shown, in the previous discussion, as by far insuf-
ficient for this purpose. To solve all questions and to elucidate all troubles
pointed o1t in this chapter, much new analytical work must be done. Special
comparative investigations must be undertaken, which: would supply many
analyses of pure glauconite from separate sediment facies of a selected for-
mation series of definite geological age. Not before then will the assertion
be possible, as to how wide is the scale of the chemical differentiation of
glauconite with. the flow of geoleogical time, nor the decision, whether the
facies of sediment and eventual diagenetic transformations play here .any
particular and independent role.
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ROLE OF WATER IN GLAUCONITE

In the crystallochemical discussion upon glauconite and its affinity to
other micaceous minerals nothing was said about the role of water in its
constitution. It was anticipated that, like muscovites, there are two hydro-
xyl ions for the space unity expressed by the general formula, and the rest
was considered as adsorbed water in neutral molecules (n H,0), which did
not play any part in all crystallochemical calculations:

R, M, [(OH),Si, Al _O,,]-n H,0

yow

It would certainly be wrong to content ourselves with such an aprioristic
statement, because water is, of course, a component very essential for the
crystallochemical constitution of glauconite. However, the question of water
in glauconite is a very difficult one, in consequence of quite insufficient
analytical data, and of many complications which have till now been very
little considered.

Chemical analyses of glauconite offer the weight % of water determined
by various methods and expressed either as a whole, or with separation of
H,0 +110° and H,0 —110°, or sometimes, after desiccation in 105°C.
These different modes are not always indubitably stated by the analyst, and
then the interpretation of the analysis meets with serious doubts. The dis-
tinction between H,O +110° and —110° has no real significance, as it was
shown, that the adsorbed water cannot be totally expelled at 110°. However,
information is essential whether the figure for water in the analysis repre-
sents the total water, or only part of it after partial desiccation. In reality
the water content of glauconite depends upon the humidity of the air (partial
pressure of water vapour), and possibly also upon the degree of pulveri-
sation.

The total amount of water revealed by chemical analyses oscillates
within very wide limits which in part can be explained by the above named
circumstances. The statistical diagram fig. 14 shows that 2/3 of the analyses
denote the water content between 6 and 10% of weight. The average of typi-
cal glauconites gives 8.12% H,0.

Common. micas (muscovite, phengite, biotite) exhibit much smaller
amounts of water, usually 3-5% of their weight; it is comprehensible, as they
do not contain any adsorbed water, except minor amounts kept quite super-
ficially by the powdered material. Nearly the whole water enters here
into the ionic constitution of the layer structure as (OH),.

Illites, however, contain much more water than common micas, and even
more than the average glauconite; 7 analyses of illite, hitherto published, offer
total Hy,O within the range of 8.5-12%. Those analyses discern, according
to the common usage, two separate portions escaping below and above 110°C;
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—H,0 oscillates between 0.6-5.5%, +H,0 — between 6-8.9%. If we would
consider all +H,0 as participating in the ionic structure of the mineral in
the form of (OH), then the illites must contain it in much greater proportion
than true micas, and the pretended analogy of the erystallochemical formula
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Fig. 14
Statistical graph of total wawer vontent in che nical analyses of glauconite

must be questioned. I believe that in illites, as well as in glauconite, only
a fraction of + H,O is really constitutional water, because the adsorbed
water escapes wholly in temperatures much higher than 110°C. On the other
hand, the hypothesis of Brown and Norrish (6) must be remembered, accord-
ing to which some portion of water may be present in the form of oxonium
(H,0)*+* placed together with potassium in interlayers.
~ 'On that occasion another assumption may be quoted: illites, as well as
some hydromicas and vermiculites, may have no homogeneous crystal struc-
ture, but may consist of alternate submicroscopic beds of mica and montmo-
rillonite, Such an alternation of muscovite K Al, [(OH),Si,Al0,,] and mont-
morillonite AlL,[(OH),Si,0,,]-n H,O may offer a satisfactory explanation of
the reduced proportion of potassium and tetrahedral aluminium with pre-
served ratio 1:1 (y = z), especially characteristic for illite, and, at the same
time, of the augmented proportion of silica and water. The recalculation of
an analysis of illite could be easily made with the assumption that magnesi-
um and ferrous iron substitute isomorphically aluminium in octahedral
layers of muscovite and montmorillonite. Thus, for example, the analysis
of illite I, could be interpreted as such a mixture in the ratio of 63% musco-
vite and 37% montmorillonite.

The pholidoides of Thiébaut (f,—f,) contain similar amounts of water as
glauconite, i.e. 6.2-8.9% of ‘weight. It is very interesting that physically

6 — Archiwum Mineralogiczne
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homogeneous macrolamellar modifications as skolite and bravaisite contain
still more water (about 13.5% H,0). The role of water in bravaisite was long
ignored, till the thermal analysis executed by Sabatier (48) proved that it
exists there as well adsorbed as constitutional water (see fig. 16B). For sko-
lite precise data were furnished by me (63):

Continuous water loss up to temp. 160°C 8.71% of weight
i 73 ., between 160-400°C 0.87% 1

at 180° change of colour from green to rusty

Water loss above 400° 3.69% i

Those data lead to the conclusion that constitutional water is represent-
ed by the portion escaping above 400°. Its amount is similar to that of com-
mon micas and conduces to the proportion (OH), in the general formula. On
the contrary, water escaping continually from room temperature up to 180°C
had been certainly adsorbed (about 9% of weight), and its total loss is con-
nected with some persistent and unreversible change in the ionic structure
of skolite, which is marked by the colour change from green to rusty. My
paper on skolite was written before Gruner’s statement about the structural
identity of glauconite and muscovite. Therefore, my formula of skolite was
given there in pure stoichiometric form:

H,(K,Na) (Mg,Fell,Ca) (Al ,Felll),Si O,,-4H,0
Now, it must be adjusted to the general formula of micaceous minerals:
(K, Na,Ca)q.¢4(Al, Fel'T, Mg, Fell), o [(OH),Si5.4Al,.,04,]- 2H,0

For the normal glauconites we have no such exhaustive information
upon the quantitative proportions of water escaping at different intervals of
temperature. But already in the paper of Pilipenko (45) clear distinction was
made between the portion escaping below 180°, with final change of colour
from green to rubiginous (like skolite), and another portion lost at red-heat
and representing the water of chemical constitution. Alone the paper of
Kampioni-Zakrzewska (36) on the Senonian glauconite from Bujandéw
brought precise data on the water loss with rising temperature; as they were
obtained with the same method as for my skolite, the results are strictly
comparable ang can serve for more general conclusions.

Fig. 15 shows the curves of dehydration with rising temperatures for
skolite (dotted line) and glauconite from Bujanéw (heavy line). The similari-
ty of both curves is apparent, and permits to consider the role of water in
both minerals as nearly identical. Both curves have three distinct sectors:
the first, up to 180-200°C, is very steep and presents the continual escape of
adsorbed water; the second in the interval 200-400°C, is slightly inclined and
corresponds to an interruption or strong retardation of the water loss; the
third from 400°C upwards is again steep and determines the escape of the
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constitutional water. Glauconite and skolite both undergo a significant de-
colouration on the limit between the Ist and 2nd sector; in both the constitu-
tional water amounts to about 3.5-4% of weight. A serious difference exists,
however, in the total proportion of adsorbed water, which in skolite is much
greater than in glauconite. Another discrepancy concerns the interval 200-
-400°C in which skolite retains the same water content, while glauconite
from Bujanéw loses about 1.5% of water. It has not been proved that all

other glauconites would behave in the same manner.
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Dehydration curves of skolite and glauconite after Smulikowski (53)
and Kampioni-Zakrzewska (36)

These are very significant differences and may be related to a diiferent
degree of crystallization: glauconite being an unoriented cryptocrystalline ag-
gregate compressed into rounded grains, skolite, on the contrary, ferming
macrocrystalline blades of great homogeneity, although somewhat inflec-
ted. If glauconite contains less adsorbed water than skolite, in spite of its
splitting into cryptocrystalline scales, and thus having a very great specific
surface, then its adsorbed water cannot be retained superficially as adhe-
sive water. It must be included within the crystalline layer structure. The
fact that between 180 and 400°C water escapes from glauconite, though very
slowly (its discharge in skolite being almost totally interrupted). might pro-
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bably be explained by the structural homogeneity of skolite, which offers
open ways for the escaping molecules, while in the confused aggregate of
glauconite this facilitation does not occur in such a degree.

On fig. 16 are reproduced some thermic differential curves of glauco-
nite, bravaisite, illite and montmorillonite, drawn from the papers of Grim
and Rowland (22) and of Sabatier (48). Obviously the curves determined by
different authors, using somewhat different apparatus, cannot be strictly
analogous in their vertical scale. The horizontal scale of temperatures must,
however, be fairly comparable. The first great endothermic minimum of
glauconite at 150-200°C corresponds to the loss of adsorbed water, the second
minimum at 550-600°C — to the loss of constitutional water. Unknown is
the cause of the third minimum at 900°C, which might be due either to some
small separate water portion, or to any endothermic reaction of other con-
stituents of totally dehydrated glauconite. This minimum is distinctly shown
only by the curve of Grim and Rowland, while in the curves of Sabatier it
is almost indiscernible.

The differential thermic curves of illite are very similar to those of glauco-
nite, except the exothermic peak at 950°C, denoting the formation of spi-
nel from the dehydrated illite. Sabatier insists on the diagnostical importance
of a small cog before the first minimum of glauconite, which is lacking in
the illite curve. On that ground he reckons bravaisite among illites, as its
curve is free of this complication. The comparative crystallochemical discus-
sion made in the present study proved indubitably that bravaisite is fairly
distant from all illites and if it were to be included in any wider mineral
group, only pholidoides would have to be taken into account. In the thermic
curve of glauconite, published by Grim and Rowland, no such cog is indicat-
ed and possibly it has no constant and essential significance. I am inclined
to expect that it is impossible to make a diagnosis of illites and pholidoides
by means of differential thermic analysis alone.

The localisation of constitutional water in the crystal structure of
glauconite, -in the form of the (OH) anions close to the tetrahedral layer,
does not arouse any doubts. However, the localisation of neutral water mole-
cules in the glauconite structure meets with many serious difficulties. This
water, called ,,water of adsorption’’, behaves as the zeolitical water: its
amount in glauconite and skolite depends upon the partial pressure of water
vapour in the atmosphere; it can be partially expelled by heating and
then, after cooling, reintroduced from the air into the structure of those miner-
als. Only when they are overheated above 180°C and their colour changed to
rubiginous, the water cannot return into the crystal structure. One may
conclude therefrom that the green colour of glauconite is due to the presence
of interstructural water molecules, and that their total elimination causes
some structural transformations, which cut off the way for their re-entrance.
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Water of the zeolite-type is not any exclusive prerogative of the zeolite
group, belonging to the space silicates with wide caverns or channels in their
crystal lattice. Besides other substances, also layer silicates may offer ana-
logical opportunities. Apophyllite, vermiculites and montmorillonites are
the best known examples. The latter, having the structure most similar to
muscovite, could serve as an especially useful illustration.

Neutral water molecules in montmorillonite can also be easily expelled
from its structure by heating or cold desiccation and afterwards reintroduc-
ed. They are accumulated in the interlayers, i.e. in those intervals of the
layer structure which in micas are occupied by the big interlayer cations
R. Those interlayer spaces set open the way for wandering water molecules,
which-can, in favourable conditions, be replaced by some other molecules.
‘T'his explains the strong absorption power of montmorillonite and the indus-
trial application of many clays rich in this mineral (e.g. bentonites).

It is well known from many experiments that glauconite also exhibits
a strong adsorption faculty, not only towards many neutral molecules, but
also towards different cations in the way of base exchange. The excellent
ability of glauconite to refine crude petroleum, paraffine and some other
organic liquids was long ago ascertained by me in my first work on the
glauconite of Roztocze.

It may, therefore, be admitted that glauconite, like montmorillonite,
is provided with flat interlayer lacunas in its lattice structure, filled with
neutral water molecules, which are able to depart, to return, or to change
place with some other molecules. There exists, however, a fundamental dif-
ference between glauconite and montmorillonite;, disproving such a simple
analogy.

Glauconite contains many large cations R (chiefly potassium) occupying
between the tetrahedral layers those places which are empty in montmoril-
lonite and which can, therefore, be filled with water. Those interlayer la-
cunas in glauconite are not so closely filled with potassium as in true micas,
because y is usually smaller than 1. There are probably some gaps in the lay-
er of potassium ions. But as the deficit of ‘potassium in glauconite is never
very great (y = 0.7-0.8), those gaps cannot suffice for lodging the whole
water (about 2 H,0). Where could it find place in the structure of
glauconite?

It would be worth trying whether glauconites and pholidoides, like il-
lite, could not be imagined as a set of parallel submicroscopic beds of alter-
nating mica and montmorillonite layer structures. In view of the- results
of the above crystallochemical discussion, only alternate intergrowths
of phengite and magnesiferous nontronite would be admissible in glauco-
nite: '

p {K(AlrMg’Fe)z[(OH)z(Si’Al)4olo]} +g {(FeIH,Mg)2[(OH)2Si4010]"-.nH20}
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In pholidoide similar intergrowths of phengite with ferri-montmorillonite
must be postulated:

p {K(Al,Mg,Fe),[(OH),(Si,A1),0,,]} +

+ ¢ {(Al, Fe'™,Mg),[(OH),S5i,0,,]-n H,0}

As far as typical glauconite is concerned, a short reflection leads to the
rejection of such a hypothesis, because glauconite contains at least twice
more interlayer cations than tetrahedral aluminium. Therefore, the addi-
tion of nontronite in a proportion necessary for obtaining sufficient excess
of ferric iron, must reduce the content of interlayer cations (chiefly potas-
sium) much below the allowed minimum. For pholidoides such a possibility
cannot be excluded, as they contain somewhat less potassium and its excess
over tetrahedral alumina is usually smaller. But even here it is very little
probable, because the existence of mnontronite, very rich in magnesia in
any submarine medium, must be seriously questioned. Therefore, the whole
hypothesis of the mixed constitution of glauconite and pholidoide may be
considered as quite improbable.

Then another solution of the question must be .sought, which, rejecting
all mixed and heterogeneous structures, could satisfy the postulate of a tran-
sitional character of the glauconite structure between micas and montmo-
rillonite. Fig. 17 offers a schematic comparison of layer structures of muscovite
and montmorillonite, and explains in a graph a hypothetical possibility of
an intermediate structure of glauconite or pholidoide.

Two tetrahedral layers [(OH),Si,Al0,,] of muscovite turned against
each other with the faces of tetrahedrons, are separated by a full number of
potassium ions balancing electrostatically the negative charge of both ad-
herent layers. In typical montmorillonite tetrahedral layers do not contain
any aluminium [(OH),Si,0,,] and do not need any electrostatical balance
by the interlayer potassium ions. Therefore, the interlayer lacunas are filled
exclusively by neutral water. For glauconite it could be imagined that the
tetrahedral layers of composition [(OH):Sis«xAlxOy0] are planted with potas-
sium ions on the surface against interlayer lacunas. On each layer surface
there are attached somewhat less than half of the potassium ions needed by
the muscovite in its single interlayer space. Between the glauconite layers with
superficially planted potassium ions the neutral molecules of water could
{find place in a free state, guaranteeing the possibility of escape and return.
After the total expelling of interlayer water by heating at 180-200°C the layers
‘planted, with potassium ions must join together, which is manifested by the
discolouration of glauconite, and then the way back for the water is de-
finitively cut off.

‘Such a hypothetical structure of glauconite, after total loss of interlayer
water, should give the same elementary distance ¢ as muscovite (about 10 A).

(for cont. see p.88)
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But with interlayer water present in primitive green glauconite this distance
must be greater, like in montmorillonite. However, the roentgenographic
determinations of primitive glauconite conduce to equal lattice parameters,
as in true micas. .

Thus, we become convinced that the question of water in glauconite in-
volves many controversies and, up to the present time, is far from final
elucidation. For this purpose new exhaustive investigations are necessary,
especially many analyses of dehydration, differential thermal analyses and
roentgenographic determinations of glauconite structure, not only primitive,
but also dehydrated in various stages and temperatures.

The question of possible participation of oxonium (H,O)*! in the struc-
ture of glauconite is also connected with that task. Can its presence be de-
monstrated by any particular leap in the curves of dehydration or in dif-
ferential thermic curves? Can its amount be determined by those means?
It has not, as yet, been possible to answer these questions.

PHYSICAL PROPERTIES OF GLAUCONITE

These properties must depend on the crystal structure of the mineral
which is quite like mica. Thus, glauconite must exhibit a perfect cleavage
parallel to (001) plane corresponding to the plane of structural layers. The
hardness of glauconite also approaches that of mica, or is somewhat lower
(about 2). The perfect micaceous cleavage cannot, obviously, be shown in
common glauconite grains built of chaotic cryptocrystalline aggregates.

Optical characters

The orthoscopic examination of the thin scctions of glauconite offers
a characteristic image of a compact mass of confuse anisotropic points,
lighting up and dying out alternately with various interference colours, when
turned between crossed nicols. Thus, glauconite has the appearance of an
amorphous matter which was altered and recrystallized into a cryptocrystal-
line aggregate, without any faculty to develop more perfect crystals.

In microscopic slides of glauconite-bearing sedimentary rocks, one can
meet, in some glauconite grains, with minute spots or thin margin of more
uniform extinction. Of course, the recrystallization of glauconite procecds
towards a more regular arrangement of the confuse structure, and tends
towards true crystalline homogenization.

Rarely, and exclusively in older sediments, we may find. singular
glauconite grains which appear ncarly homogeneous in their total mass
and show almost uniform extinction. The crystalline homogenization of the
primitive amorphous and confuse structure has proceeded here to the very
end. Sometimes, we can sec there distinct cracks of micaceous cleavage with
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parallel or very slightly inclined extinction. In such homogenized glauconite
grains many optical determinations could be obtained by various authors.

Table 16

Optical data of common glauconites
(arranged in sequence of decreasing ratio Fe,O,: Al,0,)

. Fe,0,
g ng n, P 2v, Al,OamOL

1 Tuscarora (Pacific) 1.645 12.9
20 Whare Flat (New Zea-

land) : 1.592 1.614 100 4.4
21 Elephant Hill ., " 1.610 1.634 100 2.2
24 Waianakarua ,, - 1.604 1.624 10-200 2.2
23 Otepopo - 5 1.602 1.627 120 2.0
19 Makerewau . . 1.602 1.618 10-200 2.0
25 Tys$mienica (Carpath- '

ians) 1.608 1.6
61 Norwalk (U.S.A.) 1.640 1.4
37 Woodstown (U.S.A.) 1.630 1.4
22 Kakoubo (New Zealand) .| 1.600 1.621 1.4
60 Bonne Terre (U.S.A.) 1.597 | 1.618 1.619 200 1.4
33. Bujanéw (U.S.S.R.) 1.593 : 1.3
59 Norwalk (U'.S.A.) 1.628 11
51 Crailsheim (Tirol) 1.602 1.1
36 Folkestone (England) 1.622 1.0 -
31 Milburn (New Zealand) 1.601 1.615 0.9

Optical orientation of glauconite is quite the same as in micas: the acute
bisectrix a is nearly perpendicular to the cleavage plane (001), the cleavage
flakes comprise the vectors f and y. Optical sign negative, axial angle 2 Vq
very small, often almost zero, dispersion of optical axes p > v probably
inclined. Pleochroism wvery distinct (a < # =1v): a=pale yellowish-green,
B = y — grass green to emerald or blue green. Refraction indices with
other optical data are listed in table 16, in the sequence of decreasing ratio
Fo,0; : Al,04. Obviously individual vectors n,, ng, n, can be determined only
in highly homogeneous grains which are very rare. In ordinary grains with
normal confuse cryptocrystalline structure, only an average index of refrac-
tion can be measured (nm) which approaches the medium index ng.

It may be presumed that the optical data of glauconite will change with
varying chemical composition.As the strongest chemical variation concerns
the proportion of ferric iron and aluminium; one may expect, that the refrac-
tion indices should increase with growing Fel'I and decrease with growing Al.
The graphs drawn by me (§3) and later by Hutton and Seelye (32) confirm,
in general, those presumptions, although that connection is not very distinet
and strongly troubled by the intervention of some other factors. Onc of them
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is certainly the variable content of interlayer water. It was proved by Saba-
tier (48) that glauconite, when desiccated over concentrated sulphuric acid,
has somewhat higher refraction indices than in the natural state. The dif-
ference is quite essential, as it affects the second decimal place (0,007-0.012).

The data of Gorbunova (19) accord very well with the above observations,
as the refraction indices of aluminous varieties are distinctly lower than
those of ordinary iron-rich glauconite. I must also confirm this author’s
statement that the colour of glauconite and the intensity of its pleochroism
give infallible indication of the proportion of ferric iron and aluminium: the
greater the preponderance of Fe™ over Al in the octahedral layer, the deeper
the green colouration for light vibrations parallel to (001). Iron-poor pholi-
doides, among them also skolite, show relatively slight colouration, some-
times almost imperceptible in a thin section (,,colourless glauconite’’, type
3 of Gorbunova).

Worth remembering is the statement of Collet and Lee, that the older the
geological formation, the less intense the colouration of its glauconite (e.g.
British Cambrian glauconite almost colourless in thin section). The con-
clusion to be drawn, that the older the glauconite, the smaller its content of fer-
ric iron, agrees perfectly with the results of the discussion in the foregoing
chapter about the connection between geological age and chemical com-
position. The question, however, remains open, whether this differentiation
was caused by variable conditions at the sea bottom, at the time of the for-
mation of glauconite, or if it was impressed by later changes in consolidated
lithological series (katagenesis or metamorphism?).

More exadct optical determinations were obtained by me on skolite (53),
which is, in every respect, very near to glauconite, and, therefore, serves
useful supplements to glauconite optics. These determinations could be
more exact thanks to the macrocrystalline development of skolite.

n, = 1.586 a | (001), Plane of optical axes || (010)

ng = 1.581  Dispersion v > p inclined
n, = 1.559  2Vq very variable 0-85°, usually 35-65°

n, — ng=0.027  Average 2Vq = 50.5°

Dispersion of optical axes grows with decreasing 2Va.

Pleochroism distinct: @ — pale greenish yellow

alf=y B = v — light green

In full agreement with the imputed decrease of the refraction indices with
decreasing proportion of ferric iron, skolite appears as the extreme member
of the glauconite series showing smallest indices of refraction.

Summing up, we may state that glauconite complies well with the whole
mica group as regards optical properties. In its optical orientation it agrees
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with common biotite (Y = g) while in ordinary muscovites Y =y. From
true micas glauconite differs in its lower birefringence, approaching in this
respect other strongly hydratized mica minerals, as illite and hydromusco-
vite. One could conclude therefrom that the decrease of interlayer cations
and the enrichment in water of the mica structure abate the birefringence
of the mineral, without any notable diminution of the maximal vector n.
This vector is, however, strongly increased by the growing proportion of
ferric iron, whereby the intensity of colouration and of pleochroism also
increase.

ng p ny, 4 Ty =Ty 2V,
‘True muscovite 1.542-1.560 1.590-1.603 0.037-0.060 36-46°
Phengite 1.556 1.596-1.602 0.046 15-30°
Illite 1.555-1.570 1.587-1.602 0.027-0.033 50
Skolite 1.559 1.586 0.027 35-65°
Glauconite 1.592-1.627 1.614-1.645 0.014-0.025 10-20°

Owing to its high percentage of iron, glauconite exhibits relatively
strong paramagnetic properties, which enable, with the aid of an electromag-
net, its clean and easy separation from the sediment. It might be presumed
that with an increasing proportion of alumina in the octahedral layer these
properties should be lowered. The precise determination of this relation re-
quires special investigation.

The density of glauconite

This is a physical property involving much confusion. It is usually de-
termined in such a way, as if it could have a constant value in a glauconite
of any given locality. However, the great variability of the density of this
mineral is widely known, but usually disregarded with respect to its scale,
as well as to its real causes.

If we separate a glauconite of any given greensand by means of some
heavy solution, as bromoform or tetrabromethan, we steadily encounter the
fact that different glauconite grains from the same sample have different
densities and that individual differences in this respect amount to some units
in the first decimal place. The range of the variation of glauconite density in
the same sample was exactly determined by Gorbunowa (19). This variabil-
ity does not depend upon any impurities or foreign inclusions in glauconite;
it can be easily proved by microscopic control that all glauconite grains,
lighter or heavier, show the same degree of homogeneity. Then, some indi-
vidual, so far unexplored differences must exist among single glauconite
grains, consisting probably in their varying composition. When determining,
by means of a pycnometre, the density of a glauconite separated from any
sediment, we obtain an average and statistical value. The same must be said
about the chemical analysis of glauconite of any rock sample, which gives
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only an average composition of a great number of grains differing, of course,
to some extent from one another in their individual composition.

An attempt to apprehend the chemical difference between distinct glauco-
nite fractions of the same sample differing in their density was made long
ago by Glinka (1897). For the glauconite sandstone of Korovo he made two
separate chemical analyses. of the glauconite fraction of density 2.551
and of another glauconite fraction of density 2.400. The same was repeated
for the sandstone of Kosolapovo with glauconite fractions 2.749 and 2.634.
As may be seen in table 5, Nos. 35-36 and 37-39, different density fractions
of glauconite from the same sample exhibit very serious chemical differences.
Unfortunately, all those chemical analyses show a more or less abnormal
composition and may be suspected of contamination with some nonglauco-
nitic material. It would be very interesting to make a set of 5-7 separate chemi-
cal analyses of different density fractions of a quite typical glauconite,
showing a strong differentiation of density, for the sake of disclosing the
chemical variability of these fractions.

Among 68 chemical analyses of glauconite collected in tables 2-7,
there are 30 associated with density determinations. These vary between
2.40 and 2.95, and this variation should be connected with some chemical
diversity. 1t might be presumed that the most effective role in this dif-
ferentiation should be attributed to the iron-aluminium ratio and to the pro-
portion of water in glauconite. A graphical illustration of those relations is
offered in fig. 18.

According to our assumplion, it may be seen there that the greater the
ratio Fe,0,:Al,0,, the higher, in general, the density of glauconite. On the
other hand, the greater the water content, the lower the density. These rules
are, however, nol very regular, as individual points joined with fractured
lines show sudden leaps and deviations up and down from the curve of inter-
polation. This would mean that some other, at present unknown factors,
must intervene and modify the density of glauconite by their own incompre-
hensible modes. It is beyond any doubt, however, that the influence of water
content on the density of glauconite is more essential than that of the ratio
Fe,04:A1,0,, because the curve of the latter is more complicated and ir-
regular.

It has long been known that the dessication of glauconite strongly in-
creases its-density. I have pointed out in my first paper (62) that the density
of glauconite changes with the varying humidity of the air, which influences
the water content of this mineral. Consequently, the density cannot be con-
stant in glauconite as well, as it is not in zeolites or in hydrogels. In most
publications upon glauconite the authors seem to be oblivious of this fact
and consider their determinations of density, as if they had to do with some
mineral with a {irm water content.
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Salkatier (48) ascertained in his glauconites the following differences of
density between the grains saturated with water in normal atmosphere and
those dried upon concentrated sulphuric acid:

natural density | density upon HyaS0,

Cuise-la-Mothe (No. 12) 2.66 2.95

Fuget, Théniers (No. 21) 2,73 2.99
Villers-sur-Mer (No. 29) 2.63 2.98

The drying of glauconite in elevated temperatures must also strongly
increase its density. Exact relations in this respect have not, as yet, been
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Dependence of the density of glauconite on its water content
and on the proportion Fe,05:A1,0,

investigated. It is sure, however, that, had glauconite been chemically ana-
lysed after drying at 105° or 110°C, its density determined in this state could
not be representative for the natural mineral but would be much higher.
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Moreover, we do not usually know, whether the chemical analysis and the
determination of density do concern the average of glauconite from the whole
sample, or if they pertain to any fraction obtained during the separation
with heavy liquids. The authors do not usually say anything about that mat-
“ter, and often many doubts arise, whether full scientific value can be attribut-
ed to the results obtained by them.

FORMATION AND SEDIMENTATION OF GLAUCONITE

Older as well as more recent literature, treating on glauconite, devotes
much attention to the problem of the mode of its origin. This is a very im-
portant problem from the geological point of view, because it concerns the
conditions of the development of some characteristic marine facies of every
epoch and period, from the Lower Cambrian till the present time. The pos-
sibility of using glauconite as a mineral indicator for the configuration of
the sea ground, for the mobility of sea water, its temperature and saturation
with free oxygen, and for other geochemical and oceanographic conditions,
is very interesting and attractive to every geologist. In spite of so many
attempts in the course of several decades of scientific work, that question
still remains unsolved in many fundamental points.

Most data necessary for the solution of the problem of glauconite genesis
are supplied by petrographic investigations of glauconiferous sediments and
rocks. Eifforts were made to deduce the conditions, which would be favourable
to the formation of glauconite, from the relation of glauconite against
other components of the sediment — inorganic or organic — from its mode
of appearance and its distribution in definite rock-kinds of different sediment-
ary series. The most plentiful and valuable observations in this respect were
supplied by Cayeux (8) and Hadding (26). Few details could, however, be
collected about the sedimentary medium itself, especially with regard to
the chemical and physical properties of the bottom waters. No efforts were
successful for the artificial reproduction of glauconite in conditions approach-
ing those existing in nature. Thus, all hypotheses concerning the formation
of glauconite have, as yet, a rather speculative character.

The question of the origination of glauconite may be divided into two
different chapters: 1° physico-chemical and geological conditions of the for-
mation of glauconite, 2° the original material necessary for this formation.
The first chapter now seems to be made sufficiently clear on most fundamental
points, and does not involve sharp inconsistencies. On the contrary, the
second chapter is far from being generally accepted, full of confusing and
contradictory ideas.

Geological conditions of glauconite formation are to-day quite well es-
tablished. Glauconite forms in those places of the sea bottom, where the
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afflux of terrigenous material is secured in various grain sizes down to coarse
pelitic material, especially of fine sand and coarse mud. Limestones abound
in glauconite only when provided with sand or quartz pelite. In sediments,
consisting of the finest clay material, glauconite is generally absent.

Thus, true glauconite does not originate during quiet sedimentation of
finest material. But it isalso lacking where coarser detrital material accumu-
lates quickly, as in pure littoral environments. Conditions suitable to
glauconite formation are favoured by very slow or interrupted sedimen-
tation, in more or less agitated bottom water. Breaks in deposition and sub-
marine erosion by bottom currents also facilitate its origination. Therefore,
interformational conglomerates and ,,hard grounds’’ are often connected
with the formation of glauconite, which appears not only in common rounded
grains, but also coats and impregnates in pigmentary form pebbles, shell
fragments or older solid rocks.

Glauconite requires well salted water of the open sea and it avoids all
closed basins, diluted and troubled by great rivers. It does not originate
either in strongly oxidizing conditions, where the iron separates as red or
rubiginous ferric hydroxides, or in distinctly reducing, hydrosulphuric medi-
um produced by the excess of decomposing organic matter. Ferric iron al-
ways strongly prevails in glauconite, but ferrous iron, although subordinate,
is never entirely absent. This means that the oxidation potential at the sea
bottom is not sufficient for the total oxidation of iron to the ferric state.

This would speak in favour of the supposition that the water at the bot-
tom of the sea is rather rich in oxygen, but the reducing factors, e.g. chiefly
decomposing organic matter, prevent the course of oxidation to its very end.
The conditions of glauconite formation may be characterized as intermediate
between fairly oxidizing and fairly reducing ones. Therefore, small amounts
of pyrite are not rare in many glauconiferous sediments, and then the content
of FeO in the pure glauconite is usually somewhat higher. The presence of
free ferric hydroxides in glauconiferous sediments is also often encountered,
but in such a case secondary oxidation, posterior to the formation of glauco-
nite, may always be suspected.

In the marine sedimentation Pustovalov claims the distinction of a sepa-
rate geochemical facies, which he names glauconitic. This ,,glauconitic
facies’’ is characterized by a special position on the boundary between the
oxidizing and reducing environment, situated at the very surface of the ac-
cumulating sediment. In such conditions free oxygen contained in sea water
suffices for the complete decomposition of organic matter, but it is short
of converting total iron into the ferric state.

As regards the temperatures of the bottom waters producing glauconite,
we are deprived of any exact data and the opinions of different authors vary
widely in this respebt. The close connection of glauconiferous sediments



96 KAZIMIERZ SMULIKOWSKI

with phosphatic concretions was often pointed out. As the concentration of
phosphoric acid of organic origin is thought to occur especially in places of
the decease on a mass scale of marine microorganisms, particularly so in
the areas of mixing cold and warm sea currents, it was supposed that such
conditions are also favourable to the formation of glauconite.

As the original material necessary for the formation of glauconite many
alumosilicates of continental provenance were taken into account: felspars,
micas or clay minerals were quoted by different writers. Glinka, who first
identified glauconite with celadonite, has pointed out augite as the possible
source of both minerals. Galliher (16) ascertained gradual transformation of
detrital biotite into glauconite at the bottom of Monterey Bay in California.
Hendricks and Ross (30) quoted some examples of alteration of tuff fragments
or augite in glauconite. Basaltic glass can transform in sea water into pala-
gonite, an amorphous olive-green substance, rich in potash, and thus chemi-
cally approaching celadonite or glauconite.

Therefore, it is evident, that in favourable conditions at the sea bottom,
various mineral substances are able to alter gradually into glauconite or
other products near to it in their chemical composition. The conclusion to
be drawn from this is that sea water is able to transform many different
minerals into particular products, like atmospheric agents producing on the
continents various secondary weathering minerals. Such ,,submarine weather-
ing”’ was named by Hummel ,,halmyrolysis’’ and glauconite was claimed
as the most typical product of this process. The halmyrolytic action consists,
after Hummel, firstly in the selective leaching of alumina of various primary
alumosilicates and the simultaneous enrichment in iron, secondly in adsorp-
tive drawing of potassium and magnesium from sea water. Obviously, hal-
myrolysis may carry out its full action only when primitive mineral sub-
stances can, as long as possible, react with the bottom water, namely in such
places on the sea ground, where the sedimentation is stopped or, at least,
strongly retarded by agitated water.

A detailed critique of Hummel's hypothesis concerning the formation
of glauconite by way of halmyrolysis was given by me in my first paper (§2).
Later on Hadding (26) also stressed its weak points, mostly using the same
arguments as I did. It might be difficult to attribute exclusively to halmy-
rolysis the whole production of glauconite, when it proceeds on a mass scale.
The chief role must then be assigned to the process of coagulation of suspen-
sions and colloids originating from the continents, with simultaneous selec-
tive adsorption of potassium from the sea water. This mode of formation is
closely connected with the particular form of glauconite grains presenting
a dense aggregate of cryptocrystalline scales.

According to former views on the formation of glauconite grains, they
were considered as fillings of the shells of Foraminifera and the decisive role
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of the organic matter in the origination of that mineral was presumed. Those
views were supported by the findings of some oceanographic expeditions, as
the shells of Foraminifera filled up with glauconite were frequently record-
ed in actual oceanic muds. From there but a little step was necessary to
assume that all glauconite grains were formed in this manner, but that the
shells were dissolved and the shapes of the'glauconitic casts ground up by
agitated sedimentation. These views are even now very wide-spread and
deep-rooted in the minds of many geologists.

But it is beyond any doubt to-day that living organisms do not play any
essential role in the formation of glauconite. It was indubitably proved that
glauconite may originate from very different minerals, which have nothing
in common with any organisms. Only geological and physicochemical con-
ditions of the sedimentation decide about the possibility or impossibility of
glauconite formation. The occurrence of glauconite in the shells of Foramini-
fera is rather accidental; if the shell was filled up with some ,,clay matter’’,
the latter could be altered into glauconite in favourable conditions, but the
organism itself had no influence on this transformation. If the role of organic
matter might be postulated, then it must be rather intermediary and secon-
dary, consisting in stopping and neutralizing the oxygen-rich medium. It
is quite probable that the action of some bacteria intervenes as a necessary
regulator of the oxidation-reduction potential.

The shape of glauconite grains may be. explained as agglomerates of
colloidal flocks suspended in the mobile bottom water. Gorbunova (19) con-
siders glauconite grains as chemical secretion of amorphic material in the
form of microconcretions. The grains often reveal signs of plasticity in the
accumulating sediment, frequently conforming to adjacent quartz fragments,
flattening or agglutinating with each other. The lobate dissection of bigger
glauconite grains and the fissures notching their surface could be explained
by the shrinking of dresh coagulation during gradual dehydration and recrys-
tallization. Their colloidal state is certainly short-lived: some arrangement
of crystallochemical constitution on the model of the mica structure soon
occurs in them, enforcing the recrystallization into. confused aggregates of
finest scales. Different ions are then arranged in layers according to their
size, the colloidal water in part seized in the interlayer spaces, and the ex-
cess removed. It could be hardly admitted that this arrangement should
attain perfect regularity of the layer structure; one may rather expect many
gaps and local anomalies, which could explain common deviations from the
theoretical formula and the variability of quantitative proportions.

I have proved, in the foregoing chapters, that normal glauconites, with
an increasing proportion of octahedral aluminium, pass without any inter-
ruption into aluminous glauconites and further on into pholidoides, forming
a continuous mineral series. Pholidoides, however, in spite of their close

7 — Archiwum Mineralogiczne



98 KAZIMIERZ SMULIKOWSKI

crystallochemical relationship with glauconite, show another form of occur-
rence: instead of forming separate grains of agglomerated cryptocrystalline
scales, they are dispersed equally in the sediment, losing their morphological
individuality. In marls or other carbonate sediments, they are usually hidden
among other constituents, and, generally, hardly perceptible, even under
strong microscopic magnification. This explains why they were so long
unknown to petrographers, and even to-day not properly appreciated as
common and important mineral components of sedimentary rocks. Even
if a petrographer took notice of them, he would usually be inclined to de-
scribe them as sericitic or clay minerals.

It seems as'if the chief difference between the glauconites and the pho-
lidoides consisted just in the ability of the former to agglutinate in compact
aggregates forming grains. The chemical difference between both minerals,
consisting chiefly in the prevalence of Fel in glauconites and of Al in pholi-
doides, is mnot so decisive in the presence of aluminous glauconites, which
are intermediate between both. I suppose, a close causal connection exists
between the abundance of ferric iron and the ability of coagulation into
compact grains. This seems the more probable, as many common sedimentary
rocks, i.e. marls, gaizes, sandy limestones etc., contain both glauconite and
pholidoide: the former in dark green grains among the detrital components,
the latter in cryptocrystalline flakes dispersed in the rock cement. What is
the cause of such a morphological division of glauconite and pholidoide, if
they are connected with each other in a continual crystallochemical series?

The products of conlinental weathering of felspars in the form of
delicate suspensions of so-called ,,clay substances’’ are washed away into the
sea basins. The name,,clay’’ does not indicate, obviously, any definite miner-
alogical term, but in the geologic language it denotes a complex designation
of different products of continental alteration of alumosilicates, developed
in finest scaly aggregates. They can represent quite different minerals, but
they are connected by their common origin from hydrolytical splitting of
those alumosilicates (chiefly felspars) and by the appurtenance to the same
structural group of layer silicates (,,phyllosilicates’’ of Strunz). There are
true clay minerals from the kaolinite- or montmorillonite group, but also
so-called sericite i.e. finely crystallized varieties of light mica.

I believe that kaolinite-like products play a rather subordinate role
among those ,,clay-substances’” washed from the continents into the sea. Kao-
linite-bearing alteration requires quite special conditions, above all strong
acidification of cold or thermal waters, and it was probably never so wide-
spread as is generally accepted. I think that most of the so-called ,,clay pro-
ducts’’, furnished incessantly by the continents, correspond to strongly hydrat-
ed ‘and potassium-poor varieties of the mica group, such as hydromusco-
vites, and chiefly to modifications near to illite. Contrary to kaolinite, wholly
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deprived of large cations (K,Na,Ca), they are produced Dby -partial
hydrolysis and always contain important amounts of potassium involved in
their crystallochemical constitution.

In my opinion, the finest ,,clay fraction’ of the continental weather-
ing products attains the sea in a form more or less approaching to illite. Near
the shore, most of those terrigenous materials is settled at the sea bottom, and
their sedimentation is sufficiently rapid to prevent specific alteration by
a chemical reaction with sea water. In quiet areas of the continental shelf,
nearly pure delicate ,,clay fraction’’ can be settled, without any admixture
of coarser detrital material. In these conditions, beds of ,,marine clay’’ form,
which always show an important content of potash in their chemical analyses.
We do not know, however, any pure marine kaolinite clays, and it may be
supposed that they cannot exist. Even if some portion of kaolinite or halloy-
site could reach the open sea, they would probably be transformed, by some
crystallochemical rearrangement and selective adsorption of some ions from
the sea water, into some micaceous substances. Montmorillonite is thought
to be more stable in a marine environment and Gorbunova has ascertained
its presence in the Oxfordian clays of the Moscow basin (19).

In the zones of the epicontinental seas, more remote from the shore, the
afflux of terrigenous material diminishes and the sedimentation proceeds
more slowly. All detrital particles remain longer in contact with sea water;
this concerns particularly the finest scales of illite, sometimes perhaps also
of montmorillonite. Their setiling down proceeds very slowly, facilitating
a prolonged reaction with sea water, which may still continue at the surface
of the sediment. In such conditions, a gradual crystallochemical recasting
into pholidoide occurs. The structure type remains unchanged and the trans-
formations are only quantitative and not essential: in the tetrahedral layer
some aluminium is substituted by silicium, in the octahedral layer some alu-.
minium ions are replaced by iron and magnesium and in the interlayer spaces’
somewhat more potassium is introduced by selective adsorption from sea
water.

Further progress of interchange reactions in the same ‘direction ‘might
approach the chemical composition of those substances toward typical glauco--
nite. The substitution of ferric iron for aluminium in the octahedral layer
must then be most accentuated. This would require a considerable prolon-
gation of the contact of the illitic or already pholidoidic material with sea
water, i.e. more effective retarding of the sedimentation by the water move-
ment. Thus, the formation of glauconite would be possible by a submarine
alteration of terrigenous ,,clay matter’’ in suitable sedimentary conditions.
This does not exclude the simultaneous settling of glauconite from a colloidal
state, as the physmo chemical factors of this process tend toward the same
crystallochemical equilibrium which is attained by the cryptocrystalline
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flakes of altering illite. Common coagulation of all these amorphous and
cryptocrystalline products in agitated water leads to the formation of the
grains of glauconite.

If the glauconite grains present a more advanced state of transfor-
mation of the same primitive material as pholidoides, in consequence of hin-
dered sedimentation, then the question arises: how can they occur together
in the same sediment? Sedimentary petrography offers plentiful examples of
such coexistence. Many sandstones, rich in dark green grains of iron-rich
glauconite, contain a cement, lime-rich or not, including an abundant crypto-
crystalline substance of scaly appearance, turbid yellow or light green and
poor in iron, which may be attributed to illite or pholidoide. Likewise many
sandy marls consist of a fine pelitic groundmass of lime carbonate, quartz
particles and abundant pholidoids, 1nclud1ng relatively big grains of emerald
green, iron-rich glauconite.

If typical granular glauconite really requires strongly agitated water and
hindered sedimentation, then its formation must be impossible in the same
sedimentary medium where {ine pelitic material can settle down, as in com-
mon marls. Glauconite grains must have originated in another place, they
must have been dragged by bottom currents into an area of calm and fine
sedimentation. They do not present a local formation in the marl, but one
flowing from abroad, and they have no genetic connection with the medium
of fine pelitic sedimentation. Their generative medium was probably situ-
ated on some submarine ridge, where water currents hindered sedimentation
and carried away the fresh unconsolidated coagulation of glauconite into
neighbouring areas of calm sedimentation.

If such reasoning might be confirmed by future investigations, then the
quantity of glauconite grains in any pelitic sediment could be an important
indicator in geology for the palaeomorphology of the sea ground: if in a given
pelitic formation the number of glauconite grains increases in some definite
direction, it denotes the approach to some area of checked sedimentation, or
even of submarine erosion.

The question of glauconite afloat, in the above mentioned meaning, must
be sharply distinguished from the possible occurrence of glauconite on
secondary bed, in the usual significance of this term in geology. Such occur-
rence may be, of course, very frequent and deserves much attention, if one
wants to prevent serious errors in determining the true facial character of
any sediment. Marine transgression may destroy and erode some older for-
mations containing glauconite, and the grainsof this mineral, together with
different other clastic fragments, may be washed out, and again deposited
in a new sediment. For instance, if the Palaeogene transgression occurred
on the Upper Cretaceous substratum of glauconite marls and sands, we must
expecl, the Palaeogene sediments to contain Upper Cretaceous detrital glauco-
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nite. It is quite possible that such secondary deposits may contain more
glauconite than the primary ones, because the washing process may lead to
a relative concentration of this mineral. Glauconite itself may endure no
chemical alteration, because it remains quite stable in sea water of normal
salinity, without any essential change of the oxidation-reduction potential.

The behaviour of glauconite may be quite different when it is washed
away by continental erosion. It is probably not stable in fresh water, and it
must be expected that in more or less time it will be subject to advancing
hydrolysis and leaching of interlayer cations; it turns yellow or brown in
consequence of the secretion of ferri-hydroxides; and finally it alters to limo-
nite. It is scarcely probable, that secondary deposits of unaltered glauco-
nite could originate during continental erosion and denudation.

Then, we must take into account that in detrital rocks, as sands and
gravels, glauconite may not be syngenetic, but much older. Is it possible to
recognize this, if no chemical alteration can be observed? Glauconite is
a soft mineral, and its grains are easily rubbed off during agitated transport,
producing much light green powder which is a widespread pigment in many
sediments. Simple rounded glauconite grains do not change their shape by
superficial rubbing. Lobate and dismembered grains, however, or dissected
by contraction fissures cannot keep their. complicated shape in the course
of transportation and must be rounded by rubbing off. Then, if in a given
sediment we observe such complicated shapes of glauconite grains, we may
be sure that they are on a primary bed. It would, however, be wrong to in-
vert this statement and to affirm that glauconite, devoid of such shape com-
plications, must be of foreign origin. For, if formed during interrupted and
agitated sedimentation, some consolidated grains, which had already been
deposited on the bottom, may be pulled up anew from the just then formed
sediment by local whirlpools or violent currents and superficially rubbed
off by them.

The matter of the glauconite afloat in the pelitic sediments is quite
different, especially in marls. Its formation is geologically contemporary
with the deposition of that sediment, but occurring elsewhere, in some place
of disturbed sedimentation. Its grains were carried by water currents when
they were in a fresh and unconsolidated stage; therefore, they can be many
times greater than the pelitic quartz particles of the marl, and their shapes
have not suffered any mechanical damage by this transport. On the contrary,
it may be expected that during the calm sedimentation of the fine sediment,
even complicated shapes of glauconite grains could be conserved better than
it would be possible in its original place of formation troubled by strong
water motion. .

~ From all those considerations it may be concluded that the sedimentation
of glauconite is connected with most variable complications. The primitive
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material giving rise to glauconite may be of different mineralogical consti-
tution, provided that the physico-chemical conditions of sedimentation are
favourable. It seems as if glauconite expressed some definite state of physico-
chemical equilibrium at the sea bottom, and as if quite different substances
could tend to this equilibrium and attain it finally in those favourable
conditions. Long ago (52) this process was called by me glauconitization. It
is of primordial geochemical importance in pure marine environments; it
may affect mica-clay matter like illite and montmorillonite, as well as bio-
tite, felspars, volcanic glass, perhaps also many other mineral substances, and
its final product is always glauconite. Besides that this mineral can origi-
nate directly from the coagulation of mixed colloids suspended in sea water.

There are also many.proofs that pure amorphous silica can be gradually
substituted by glauconite. In my earlier paper (52) T have described some
pebbles of sandstone from a glauconite sand with opal cement covered
by a greenish rind, which was impregnated with pigmentary glauconite. In
a microscopic slide it could be ascertained that, the nearer to the surface of
the pebble, the more advanced was the substitution of opal by cryptocrystal-
line glauconite. It is doubtful whether this case may be denoted as an example
of glauconitization of opal. I would be rather inclined to explain it by great-
er solubility of amorphous silica in the glauconite bearing medium, and by
a mechanical introduction of pigmentary glauconite in the place of dissol-
ved silica. Similarly opaline spicules of sponges in gaizes are often partially
or totally impregnated with glauconite. Whether the dissolving silica plays
any active role in the formation of glauconite, or is passively carried away,
cannot be decided at the present time.

No doubts exist in this respect with the glauconite substitution for lime
carbonate of organic origin, whereby the most delicate structures of lime
- skeletons of different lower animals are often perfectly preserved. We doubt-
lessly have here to do with an augmented solubility of calcium carbonate in
the glauconiferous medium, and with a mechanical introduction of glauconite
in place of the removed calcite. In the same manner may be explained the
glauconitic impregnation of limestone surface on the ,,hard grounds’’, denot-
ing gaps in sedimentation.

According to the above inferences, it seems most probable that the origi-
nation of glauconite is a progressive process, -proper to purely marine en-
‘vironments. It may attain various steps and stages, depending on local con-
ditions of sedimentation. Primitive terrigenous products strongly triturated,
as finest scales of illite, sometimes montmorillonite, ferruginous, aluminous
and siliceous colloids, in places of suitably retarded sedimentation.and in
suitable physico-chemical conditions, pass gradually into pholidoides. T'his
is the pholidoide stage of glauconitization. This process cannot always be to-
tally accomplished at this stage. Besidesnewly formed pholidoides, variable
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amounts of primitive materials may remain and, mixed with carbonates and
quartz pelite etc., may enter into the composition of marls and marine clays.
An example of such an unachieved stage is offered by Oxfordian clays con-
taining pholidoides (named ,,colourless glauconite’’ by Gorbunova) with
a variable admixture of opal, montmorillonite and quartz pelite. The pho-
lidoide stage of glauconitization is represented, in my opinion; also by red
or green Eocene clays described by Gawel from the Carpathian Flysch (17).

If the pholidoide stage is possible during calm but retarded sedimentation,
also in deeper sea basins, further stages of glauconitization are possible
only when the sedimentation is strongly hindered or interrupted by agitated
water, above all in shallow seas on the submarine ridges or platforms. Delicate
suspensions of materials primitive or just transformed into pholidoides, can-
not settle down in such conditions, but whirling in agitated water prolong
their reaction with it, adsorbing more cations and interchanging aluminium
for ferric iron. Coagulation of those suspensions in mobile water condenses
them into cryptocrystalline aggregates which, thickening and consolidating
more and more, can finally settle down on the sea bottom as grains of true
glauconite. The shorter the duration of this process, the smaller the enrich-
ment in ferric iron and the nearer the chemical resemblance to the pholido-
ides, producing the transitive members of aluminous glauconite. The longer
the duration of coagulation and sedimentation, the greater the substitution
of iron for aluminium and the more ferriferous the composition-of typical
glauconite.

Crystallochemical considerations as well as the discussion of the geologi-
cal occurrence of glauconite, lead to the conclusion that in marine medium,
according to specific geochemical conditions, a characteristic reaction series
may be ascertained:

illites — pholidoides — aluminous glauconites — typical glauconites

Each of the members of that series may originate from the foregoing one
in suitable conditions of retarded sedimentation in pursuance of the increas-
ing mobility of bottom water.

Now, let us discuss the possibility of glauconitization in ready sedi-
ments submitted to diagenesis and katagenesis. The opinions of many authors
do not agree on this subject. This question is somewhat delicate, as in the
case of glauconitization the distinction between the alterations during sedi-
mentation and those in sediments just accumulated is very difficult and
uncertain. The halmyrolysis itself is, of course, an alteration of different part-
icles of the sediment, and cannot be clearly. distinguished from diagenesis.
Whether the mineral particles undergo halmyrolytic transformation on the
surface of the sediment, or are gradually altered in deeper parts by the
action of water percolating the accumulated sediment, is certainly difficult
to discern.



104 KAZIMIERZ SMULIKOWSKI

In the lower Oligocene green sands of the neighbourhood of Zétkiew
(Roztocze) I have often encountered beds locally cemented into frail sand-
stones, which have been microscopically examined in thin sections. Angular
quartz grains and rounded grains of typical dark green glauconite are there
agglutinated by a cloudy ,,clayey sericite substance’’, probably near to illite.
This cryptocrystalline scaly matter often grows greenish, but it is far from
attaining the pure green colour of typical glauconite. Here we doubtlessly
have to do with glauconitization of the illitic matrix, but I am not able to
decide, whether the matter is here of the halmyrolysis of the illite in course
of sedimentation, or of its diagenetic glauconitization in the achieved sedi-
ment.

Diagenetic, or strictly speaking. katagenetic origin must be, of course,
attributed to skolite described by me from the Jamna-sandstone of Skole.
Fine quartz grains, associated with sporadic rounded grains of glauconite, are
cemented by scarce illitic cement. In some places, on the strength of some un-
known factors, this illitic cement has recrystallized into coarse lamellar
bands which, chemically analysed, have shown a pholidoide composition
and have been named by me skolite. Obviously, they do not correspond
strictly to true glauconite. I think, therefore, that the process of glauconiti-
zation is well possible in ready sediments, or even much later — in consoli-
dated rock-series. But I do not believe that it would proceed to the very end,
i.e. to the typical glauconite, because for that purpose a long reaction with
free well salted water at a suitable oxidation-reduction potential would be
necessary. It may rather be admitted that diagenetic or katagenetic glaucon-
itization usually stops at the pholidoide stage.

GLAUCONITE, PHOLIDOIDE AND ILLITE
IN THE COURSE OF METAMORPHISM OF SEDIMENTS

Finally, I would undertake the question of the behaviour of glauconite
during true metamorphism, which is generally overlooked in petrology.
The oldest indubitably true glauconite is known from Lower Cambrian. In
pre-Cambrian sedimentary rocks it was never ascertained by exact diagnostic
methods. It would be difficult to admit that in pre-Cambrian seas, never and
nowhére, could conditions favourable to glauconite formation exist and that
the beginning of the Palaeozoic epoch would open a mysterious barrier in
this respect. It should rather be admitted that more or less advanced meta-
morphism of pre-Cambrian sediments has obliterated the traces of glauconite.

It would, indeed, be admissible that glauconite is very susceptible to
‘even weak action of metamorphic factors. Especially high temperature would
be certainly deadly for glauconite in consequence of this complicated layer
structure with water-filled interspaces. Probably also the pressure closes
the interlayer spaces and destroys the structural freedom of glauconite.
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It seems very probable to me that even at quite shallow metamorphism
the individuality of glauconite grains, without any substantial transfor-
mation, is easily obliterated only in consequence of directive deformation and
recrystallization. If glauconite grains, squashed and pressed out, recrystal-
lize in parallel scaly aggregates, no petrographer would think that he had.
to do with glauconite, but he would rather be inclined to consider them as
some ,,chloritic mineral’’. A sure diagnosis of glauconite in such a case would
require very subtle microchemical operations (detection of potash in the
suspected green mineral) and a full chemical analysis of the fine scaly aggre-
gates isolated from the rock by an electromagnet and heavy liquids. Nobody
has, as yet, successfully undertaken such investigations.

At a more advanced metamorphism glauconite certainly cannot be pre-
served, and must be transformed into some other minerals that are stable in
given conditions. Can we foresee the products of its metamorphic trans-
formations? The question is certainly very complicated, especially if some
other mineral constituents of the primitive sediment, as calcite, pholidoide,
illite, etc. should participate in the metamorphic reactions or if any afflux
of mineral substances in solution would be postulated. Let.us consider this
question without such complications, in the most simplified case of glauco-
nite or pholidoide alone.

Typical glauconite has a very ‘specific chemical composition, and has
no close analogue among the minerals of crystalline rocks. Potash minerals
of such rocks are always alumosilicates, in which aluminium equals potas-
sium or even exceeds its amount (potash felspar, leucite and micas). Typi-
cal glauconite, however, contains less aluminium than potassium and, there-.
fore, no simple transformation of this mineral can be expected. Moreover,
we meet here with so great a prevalence of ferric iron over the ferrous one,
as cannot exist in any other potash mineral. We must, therefore, expect
that glauconite, when metamorphosed, will either secrete the excess of fer-
ric iron in form of hematite, or it will reduce this iron to the ferrous state
entering into the constitution of some iron silicates. At the same time the
excess of potassium over aluminium must be carried away in solutions gener-

ating from expelled interlayer water.
Taking into account all those possibilities, we can forecast that the meta-

morphic mineral, nearest to glauconite in chemical composition and re-
quiring the smallest migration of mineral solutions, shall be strongly ferri-
ferous biotite i.e. lepidomelane. Excessive silica in glauconite must separate
during this transformation as free quartz. The expected metamorphic re-
actlon can be written as follows:

Typical glauconite — lepidomelane -+ quartz + solution

10 {K, 5(FellTAl, Mg, ,Fegh,) [(OH),Si; 1Al 5 0,]-2H,0} —
6 {K(FelL,Mg, ;) [(OH),Si,5Al, ,0,¢]} + 20 i0,+ 23 H,0+ 2(KOH) + 1. 50,
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If we take into consideration another glauconite with an increased pro-
portion of alumina and lower potassium, then, besides biotite, a light mica
of phengite type could also result during metamorphism:
 Nontypical glauconite — lepidomelane + phengite + quariz + solution

10 {Ko..,(Fef,:_[gAlo_6Mg0‘4Fe(If2) [(OH)zsis.‘ssAlo.qu]' 2 Hzo} —
-5 {K(Fe}.IsIMgo.s) [(OH)zsiz.sAll.zom]} +
+2 {K(AlLSFeOJ) [(OH)zsi?,_%Alo.”Om]} + 15 8i0,+ 23 H,0+ 1% O,

The metamorphic transformation of pholidoides probably produces light
micas of muscovite or phengite type and some mineral of antigorite-chlorite
series; the excess of silica gives rise to free quartz. For the illustration of
such reactions I take skolite as representative for the pholidoid type:

Pholidoide — muscovite + pennine -+ quartz -+ solution
10 {Ko'e(All_zFeHngo.SFegTz) [(OH),8i, (Al, 0,42 H,0} —
— 6 {K(AL ¢Fe, Mg, ,) [(OH),Si,Al0,,]}+
+ 1.2 {(Fe,Mg,Al)6 [(OH)SSi4Om]} -18 3102 +19H,0+ % O,
Pholidoide — phengite + chiqrite - quariz - solution
10 {K, o(Al, ,FeliMg, ;Fell) [(OH),Si; (Al ,0,,]- 2 H,0} —
— 6 {K(Al, sFe, Mg, ;) [(OH),Si; 5.Al, ,0,,]} +
-+ .2 {(Fe,Al,Mg)e[(OH)s(Si,Al)4010]} + 138i0,+ 19H,0 + % O,

Metamorphism of illite shall probably produce common muscovite with
minor amounts of some chloritic mineral and quartz. This reaction might be
written in the following form:

Illite — muscovite + chlorite 4+ quartz -+ solution
10 {K, 4(Al, ,FellIMg, ,Fel) [(OH),Si, (Al 40,,]-n H,0} —

— 6 [K(Al, ,Fe, Mg, ,) [(OH),Si,A10,,]} +
+ {(Mg,AL,Fe,) [(OH),S1,A1,0,,]} + 14Si0, + 0,~+ n H,0

Thus, progressive metamorphism of sedimentary rocks, containing glauco-
nite or pholidoide, in lower metamorphic températures may produce chiefly
quartz-biotite-mica schists with possible admixture of some chlorite. In the
same metamorphic conditions, marine clay consisting chiefly of illite may be
transformed into similar schists, but fairly poor in iron (without biotite). No
wonder, therefore, if the metamorphic products of marine claysrarely contain
minerals denoting a strong deficit of alkalis against alumina, such as kyanite
or andalusite. This would be surprising in case the original clay had kao-
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linite as their principal component, and then an immigration of potash-bear-
ing solutions during metamorphism would have to be postulated to explain
the abundance of mica. In my opinion, however, kaolinite clays play a quite
negligible role in great geological profiles, and the majority of clay or clay-
rich sediments contain illite or pholidoide as their principal mineral com-
ponent.Their deficit in alkalis is never very strong, and their transforma-
tion into mica schists can well be explained, without any assumption of a
potash afflux from foreign and problematic sources. '

The above considerations concern only transformations of shallow meta-
morphic levels, i.e. in the greenstone metamorphic facies with possible tran-
sitions to the albite-epidote-amphibolite facies. In deeper metamorphic
levels and in facies of higher temperatures quite different mineral
combinations must, obviously, be expected. The discussion of all such
possibilities would exceed the scope of this study.
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ZAGADNIENIE GLAUKONITU

STRESZCZENIE

Autor interesowal sie glaukonitem od poczatku swej pracy naukowej

w zakresie mineralogii i petrografii. Jeszcze w r. 1924 oglosil pierwsza
swg prace ,,0 glaukonicie'', w ktérej, zbadawszy szczegélowo glaukonit
oligocenski okolic Z6lkwi, zestawil chemiczne i fizyczne wlasnosci tego mi-
neralu i om6wil procesy jego powstawania. Przedstawil on wéwezas hipoteze,
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ze ziarenka glaukonitu stanowia stwardnialy koagulat koloidéw zelazowo-
krzemowych, ktére, wytracajac si¢ z wody morskiej, adsorbowaly potas.
W tymze samym $rodowisku réwnoczesnie najrozmaitsze drobno-okruchowe
substancje krzemianowe mogly ulegaé procesowi glaukonityzacji, tzn. przez
dlugotrwale reakcje wymienne z wodg morsky przeobrazaé sie stopniowo
w glaukonit.

W r. 1935 autor opisal pod nazwa skolitu nowy mineral, powstaly w pia-
skowcu jamneniskim Karpat Wschodnich na skutek lokalnej rekrystalizacji
ilasto-lyszczykowego spoiwa. Okazalo sig, ze skolit jest chemicznie blisko
spokrewniony z glaukonitem, jakkolwiek, odwrotnje niz ten ostatni, wyka-
zuje znaczng przewage glinu nad zelazem. Przy tej sposobnosci autor
przypomnial malo znang prace Thiébauta, w ktérej stwierdzono po-
wszechne wystepowanie w mogskich marglach substancji ilastych zblizo-
nych do glaukonitu. Proponujgc dla tych substancji zbiorowa nazwe
mineralogiczng folidoidéw autor stwierdzil, ze skolit, podobnie jak brawezyt
Mallarda, jest tylko diagenetyczng gruboblaszkowatg odmiang tych
folidoiddw. 4

W literaturze §wiatowej ostatnich lat 20-u nagromadzilo sie wiele no-
wego materialu naukowego dotyczacego glaukonitu i mineraléw pokrewnych.

- Dokonawszy krytycznego przegladu historycznego tej literatury autor podjal
nowa prébe syntetycznego ujecia zagadnienia glaukonitu zaréwno w dzie-
dzinie jego krystalochemicznych wlasciwosci, jak tez i proceséw jego powsta-
wania i osadzania sie.

Najwiekszy postep w znajomosci chemicznej natury glaukonitu doko-
nal sig od czasu utrwalenia sig nowoczesnych pogladéw na budowe krystalo-
chemiczng krzemianéw, w szczegélnosci za$ z chwilg stwierdzenia przez
Grunera identycznodci struktury glaukonitu i lyszczykéw. Najprostszym
pierwowzorem struktury calej grupy lyszczykowej jest zwyczajny muskowit,
przedstawiony w sposéb schematyczny na fig. 1 (str. 35 tekstu ang.). Jest
to tzw. struktura warstwowa. Warstwy tetraedréw glinowo-krzemowych
z wbudowanymi grupami (OH), majace sktad % [(OH),Si;Al0,,], sa parami
sprzezone podwojong warstwa kationéw Al, ktéra, ze wzgledu na liczbe ko-
ordynacyjng 6 i o§mioécienny schemat koordynacyjny tlenéw i grupy hydro-
ksylowej, nazywana jest warstwg oktaedryczna. Po dwie warstwy tetra-
edryczne spiete miedzyleglg warstwg oktaedryczna tworzg zbhiorowe warstwy
obarczone jednostkowym ladunkiem ujemnym: {Al, [(OH),Si,Al0,.]}-*. Dzie-
ki temu pomiedzy takimi zbiorowymi warstwami mogg si¢ pomiescié duze
kationy o niskiej wartoéciowosei, czyli tzw kationy miedzywarstwowe
(gtéwnie potas). Wobec tego wzér krystalochemiczny muskowitu przybiera
postaé:

(1) K AL[(OH),S1,A10,,]

W innych mineralach grupy lyszczykowej panuje wieksza swoboda sto-
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sunkéw jonowysh przy niezmienionym ogélnym schemacie strukturalnym.
Taka najogélniejsza formula, do ktérej stosujg si¢ wszystkie mineraly grupy
lyszczykowej, w tejliczbie réwniez glaukonit, moze byé, zdaniem autora, na-
pisana w postaci nastepujgcej:

(2) R, M,[(OH),Si, ,Al,Oy,]-nH,0
gdzie R oznacza duze kationy miedzywarstwowe: gléwnie K, ubocznie
Na, Ca, Ba, Sr, Rb
M oznacza $rednie kationy oktaedryczne: gléwnie Al, FellI, Fell
Mg, ubocznie TilV, Lil, MnI!

Spélezynniki y, w, z majg wartoSci zmienne w pewnym ograniczonym
zakresie. Musza one oczywiscie byé od siebie wzajemnie uzaleznio-
ne, skoro struktura krystaliczna jest wewnetrznie zréwnowazona pod
wzgledem elektrostatycznym. Zalezno$é ta da. sie wyrazié réwnaniem
nastgpujacym:

( y+c¢=z-+ 2+ 3u, w ktérym

¢ = suma duzych kationéw dwuwartoSciowych w obrebie R
(¢ = Ca + Ba 4 Sr)
z'= suma S$rednich kationéw M o wartoSciowoSci réznej od 3
(z = Mgt? 4 Fet? — Titt 4- 2 Lit?)

u = 2—w, moze przyjmowaé warto$¢ dodatnig, gdy w < 2
lub ujemna, gdy w > 2.

W czystym muskowicie odpowiadajacym $cisle wzorowi (1) spélczynniki
powyzsze przyjmuja wartoSci szczegélnie uproszczone: y =z =1, w = 2,
¢, z i.u réwne zeru. W wickszoéci zwyklych muskowitéw skalotwérezych,
wykazujacych pewne niewiclkie odchylenia od tego wzoru, spélczynniki te
ulegaja nieznacznym zmianom. W innych mineralach grupy lyszczykowej -
pojawiaja si¢ powazniejsze komplikacje, nadajace tym spélczynnikom war-
todci rézne i charakterystyczne dla kazdego gatunku z osobna. Opierajac
si¢ na tej zasadzie przeprowadzono poréwnawcza charakterystyke krysta-
lochemiczng glaukonitu na szerokim tle calkowitej grupy mineraléw Iy-
szczykowych. _

Dla écislego ustalenia zakresu zmiennosci chemicznej glaukonitu wy-
brano z dotychczasowej literatury 68 analiz glaukonitéw z calego $wiata.
Wyboru tego dokonano na podstawie krytycznej oceny jakoSci analiz, przy
czym szczegélowo przedyskutowano przyczyny ich niedokladnosci. Polegaja
one albo na bledach i brakach analitycznych, albo. na niedoskonalosci sepa-
racji ‘glaukonitu z osadu i wynikajacych stad domieszkach innych minera-
I6w. Jednym z najczestszych bledéw analitycznych jest brak oznaczenia
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tlenku fosforu, ktéry, zwigzany w fosforan wapniowy, dq§é czesto bywa
zaadsorbowany w ziarenkach glaukonitu w sposéb zupelnie niedostrzegalny.
Nastepstwem tego bledu jest zbyt wysokie oznaczenie glinki i nadmierna ilosé
wapna. Zdarzajg sie tez bledne oznaczenia sodu i potasu. Czeste sg réw-
niez nie zauwazone domieszki mineraléw ilastych lub bezpostaciowej krze-
mionki. Zestawiono wymagania analityczne i przepisy oczyszczania glau-
konitu, potrzebne do uzyskania wynikéw pelnowarto$ciowych przy krysta-
lochemicznej interpretacji tego mineratu.

68 wybranych analiz chemicznych glaukonitu przeliczono na modle ogél-
nej formuly mineraléw lyszczykowych (2). Przeliczenia te dotyczyly stosun-
kéw atomowych kationéw na ogélng sume 22 jednostkowych Jadunkéw ujem-
nych, wymagang przez ten wzér (10-0-2 + 2(OH)* = — 22). Konkretny
przyklad takiego przeliczenia podany jest w tabeli 1 (s. 34). Wszystkie ana-
lizy wraz z wynikami przeliczen zestawiono w porzadku wieku geologicznego
glaukonitéw w tabelach 2—7.

W celu ulatwienia sobie tak skomplikowanego zadania, jak okreslenie
granic zmlennosc1 _glaukonitu i sformulowanie jego ogélnej charakterystyki
krystalochemlcznej na tle calkowitej grupy mineraléw lyszezykowych, za-
stosowano rézne metgdy graficzne, na ktérych podstawie skonstruowano
szereg wykreséw ﬁ.g.' 3°8. Wykresy fig. 2,3,4 podaja prosta ilustracje
statystyczng zmienno$ci poszezegélnych parametréw chemicznych glaukoni-
tu. Wykresy 5-8 ilustruja wzajemne zaleznosci kilku wainych parametréw
krystalochemicznych i opierajg sie na nowych pomyslach autora. Wspél-
rzedne glaukonitéw potrzebne do tych wykreséw zostaly wcielone do tabel
analiz chemicznych 2-7. Zestawmy krétko koncowe wyniki interpretacyjne
tych wykreséw:

Fig. 2 (s. 47) ilustruje zmiennoéé udzialu Al i Fe!l w warstwie oktae-
drycznej M; umozliwia ona stwierdzenie, ze najczestsze sa glaukonity o sto-
sunku Al = 0,3-0,4 i Felll = 1,0-1,1. Glaukonity, w ktérych glin przewaza
nad zelazem, czyli tzw. glaukonity glinowe, sg stosunkowo rzadkie w zbiorze
dotychczasowym.

Fig. 3 (s. 48) wykazuje, ze spélczynnik z, tzn. udzial glinu w warstwie
tetraedrycznej, waha si¢ w normalnych glaukonitach w granicach 0,1-0,7,
najczeéciej jednak wynosi 0,3-0,4. _

Fig. 4 (s. 49) pozwala stwierdzié, ze spélczynnik y, czyli suma katio-
néw miedzywarstwowych, waha si¢ w typowych glaukonitach pomiedzy 0,5
a 1,0, przyjmujac najczesciej wartosci 0,7-0,8, przy czym potas jest kationem
bezwzglednie dominujacym.

Fig. 5 (s. 53) przedstawia tréjkat koncentracyjny Al*AI°R i umozliwia
stwierdzenie, ze wiekszo$¢ glaukonitéw zageszcza si¢:w polu wydluzonym
w l_('ierunku RAIS, tzn.lwykazuje duzg zmienno$¢ stosunku AlS:R, na-
tomiast o wiele mniejsza zmienno§é Al*. Glaukonity wybiegajgce poza to
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pole s3 nietypowe i w wigkszoSci przypadkéw budza podejrzenia co do swej
czystosei.

Fig. 6 (s. 59) jest wykresem prostokatnym ilustrujgcym zalezno$é la-
dunkéw jednostkowych dostarczanych przez warstwe tetraedryczng (z) i ok-
taedryczng (z + 3u). I tu glaukonity typowe zageszczajg sie w ograniczonym
polu o malym z i duzym (z + 3u), poza obreb ktérego wybiegaja rozproszone
glaukonity nietypowe i watpliwej czystoci. Wykres ten dowodzi, ze w typo-
wych glaukonitach do wigzania kationéw miedzywarstwowych przyczyniajg
sie w stopniu wiekszym ladunki ujemne zaoszczedzone przez warstwe okta-
edryczng niz takiez ladunki, dostarczone wprost przez podstawienie glinu
w mlerce krzemu w warstwach tetraedrycznych.

Fig. 7 (wkladka k.s. 56) stanowi dwa tréjkaty koncentracyjne XZU iXzZU
o wspélnym boku XZ. Z wykresu tego mozna wywnioskowaé, ze typowe
glaukonity majg po wigkszej czeSci z > x, a w nieco wigksze od 2 (z male
ujemne) albo prawie réwne 2 (u = 0); w znacznie mniejsze od 2 (u wyraZnie
dodatnie) znamionuje raczej glaukonity nietypowe lub zanieczyszczone.
 Fig. 8 (j. w.) przedstawia trzy rzuty prostokatne czworoscianu koncen-
tracyjnego al felll mg fell wykonane w trzech prostopadlych do siebie kie-
runkach 3 dwukrotnych osi obrotu czworoscianu. Wykres taki stuzy do de-
monstracji zréznicowania kationéw oktaedrycznych M. Widaé tu,-Ze naj-
wieksze zréznicowanie dotyczy wzajemnego stosunku obu kationéw tréj-
warto$ciowych Felll i Al, kationy za§ dwuwartoSciowe, tj. Mg i Fell, sg
w glaukonitach typowych stosunkowo slabo zréznicowape. Dla ogromnej
wigkszo§ci tych typowych glaukonitéw charakterystyczna jest nieréwnosé
fII S als=mg > fell,
Dla dokladniejszego poréwnania glaukonitéw z innymi przedstawicie-
-lami grupy lyszczykowej wybrano z literatury ok. 70 analiz chemicanych réz-
nych lyszczykéw, jak muskowit wlaSciwy, fengit, biotyt, serycyt, hydromusko-
wit, illit i folidoid. Analizy te przeliczono na te samg modlg i na spélrzedne
tych samych wykreséw jak dla glaukonitéw, zestawiajac je w tabelach 9-14.
Nastepnie zastosowano do nich te same metody graficzne otrzymujac wykresy
nastgpujgce: fig. 9 (s. 59) — tréjkat koncentracyjny AI*AI°R; fig. 10
(s. 64) — czterokrotne powigkszenie czesci pola poprzedniego ‘tréjkata dla
wyrazniejszego zréznicowania skomplikowanego w tym miejscu zachodzenia
na siebie pél réznych mineraléw; fig. 11 (s..66) — wykres o prostokatnych
wspblrzednych z i (z + 3u); fig. 12 (s. 67) — podwéjny tréjkat koncentra-

cyjny XZI_; i XZU; fig 13 (wkladka k.s. 68) — potréjny rzut czworoscianu
koncentracyjnego al fel'lmg fell.

Wykresy te ujawniaja fakt, ze kazdy z lyszczykowych mineraléw ma
wlasng indywidualno$¢ krystalochemiczng obsypujgc swymi projekcyjnymi
punktami wlasciwe sobie pole. Jedynie serycyty pozbawione sg tej indywidu-

8 — Archiwum Mineralogiczne
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alnoéci, gdyz punkty ich mieszcza si¢ badz w polu muskowitéw wlasciwych,
badz fengitéw, badz wreszcie illitéw. Oznacza to, iz serycyt nie odpowiada
zadnemu szczegélnemu gatunkowi mineralnemu i Ze nazwa ta moze hyé
uzywana tylko jako zbiorowe okreslenie bardzo drobnoluseczkowatych odmian
wszelkich lyszczykéw jasnych. Dala sie réwniez rozstrzygnaé watpliwosc,
czy lyszczykowo-ilaste skladniki morskich margli, nazwane przez autora
w r. 1935 folidoidami, nie sg krystalochemicznie identyczne z kryptokrysta-
licznie lyszczykowatymi skladnikami lupkéw ilastych, ktére Grim w r. 1937
nazwal illitami. Pokazalo sie, ze obie te podobne do siebie substancje osa*
dowe majg wyraznie odmienny zakres zréznicowania, daja w wykresach
odrebne pola i muszg by¢. uwazane za gatunki odmienne. W wyniku
tych rozwazaii mozna bylo ustalié waing dla klasyfikacji mineraléw
Iyszezykowych uproszczong charakterystyke krystalochemiczng poszczegél-
nych gatunkéw tej grupy, latwa do zapamigtania w postaci nastepujacych
schematdéw: '

Biotyty z >y=1 w=25-28

Muskowity wlase. ry=1 w=2

Fengity ry=1 w=2

Hydromuskowity z>y<1 w )y 2

ity z=y {1 w ) 2 Al¢ > Felll
Folidoidy z{y<1 w> 2 Al¢ > Felll
Glaukonity glinowe Ly {1 w =2 Al® > Felll
Glaukonity typowe z<Ly< 1 w=2" AlS { Felll

Ostatnie cztery gatunki wykazujg pomiedzy sobg ciagle przejscia pod
wzgledem skladu chemicznego i ukladajg si¢ wedlug wzrastajacej proporeji ze-
laza tréjwartosciowego i potasu W nastepujaca serie mineralna: illit — foli-
doid — glaukonit glinowy — glaukonit typowy.

Powyzsze metody poréwnawczej analizy krystalochemicznej, posilko-
wane réznymi metodami graficznymi, zostaly réwniez zastosowane do roz-
strzygniecia niezmiernie waznego w geologii zagadnienia: czy w zakresie
znacznej zmiennoSci chemicznej glaukonitu dadzg sie wykryé jakie§ objawy
systematycznej zaleznoéci od wieku geologicznego i od facji osadu zawiera-
jacego glaukonit? ‘

W tym celu obliczono przecigtny sklad chemiczny dla glaukonitéw wspél-
czesnych, trzeciorzedowych, kredowych, jurajskich i staropaleozoicznych
eliminujac przy tym analizy anormalne lub podejrzane o przypadkowe za-
‘nieczyszczenia. Obliczono réwniez przecigtne sklady dla glaukonitéw z pia-
'skéw,. piaskowecéw, margli i wapieni bez wzgledu na wiek geologiczny
tych skal. W koficu obliczono takze sklad przecietny glaukonitu typo-
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wego, bez wzgledu na wiek i jako$é osadu. Wszystkie te przecietne zesta-
wiono w tab. 15 (wkladka k. s. 74). Punkty projekcyjne tych przeciet-
nych, umieszczone w wykresach fig. 9, 11, 12 i 13, ukladaja sie wecale
konsekwentnie wskazujac, ze sklad chemiczny glaukonitu istotnie
zalezy W pewnym stopniu zaréWno od jego wieku jak tez i od charakteru
osadu. Z wyjgtkiem glaukonitéw z piaskowcéw jurajskich Rosji. centralnej,
ktére okazujg sklad niezwykly i nie mogg byé uwazane za glaukonity nor-
malne, wszystkie inne wykazuja prawidfowosei nastepujace:

Im starszy glaukonit, tym mniejsza w nim przewaga zelaza tréjwartoscio-
wego nad glinem w warstwie oktaedrycznej i tym wigcej w nim kationéw migdzy-
warstwowych (gléwnie potasu).

Im osad bardziej wapnisty, tym mniej zelaza a wigcej glinu w warstwie
oktaedrycznej glaukonitu i tym wigcej w nim kationéw migdzywarstwowych.

Wnioski powyisze przedstawiaja duzg doniosloéé geologiczna i geoche-
miczng. Poniewaz jednak oba zréznicowania chemiczne glaukonitu — w za-
leznosci od wieku i od wapnistoéci osadu — jakoSciowo sig pokrywaja, trudno
jeszcze w tej chwili przypisywaé im pelng wartosé naukows. Jest bowiem
mozliwe, ze zgodno$¢ ta jest przynajmniej po czeSci wywolana przypadko-
wym doborem analiz w dotychczasowej literaturze.

Osobne zagadnienie w krystalochemii glaukonitu stanowi woda.
Sumaryczna jej ilosé waha sig w granicach 4 — 14% najczgéciej za$
6 —10%, jak to widaé ze statystycznego wykresu na fig. 14 (s. 81).
Rozpada si¢ ona jednak na dwie zupelnie odrgbne czgéci o calkiem od-
miennej roli krystalochemicznej:

a) Woda adsorbcyjna w postaci neutralnych czasteczek H,0 moze byé

dowolnie wypedzana przez suszenie w cksykatorze nad stezonym kwasem
siarkowym albo przez ogrzewanie w niskich temperaturach, a potem wprowa-
dzana z powrotem. Przy ogrzewaniu pod ciénieniem atmosferycznym woda ta
uchodzi w sposéb ciggly a stale malejacy od temperatur najnizszych az do
temperatury 180°-200°C. Po przekroczeniu tej temperatury glaukonit zmie-
nia barwe z zielonej na rdzawa i wéwczas juz nie moze wody z powrotem
odzyskaé. Znaczy to, zé barwa zielona glaukonitu zalezy od zawartoSci wody
adsorbcyjnej i ze po jej calkowitej utracie struktura warstwowa ulega zmia-
nie, polegajgcej na zamknigciu si¢ luzéw miedzywarstwowych pierwotnie
wodg wypelnionych.
' b) Woda konstytucyjna bierze udzial w sieci przestrzennej w postaci
jonéw (OH) przy warstwach tetraedrycznych w anionowych kompleksach
strukturalnych [(OH),Si, Al O,,]. Zaczyna ona uchodzié¢ z glaukonitu do-
piero po podgrzaniu do 400-420°C.

Powszechne w analizach krzemianowych rozréznianie pomiedzy woda
+110° i —110° nie ma zadnego istotnego znaczenia dla oceny proporcji wo-
dy konstytucyjnej i adsorbowanej glaukonitu, poniewaz woda adsorpcyjna
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uchodzi w sposéb ciagly az do temperatury 180°C. Celowym byloby wiegc
przy analizowaniu glaukonitu oddzielanie wody uchodzacej powyzej i poni-
zej 180°C. Najécislejszych informacji dostarczaja jednak krzywe dehydra-
tacji i dyferencjalne krzywe termiczne w pelnym interwale temperatur
20-1000°C. Fig. 15 (s. 83) przedstawia krzywe dehydratacji glaukonitu i sko-
litu, fig. 16 (wkladka k. s. 84) za$§ — zestawione z literatury dyferencjalne
krzywe termiczne glaukonitu w poréwnaniu z takimiz krzywymi illitu,
montmorylonitu i brawezytu.

Rozwazania na temat zachowania si¢ wody adsorbcyjnej w glaukonicie
doprowadzily autora do przekonania, ze struktura warstwowa glaukonitu
musi w sobie lgczyé cechy struktury lyszczykowej i montmorylonitowej.
Byloby to mozliwe w ten sposéb, ze luzy miedzywarstwowe sg na tyle ob-
szerne, ze oprécz duzych kationéw przyczepionych do powierzchni warstw
mogg one pomies$ci¢ neutralne czgsteczki wody zdolne do swobodnego poru-
szania sig¢ w obrebie tych luzéw. Fig 17 przedstawia schemat takiej hipote-
tycznej struktury glaukonitu w poréwnaniu ze strukturami muskowitu
i montmorylonitu (s. 87).

Zestawione na tabeli 16 (s. 89) dotychczasowe dane optyczne glauko-
nitu réwniez potwierdzajg jego przynalezno§é do grupy lyszczykowej. Spél-
czynniki zalamania rosng na og6l ze wzrostem proporcji zelaza wzgledem
glinu, zaleznoéé ta jest jednak silnie zaklécona wplywem innych jeszcze
czynnikéw. Jednym z nich jest napewno ilo§é wody adsorbcyjnej, poniewaz
Sabatier stwierdzil, ze suszenie glaukonitu powoduje wzrost spélczynnikéw
zalamania. Dwéjlomnoéé glaukonitu jest wyraZnie mniejsza niz w lyszezy-
kach wlasciwych; poniewaz to samo mozna powiedzieé o folidoidach i illi-
tach, przeto nasuwa sie wniosek, Ze obecno$é wody miedzywarstwowej jest
przyczyng tego zmniejszenia sig. Intensywnosé zielonego zabarwienia i pleo-
chroizmu wzrasta z udzialem zelaza; zwrdcila na to uwage Gorbunowa,
stwierdzajgc, ze odmiany o wybitnej przewadze glinu nad Zelazem sg bardzo
blado ubarwione.

Gesto§é glaukonitu nie ma wartoéci stalej dla réznych ziarnek jednej
i tej samej probki, lecz waha si¢ w szerokich granicach; réinice te wynosié
mogg kilka jednostek na drugim miejscu dziesigtnym. Przede wszystkim za-
lezy ona od ilosci wody adsorbeyjnej, ktéra ze swojej strony zmienia sie za-
leznie od wilgotnosci atmosfery. Przez podsuszenie glaukonitu mozna zwigk-
szyé jego gestosé, lecz potem po powrocie wypedzonej czeéciowo wody ad-
sorbeyjnej gesto$§é znowu spada. Poza tym gesto$¢ zmienia sie zalez-
nie od skladu chemicznego glaukonitu, prawdopodobnie przede wszystkim
od proporcji zelaza: im glaukonit ubozszy w zelazo a bogatszy w glin,
tym mniejsza jego gesto$é.. Fig. 18 (s. 93) podaje wykres zmien-

noéci gestoSei glaukonitu zaleznie od jego uwodnienia i od stosunku
Fe,0;:AL,0,. '
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Warunki powstawania glaukonitu na dnie morskim-sg juz dzi§ niezle
ustalone pod wielu wzgledami. Typowy glaukonit w ciemnozielonych zia-
renkach tworzy si¢ w miejscach, gdzie zapewniony jest doplyw materialu
terygenicznego, lecz gdzie sedymentacja jest silnie zwolniona, przerywana
albo zahamowana na skutek ozywionego ruchu wody dennej. Przerwy sedy-
mentacyjne zaznaczone w seriach sedymentéw marglistych poziomami tzw.
twardego dna (,,hard ground”) lub $rédformacyjne niezgodnosci, znaczace
sig poziomami zlepieficowatymi, sg czesto widownig tworzenia sig glauko-
nitu, ktéry w postaci zielonego pigmentu impregnuje powierzchnie warstwo-
we lub otoczaki. Brak natomiast glaukonitu tam, gdzie osady gromadzg
sie szybko, albo tez tam, gdzie w zupelnie spokojnych warunkach sedymen-
tacyjnych osadza sie sam material ilasty. Wyniki pracy Gorbunowej o glau-
konitowych osadach gérnej jury i dolnej kredy Zaglebia Moskiewskiego
stwierdzajg, “ze typowy silnie zelazisty glaukonit w postaci grubszych
ziarenek osadza sie¢ tylko w piaszezystych plytkowodnych osadach;
natomiast w delikatnych osadach ilastych lub marglistych wéd gleb-
szych i spokojnych osadza sig glaukonit pelityczny, ubogi w zelazo i bar-
dzo stabo ubarwiony; w nomenklaturze stosowanej przez autora odpo-
wiada on folidoidom.

Typowy ziarnisty glaukonit wymaga dobrze zasolonej wody pelnego
morza i unika basenéw zamknigtych, wysladzajacych si¢ i zamulanych przez

wplywajace wigksze rzeki. Zaréwno wybitnie utleniajgce warunki sedymen-
- tacji, jak i silnie redukcyjne, w obecnosci obfitego siarkowodoru na skutek
nadmiaru rozkladajacej si¢ materii organicznej, nie stwarzajg warunkéw sto-
sownych do powstawania glaukonitu. Znamionuje on raczej $rodowiska gra-
niczne albo przejéciowe pod tym wzgledem. Wspéludzial organizméw nie jest.
zasadniczym warunkiem powstawania glaukonitu, gdyz wielokrotnie stwier-
dzono przeobrazanie si¢ w glaukonit klastycznych fragmentéw réinych ini-
neraléw, jak biotyt, skalenie, augit, szkliwo wulkaniczne, grudki ilaste itp.
Czeste spotykanie glaukonitu wypelniajgcego skorupki otwornic nie jest dla
Jego genezy istotne i raczej polega na glaukonityzacji ilu wypelniajacego
skorupke, przy czym materia organiczna otwornicy nie odgrywa zasadniczej
roli. Glaukonityzacja jest wiec procesem nieorganiczno-chemicznym, uzalez-
nionym od swoistego zespolu fizyczno-chemicznych warunkéw na dnie
morskim. Jezeli materia organiczna moze mieé jaki§ wplyw na prze-
bieg tego procesu, to jest to tylko wplyw posredni: rozklad jej na
dnie morskim zapobiega wytworzeniu si¢ $rodowiska wybitnie utle-
niajacego.

Ziarenka typowego glaukonitu mogg byé produktem glaukonityzacji réz—
nych klastycznych mineraléw wéréd proceséw tzw. halmyrolizy. Powigkszeji
czgci jednak stanowia one, zdaniem autora, zwarty i stwardnialy koagulat.
zawiesin i koloidéw pochodzenia kontynentalnego, wytracony z wody mor-
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skiej jej elektrolitycznym dzialaniem i, wskutek ruchliwodci wéd dennych,
‘bardzo dlugo utrzymywany w stanie zawieszonym. Tak wiec miejscem pow-
stawania glaukonitu sg przypuszczalnie garby i platformy podmorskie o nie-
spokojnej i przerywanej sedymentacji, albo nawet nawiedzane przez erozje
podmorska na skutek ruchéw wodnych. Wiry i prady morskie moga wymiataé
stad $wiezy koagulat glaukonitowy i unosi¢ go daleko od miejsca jego wy-
tracenia w przylegle glebsze obszary o zacisznej sedymentacji, gdzie osadza
‘sie on. nieraz razem z delikatnym pelitem. Tak mozemy sobie wytlumaczy¢é
pospolite wystepowanie duzych ziarenek glaukonitu w delikatnych sedy-
mentacyjnie marglach lub wapieniach. Nalezy wiec przypuscié, ze glaukonit
bardzo czesto bywa w osadach produktem nie miejscowym, lecz naplywo-
wym.

Gléwnym produktem wietrzenia kontynentalnego, znoszonym do mérz
w postaci subtelnych zawiesin, jest, zdaniem autora, illiz. W blizszych brze-
gu obszarach szelfu i mérz epikontynentalnych osadza sie on szybko tworzac
wigkszo$¢ tzw. ilastych domieszek w innych materialach osadowych (np.
piaski i muly); w zaciszniejszych czeéciach. dna morskiego zdobywa on nie-
raz nawet bezwzgledng przewage iloSciowg dajac tzw. ,,ily morskie’’.
Zbyt szybka sedymentacja uniemozliwia dlugotrwale reakcje wymienne
ze skladnikami wody morskiej i powoduje zachowanie si¢ go w stanie
niezmienionym.

W dalszych od brzegu strefach szelfu i w glgbszych morzach epikonty-
nentalnych doplyw metéw terygenicznych jest slabszy i skutkiem tego sedy-
mentacja ich powolniejsza. Zawiesiny illitowe diuzej pozostaja w kontakcie
z wodg morska i majag moznoéé reagowania z nig znacznie gruntowniejszego.
Wymiana skladnikéw wprowadza stopniowo krzem wmiejsce glinu w warstwach
tetraedrycznych, zelazo za$ i magnez w miejsce glinu w warstwie oktaedrycz-
nej, przy czym dla elektrostatycznego zréwnowazenia tych zmian potas musi
byé sorbowany z roztworu wody morskiej uzupelniajgc warstwe kationéw
miedzywarstwowych. Dzigki tym przeistoczeniom, niezbyt daleko zresztg
idacym, illit przeobraza si¢ w bladozielony folidoid.

Na samych skrajach szelfu albo tez na jakich§ plytszych garbach i plat-
formach podmorskich, gdzie prady utrzymujg wode przydenna w ustawicz-
nym ozywionym ruchu, sedymentacja zawiesin terygenicznych jest jeszcze
silniej zahamowana. Kontakt ich z wodg morska jest wiec znacznie przedlu-
zony i reakcje wymienne w wyzej podanych kierunkach moga posuwaé si¢
jeszcze dalej. Im dluzszy czas trwania tych reakeji, tym wigksze moze byé
wzbogacenie w zelazo kosztem glinu i tym silniejsza sorbcja potasu. Prze-
obrazajgcy si¢ material nie moze osadzaé si¢ w jednostajnie rozdrobnionych,
‘najdelikatniejszych luseczkach niemal ze submikroskopowych, tak jak
folidoid, przeszkadza bowiem temu ruchliwa woda przydenna. Wéréd ruchu
i postgpujacych przeobrazen chemicznych material ten” zlepia si¢ w okrag-
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lawe skupienia, ktére potem tezejg w odrebne okraglawe ziarenka. ‘W ten
spos6b tworzy sie glaukonit wilasciwy.

Tak wige w toku sedymentacji morskiej réznicuje si¢ szereg mineralny,
ktérego ciggloéé przejé¢ kolejnych uwidocznila analiza krystalochemiczna:
illity — folidoidy — glaukonity glinowe — glaukonity typowe

Jest to znamienny dla czysto morskich $rodowisk szereg reakcyjny, kt6-
rego kazdy czlon moze powstawaé z poprzedniego na skutek opézniania sig
sedymentacji 1 potggowania si¢ reakcji wymiennych z wodg morsks. -

Nie jest dotad rozstrzygniete zagadnienie, czy tego rodzaju procesy
zmierzajace do wytwarzania glaukonitu mozliwe sa tylko w czasie sedymen-
tacji, czy tez mogg odbywaé sie réwniez w gotowych juz osadach lub seriach
skalnych na skutek proceséw diagenezy i katagenezy. Obserwacje wlasne
autora przemawiajg raczej za tym, iz wtérna glaukonityzacja w gotowych
juz osadach czy tez skalach dojéé moze do stadium- folidoidu. Jest malo
prawdopodobne, aby reakcje wymienne mogly si¢ posungé w tych warunkach
tak daleko, by powstal typowy, silnie zelazisty glaukonit.

W koficu autor rozwazy! przyczyny nieobecnosci typowego glaukonitu
w skalach prekambryjskich i doszed! do -przekonania, ze jest ona wywolana
wrazliwoécig tego mineralu na czynniki metamorfozy. Juz w plytkich stre-
fach metamorficznych, a wigc w facji zieleicowej, nalezy sie spodziewaé
metamorficznego przeksztalcenia sie glaukonitu typowego w lepidomelan,
glaukonitu glinowego w biotyt i fengit, folidoidu w fengit i chloryt, illitu
za§ w muskowit i chloryt. Przy wszystkich tych reakcjach metamorficznych
nadmiar krzemionki musi sie wydzielié jako wolny kwarc. Przypuszczalne
stosunki iloSciowe przy tych przeobrazeniach zilustrowane sg na s. 105 i 106
przez hipotetyczne wzory chemiczne.

K. CMYJIMKOBCKH
(Kadenpa ITerporpadmu Bapuwasckoro YHuBepcHTeTa)

ITPOBJIEMA TJIAYKOHHTA

PE3IOME

OcHoBHIBasicb Ha COOCTBEHHBIX JaBHEHIUMX HCCIENOBAHHAX M Ha oOCyx-
IeHUSX HayyHOU JIHTepaTypHl 4BTOD NPHIIEN K CAEAYIOUIMM OCHOBHHIM 3aKJIO-
YeHHsAM: 1° XMMHUeCKHH COCTAB YHMCTOro IVIAYKOHHTA MOXKHO BBIPA3uTh OOIei
KPHCTAJUIOXHMHYECKOi (POpMyJIOf IPYNIB! CHIOA:

RyMw[(OH)zsi4-xAle1o]'n H, 0.
2° PasHbie MHHepaJbl IPYIIb GO, PasiuyaoTcs Mexay coboit cooTHoLIe-

HUSIMH K03 (PHIHEHTOB X, Y, . 3° WMunur 1 GOAHITOHL NpeicTaBJsioT cobofl
PasiiMyHEle 3BeHA rpymnbl CHlOA. lJIs nmepBOro XapakTepHO# sIBJSETCS CXeMa
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2=y <], naa Broporo z<_y<_l 4° Wnmutel, GONHAOMAL, IIHHO3EMHEIE
TJIayKOHHTHl ¥ OOBIKHOBEHHBIE [VIAYKOHUTHI 06pasyioT HelpephIBHBIA KpHUCTAall-
Jo-xHMHuueckui pax. 5° Kpucraanuueckast CTpyKTypa  MNIayKOHHTA HMeeT Hpo-
MEeXKYTOYHBIE YePThl MEXAY CIPYKTYPOH CIION H CTPYKTYpOH MHHepasbHOH
rPynrmel MOHTMOPHJIOHHTA. 6° XuMHUeCKUH COCTAB TNIAYKOHHTA 3aBHCHT B He-
KOTOPOH CTEIleHU OT reoJioruyeckoro Bospacta u comepxxanug CaCOs B ocajxe.
7° B uHCTO MOpPCKOH Cpefie OTMEUaeTcss CJIeIYyIOINH pPeakUUOHHBIH DA HI-
JAUT — HOMUAOUA — [VIHHO3EMHBIH [VIAYKOHHT — OOBLIKHOBEHHBIH IJ1ayKOHHT.
Ilporpecc B 5TOM Ppsiiy 3aBHCHT B IVIABHOH Mepe OT 3aMeIJeHHs CeJHMeH-
TaIHH,



STANISLAW_ MACIEJEWSKI
(Zaktad Mineralogii i Petrografii Uniwersytetu Poznanskiego)

O NIEBIESKIM AMFIBOLU GOR KACZAWSKICH

STRESZCZENIE

Badaniom optycznym i chemicznym poddano jasnoniebieski amfibol wydzielony
wtérnie w postaci precikowej lub wléknistej w szczelinach lupkéw z1elencowych w kté-
rym stwierdzono wlasnosci optyczne zblizone do glaukofanu i skiad chemiczny Zwyczaj-
nego aktynolitu z bardzo nieznaczng tylko domieszkg izomorficzng amfibolu sodowego.

Formacja zieleicowa Gér Kaczawskich w Sudetach Dolnoslqsklch wy-
kazuje do$¢ czesto wswych szczelinach ciosowych wtérne wydzielenia jasno-
niebieskiego amfibolu, nazywanego zwykle przez kartujgcych geologéw nie-
mieckich ,,eine glaukophanartige Hornblende'’. Na $cianach tych szczelin
widzi sie drobne odosobnione listewki lub plaskie zespoly precikowe i wiék-
niste, ktére w §wiezym stanie jaskrawo odbijajg niebieska barwg od swego
podloza. Barwa ta, istotnie przypominajaca sodowe amfibole z grupy glau-
kofanu, jest jednak stanowczo zbyt jasno blgkitna jak na prawdziwy glau-
kofan. Mozna by tu raczej podejrzewaé jakie§ ogniwo przejSciowe w szeregu
izomorficznym Igczgcym glaukofan z tremolitem albo aktynolitem. Poniewaz
amfibole tego rodzaju sa dotad bardzo malo znane, przeto- wydawalo sie
interesujacym zbadanie optyczne i chemiczne szeczelinowego amfibolu Gor
Kaczawskich.

Badania wykonano w r. 1952 w Zakladzie Mmeralogu i Petrografii
Uniwersytetu Poznariskiego pod kierunkiem Prof. K. Smulikowskiego. Ozna-
czen spélezynnikéw zalamania cieczy immersyjnych dokonano na refrakto-
metrze Abbego w Zakladzie Fizyki Do§wiadczalnej tegoz Uniwersytetu. Ma-
terial badany pochodzil ze sztucznej odkrywki lupkéw ziveleﬂcoWych, ktorg
zwiedzala zbiorowa wycieczka zjazdu Polskiego Towarzystwa Geologicznego
w sierpniu 1951. Odkrywka ta stanowi skarpe szosy z Bolkowa do Jeleniej
Géry w miejscu najblizszym wsi Rochowice Nowe (pow. jaworski).

Zielefice odslaniajace sie¢ w tej odkrywce przedstawiaja typ stosunkowo
stabo zlupkowany, w masywnych lecz gesto spekanych i tektonicznie zabu-
rzonych tawicach. Sg to skaly ciemnoszaro-zielone, zbite, albo calkiem afa-
nitowe, albo uzylkowane i upstrzone drobniutkimi bialawymi plamkami
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kalcytu. Pod wzgledem skladu mineralnego reprezentujg one typows zie-
leficowq facje metamorficzng, znamionujacg niskie temperatury i wysokie ci-
énienia deformacyjne, dla ktérej charakterystyczna kombinacje mineraléw
stanowig albit-chloryt-epidot-kwarc-kalcyt. Wyjsciowym materialem skal-
nym byly zasadowe wulkanity — lawy i tufy — typu bazaltowego czy tez
spilitowego. Prébki zieleficéw wymienionej odkrywki zdradzaja w mikro-
skopie dwojakie wyksztalcenie:

a) Mikrogranoblastyczna masa skalna sklada sie przede wszystkim z al-
bitu i chlorytu typu penninu, ktéry skupia si¢ miejscami w wieksze zwarte
plamy lub zageszcza sie w réwnolegle smugi podkreélajace stabg- laminacje
skaly. Kwarcu bardzo malo. Epidot na ogél Zle skrystalizowany, przewaznie
w postaci zbitych agregatéw mikrokrystalicznych, slabo prze§wiecajacych
i biatych w $wietle odbitym; tylko miejscami indywidualizujg sie wigksze
i optycznie bardziej jednorodne gruzelki, pleochroiczne w barwach zéltych
i ujawniajace bardzo wysokie barwy interferencyjne: jest to wiec silnie ze-
lazisty pistacyt. Gléwna masa albitowo-chlorytowa przetkana jest bardzo
delikatnymi igielkami prawie bezbarwnégo amfibolu, ktdéry zdradza cechy
optyczne aktynolitu; igielki te sa nierdwno w skale rozsiane, czesto zebrane
w peczki lub zageszczone w smugi biegnace zgodnie z laminacjg skaly.
Kalcyt skupia sig¢ w krystaliczne gniazda zlozone z kilku ksenoblastycznych
ziarn wielokrotnie zblizniaczonych, zwykle splaszczone wedlug plaszczyzny
slabego zlupkowania skaly. Gpniazda te zawierajg wrostki epidotu, tlenkéw
zelaza i krétkie, niekiedy ulozone w rozetki preciki prawdziwego glaukofanu
o charakterystycznym pleochroizmie w tonach niebieskich i fiolkowych. Czar-
ne punkciki magnetytu przewaznie skupiajg si¢ w gniazdka zlgczone z epi-
dotem i chlorytem.

b) Odmiana druga r6zni si¢ powaznie od poprzednio opisanej ubdstwem
chlorytu, brakiem aktynolitu, obfitoscia epidotu i kalcytu oraz zupelnym
brakiem kierunkowosci. Kalcyt tworzy duze okraglawe gniazda, doéé gru-
bokrystaliczne, czyste, prawie pozbawione wrostkéw. Mozna by je uwazaé
za wypelnienia gazowych pecherzykéw pierwotnej lawy bazaltowej. Agre-
gaty epidotowe, o wiele obfitsze, czgéciej wyksztalcajg grubsze ziarenka
o czystych i wyraznych reakcjach optycznych pistacytu. Albit czysty, zu-
pelnie prawie pozbawiony domieszki anortytowej, jest ksenoblastyczny
i przewaznie zle wyksztalcony. Kwarcu nieco wigcej, lecz wyréznienie go
w ksenoblastycznej mozaice albitowej przetkanej epidotem i chlorytem bywa
nieraz trudne. Magnetyt, na powierzchni cze$ciowo utleniony na hematyt,
skupia si¢ w gromadki lub wianuszkami otacza wraz z epidotem oczka kal-
cytowe. i

W szczelinach ciosowych opisanych powyzej zieleficéw licznie miejscami
wykrystalizowal jasnoniebieski widknisty amfibol, stanowigcy przedmiot
_niniejszej pracy. Najobfitsze jego nagromadzenia spotyka si¢ w jasnych
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zylkach krystalicznych wypelniajacych niektére szersze szczeliny ciosowe.
Tutaj gromadzi si¢ on miejscami w blaszkowo-wldkniste platy kilkumili-
metrowej gruboéei, przybierajgce niekiedy prawdziwie azbestowe wyksztal-
cenie. Jasnymi mineralami zylek sy stosunkowo do$é grubo skrystalizowany
bialy kaleyt i zoltawy lub cielisty albit w postaci pokaznych czystych ziarn
o grubych lecz rzadkich zbliZniaczeniach albitowych. Dolgcza sie do nich
réwniez epidot, nagromadzony przede wszystkim w lupinie zylek. Sklad
mineralny zylek jest wiec dostosowany do facji metamorficznej skaly ota-
czajgcej, tzn. do facji zielencowej. Powstaly one péiniej od skaly z roztwo-
réw termalnych krazgcych w szczelinach, lecz jeszcze w toku tego samego
procesu plytkiej metamorfozy, ktérej ulegla cala masa skalna. Deformacje
mechaniczne zylek, wéréd ktérych kaleyt i albit ulegly lokalnemu popeka-
niu i zgruchotaniu, a wiékniste skupienia amfibolu pogigciu lub zmierzwie-
niu, wywolane zostaly oczywiscie przez pézniejsze ruchy gérotwéreze, nale-
zgce prawdopodobnie do odrebnego cyklu tektonicznego.

Niebieski amfibol pochodzacy z takich zylek poddany zostal szczegélo-
wym badaniom. Badania optyczne przeprowadzono po czeéci na luZnych
precikach i wldknach wydlubanych z zylek, po czesci za$. w cienkich plyt-
kach mikroskopowych wycigtych poprzecznie wzgledem biegu tych zylek.
Okazalo sig, ze wiékna amfibolowe wydluzone wedlug osi krystalograficznej
Z s3 zwykle zbite w blaszki zgodne z dwuscianem poprzecznym (100) i obda-
rzone swoistg lupliwoscia; blaszki te dajg zawsze obraz 1-ej dwusiecznej a
przy Z niemal zgodnym z wektorem y. Czeste wrostki w wldknisto-blaszko-
watych skupieniach amfibolu tworzy albit, ktéry tez bywa nawzajem po-
przerastany tymze amfibolem. Latwe strzgpienie si¢ amfibolu na wlékna
i plastyczne ich powyginanie nastreczalo powazne trudnosci przy pomiarach
optycznych.. Przypadkowe bledy pochodzace z tego 7rédla starano sig elimi-
nowaé przez wigkszg liczbe pomiaréw indywidualnych i obliczanie wartosei
grednich. : '

Oznaczen spélezynnikéw zalamania amfibolu dokonywano metodg immer-
syjna z dokladnoscig + 0,002. Jako cieczy immersyjnej uzywano a-bromonaf-

talenu o sp. zal. 1,657, rozcieficzanego olejkiem cynamonowym o sp. zal.
1,602. Uzyskano- nastgpujace wyniki przecietne:

n, — 1,644
ng — 1,642
ng — 1,631

Py — g — 0,013
Niezaleznie od tego oznaczono réwniez dwéjlomnosé amfibolu w-cienkiej
plytce zyly w przekrojach prostopadlych do optycznej normalnej. Pomiar
réznicy faz dokonywany byl przy pomocy kompensatora Bereka, pomiar
za$§ grubosei odbywal si¢ przy zastosowaniu metody pytkowej z pomocg
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$ruby mikrometrycznej mikroskopu na przyleglych ziarnach albitu prosto-
padlych do osi optycznej; ‘do obliczenia grubodci rzeczywistej mozna bylo
wéwezas uzyé dobrze znanego z literatury spélczynnika zalamania ng-dla
albitu czystego. Pomiary te daly wyniki:

« : 0,0138, 0,0140, 0,0132, 0,0134, &rednio 0,0136.

ny—n

Srednia ta zgodna jest w granicach bledu z dwéjlomnoscia uzyskang z o wiele
mniej dokladnych oznaczen spélczynnikéw zalamania.

Kat osi optycznych oznaczono w szlifie przy pomocy 4-osiowego stolika
uniwersalnego Leitza. Przy tej sposobnoéci stwierdzono, ze 1-3 dwusieczng
jest kierunek a, czyli Ze optyczny znak amfibolu jest njemny. Spélczynniki
zalamania szklanych pélkul 1,557 byly mniejsze niz ng amfibolu (1,642),
wobec czego trzeba bylo uwzglednié odpowiednie poprawki postugujac sie
tabelami z podrgcznika Winchella t. 1. Srednia 11 pomiaréw z réznych miejsc
preparatu dala dla kata pozornego 2H warto$é 51,6°, po uwzglednieniu za$
poprawek dla indywidualnych odchyled osi optycznych od normalnej prze-
kroju uzyskano dla rzeczywistego kata osi optycznych amfibolu $rednia
wartosé 2V, = 48,8°.

Te wartoéé, uzyskang drogg pomiaréw bezpodrednich, skonfrontowano
z wartoécig uzyskang droga obliczenia ze znanych juz wartodci 3 gléwnych
wektoréw optycznych ng, ngi n, wedlug wzoru:

1 1
tg V, = ng® ng® . Z obliczenia tego uzyskano ¥, = 67°,
¥ T 1 Vo =23% 2V, = 46o.
ny® 7’

Réznica -2,8° pomigdzy wynikiem pomiaru i obliczenia jest stosunko-
wo mala, jedli sie uwzgledni fakt, ze oznaczenia spélczynnikéw zalamania
byly dokonane z koniecznosci metodg malo dokladng (=4 0,002) i wobec
tego wynik obliczenia 2V mégl byé obarczony stosunkowo duzym bledem.
Jedli wiec wspomniana réznica wynosi tylko —2,8°%, stanowi to poérednia,
bardzo cenng wskazdwke, iz przy oznaczeniach wektoréw optycznych metods
immersyjng najprawdopodobniej nie popelniono zadnych powazniejszych ble-
dow.

Ulozenie wektoréw optycznych w amfibolu jest nastepujace:
Normalna optyczna zgodna jest z osig krystalograficzng Y, a wektor y jest
o bardzo maly kat odchylony od osi krystalograficznej Z wyznaczonej wy-
‘dluzeniem wldkien. Liczne oznaczenia kata zaémienia §wiatla w przekrojach
prostopadtych do § = Y daly przecietng Z/y = 2,5°. Wobec tego 1 dwusiecz-
na a jest prawie prostopadla do $ciany (100), a latwo oddzielajgce si¢ wedle
tej Sciany blaszki dajg prawie centryczny obraz osiowy tej dwusiecznej.
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Pleochroizm jest bardzo wyrainy ze schematem absorbcyjnym
a { B {y a— bladozielonkawo-z4lta
p — szaro-zielona
y — niebieskawo-zielona

Przygotowanie czystego materialu amfibolu do analizy chemicznej nie
nastrgczalo wigkszych trudnosci. Z latwoscig dawal sie on wydlubywaé ze
$rodka zyly i rozdrabniaé¢ na wlékna pod lupg binokularng w celu wyelimi-
wania powrastanych tu i 6wdzie ziarnek albitu i kalcytu. Pod lupg tq mozna
tez bylo eliminowaé partie przyprészone tlenkami zelaza i wrostkami epi-
dotu. Przy takim rozdrabnianiu barwa niebieska amfibolu blakia i stawala
sie prawie niedostrzegalna. Ostateczng kontrole czystoSci materialu wybra-
nego do analizy chemicznej przeprowadzono w mikroskopie. Wyniki badan
i przeliczeri chemicznych zestawione sa w ponizszej tabeli (p. s. 126).

Z dwéch réwnoleglych analiz chemicznych (I—II) obliczono sktad prze-
cietny wyrazony w % wagowych (IIT). Ten ostatni przeliczono najpierw na
stosunki czasteczkowe (IV), nastepnie na stosunki atomowe (V), te za§ prze-
liczono na modle ogélnego wzoru krystalochemicznego grupy amfiboli:

X, Y ,[(OH,F,04),Z,;0,,], gdzie
X — oznacza duze kationy: Ca, Na, K
Y — . §rednie kationy: Mg, Fell, MnlI; Felll, Al, Ti
zZ — ’s male kationy: Si, Al

We wzorze tym liczba jednostkowych ladunkéw elektroujemnych wyno-
szaca 92 (44.0-% 4 4(OH)' = —92) musi byé zréwnowazona sumg ladun-
kéw elektrododatnich wszystkich kationéw X, ¥ i Z. Wobec tego, mnozgc
~ stosunki atomowe tych kationéw przez ich wartoSciowoéci, uzyskano sto-
sunki wartosciowosci tychze kationéw (VI). Podzieliwszy sume jednostkowych
tadunkéw jonowych, wymaganych przez ogélny wzér (92), przez sume sto-
sunkéw wartoSciowoéci kationéw, wynoszaca 5,240, otrzymujemy dla na-
szego amfibolu staly mnoznik 17,557; mnozac przezeh stosunki atomowe ka-
tionéw otrzymujemy proporcje, wedlug ktérych kationy te ukladaja sie
w ramach ogélnego wzoru krystalochemicznego amfiboli (VII).

Z kolumny VII tabeli widaé, ze krzemu jest nieco za malo, gdyz nawet
dopelniwszy go calkowitym glinem nie uzyskamy dla Z przewidzianej teore-
tycznie sumy 16, lecz tylko 15,853; niedobér ten jest jednak niewielki. Su-
ma kationéw $rednich zgadza sig prawie zupelnie z teoretycznie przewidy-
wang (9,972 zamiast 10). Natomiast kationéw duzych X jest wyraznie za
duzo: 4,494 zamiast 4. Znacznie za duzo jest réwniez grupy hydroksylowej:
5,7 zamiast 4,0. Mozliwe jednak, 2e'wykazany przez analiz¢ chemiczng
nadmiar wody -+ nie nalezy do wody konstytucyjnej (OH), lecz jest nastep-
stwem azbestowego wyksztalcenia amfibolu i nie powinien byé uwzglednia-



126 STANISEAW MACIEJEWSKI
Tabela danych chemicznych
I 1T III 1V
% wag. % wag. v % wag. st. czyst.
Sio, 52,10 51,92 52,01 0,867
Ti0, $lad dlad s —
ALO, 1,96 1,71 1,84 0,018
Fe, 0, 4,65 4,52 4,59 0,028
FeO 8,21 8,54 8,38 0,116
MnO 1,51 1,45 1,48 0,020
MgO 15,06 15,25 15,16 0,376
Ca0 12,24 12,04 12,14 0,216
Na,0 1,14 1,08 1,11 0,018
,0 0,13 0,24 0,19 0,002
H,0 4 2,84 3,01 2,93 0,162
H,0 — 0,21 - 0,21 0,21 0,012
100,05 99,97 100,04
A\ VI VII
st. at. st. wart.
Si 0,867 3,468 15,221
Ti —_— — —_ } Z = 15,853
Al 0,036 0,108 0,632
Felll 0,056 8,168 0,983
Fell 0,116 ,232 2,037 _
Mn 0,020 0,040 0,351] Y= 9,972
Mg 0,376 0,752 6,601
Ca 0,216 0,432 3,792
Na 0,036 0,036 0,632 X = 4,494
K 0,004 - 0,004 0,070
5,240
H 0,324 0,324 5,688 5.688

ny w ukladaniu jego formuly krystalochemicznej. Otrzymuje ona wéwczas.:
postaé dostosowang do metodyeznych zalozen obliczenia:

(Cag.sNay oK, ;) (Mg, sFell FelMn, ,)[(OH),Siy5 ,AlL, 60,,]

Natomiast, jesliby si¢ chcialo uwzgledni¢ éw nadmiar jako wode kon-
stytucyjna, wéwezas nalezaloby przyjaé, ze 1,7 (OH) zastepuje tlen we wste-
gach tetraedréw [(Si,Al)O,], i zmniejszy¢ w nich udzial tlenu tak, aby suma
jednostkowych ladunkéw elektroujemnych O+-(OH) byla réwna sumie jed-
nostkowych ladunkéw elektrododatnich wszystkich kationéw. Formula
przyjelaby wéwezas nastepujaca postaé niezupelnie zgodna z metodycznymi
zalozeniami:

(C?s,s‘Nao.eKo,l) (Mgs,eFeg,IoFeEgMno.&) [(OH),Si, 5,2Alo.5043,1(OH)1,‘1]

Oba wzory bardzo zblizajg si¢ do wzoru zwyklego aktynolitu:
Ca (Mg, Fe,Mn),[(OH),Si,40,]
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Wobec calkiem drobnych iloSci sodu i glinu odbiegaja one zbyt
daleko od prawdziwego glaukofanu-o wzorze:

(Na,Ca), ,(Mg,Al, Fe)10-12[(OH)4Si15-16A10-1O44]

Natomiast podane wyzej wlasno$ci optyczne naszego niebieskiego am-
fibolu zblizaja go bardzo do wlaSciwego glaukofanu i nie zgadzaja sie weale
z takimiz wlasnoSciami aktynolitu.Jedynie barwa i pleochroizm naszego
amfibolu s wyrainie odmienne niz u glaukofanu, a raczej podobne jak u ak-
tynolitu. Widaé to z ponizszego zestawienia:

. Niebieski amfibol
Ak?ynolzt z Rochowic Glaukofan

ny 1,641—1,655 1,644 ' 1,639—1,668

ng 1,630—1,644 1,642 1,638—1,664

ng 1,614—1,628 1,631 1,621—1,655
ny—ng 0,025—0,028 0,0136 0,013—0,018
X Z/y 150-—200 2,50 4060 .

2V, 790—850 490 0—68°

najezesciej ok. 45

N : , .
s‘§ ¥ szmaragdowo-zielona niebieskawo-zielona niebieska do zielono-
3 5 . niebieskiej
S5 g jasnozielona szaro-zielona fiofkowa
m,.‘? a bladozéltawa do bez- bladozielono-z6ta bezbarwna do blado-

S barwnej : zielonej

Przedstawione wyniki badan amfibolu z Gér Kaczawskich wykazujg za-
tem jaskrawa niezgodno$é pomiedzy skladem chemicznym i wlasciwoédciami
optycznymi. Jedliby go uwazaé za czlon serii krysztaléw mieszanych akty-
nolitu z glaukofanem, wéwezas przedstawialby on ogniwo calkiem ubogie
w glaukofan, jakkolwiek jego ogélna barwa i wlasnoéci optyczne, z wyjat-
kiem pleochroizmu, sg bardzo bliskie c¢zystemu glaukofanowi. Swiadczy to
o tym, jak zawilym i zaleznym od trudno uchwytnych czynnikéw pobocznych
jest stosunek pomiedzy skladem chemicznym a wlasnoSciami optycznymi
w obrgbie tej skomplikowanej grupy mineralnej, jaka przedstawiajg am-
fibole. :
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CT. MALIEEBCKH

(Murepanoruyecko-Tlerporpaduyeckas JlaGopartopusi [Tosmarnckoro YuuBepcurera)

O TONYBOM AM®UBOJIE KAUABCKHX I'OP
PE3IOME

OnTHuecKUM H XMMHUECKHM HCCIEIOBaHUAM ObI MOLAAH CBETJIOroJyGol
aMmbu6oy, KOTOPHIH BBILENHJICH BTOPHYHO B TPEIIMHAX 3eJeHBIX CIaHIEB
B BHJE JJIHHHOCTOJNOYATHIX HJHM BOJOKHUCTEIX arrperatoB, Ero oco6eHHOCTD

- COCTOMT B TOM, 4TO IIPH ONTHYECKHX CBOHCTBAX, OueHb GJIH3KHX K IVIayKodaHy,
OH HMeeT XHMHUUYECKHH cocTaB OGHIKHOBEHHOTO AKTHHOJHTA, JHIIb C He3HAUH-
TeJbHOH NpHMechio HaTpoBoro amdubdoda.

ST. MACIEJEWSKI

(Laboratory of Mineralogy & Petrography of the University of Poznan)

ON A BLUE AMPHIBOLE FROM THE KACZAWA MTS.

ABSTRACT

A light blue amphibole, occurring as fibrolamellar aggregates in the joints of
the West-Sudetian greenschists, was subjected to chemical and optical investigations.
Its peculiarity consists in that its optical features resemble those of glaucophane, while
its chemical composition.is very near to actinolite.

SUMMARY

The joints of the greenstone formation of the Western Sudeten Mts. often
contain light blue lamellae or laths of an amphibole, which, at first sight,
might be classed among the glaucophane group. An especially abundant
accumulation of this amphibole was found in an artificial outerop of green-
stone on the road from Bolkéw to Jelenia Gora, near the village Rochowice
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Nowe. The blue amphibole is here not only loosely crystallized on the joint
~ faces of greenstone but, together with white calcite and flesh coloured albite,
it also participates in the filling of veins. There it is accumulated locally in
flat compact sheets showing platy cleavage and fibrous asbestos-like structure.

The greenstones are feebly schistose to nearly massive rocks of dark
green greyish colour. To the naked eye they are almost aphanitic or sprinkled
with white spots of calcite. When examined in thin section, they are seen
dissolved in a granoblastic mixture of albite, chlorite, epidote and calcite,
with quartz quite subordinate. Some varieties of greenstone contain very
fine needles of actinolite, and the calcite spots may include small rods of
true glaucophane pleochroitic in deep blue and violet. All greenstones are
volcanic rocks of basaltoid composition — lavas and tuffs — probably -of
Cambrian age. They were transformed during the Caledonian diastrophism in
a shallow zone of metamorphism, and attained the typical greenstone
mineral facies of metamorphic rocks.

The light blue amphibole was extracted from veins in a pure and homoge-
neous state and subjected to chemical analysis (p. 126 of the Polish text)
which, when recalculated on the modern crystallochemical formula, shows
the following composition:

(Cay sNa, (K, ;) (Mgﬁ_sFeg_IoFeIlﬁMno_{) [(OH)4Si15.zA10.eO44]

This is very poor in soda and alumina and, therefore, far from glauco-
phane and very near to common actinolite.

On the contrary, an optical examination of this light blue amphibole has
proved its near connexion with glaucophane and important differences from
actinolite. Sole, absorption colours and pleochroism do not agree with those
of glaucophane and rather approach actinolite.

n, — 1.644
ng — 1.642| determined by the immersion method in a-bromonaphta-
lene diluted with cinnamon oil

n, — 1.631
n}., - ng, =0.0136 determined with the Berek compensator in thin section
+Z/, = 2.5° plane of optical axes parallel to (010).
2V, = 49° determined in thin section on the universal stage
Pleochroism
. y — bluish green Absorption scheme
p — grey-green alp<y

a — pale greenish yellow
Thus a remarkable discrepancy exists between the chemical composition

9 — Archiwum Mineralogiczne )
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and the optical properties of the amphibole under discussion. In spite of its
close chemical affinity to common actinolites and but subordinate isomor-
phous admixture of soda amphibole, its low birefringence, small axial angle
and very small inclination of the bisectrix y against Z show near resemblance
to glaucophane. This discrepancy points out the complicated relations be-
tween the chemical composition and the optical properties of the amphibole
group, and shows how insufficiently they have so far been investigated.
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KERATOFIRY GOR KACZAWSKICH

STRESZCZENIE

Opisano petrograficznie keratofiry okolic Kaczorowa w pow. Jawor (Sudety Dolnego
Slaska) podajac dwie nowe analizy chemiczne. Dla poréwnania zbadano réwniez kerato-
firy okolic Bolkowa, Jezowa, Yandwka i Podgérek. Dla generalnej charakterystyki skat
tego typu przestudiowano poréwnawczo 67 analiz chemicznych keratofiréw calego $wiata,
stosujac odpowiednie metody graficzne. W konkluzji zaproponowano zaniechanie nie-
Scistej i przestarzalej nazwy , keratofir” i zastgpienie jej nazwami $écistymi: paleoriolit
alkaliczny oraz paleotrachit alkaliczny.

WSTEP

Poprzez Géry Kaczawskie z WNW na ESE ciagng sie dwa pasy wysta-
pien keratofiréw (fig. 1).

Pas pélnocny, przebiegajacy przez péinocne skrzydlo antykliny wojeie-
szowskiej (od Janéwka przez Podgérki do Wojcieszowa Dolnego), jest pra-
wie ciagly, nieznacznie tylko poprzerywany isklada sie z licznych wystgpien,
Iaczacych sie w Srodkowe]j czeSci pasma w jednolity niemal laricuch gérski.

Keratofiry pasma pélnocnego, nazwane przez Blocka (7)* porfiroidami
keratofirowymi, wyksztalcone sg do$¢ jednostajnie. Sa one plytowate lub-
tupkowate, jasno zabarwione, prawie biale, a nierzadko skladaja sie z na-
przemianlegtych zielonych i bialych warstewek. Na powierzchniach zlupko-
wania czgsto wystepuje serycyt. Niekiedy na pierwszy rzut oka upodobniaja
si¢ one do piaskowcéw lub kwarcytéw, a dawniej bywaly nawet oznaczane
jako gnejs serycytowy. Pas pélnocny ze wszystkich stron graniczy tylko
z zieleficami.

Pas poludniowy, lezacy w odleglosei okolo 4,5 km od pasa polnocnego,
sklada sie z do§¢ znacznie oddalonych od siebie wystapien, ktére Block uwaza
za pnie i zyly. Graniczg one z zieledcami, fylitami i wapieniami. Keratoflry
pasma poludniowego, nazwane przez Blocka felzokeratofirami, tworza nagie
malownicze skalki lub odslaniajg si¢ w kamieniolomach i prvzekop.ach kole-

! Cyfry kursyws w nawiasach odsylaja do spisu literatury na koicu artykutua.
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jowych. W wyksztalceniu keratofirGw panuje tu wielka réznorodnosé. Wy-
stepujg odmiany porfirowe, masywne, niekiedy fluidalne, barwy ciemno-
szarej, prawie czarnej, a czasami migsisto-czerwonej. Bardzo rzadko posia-
dajg one elipsoidalne migdaly wielkoéei 3—12 mm wypelnione skaleniem
i kwarcem. Niekiedy majg one strukture podobng do struktury poduszkowej
diabazéw (w okolicach Chroénicy na pélnoc od Jeleniej Géry). Istnieja réw-
niez odmiany wybitnie lupkowe, jasniej ubarwione, przypominajace czasem
popiclate lub ciemno plamiste fupki. Tutaj jednak na powierzchniach zlup-
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Keratofiry Gér Kaczawskich

Liczby oznaczaja numery analiz chemicznych
-+ keratofiry analizowane chemicznie
‘W koélkach ujete sg keratofiry zbadane mikroskopowo

kowania, w przeciwiefistwie do pasa pélnocnego, serycyt prawie nigdy nie
wystepuje. W pasie poludniowym czeste sa enklawy ostrokanciaste lub za-
okraglone, wielko$ci najezesciej 1-20 cm, rzadko do 1,5 m. Wedlug danych
literatury niemieckiej stanowig je skaly epidotowe, zielefice, kwarcyty
i lupki, a takze bezlyszczykowe i bogate w kwarc granity, o drobnoziar-
nistym wyksztalceniu aplitowym. Wlasne obserwacje autora stwierdzaja tu
réwniez enklawy sjenitéw i migdalowcéw trachitowych.

Obecnosé enklaw zieleicowych wskazuje na po-gérnokambryjski wiek
keratofiréw (I), a poniewaz keratofiry przebijaja réwniez ordowickie fylity,
muszg wigc one byé péznoordowickie lub gotlandzkie.

Keratofiry Gér Kaczawskich sa dotychczas prawie wcale niezbadane.
Nieznane jest dokladnie ani ich polozenie tektoniczne, ani pozycja straty-
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graficzna, prawdopodobne jest tylko, ze wystgpuja tu keratofiry starsze
(pasma pélnocnego) i mlodsze (pasma poludniowego). Ani jedne, ani drugie
nie doczekaly si¢ dotad zadnego petrograficznego opracowania.

Praca niniejsza jest krétkim szkicem petrograficznym keratofiréw Gér
Kaczawskich. Obejmuje ona przede wszystkim keratofiry okolic Kaczorowa.
Inne keratofiry zostaly potraktowane tylko w sposéb przegladowy. Przy wy-
konaniu jej wyzyskana zostala, bardzo skapa zreszta, literatura niemiecka
oraz polowe notatki prof. K. Smulikowskiego, Praca ta zostala wykonana
na materialach zebranych w terenie przez autora wr. 1951, jak réwniez na
materialach zebranych przez prof. K. Smulikowskiego w latach poprzednich.
W czasie jej wykonywania bardzo czesto korzystalem z cennych rad i wskazé-
wek Profesora, ktéremu skladam w tym miejscu najserdeczniejsze podzie-
kowania.

KERATOFIRY OKOLIC KACZOROWA

Skatka keratofiru fluidalnego bogatego w enklawy

Na NE od Kaczorowa wznosi si¢ okazala skalka (Niederkretschamstein,
por. fig. 2, nr 1) porfirowego keratofiru z malymi fenokrysztalami skalenia
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Keratofiry okolic Kaczorowa

Liczby oznaczajg numery odkrywek
o keratofiry zbadane mikroskopowo

i z afanitowym, a gdzieniegdzie nawet $rednioziarnistym tlem skalnymt
Barwe posiada ona jasng w odcieniu rézowym, miejscami szarym, teksture
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przewaznie fluidalhq, na ktdra skladajg sie niewielkie i szybko wyklinowujace
sie zielonawe i rézowe smugi. Skalka ta przepelniona jest enklawami badz
to ostro ograniczonymi, badz tez stopniowo zlewajacymi sie z keratofirem
enklawy te tworzy ciemny hupek, ktérego pakiety dochodza do 1,5 m gruboéei
$rednioziarnisty sjenit, trachit migdalowcowy, zielefice i réine skaly prze-
obrazone, megaskopowo podobne do zieleficéw. Poza tym pocieta jest ona
zylami aplitowo-granitowymi i kwarcowymi, gromadzacymi si¢ gdzienie-
gdziewkilkuéentymetrowej wielkoSei gniazda, ktére niekiedy nie posiadaja
wyraznych granic z keratofirem i silnie go impregnuja. Tu i éwdzie skalka
jest tak pocigta zylami, Ze robi wrazenie brekeji. W wyksztalceniu kera -
tofiru panuje wiec ogromna réznorodnoéé.

Typowy i czysty keratofir wykazuje w mikroskopie strukture; porfiro--
watg, teksture za§ masywna, fluidalna.

Tlo skalne skiada sie z mikrolitéw i bardzo drobniutkich ziarenek ska-
lenia i kwarcu oraz zawiera duzo tlenkéw zelaza, wyksztalconych najezeSciej
w postaci malutkich grudek, rzadziej precikéw lub gwiazdek. Mniej licznie
wystepuje tu leukoksen i mikrolity jakiego§ brudnozielonego zmetnialego,
ksenomorficznego mineralu o do$é wysokiej dwéjlomnosei, ktéry miejscami
upodabnia sie-do tuseczek serycytu, miejscami do ziarenek epidotu. Czasami
gromadzi sie on w niewielkie okraglawe skupienia, powstale prawdopodobnie
z rozkladu skalenia. Tio jest impregnowane kwarcem, ktéry tworzy kseno-
morficzne ziarenka czesto grupujace sie w okraglawe lub wydtuzone skupienia.

W takim tle tkwig do$é liczne, mniej lub wigcej automorficzne feno-
krysztaly albitu, rzadko skalenia potasowego i kwarcu. Albit zawiera okolo
8% anortytu i wyksztalcony jest przewaznie jako albit szachownicowy,
o nieregularnych krétkich i cienkich prazkach albitowych. Niektére wigksze
osobniki albitu, prawdopodobnie pierwotnego, ulegly rozkladowi. Zarysy
ich wypelnione sg malutkimi ziarenkami wtérnego albitu oraz nieliczne-
go kwarcu, wéréd ktérych tkwia dos¢ liczne relikty albitu normalnie albi-
towo zbliZniaczonego, nieszachownicowego, o stabym dodatnim reliefie wzgle-
dem wtérnych ziarenek albitowych. Wigksze osobniki albitu szachownico-
wego sg automorficzne, mniejsze cdznaczaja sie przewaznie nizszym stopniem
automorfizmu i stopniowo przechodzg w ksenomorficzne malutkie ziarenka
wplecione w tlo skalne. Czasami male tabliczki wtérnego albitu ulozone sg
promieniécie w okragglawe skupienia zblizone do sferolitéw. Osobniki albitu
sg przewaznie silnie spekane, niekiedy wykazujg faliste znikanie §wiatla.
Fenokrysztaly albitu szachownicowego czesto posiadajg wewngtrz skupienia
ziarenek kwarcowych, ‘do ktérych nierzadko dochodzi zylka kwarcowa.
Niekiedy ksenomorficzne ziarenka kwarcowe calkowicie wypelniajg ksztalty
skalenia.

Skalen potasowy wyksztalcony jest jako bardzo gruby, plamisty, naj-

‘ prawdopodobnleJ wtérny pertyt. Wrostki pertytowe a czasami nawet i cale
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partie fenokrysztalu tworzy albit niezbliZniaczony o zawartoéci okolo 6%
anortytu.

Fenokrysztaly kwarcu sa malutkie i nigdy nie doréwnujg pod wzgledem
wielkosci skaleniom. Wyksztalcone sa w postaci ksenomorficznych izome-
trycznych ziarenek, bardzo rzadko tylko przejawiajgcych pewna tendencje
do automorfizmu. Wykazuja one faliste znikanie §wiatla, przy tym niekiedy
wygasaja W postaci smug lub hiperbol rozchodzacych sie od srodka ku pe-
ryferiom krysztalu. Nierzadko wigksze osobniki sy spekane. Niewiadomo;
czy fenokrysztaly kwarcu nie powstaly przy wtérnym procesie sylifikacji.
Wszystkie fenokrysztaly skaleni i kwarcu zaWIeran nieliczne wrostki tlen—
kéw zelaza i lyszczykéw.

Keratofir przecinaja liczne zylkl kwarcowe, krzyzujace sig ze sobg pod
katem prawie prostym, czasami zawierajace nieco tlenkéw zelaza i lyszezy-
kéw. W miejscach ich krzyzowania sig widaé, ze wszystkie powstawaly réwno-
cze$nie. Ziarna kwarcowe. w zylkach i skuplemach ulozone sg wyraznie kie-
runkowo, przy tym kierunek ten jest wszedzie ten sam. Wskazuje to albo na
dwie fazy naciskéw, albo na wypelnianie szczelin podczas trwania naciskéw,
albo na kierunkowe narastanie kwarcu na $ciankach szczelin. :

Nie wiadomo, czy w keratofirze tym struktura porfirowata nie jest zja-
wiskiem wtérnym. Pierwotna struktura mogla byé porfirowa, o fenokrysz-
talach skalenia potasowego, albitu pierwotnego i kwarcu. Pézniej nastgpil
proces albityzacji. W skaleniu potasowym pojawily si¢ pertytowe wrostki
wtérnego albitu, potem cale jego partie zostaly zastapiome przez albit, az
wreszeie skalefi potasowy prakrysztaldw znikngl prawie zupelnie, a - jego
miejsce zajal albit szachownicowy. Plagioklazy o troche wigkszej zawartoéci
anortytu ulegly rozkladowi przechodzac w jakis lyszezyk lub epldot albo
réwniez zostaly zalbltyzowane

Réwnocze$nie w mikrolitycznym, pierwotnie moze szklistym tle skal-
nym zaczal sig krystalizowaé wtérny albit. Osobniki jego krystalizowaly
badZ to pojedynczo, badz tez z pewnego centrum wzrastaly po kilka na raz,
ukladajac sig w promieniste skupienia zblizone do sferolitéw. Jedne z nich
rozwinely sig lepiej uzyskujac wiekszy stopied automorfizmu, rozwéj innych
zostal zahamowany, tak ze stworzyly one ogniwa przejéciowe pomiedzy fe-
nokrysztalami a tlem.

Nastepnie wskutek ruch6w gérotwérezych skala zostala spekana, a nie-
ktére fenokrysztaly pogruchotane. Toutatwilo krgzenie roztworéw krzemionki,
ktéra wykrystalizowala w spekaniach, impregnowala tlo skalne, a czeScio-
wo zastgpila skalefi w fenokrysztalach stwarzajac réwniez przejScie miedzy
fenokrysztalami a tlem. '

Analize chemiczng tejskalyi jejsklad normatywny podaje tab. 1 (s. 136).

Normatywny sklad mineralny musi tu byé dosyé zblizony do skladu rze-
czywistego; tylko czesé potasu z norma‘tywnego ortoklazu i glinka z norma-
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Tabela 1

Analiza chemiczna i sklad normatywny skaltki keratofiru fluidalnego
(,,Niederkretschamstein‘‘) (anal. autor)

% wag 1 2 1 Sreanta | Nommstywny sidad
Sio, 68,18 68,38 68,28 kware 14,6
AlL0, 17,74 17,47 17,61 ortoklaz 37,8
Fe,O, , 1,08 1,13 1,11 albit 40,1
FeO 0,74 0,91 0,83 anortyt 1,7
MgO 0,31 0,33 0,32 korund 2,2
CaO 0,32 0,33 0,33 hipersten 1,3
Na,O 4,71 4,77 4,74 magnetyt 1,6
K,O 6,52 6,26 6,39 ilmenit 0,3
MnO 0,04 0,04 woda 0,4
}’l;ig, 91,19 0,21 91,20 100.0

204 _ 81, 81, d
H,0+ 0,34 0,34 P
H0— 0,06 0,06 ATHIEHRY MASMORR
100,23 100,25

tywnego korundu wchodzi do lyszczyku, a cze$é wapnia z normatywnego
anortytu — do epidotu. Wynika stad, ze skala musi zawieraé¢ duzo skalenia
potasowego, ukrytego przewaznie w tle skalnym; fenokrysztaly tego skale-
nia s3 bowiem raczej nieliczne.

Enklawa sjenitowa. — Enklawa sjenitowa posiada ksztalty zaokraglone,
granice z keratofirem do§¢ wyrazne, barwe r6zows; megaskopowo jest bardzo
podobna do $rednioziarnistego granitu.

W mikroskopie wykazuje ona teksture kierunkows, strukture hipauto-
morfowo-ziarnista, porfiroklastyczng. Sklada sie.z wigkszych ziarn skalenia
potasowego, ktére albo w grupach albo pojedyniczo, czasem ulozone w sze-
regi, tkwia w pokruszonej $rednioziarnistej, rzadko drobnoziarnistej masie
skalnej. Masa ta sklada sie ze skalenia potasowego, bardzo malej iloci kwarcu,
tlenkéw zelaza oraz pojedynczych ziarenek cyrkonu i skupien leukoksenu.
Uklada si¢ ona w pasma. Kierunek wydluzenia ziarn jest przewaznie prosto-
padly do kierunku przebiegu pasm. Miejscami, gdzie pasma nie sa zbyt wy-
razne, ulozenie to stwarza pozory tekstury bezladnej, czasami za$ skala za-
czyna przybieraé teksture kierunkows, o ukladzie prostopadlym do kierunku
tekstury pierwotnej.

Sklad skaly w procentach objetosciowych przedstawia sig nastgpujagco:

%
skalefi potasowy 88,66
kwarc 2,95
tlenki zelaza 3,54

leukoksen 1,14
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cyrkon 0,20
drobnoziarniste masy
skaleniowe lub skale-
niowo-kwarcowe 3,51

Skaleni potasowy tworzy rézinej wielkosci ziarna, niekiedy zblizniazcone
karlsbadzko, czasami spekane i postrzepione, przewaznie do$é silnie prze¥
obrazone, zmetniale i zbrunatniale. Niekiedy robia one wrazenie bardzo
subtelnego pertytu. Czesto posiadaja wrostki tlenkéw zelaza, wyjatkowo
cyrkonu. Kware pierwotny wystepuje w ilosci bardzo nieznacznej tworzac
ksenomorficzne ziarenka o znikaniu smuzystym, czasami nawet mozaiko-
wym. Stosunkowo liczne sg tlenki zelaza, wyksztalcone w postaci dosé du-
zych przewaznie ksenomorficznych, rzadziej automorficznych ziarenek, kté-
re niekiedy grupuja si¢ w niewielkie skupienia.

Cyrkon tworzy malutkie tu i 6wdzie rozsiane w skale ziarenka, z reguly
automorficzne, czasami o ksztaltach lekko zaokraglonych. Leukoksen wy-
stepuje w ilosciach podrzednych tworzac skupienia nasladujgce tlenki zelaza.
Czasami osobniki jego posiadajg znieksztalcone zarysy sze§cioboczne.

Enklawa ta pocigta jest licznymi, przewaznie szerokimi zylami kwar-
cowo-albitowymi. Przebiegaja one prostolinijnie, zgodnie z pierwotng teks-
turg kierunkowg skaly, rzadziej rozgaleziajg sie i wéwczas tng skale na drob-
ne fragmenty.

Pierwszy w zylach zaczal krystalizowaé albit, przewaznie dobrze zbli-
zniaczony albitowo. Narastal! on na odslaniajgcych sie w $cianach zyly ziar-
nach skalenia potasowego w zgodnej z nimi orientacji krystalograficznej.
Miejscami widaé, jak albit wgryza si¢ w skalefi potasowy wypierajac go. Po
tym krétkim okresie albityzacji nastapil doplyw krzemionki, ktéra wypel-
nila szezeliny drobniutkimi ksenomorficznymi ziarenkami kwarcu, prze-
mieszanymi z bardzo nielicznymi, takze ksenomorficznymi ziarenkami albitu. .

Kwarc i albit impregnowaly réwniez silnie pokruszone partie skaly.
Malutkie ziarenka kwarcu i albitu ulozone sg w zylach wybitnie kierunko-
wo, dluzszymi osiami prostopadle do §ciany zyly, zgodnie z wtérng kie-
runkows teksturg skaly. Widaé, ze enklawa ta, zanim- dostala si¢ do kera-
tofiru, przeszla dwie silne fazy gérotwércze. W pierwszej, silniejszej, skala
zostala pokruszona i spekana i uzyskala teksture kierunkows. Druga faza,
troche slabsza, ktérej naciski szly prostopadle do kierunku naciskéw fazy
pierwszej, zmienila orientacje ziarn w skale, czeSciowo zacierajac i kompli-
kujac pierwotng teksture kierunkowa, i nadala kierunkowo$¢ ziarnom w zyle.

Keratofirowa lawa oplywajac te enklawe ulozyla we fluidalne smugi
I skupienia tlenki zelaza, leukokseny i troche jakiego$ lyszczyku, ktéry wy-
stepuje czasami w skupieniach razem z tlenkami zelaza, rzadziej tworzy
oddzielne zielonkawe slabo pleochroiczne Iuseczki, Granica keratofiru z en-
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klawg jest wyrazna, widaé jak keratofir oplywa wystepy enklawy; tylko
miejscami, tam, gdzie keratofir graniczy z drobnoziarnistg masa skaleniowo-
kwarcows lub z zylg kwarcowa, staje si¢ ona mniej wyrazna i czasami w ob-
rébie waskiego pasa nie mozna miedzy keratofirem a enklawg jej przepro-
wadzié.

Enklawa o wyglgdzie tupku zielericowego. — Niewielka enklawa megasko-
powo zupelnie podobna do zielefica, lupkowata, ostrokrawedzista, o bardzo
wyrainych granicach z keratofirem. Zostala ona oplynigta przez keratofir
zgodnie ze swojg teksturg lupkows.

W mikroskopie enklawa ta posiada teksture masywng, wybitnie kierun-
kows, robigcg wrazenie tekstury gnejsowej, strukture hipautomorfowo-ziar-
nista, porfirowata, z pewng tendencja do panksenomorfowo-ziarnistej. Skla-
da sie ona ze skalenia potasowego i z kierunkowo ulozonych nieprzezroczy-
stych, a bialych w $wietle odbitym blaszek lub slupkéw o wygladzie leu-
koksenu lub epidotu, tkwigcych w serycytowo-chlorytowej masie.

Skalefi potasowy zawiera dosé duzo sodu (< X/a = 9,0—11,3°). Tworzy on
réznej wielkoSci osobniki, przewainie ksenomorficzne, o ksztaltach izome-
trycznych, rzadziej wydluzonych. Czasami po kilka osobnikéw zazebia sie
ze sobg. Zazwyczaj sa one silnie zserycytyzowane i zazebiajg sie z otaczajaca
je serycytowg masg. Niekiedy serycytyzacja posunieta jest tak daleko, ze
pozostaja z nich tylko drobne ziarenka nalezgce juz do masy skalnej. Czasami
jednak skalen potasowy przejawia pewng tendencje do automorfizmu. Osob-
niki automorficzne sa nieliczne, maja przewaznie ksztalty wydluzonych
listewek, czesto sy zblizniaczone karlsbadzko.

Nieprzezroczyste, biale w $wietle odbitym osobniki, wygladajace na
leukoksen czy tez epidot, iloSciowo bardzo nieznacznie ustepujg skaleniowi
potasowemu, a w- niektérych miejscach nawet przewazajg nad nim. Maja
one ksztalty niekiedy izometryczne, czasem sze$cioboczne, czeSciej jednak
wydluzone i moglyby odpowiadaé przekrojom poprzecznym plytek biotytu
lub podluznym — stupkéw amfiboli. Reszte skaly wypelnia serycyt, bardzo
nieliczny rozproszony chloryt, oraz niewielka ilo§¢ malutkich ziarenek ska-
lenia potasowego i tlenkéw zelaza.

Niektdre partie szlifu robig wrazenie, ze skala ta skladala sig pierwotnie
ze skalenia potasowego i, by¢ moze, jakiego$§ bogatego w tytan biotytu, au-
gitu gzy hornblendy, moglo byé w niej réwniez troche tytanitu lub ilmenitu.
Bylby to wigc sjenit alkaliczny. W procesie metamorfozy skalen potasowy
ulegl czesciowo przeobrazeniu dajgc serycytowe masy, a bogate w tytan
ciemne mineraly ulegly rozkladowi i leukoksenizacji.

Granica miedzy enklawg a keratofirem jest lagodnie sfalowana $wiad-
czac,” ze lawa keratofirowa oplywala rozmiekla, plastyczng juz enklawe
stlaczajac na kontakcie tkwigce w niej osobniki leukoksenu lub epidotu,
czasami weiskajac sie nieznacznie w enklawe i rozciagajac jej kawalki. '
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Enklowa trachitu migdalowcowego. — Enklawa trachitu migdalowcowego
megaskopowo jest afaniiowa, zbita, barwe ma zielonkawo-szara z czerwo-
nymi impregnacjami. Migdaly owalne, splaszczone, wielkosci do 1 ¢m, wy-
pelnione sg kwarcem. Fnklawa ta nie posiada wyraznych granic z kerato-
firem i megaskopowo prawie wcale sig od niego nie rézni.

W mikroskopie masa skalna ma teksture bezladng, masywng, strukture
za$ trachitowg porfirowatg. Tlo skalne sklada sig z malutkich listewek anor-
toklazu i leukoksenu. Listewki anortoklazu majg ksztalty bardzo silnie wy-
dluzone, czesto nawet igietkowate. Leukoksen tworzy skupienia oraz wy-
dluzone smugi, czesto w ksztalcie galazek lub igielek, i razem z listewkami
anortoklazu nadaje skale strukture trachitows. Listewki anortoklazu i sku-
pienia leukoksenu tkwig w ksenomorficznej anortoklazowo-leukoksenowej
masie zawierajacej liczne mikrolity jakiego$ lyszczyku podobnego do sery-
cytu i malutkie ksenomorficzne ziarenka tlenkéw Zzelaza.

Troche wigcksze automorficzne fenokrysztaly anortoklazu zbliZniaczone
sg albitowo i peryklinowo, a nierzadko karlsbadzko. Czgsto posiadaja zaé-
mienie faliste. Tkwig w nich wrostki leukoksenu, czasami wydtuzone i ulo-
zone w spos6b zorientowany, rzadziej wrostki tlenkéw zelaza.

W tak wyksztalconej masie skalnej znajduja si¢ liczne migdaly kwarcowe
z nieznaczng tylko domieszkg skalenia. Sg one wszystkie splaszczone, a wy-
pelniajace je drobniutkie ziarenka posiadaja bardzo wyrazng teksture kie-
runkows. Niekiedy na granicy migdaléw zageszcza si¢ leukoksen.

Skala pocieta jest zylami kwarcowo-skaleniowymi, w ktérych kwarc ma
olbrzymia przewage. Ziarenka w zylach ulozone sg wybitnie kierunkowo,
prostopadle do Scianek zyl i posiadajg te samg orientacje co ziarenka w mig-
dalach. Zyly te czesto rozgaleziajg sie i dochodzg do migdaléw. Z tego widaé,
ze wypelnily sie one jednoczednie z migdalami.

Widzimy wige, ze wszystkie te enklawy z zewnetrznego wygladu podobne
badz to do zielencéw, badZ to do granitéw, albo tez wyksztalcone jako mig-
dalowce kwarcowe, naleza do skal bezskalenoidowych ale i bezkwarcowych
lub posiadajg tylko bardzo nieznaczng iloéé pierwotnego kwarcu. Skladajg -
sig one prawie wylacznie ze skalenia alkalicznego w réinym stopniu zsery-
cytyzowanego, niekiedy zmienionego w masy serycytowo-skaleniowe, oraz
z niewielkiej iloSci tlenkéw zelaza, leukoksenu i cyrkonu. Skaly te nalezig-
wiee do sjenitéw alkalicznych i ich odpowiednikéw wylewnych — trachi-
téw alkalicznych o réwnowadze lub malym nadmiarze krzemionki.

Waszystkie enklawy pociete sg zylami. Zyly, a w migdalowcu i migdaly,
maja zawsze ten sam sklad i teksture kierunkowsg prostopadla do Scianek zyl.:
Stad mozna wyciggnaé wniosek, ze enklawy te naleza do jednego silnie zmeta-:
morfizowanego kompleksu sjenitéw alkalicznych, skladajacego sig ze skal pluto-
nicznych i wulkanicznych,Lawa keratofirowa przebijala sigwiec przezkompleks
sjenitéw alkalicznych a, byé moze, powstala z uplynnienia dolnych jego partii.
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Keratofiry géry Lubrzy (Waldberg) na E od Kaczorowa. — Okolo 200 m
na wschéd wznosi sig na brzegu lasu mala skalka masywnego- fluidalnego
keratofiru o strukturze porfirowej (fig. 2, nr 2). Barwe ma ona ciemna, zie-
lonawo-szarg z ciemnoczerwonymi smugami i plamami. Skalen tworzy nie-
liczne rézowe fenokrysztaly, wielkoéci do 0,5 cm. Tlo skalne jest afanitowe.
Skalka jest do$¢ silnie skliwazowana, a gladkie plaszezyzny spekan zabar-
wione sa tlenkami zelaza na kolor hematytowo-czerwony.

W mikroskopie keratofir ten ujawnia teksture masywna, silnie flui-
dalna, strukture porfirowatg.

Tlo skalne jest niezwykle drobno mikrolityczne. Sktada si¢ ono z partii
skaleniowo-kwarcowych, podzielonych ciemnymi fluidalnymi smugami,
w ktérych sklad wchodzi gléwnie zielonkawy pleochroiczny lyszezyk, nie-
wielka ilo§é ksenomorficznych tlenkéw Zelaza i leukoksen a moze i epidot.

Tkwia w nim bardzo nieliczne, przewaznie malutkie, niekiedy auto-
morficzne, czedciej zaokraglone fenokrysztaly plagioklazu, stloczone nie-
kiedy w niewielkie grupki. Plagioklazy te stojg na pograniczu albitu i oli-
goklazu (zawierajg okolo 10% anortytu). Niekiedy majg one budowe pasows:
z duzym jagdrem i cieniutka, nieco bardziej wapnista obwddka zewnetrzna.
Niektére osobniki zawieraja w jadrze wrostki albitu (o zawarto$ci okolo
4% anortytu), tlenkéw zelaza i lyszozykéw. Fenokrysztaly sg czasami silnie
spekane. '

Keratofir ten jest dodé znacznie zsylifikowany. Kware tworzy w nim
cieniutkie krzyzujace sig ze sobg zylki oraz liczne pojedyncze ziarenka i sku-
pienia.

W odleglosci okolo 40 m na poludnie (fig. 2, nr. 3) wznosi si¢ w lesie
duza skalka podobnego nieco do bazaltu, ciemnoszarego masywnego kerato-
firu z bardzo licznymi mialymi fenokrysztalami skalenia.

W mikroskopie widaé jego teksture masywng, fluidalna, strukture por-
firowatg. Mikrolityczne tlo skalne sklada si¢ ze skalenia alkalicznego, ilo-
§ciowo ustgpujacego mu kwarcu i duzej ilodei zielonkawego lyszezyku.
W sklad tla wehodzi réwniez duzo ksenomorficznych tlenkéw zelaza, troche
drobnoziarnistego epidotu, upodabniajacego sie do leukoksenu, oraz poje-
dyncze, malutkie, czasem zaokraglone ziarenka cyrkonu i apatytu.

Zielony lyszezyk jest jednoosiowy lub dwuosiowy o bardzo malym ka-
cie osi optycznych, ma do$¢ wysokg dwdéjlomno$é i wyrazny pleochroizm
w odcieniach zielonych. Wyksztalcony jest przewaznie w postaci mikroli-
tycznej, lecz tworzy niekiedy troche wigksze zaokraglone blaszki, otoczone
zawsze wieficem ziarenek tlenkéw zelaza. Czasami luseczki tego lyszezyku
zageészezajg sig w wiekszej iloSei, tak Ze lokalnie nawet moga przewazaé nad
skaleniami i kwarcem.

W tle tym tkwig nieregularne kanciaste kawaly tla melanokratycznego
prawie wogéle nieprzezroczystego, skladajacego si¢ giéwnie z tlenkéw ze-
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laza i leukoksenu w postaci igielek i gwiazdek, rzadziej ksenomorficznych
ziarenek. Te ciemne, silnie Zelaziste partie tla w stanie jeszcze plastycz-
nym rozciaggane byly przez plynaca bardziej leukokratyczng lawe zostawiajac
za sobg liczne skupienia i smugi, a niekiedy stlaczajac si¢ przy fenokryszta-
lach.

W tak wyksztalconym tle wystepuja zaokraglone krysztaly plagioklazu,
czgsto o zarysach bardzo nieregularnych, oraz pojedyficze osobniki jakiego$
silnie zelazistego, lekko prze$wiecajacego mineralu, wystepujacego w po-
staci wydluzonych stupkéw otoczonych grubg powloks tlenkéw zelaza. Mine-
ral ten, przypominajacy troche renit, tkwi w melanokratycznych partiach tla.

Plagioklaz nalezy do oligoklazu zawierajgcego okolo 11% anortytu
i wyksztalcony jest jako subtelny antypertyt. Ulegl on nastepnie procesowi
albityzacji i przeszedl czeSciowo w albit szachownicowy. Niekiedy cale jego
partie wypelnione zostaly agregatem wtérnych ziarenek albitowych, prze-
waznie zbliZniaczonych -albitowo, zawierajacych 2—4% anortytu. Feno-
krysztaly sa niekiedy silnie spekane, z wygasaniem falistym, niekiedy pra-
wie mozaikowym. Wrostki w nich tworzy cyrkon, lyszczyk i tlenki Zelaza.

Skale przecinajg do$¢ grube zyly kwarcowe zawierajace drobng ilo$é
bezbarwnego ksenomorficznego lyszczyku. Ziarna kwarcowe w zyle sg ulo-
zone kierunkowo, dluzszymi osiami pod pewnym katem do Sciany- zyly.

Skalka afanitowego keratofiru niefluidalnego

W odlegloéci okolo 100 m na pn.-wschéd na zachodnich stokach géry
Lubrzy (Waldberg — ,,Teufelskanzel’’, por. fig. 2, nr 4) wystepuje duza
skalka ciemnoszarego afanitowego keratofiru niefluidalnego z drobmiutki-
mi fenokrysztalami skaleni.

W mikroskopie keratofir wykazuje teksturg masywna, bezladng,. struk-
ture porfirowata. Tlo skalne jest bardzo drobnoziarniste, skaleniowo-kwar-
cowe, zawierajace liczne mikrolity Jyszezyku podobnego do serycytu, dosé
duzg ilo$é tlenkéw zelaza, troche rozproszonego leukoksenu i pojedyﬁcze
niewielkie ziarenka cyrkonu. Skaleh ma w nim olbrzymia przewage nad
kwarcem. Kwarc zawsze jest ksenomorficzny, gdy tymeczasem skaled prze-
jawia pewna tendencje do automorfizmu i niekiedy bywa wyksztalcony
W postaci drobniutkich tabliczek, stanowigcych ogniwo przejéciowe miedzy
fenokrysztalami a tlem. Skalen ten nalezy czeSciowo do skalenia potasowego,
czgSciowo do albitu, niekiedy szachownicowego.

Fenokrysztaly tworzy albit zawierajacy 4—10% anortytu, wyksztalcony
jako wtérny, niekiedy nawet bardzo gruby plamisty antypertyt, w ktérym
nierzadko cale partie tworzy skaleh potasowy. Albit nalezy z reguly do od-
miany szachownicowej, czasami jednak wyglada na albit pierwotny dzigki
dlugim i regularnym prazkom albitowym. Fenokrysztaly maja niekiedy wy-
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razne zarysy krystalograficzne i tkwig w tle pojedynczo; czeSciej jednak
wyksztalcone s3 w postaci nieregularnych, zazebiajacych sig ze sobg izome-
trycznych ziarn. S one bardzo silnie spekane, czesto wykazuja faliste, a na-
wet mozaikowe znikanie Swiatta. W prawie wszystkich fenokrysztalach stwier-
dzié mozna skupienia i zylki malutkich ksenomorficznych ziarenek wtérnego
albitu, bardzo rzadko kwarcu, oraz wrostki lyszczyku i tlenkéw zelaza. Fe-
nokrysztaly stanowia 7,4% objetoSciowych skaly.

Analize chemiczng tej skaly w procentach wagowych i jej skfad norma-
tywny podaje tabela 2.

Tabela 2
Analiza chemiczna i sklad normatywny skalki keratofiru niefluidalnego
z géry Lubrzy (anal. autor)
- . Normatywny skiad
9/, wag. 1 2 Srednia mineralny
Sio, 73,79 73,93 73,86 kwarc 26,5
ALO, 1419 14,32 14,25 ortoklaz 406
Fe, 0, 1,21 1,35 1,28 albit 28,3
FeO — — — anortyt 3,1
‘\IgO 0,21 0,21 0,21 korund 0,2
a0 0,61 0,65 0,63 enstatyt 0,5
AMnO 4l. gl.. él. hematyt 1,3
Na,O 3,30 3,43 3,36 100.5 -
K,0 7,00 6,77 6,88 ’
T10, 0,05 0.06 0.05 Parametry magimowe
P,0y 4l. §l. 1. 1.4.1.13.
H,0-- — — g
H,0— - - s
100,38 100,72 100,52

Sktad mineralny normatywny jest tu bardzo zblizony do skladu rzeczy-
wistego, z tg réznica, ze caly magnez z enstatytu i nieznaczna cze$é potasu
i glinki ze skalenia potasowego przechodzi do lyszczyku. Wiedzac, ze do
fenokrysztaléw wehodzi okolo 7% albitu, z tabeli tej wnioskujemy, ze w tle
skalefi potasowy przewaza prawie dwukrotnie nad albitem, a kwarcu jest
prawie tyle samo co albitu.

Czy kwarc nie jest tu po czeSei pochodzema wtérnego? Wyglad mikro-
skopowy wskazuje na to, ze skala wogéle nie ulegla sylifikacji lub ulegla
jej tylko w stopniu bardzo nieznacznym, mozna wige przypuszczaé, Ze mamy
tu gléwnie do czynienia z kwarcem pierwotnym.

Okolo 60 m dalej na pd.-wschéd, na stokach tej same_] gbéry w kamie-
niolomie (fig. 2, nr 5) odstania si¢ keratofir masywny, afaniczny, stabo flui-
dalny, barwy popielato-szarej z malutkimi licznymi fenokrysztalami ska-
lenia. Keratofir ten jest silnie skliwazowany.
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W mikroskopie zdradza on teksture lekko fluidalna, jest bezlyszezykowy
i zawiera troche wigcej leukoksenu niz keratofir ze skalki poprzedniej, po-

za tym jednak niczym sig nie rézni. W fenokrysztalach zawarto$é anortytu
waha sie od 9 do 11%.

Luzne okazy keratofiru

Na wschodnim krancu poludniowego pasma, w odlegloéci okolo 700 m
od skalek poprzednich (pd.-wschodnie zbocze géry Hohlstein, por. fig. 2,
nr. 6) wystepujg w polu kawalki Swiezego zbitego keratofiru. Spotyka
sic tu odmiany zaréwno lupkowe jak i masywne, zaréwno porfirowe jak
i afanitowe. ,

a) Keratofir zlupkowany, wyraznie fluidalny, prawie bez fenokryszta-
16w, o barwie jasnoszarej w odcieniu rézowym, na powierzchniach zwietrza-
lych o barwie ciemniejszej — zielonawo-szarej. Pociety jest réwnolegle
i prostopadle do zlupkowania cieniutkimi zylkami kwarcowo-skaleniowymi,
skupiajacymi sie gdzieniegdzie w niewielkie rézowe gniazda.

W mikroskopie widaé jego teksture kierunkows, strukture porfirowa-
tq. Tlo skalne sklada si¢ z panksenomorfowo-ziarnistej, bardzo drobno
krystalicznej mozaiki kwarcowo-skaleniowej, w ktérej tkwig doéé liczne
tlenki zelaza, pojedyficze luseczki i niewielkie ~skupienia lyszczyku po-
dobnego do serycytu oraz pojedyhcze malutkie ziarenka apatytu i cyrkonu.

" Fenokrysztaly tworzy tylko kwarc ksenomorficzny, spekany, wygasajacy
smuzy$cie, zawierajacy wrostki lyszczyku, tlenkéw zelaza i czasami apa-
tytu. Niektére fenokrysztaly kwarcu wygladaja na pseudomorfozy po ja-
kim§ minerale o przekrojach silnie wydluzonych, z ksztaltu przypominaja-
cych amfibol.

Skala ta jest bardzo silnie skwarcowana. Kwarc wyparl tutaj wszystko,
wydaje si¢ nawet, ze w tle jest bardzo niewiele skalenia. Wobec tego nie
wiadomo, czy fenokrysztaly kwarcu majg nature magmows, czy powstaly
w procesie sylifikacji skaly.

b) Keratofir masywny, megaskopowo niefluidalny, z bardzo nielicznymi
fenokrysztalami skaleni, ma barwe ciemng, szaro-zielong. Jest on bardzo
silnie strzaskany i zlepiony rézowymi zylami kwarcowo-skaleniowymi tak,
ze czasem robi wrazenie brekcji.

W mikroskopie ujawnia strukture porfirowats. Tlo skalne jest wybitnie
fluidalne. Sktada sie prawie wylacznie z mikrolitéw zielonkawego, podob-
nego do serycytu lyszezyku, z niewielkiej iloici ksenomorficznych ziarenek,
rzadziej automorficznych tabliczek skalenia potasowego, z licznych wydlu-
zonych, niekiedy izometrycznych osobnikéw leukoksenu i tlenkéw. zelaza
oraz z pojedyfczych malutkich ziarenek apatytu. Miejscami wystepuja .nie-
wielkie partie, wyraznie odgraniczone od reszty tla, wolne od tlenkéw ze-
laza i leukoksenéw, skladajace si¢ za§ z serycytu i niewielkich nieregular-
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nych, czasami nawet dosé licznych ziarenek skalenia potasowego, przewaznie
wygasajacych w jednym polozeniu. Partie te powstaly wiec z serycytyzacji
skalenia potasowego. Przez tlo przebiegaja duze, krete, niekiedy zygzako-
wate, fluidalne smugi, skladajace sie gldwnie z leukoksenu i z ilosciowo
ustepujgcych mu tlenkéw zelaza.

W tak wyksztalconej masie tkwig zackraglone, niekiedy silnie zserycytyzo-
wane fenokrysztaly skalenia, niewielkie i nieliczne automorficzne fenokrysztaly
apatytu oraz okraglawe nieregularne ziarenka tlenkéw zelaza i leukoksenu.
Znajduja sie tu r6wniez nieliczne pecherzyki wypelnione smuzyscie wygasaja-
cym kwarcem, otoczone zielonkawym slabo pleochroicznym lyszczykiem.

Skalefi fenokrysztaléw nalezy do albitu wyksztalconego jako bardzo
gruby plamisty antypertyt. Skalei potasowy niekiedy nawet przewaza nad
wgryzajagcym sie weh albitem. Albit, zawierajacy okolo 9% anortytu, cza-
sami wyglada na albit pierwotny o diugich i wyraznych prazkach albito-
wych, a niekiedy wyksztalcony jest jako albit wtdérny, szachownicowy,
o prazkach krétkich, niewyraznych, poprzerywanych. Czasami skalen potaso-
wy, poprzerastany albitem, ma drobne, bardzo niewyrazne prazki albitowe,
ktére jednak moglyby naleze¢ i do wgryzajacego si¢ wefi albitu. Te partie
skalenia potasowego majg jednak kat osi optycznych mniejszy niz albit
w obrebie tego-samego osobnika i naleza, by¢ moze, do anortoklazu.

-Niekiedy fenokrysztaly skalenia sg silnie zdeformowane, prazki za$
w albicie pélkolisto wygiete. Nierzadko fenokrysztaly sg stloczone w gru-
py, a cala taka zdeformowanag grupg otacza waziutka obwédka ze skalenia
potasowego. Mozna by to uwazaé za zjawiska protoklazy, po ktérych jeszcze
krystalizowal skalefi potasowy; poniewaz jednak wobec niewielkiej ilosci
fenokrysztaléw protoklaza jest bardzo malo prawdopodobna, mozna przy-
puszczaé, ze mamy tu do czynienia z reliktami jakich$ uplynnionych skal
i ze tylko zewnetrzna cieniutka obwdédka ze skalenia potasowego powstala
w magmie keratofirowej.

Przewainie cale grupy stloczonych fenokrysztaléw sa spekane i w spe-
kaniach tych wykrystalizowal w postaci ksenomorficznych ziarenek wtérny
albit i kwarc. o

¢) Keratofir porfirowy jest to odmiana keratofiru masywnego, megasko-
powo niefluidalnego, barwy ciemnoszarej, z bardzo licznymi, niekiedy do-
chodzacymi do 1 cm fenokrysztalami skaleni oraz z nielicznymi owalnymi
zelazistymi migdalami barwy ciemnej, hematytowo-czerwonej. Pocigty jest
on cienkimi, prawie prostopadlymi do siebie zylkami kwarcowo-albitowy-
mi. Keratofir ten jest bardzo podobny do okazu opisanego pod literg (b).

W mikroskopie tlo wyglada identycznie jak w keratofirze poprzednim
(b). Réini sie oded tylko tym, ze leukoksen nie gromadzi si¢ w duze pasma,
lecz tworzy nieliczne ciemne smugi, a przewaznie rozprasza sie w calym tle, gdzie
wyksztalcony jest w postaci wydluzonych, kierunkowo ulozonych ziarenek.
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Fenokrysztaly skalenia sg bardzo liczne i niekiedy majg doéé wyraine
zarysy krystalograficzne. Niektére, nieliczne zresztg, szczegélnie duze osob-
niki posiadajg jadro ze skalenia potasowego, do$é grubg obwédke z pierwot-
nego albitu, .o wyraznych i diugich prazkach albitowych i najbardziej zew-
netrzng cieniutka obwédke ze skalenia potasowego. Fenokrysztaly te sg spe-
kane; szczelinki sa wypelnione malutkimi ziarenkami kwarcu i mniej licz-
nego albitu. Procent anortytu w albicie waha sig od 7—10% . W przeciwieii-
stwie do skaly poprzedniej skalenie nie sg tu prawie wcale zdeformowane.

 Fenokrysztaly apatytu, leukoksenu i tlenkéw zelaza sg tu tak samo nie-
liczne jak w keratofirze poprzednim, ale wigksze i bardziej automorficzne.
Leukoksen ma niekiedy wyrazne choé bardzo nieregularne sze$cioboczne za-
rysy i zawiera do$¢ duze osobniki apatytu w postaci automorficznych wrost-
kéw. Tlenki zelaza maja niekiedy budowe szkieletowa, czasem wyksztal-
cone sg w postaci slupkéw. Keratofir ten zawiera w poréwnaniu ze skalg
poprzednig o wiele wigcej pecherzykéw wypelnionych smuzyScie wygasaja-
cym kwarcem.

Nie wiadomo, czy struktura porfirowata w okazach b) i ¢) nie jest zja-
wiskiem wtérnym, spowodowanym przez proces serycytyzacji. Miejsce ma-
sy serycytowo-skaleniowej w niezmienionej skale zajmowal prawdopodobnie
skalei potasowy, od ktérego wyksztalcenia zalezala pierwotna struktura
skaly. Nastepnie rozpoczal si¢ proces serycytyzacji, ktéry atakowal poszcze-
gélne ziarna skaleniowe nieréwnomiernie, jedne z nich zmieniajgc w tlo
serycytowo-skaleniowe, inne, bardzo nieliczne zreszta, pozostawiajgc jako
fenokrysztaly.

Z tego krétkiego przegladu keratofiréw okolic Kaczorowa widzimy, ze
przewazaja tutaj odmiany fluidalne, przewaznie masywne, rzadziej lupkowe.
Wszystkie te keratofiry posiadajg strukture nie tyle porfirows ile porfiro-
wata, a to ze wzgledu na ciagloéé przejsé miedzy duzymi osobnikami feno-
krysztaléw a osobnikami tla skalnego. Fenokrysaztaly tworzy skaleri alka-
liczny, bardzo rzadko kware, a do wyjatkéw nalezg fenokrysztaly apatytu,
leukoksenu i tlenkéw zelaza. Fenokrysztaly skalenia alkalicznego majg po-
staé krétkich tabliczek i przewaznie sq do$é liczne dochodzac do 7% objeto-
Sciowych skaly i osiagajac wielko§é 1 cm. Rzadziej natomiast sg one tak
nieliczne i tak malych rozmiaréw, ze struktura porfirowata widoczna jest
dopiero pod mikroskopem. We wschodniej czgéci wystapienia kaczorowskie-
go fenokrysztaly sa wieksze i liczniejsze niz w czgéei zachodniej.

Tlo skalne jest zazwyczaj felzytowe, po czeéci mikrolityczne, bogate
w tlenki 7elaza i leukoksen lub epidot, przewaznie kwarcowo-skaleniowe,
rzadko lyszczykowe. ' .

Wszystkie keratofiry tu wystepujace sa w duzym stopniu ZIIlienlOI.le
przez wtérne procesy albityzacji, sylifikacji i serycytyzacji. S one przewaznie
silnie spekane, skliwazowane i pociete zylami.

10 — Archiwum Mineralogiczne



JANUSZ ANSILEWSKI

Obecnie dysponujemy czterema analizami keratofiréw okolic Kaczoro-
wa, zestawionymi peréwnawczo w tabeli 3.

Tabela 3

Zestawienie analiz chemicznych i normatywnego skladu
mineralnego keratofiréw okolic Kaczorowa

% wag. 1 2 3 4
Si0, 6’8,28 73,86 71,43 60,90 .
AL Qg 17,61 14,25 14,04 15,30
Fe,0, 1,11 1,28 1,20 6,26
FeO 0,83 — 1,24 0,90
MgO 0,32 0,21 0,33
Ca0 0,33 0,63 0,22 1,28
K,O © 6,39 6,88 8,10 7,55
Na,O 4,74 3,36 3,11 4,09
MnO 0,04 gl. — sl.
TiO, 0,20 0,05 1,42
P05 $1. &. 0,08 0,90
H,0 + 0,34 — 0,63 1,18
H,0 — 0,06 - :

100,25 100,52 100,16 - 100,11
Normatywny sktad mineralny

% wag. 1 : 3 4
kware 14,6 26,5 21,5 7,0
ortoklax 37,8 40,6 47,8 . 445
albit 40,1 28,3 26,2 34,6
anortyt 1,7 3.1 0,3 1,1
korund 2,2 0,2 — —
hypersten 1,3 0,5 1,5 0,8
magnetyt 1,6 — 1,8 -
piryt — — 0,1 —
ilmenit 0,3 — —_ 1,8
rutyl — — —_ 0,5
hematyt — 1,3 ~- A1
apatyt — — 0.3 1,8

99,6 100.5 99,3 98,2
Parametry I1.4.1.3 1.4.1'3 I.41.2(3) | I(I1).5.1.3
magmowe ’ '

1 Skatka ,,Niederkretschamstein’’; anal. Ansilewski.
2 Zachodnie stoki géry Lubrzy (,,Waldberg, Teufelskanzel*); anal. Ansilewski.
3 Lubrza (,,Waldberg*), anal. Eyme (1I).
4 Lubrza (,,Waldberg“), miedzy ,,Bodenbusch’ a Ploninjy (,,Nimmersath‘‘); anal.

Kliss (17).
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Z przytoczonych analiz widzimy, ze keratofiry te sg wybitnie potaso-
we, czasami wigcej niz z dwukrotng przewagg K,0 nad Na,0. Zawartosé
normatywnego skalenia alkalicznego (ortoklaz - albit) waha si¢ w granicach
68,9 —79,1%, a kwarcu 7,0 —26,5%. Wystepuja tu wiec zaréwno riolity
jak i trachity alkaliczne. W zachodniej cze$ci tego wystgpienia (skalka
,,Niederkretschamstein‘‘) istnieje nadmiar glinki w stosunku do alkaliéw.

Keratofiry okolic Kaczorowa nalezg niewatpliwie do jednej erupcji. Do-
tychczas nic nie wiemy o ich genezie. By moze, powstaly one w strefie
anateksis z jakich§ uplynnionych komplekséw sjenitéw alkalicznych, kté-
rych liczne enklawy tkwig w skalce nr 1 (,,Niederkretschamstein’’).

Przebieg krystalizacji magmy keratofirowej mozemy odtworzyé dosé
dokladnie.

W najwcze$niejszym stadium w magmie istnialy krysztaly skalenia po-
tasowego i plagioklazéw, ktére albo powstaly w procesie krystalizacji mag-
my keratofirowej, albo byly reliktami uplynnionych skal, na co moglyby
wskazywaé znamiona protoklazy. W pézniejszym stadium krystalizowal al-
bit. Skalef potasowy ulegal resorbceji, a wypierajgcy go albit wnikal w postaci
zytek i infiltracji tworzgc wtérny, przewaznie bardzo gruby plamisty anty-
pertyt, niekiedy zupelnie zastgpujac skalefi potasowy. Wreszcie nastgpil
‘wylew lawy keratofirowej i zastygniecie tla skalnego. Na wschodnim kraficu
kaczorowskiego wystgpienia keratofir6w warunki byly o tyle inne, ze pod
sam konice wzrostu fenokrysztalé6w znowu przyszedl do glosu skalef pota-
sowy tworzgc na nich cienksg obwédke. Wtérna albityzacja produkujgca
albit szachownicowy dokonala si¢ zapewne péiniej, moze w stadium powulka-
nicznym.

PRZEGLAD INNYCH KERATOFIROW GOR KACZAWSKICH

A. Keratofiry pasma potudniowego

Keratofir okolic Jezowa. — Na NW od Jé%owa, w przekopie szosy z Je-
leniej Géry do Wlenia, odstania sig¢ ciemnoszary porfirowy keratofir z nie-
licznymi drobnymi fenokrysztalami skalenia i kwarcu oraz z ‘afanitowym
tlem skalnym. Teksturg ma wybitnie kierunkowa, na ktéra skladajg sie wa-
ziutkie naprzemianlegle zielone i rézowe smugi, miejscami bardzo wyraine,
a miejscami ledwo widoczne. W mikroskopie wykazuje on teksturg prawie
Jupkows, strukture porfirowatq.

Fenokrysztaly sg nieliczne i zle zachowane. Wigksze, automorficzne, na-
leza wylacznie do skalenia potasowego wyksztalconego jako drobny pertyt.
Ulegly one przewaznie rozkladowi i pozostaly z nich tylko niewielkie frag-
menty. Rozlozone partie wypelnia serycyt, rzadziej drobnoziarnista kwar-
cowo-skaleniowa masa lub ksenomorficzne tlenki zelaza. Mniejsze, nieliczne,
ksenomorficzne fenokrysztaly tworzy kwarc.
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Tlo skalne posiada strukture nieréwnokrystaliczng i sklada sie z mo-
zaiki felzytowej kwarcowo-skaleniowej, w ktdrej tkwia bardzo liczne drobne
ziarenka kwarcu ukladajace si¢ w smugi. Leukoksenu czy tez drobnoziar-
nistego epidotu jest niewiele. Wystepuje on w niewielkich oddzielnych sku-
pieniach lub towarzyszy smugom lyszczykowym. Tlenki zelaza sa doéé liczne
i tworza ksenomorficzne ziarenka gromadzace sie czasami w niewielkie
skupienia.

Keratofiry okolic Bolkowa. — Na pélnocny zachéd od Bolkowa .odsla-
niaja sie w kamieniolomach nastepujace odmiany keratofiréw:

1. Keratofir masywny afanitowy barwy ciemnozielonej, prawie czarnej;
w mikroskopie ujawnia strukture porfirowatg z trachitowym tlem skalnym,
teksture bezladng.

W cieécie skalnym najwazniejsza role odgrywa skalen alkaliczny wy-
ksztalcony w postaci mikrolitycznych, czasami bardzo niewyraznych liste-
wek, rzadziej wiekszych ksenomorficznych, faliécie wygasajacych ziarn, Ma on
znikanie §wiatla ukosdne i nalezy do albitu, tylko niektére osobniki maja zni-
kanie proste i, byé moze, naleza do skalenia potasowego. Czesto sa one zbli-
zniaczone karlsbadzko, a niekiedy odnosi si¢ wrazenie, ze wystepujg réwniez
bardzo niewyrazZne i nieregularne zblizniaczenia albitowe. To, co wydaje sie
zblizniaczeniem albitowym, moze byé réwniez odmieszaniem pertytowym,
zwlaszeza, ze na troche wigkszych tabliczkach, dzigki réznicom dwéjlom-
nodci, wyraznie zaznacza si¢ plamistos¢, ktéra wskazuje na istnienie odmie-
szah pertytowych.

Niektére troche wieksze, faliscie wygasajace, ksenomorficzne ziarna ro-
big wrazenie fenokrysztaléw. Prawdziwych automorficznych fenokrysztaléw
skalenia jest bardzo niewiele i sa one drobne. Zaréwno wigksze ksenomor-
ficzne ziarna jak i automorficzne fenokrysztaly sg wyksztalcone jako bardzo
grubo plamisty pertyt, tak ze niekiedy trudno nawet rozstrzygnaé, czy to
skalen potasowy w albicie, czy tez odwrotnie, albit w skaleniu potasowym
tworzy pertytowe przerosty. Ddmieszania w ksenomorficznych ziarnach s
mniej wyrazne niz w fenokrysztalach. Albit fenokrysztaléw zawiera okolo
8% ahortytu, natomiast albit ciasta skalnego tylko okolo 2%.

Skalenie majg bardzo duzo drobnych wrostkéw rybekitu, tlenkéw zela-
za, zielonkawego lub brudno z6Itego lyszezyku, rzadziej epidotu oraz kwarcu.
Fenokrysztaly zawieraja wrostkéw mnleJ niz skalenie nalezace do ciasta
skalnego.

Kwarc towarzyszy skaleniom w iloSciach podrzednych. Tworzy on kse-
nomorficzne fenokrysztaly dajac stopniowe przejscie do drobniutkich ziare-
nek, nalezacych do tla skalnego. Zawiera zazwyczaj duzo drobnych wrostkéw,
wiréd ktérych mozina wyréinié lyszezyki oraz tlenki zelaza, nie posiada na-
tomiast nigdy wrostkéw rybekitu.

Skalenie tworza czasami duze przerosty w kwarcu. Sg one automor-
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ficzne i naleza do albitu o wyrainych i grubych prazkach albitowych, zawie-
rajacego okolo 6% anortytu. Poniewaz tak wyksztalconego albitu nie ma ani
w cieScie skalnym, ani nie tworzy on fenokrysztaléw, nalezy przypuszczaé,
ze jest to albit wtérny. Kwarc przero$niety albitem bylby wiec takze pocho-
dzenia wtérnego.

Ciemnych mineraléw jest duzo. Wéréd nich najwainiejsza role odgrywa
rybekit o bardzo niskiej dwéjlomnoéci, wygaszaniu prawie prostym i sil-
nym pleochroizmie w tonach atramentowo-niebieskich i zielono-zéltych,
(> B >y: a — atramentowo-niebieski, g — niebiesko-szary, y — zielona-
wo-261ty). Tworzy on do$é duze, automorficzne fenokrysztaly o koncach po-
strzepionych, czasami ma budowe szkieletowy. Fenokrysztaly rybekitu sto-
pniowo przechodzg wmalutkie osobniki réwnomiernie i gesto rozsiane w ca-
Iym tle skalnym. Czasami rybekit ulega rozkladowi i przechodzi w bezbarw-
ny mineral jednoosiowy, optycznie dodatni o dwéjlomnosei okolo 0.009
i znikaniu prostym, a wigc wlasnosciami zblizony do prochlorytu.

W iloSciach podrzgdnych wystgpuje zielonkawy lyszezyk w postaci ma-
lutkich luseczek réwnomiernie rozrzuconych w skale. Jeszeze mniej liczne
s3 niewielkie skupienia lub pojedyfcze ziarenka epidotu oraz pojedyricze
malutkie grudki tlenkéw Zzelaza.

W skale tej wystepuje réwniez syderyt lub tytanit o brudnozéltym czy
tez szarawym zabarwieniu, bardzo wysokiej dwéjlomnoéei i wysokich spél-
czynnikach zalamania. Tworzy on nieliczne drobnokrystaliczne skupienia,
czasami wystepuje 'w postaci pseudomorfoz po rybekicie. '

2. Keratofir afanitowy, barwy jasnozielonej, o teksturze masywnej;
bezladnej, pocigty do&¢ grubymi zylami kwarcowymi.

W mikroskopie ujawnia strukture trachitowa, teksturg prawie bezladna,

Mineraléw ciemnych nie zawiera wogéle, z wyjatkiem malutkich i nielicz-
nych tlenkdéw zelaza oraz strzepkéw lyszezyku. Gléwnym mineralem tworza-
cym skale jest skalen alkaliczny, wyksztalcony w postaci drobmiutkich,
bardzo silnie wydluzonych listewek, tkwigcych w felzytowej masie skalenio-
wej lub skaleniowo-kwarcowej. Listewki te majg tendencje¢ do ukladania sie
w ledwo widoczne waskie, niewyrazne inieregularne pasma, przy czym kie-
runek wydluzenia listewek jest prostopadly do kierunku przebiegu pasm,
Skalenie wykazuja spélezynniki zalamania nizsze od balsamu kanadyj-
skiego, bardzo subtelne i nieregularne zbliZniaczenia albitowe oraz prawie
proste znikanie Swiatla. Jest to wiec anortoklaz. Listewkom anortoklazu
towarzyszq w niewielkiej ilosci malutkie ziarenka kwarcu.
' 3. Keratofir bardzo drobnoziarnisty, prawie afanitowy o teksturze ma-
sywnej, bezladnej lub bardzo slabo kierunkowej. Zabarwiony jest na kolor
ciemnozielonkawy. Przecinaja go nieliczne krzyzujace si¢ ze sobg zylki kwar-
cowe.:

W mikroskopie wida¢ jego strukture trachitows, teksture fluidalna,
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Sklada sie on gléwnie ze skalenia alkalicznego, ktéry tworzy drobniutkie,nie-
mal mikrolityczne silnie wydluzone listewki o niewyrainych, rozmazanych
konturach. Skalen ten ma bardzo cieniutkie, niewyrazne i nieregularne
zblizniaczenia albitowe, relief wzgledem balsamu kanadyjskiego ujemny,
katy wygaszania: w przekroju prostopadlym do a < g /010 = 6,3°, w prze-
kroju prostopadlym do y <7 a /001 = 10,9, kat osi optycznych duzy, ma
on wigc pewne cechy wspélne zaréwno dla anortoklazu jak i dla oligoklazu
o zawarto$ci okolo 17% anortytu. Od anortoklazu rézni go jednak duzy kat
osi ‘optycznych, od - oligoklazu — zbyt niskie wspélczynniki zalamania.
Znikanie §wiatla posiada on faliste i zawiera bardzo duzo malutkich wro-
stkéw zielonkawego lyszezyku, czasami rybekitu i tlenkéw zelaza, rzadziej
jakie$ drobniutkie wrostki wygladajace na epidot. :

Skaleniowi alkalicznemu towarzyszy w iloSciach podrzednych kseno-
morficzny kwarc, ktéry, podobnie jak i skalef, przepelniony jest drobniut-
kimi wrostkami. Niekiedy bardzo nieliczne osobniki kwarcu, rzadziej ska-
lenia, dochodzg do nieco wigkszych rozmiaréw nadajac skale niewyraing
strukture porfirowatg. Fenokrysztaly kwarcu i skalenia sa zawsze kseno-
morficzne.

Mineraléw ciemnych jest do$é duzo. Wérdéd nich najwazniejsza role od-
grywal pierwotnie rybekit. Tworzyl on malutkie osobniki o postrzepionych
koncach, ukladajace sig kierunkowo. Obecnie rybekit ulegl juz rozkladowi.
Ksztalty jego sg przewazinie wypelnione nieprzezroczysta masg, $wiecacy
bialo w $wietle odbitym. Niekiedy rybekit przechodzi w prawie niepleochro-
iczny zielony mineral o wysokiej dwéjlomnosei, wysokich spélezynnikach
zalamania, bardzo duzym kacie osi optycznych i znikaniu $wiatta prostym
lub prawie prostym, rzadziej przechodzi w jaki$ bezbarwny, optycznie do-
datni chloryt o dwéjlomnoéci okolo 0,009, wygladajacy na prochloryt. Nie-
kiedy w tych wtérnych, powstalych z rybekitu mineralach, cale partie two-
rzy nierozlozony jeszcze rybekit o bardzo niskiej dwoéjlomnoéei i atramen-
towo-niebieskich barwach. Zupelnie nienaruszone 'osobniki rybekitu na-
lezg do rzadko$ci. W ilosciach do$¢ znacznych wystepuje tu réwniez jakis
zielony lyszezyk, silnie pleochroiczny, jednoosiowy lub dwuosiowy o bardzo
malym kacie osi optycznych, o doéé wysokiej dwéjlomnosei i prostym zni-
kaniu $wiatla. Tworzy on drobniutkie blaszki przewaznie otulajace feno-
krysztaly kwarcu, lub gromadzi si¢ w bardzo drobnokrystaliczne zielone
skupienia i smugi. Wydaje sig, ze lyszczykowi temu towarzyszy niekiedy
chloryt. _

Epidot tworzy niewielkie i stosunkowo nieliczne ziarenka, czesto wy-
stepujace razem z lyszczykowymi skupieniami. Barwe posiada zielong o od-
cienin lekko zéltawym i jest bardzo slabo pleochroiczny.

W skale tej wystepujg réwniez nieliczne lecz do$é duze skupienia- drob-
uych izometrycznych ziarenek jakiego§ weglanu czy tytanitu o wysokich
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spélezynnikach zalamania i bardzo wysokiej dwéjlomnosci (barwy biale
wyzszego rzedu).

4. Keratofir.o strukturze porfirowejz trachitowym tlem skalnym i z teks-
tura wybitnie fluidalna, zaznaczajaca sie zaréwno w tle skalnym jak i w ulo-
zeniu fenokrysztaléw. ’

Tlo skalne sklada si¢ z mikrolitycznych silnie wydluzonych listewek
skalenia alkalicznego. Maja one znikanie proste lub prawie proste, relief
wzgledem balsamu kanadyjskiego ujemny. Na niektérych listewkach mozna
dopatrzy¢ si¢ pewnej niejednorodnoéci optycznej przypominajacej bardzo
niewyrazne i nieregularne zblizniaczenia albitowe, co nasuwa przypuszczenie,
ze skalen ten nalezy do anortoklazu. Skaleniowi towarzysza nieliczne kse-
nomorficzne ziarenka kwarcu. Wystepuje tu réwniez duzo jakich§ bardzo drob-
nokrystalicznych (nieoznaczalnych) zielonkawych mineraléw, nakrapiajacych
cale tlo skalne i gromadzacych si¢ w gesto obok siebie ulozone smugi flui-
dalne.

Odnosi si¢ wrazenie, ze w sklad tych zielonkawych mineraléw wchodzi
epidot, chloryt, a moze i serycyt. Tlo skalne zawiera réwniez do$é duzo tlen-
k6w zelaza, wyksztalconych w postaci malutkich, nieregularnych, przewaznie
okraglawych ziarenek.

Nieliczne i bardzo male fenokrysztaly tworzy wylacznie kwarc. Sg one
zawsze ksenomorficzne, przewaznie wydluzone i ulozone dluzszymi osiami
zgodnie z teksturg kierunkows skaly. Niekiedy kilka ziarenek kwarcowych
zazebia si¢ ze sobg tworzac niewielka grupke. Czasami pojedyncze ziarenka
kwarcu, a nawet cale ich grupy, otoczone sg inaczej zorientowana, niekiedy
doé¢ szerokg obwdédkg kwarcowa. Fenokrysztaly kwarcu posiadajg liczne lecz
bardzo drobne wrostki zielonkawych mineraléw, wystepujacych w tle skalnym,
ktére zageszczajg sie na granicy ziarna i obwddki kwarcowej w postaci pier-
Scienia. Takie piercienie, ulozone koncentrycznie, powtarzajg sie przewaznie
dwa, a niekiedy i trzy razy w obrebie obwé6dki-kwarcowej. Najprawdopodob-
niej obwédka kwarcowa powstala w procesie sylifikacji skaly, pierscienie za$
zielonkawych wrostkéw odpowiadaja, byé moze, poszezeg6lnym etapom sy-
lifikacji. Istnieje prawdopodobiefstwo, ze zaréwno fenokrysztaly, jak i drob-
ne ziarenka kwarcowe w tle skalnym powstaly réwniez w procesie sylifi-
kacji, za czym przemawia fakt, ze w skale tej kwarcu jest bardzo niewiele,
a mimo to tworzy on fenokrysztaly.

Skale przecinaja waziutkie i nieliczne zylki kwarcowe, przebiegajace
réwnolegle do jej tekstury fluidalnej. Ziarna kwarcowe w zylkach uloZone
sq kierunkowo, dluiszymi osiami prostopadle do $cianek zyl..

Analiza chemiczna keratofiru z okolic Bolkowa przedstawia sie na-
stepujaco (analiza Nr 5 — anal. Kliiss, 11):
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Normatywny skiad
% wag. mineralny
' ’ % wag.
Sio, 63,83 | kware 3,3
Al,O, 16,05 ortoklaz 37,8
Fe,O, 2,79 albit 47,2
¥eO 2,38 egiryn 0,9
MgO 0,24 diopsyd 4,8
Ca0 1,27 hipersten 1.5
Na,O 0,71 magnetyt 3,9
K,O 6,39 apatyt 0,3
M_nO 0,59
%‘602 e 99,3
) —
%2%5 8’(3% Parametry magmowe
2 ' 1(11).5.1.3’
100,33

Analiza ta wskazuje na trachit alkaliczny o malym niedomiarze glinki
w stosunku do alkaliéw (normatywny egiryn), zawierajacy ok. 11% minera-
16w femicznych. Keratofir ten posiada niewielki nadmiar K,O nad Na,O.

Keratofiry okolic Bolkowa naleza wiec do trachitéw alkalicznych, prze-
waznie bardzo drobnoziarnistych, zabarwionych na kolor zielonkawy, do$é
silnie skliwazowanych i pocigtych zylami kwarcowymi. Posiadaja one struk-
ture porfirowatg z trachitowym tlem skalnym, teksture fluidalng lub bez-
ladng. Wystepuja tu odmiany zaréwno rybekitowe, bogate w lyszczyk
i tlenki zelaza, jak i wybitnie leukokratyczne, prawie calkowicie pozbawione"
ciemnych mineraléw. Prawdopodobnie keratofiry te ulegly zmianom wtér-
nym w stopniu bardzo nieznacznym. Czasami rybekit ulegal rozkladowi prze-
chodzac w nieprzezroczysta, biala w Swietle odbitym mase lub w bezbarwny
chloryt; rzadziej ksztalty jego wypelnily jakie§ weglany czy tytanit. Zazna-
czyl sie w nich réwniez proces sylifikacji, przy czym roztworom krzemionko-
wym towarzyszyly czesto roztwory weglanowe lub tytanowe, rzadziej albitowe.

Keratofiry okolic Bolkowa, zblizajace sie formg wystepowania do ke-
ratofir6w pasma poludniowego, wyksztalceniem swym i skladem réznia sie
zar6wno od nich, jak od keratofiréw pasma pélnocnego i stanowia odrebng
grupe, ktéra moze byé tylko warunkowo zaliczona do pasma poludniowego.

B. Keratofiry pasma pétnocnego

Keratofir z okolic Janéwka. — Ma on strukture porfirowata, teksture
kierunkows, zaznaczajaca si¢ jedynie w ulozeniu fenokrysztaléw. Ciasto
skalne jest afanitowe, zabarwione na kolor zielonawo-szary. Tkwia w nim
dosé liczne biale fenokrysztaly, siegajace wielkoécei kilku mm, przewaznie
zaokraglone, niekiedy soczewkowate, a czasami tak silnie wydluzone, ze
grzypominaja ‘zylki. '
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W mikroskopie keratofir ten ujawnia strukture porfirowata z felzytowym
tlem skalnym i teksture kierunkows, noszaca znamiona silnego sprasowania.

Tto skalne sklada si¢ z drobniutkiej mozaiki kwarcowo-skaleniowej, ge-
sto nakrapianej malutkimi grudkami tlenkéw zelaza oraz zawierajacej réw-
nomiernie rozproszony, rzadziej gromadzacy sie w niewielkie skupienia
serycyt i leukoksen, lub bardzo drobnoziarnisty epidot. Wystepuja w nim
bardzo silnie wydluzone i wyraZnie odgraniczone partie, pozbawione czesto
mineraléw ciemnych, wypelnione drobng kwarcowo-skaleniows mozaika,
w ktérej znajdujg sie nieraz do§é duze, w jednym polozeniu wygasajace
strzepki skalenia alkalicznego. Partie te robig wrazenie rozlozonych feno-
krysztaléw. Niekiedy kwarc tworzy w nadzartym skaleniu niezbyt wyraZne
‘przerosty granofirowe. Skalen posiada relief ujemny wzgledem balsamu ka-
nadyjskiego, w przekroju prostopadlym do y < a /001 =8,5° i niekiedy
wydaje sig, ze posiada on bardzo subtelne odmieszania pertytowe, lub drobne
i niewyraine zblizniaczenia albitowe.

Kwarcu jest do§¢ duzo. Tworzy on ksenomorficzne krysztaly o falistym
lub nawet mozaikowym znikaniu §wiatta. Osobniki kwarcu sa izometryczne,
rzadziej wydluzone, i wéwczas ukladaja sie zgodnie z teksturg kierunkowsg
skaly. Czasami skupiajg si¢ one w niewielkie grupki. Kwarc nie tworzy wy-
raznie odgraniczonych dwéch generacji i daje stopniowe przejécie od feno-
krysztaléw do mikrolitéw tla skalnego.:

Do$é liczne sy réwniez fenokrysztaly tytanitu, czeSciowo o wyksztal-
ceniu leukoksenowym, przewaznie ksenomorficzne, czasami tylko z pewng
tendencja do automorfizmu. Tytanit jest zawsze stowarzyszony z grupkami
ziarn kwarcowych. Prawdopodobnie wigkszo$¢ ziarn kwarcu i tytanitu jest
pochodzenia wtérnego.

Analiza keratofiru z okolic Janéwka przedstawia si¢ nastepujaco (Nt 6;
anal. Hellmers, 11):

Normatywny skiad
% wag. ~mineralny
) % wag.
8i0, 80,48
ALO, 9,21 kwarc 45,4
Fe,0; 0,75 ortoklaz 6,1
FeO : 1,71 albit 41,4
MgO 0,76 egiryn 0,5
Ca0 0,36 diopsyd 0,7
K,O0 0,69 hipersten 4,1
Na,0 . 4,96 magnetyt 0,9
AnO 0,C8 l.ilmenit 0,1
TiO, 0,04 apatyt 0,3
v TR I : 99,5
ij’z(())ﬁ 0.47 Parametry magmowe
\5
99.87 1.3.1.(4)5
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Analiza ta nalezy do riolitu alkalicznego, silnie sodowego i bardzo bo-
gatego w kwarc. Duza zawarto$¢ krzemionki i sodu przy niezwykle malej
iloéci potasu wskazuje na intensywne wtérne procesy albityzacji i sylifi-
kacji.

Keratofir z okolic Podgérek. — Keratofir wystepujacy na pélnoc od
Podgérek ma strukture felzytowa i teksture fluidalng. Sklada sie z bardzo
drobnej mozaiki kwarcowo-skaleniowej, nakrapianej dos¢ licznymi malutki-
mi grudkami tlenkéw zelaza i gesto przetkanej niewielkimi skupieniami
i smugami leukoksenowymi. Smugom leukoksenu towarzysza czesto smugi
serycytowe. _

W skale tej tkwia duze nieregularne partie prawie czysto zelaziste.

WNIOSKI

Typy keratofirow kaczawskich

Na podstawie dotychczasowych badan mozna blizej scharakteryzowaé
jedynie poludniowe pasmo wystapien keratofiréw, i to w sposéb bardzo
ogélny.

Wyrézniamy tam dwa zasadnicze typy keratofiréw:

1. Keratofir wyraznie porfirowaty, z drobnymi fenokrysztalami ska-
lenia alkalicznego, ktérym niekiedy towarzysza mniejsze i mniej liczne fe-
nokrysztaly kwarcu. Tlo skalne jest felzytowe, po cze$ci mikrolityczne.
Z ciemnych mineraléw wystepuja tu tylko tlenki zelaza, leukoksen i lysz-
czyki. Do tego typu nalezg keratofiry (riolity i trachity) okolic Kaczorowa
i keratofiry okolic Jezowa. W keratofirze z okolic Jezowa zaznacza sie doéé
silne zlupkowanie, fenokrysztaly za$ sa przewazinie rozlozone. Wigkszym
stopniem metamorfozy odbiega on od innych keratofiréw pasma poludnio-
wego, a upodabnia si¢ do keratofir6w pasma pélnocnego.

2. Keratofir megaskopowo bardzo drobno i réwnoziarnisty o strukturze
trachitowej, widocznej dopiero pod mikroskopem. Prawdopodobnie nalezg
tutaj tylko trachity alkaliczne. Wystepuja tu odmiany zaréwno wybitnie
leukokratyczne, jak i rybekitowe, dos¢ bogate w mineraly ciemne (rybekit,
tlenki zelaza, lyszczyki, leukoksen). W niektdrych trachitach alkalicznych
nieliczne ziarna kwarcu (prawdopodobnie wtérnego pochodzenia) osiagnely
troche wieksze rozmiary, tak Ze pod mikroskopem robig wrazenie fenokrysz-
taléw. Ten typ keratofiréw wystepuje w okolicach Bolkowa.

W obu typach keratofiréw zaznaczyly sie wtérne procesy albityzacji,
sylifikacji i serycytyzacji.

Chemicznie zbadane sa tylko keratofiry okolic Kaczorowa i Bolkowa.
Keratofiry te sa wybitnie potasowe, czasami wigcej niz z dwukrotng prze-

wagg wagowa K,0 nad Na,O, przy czym silniej potasowe sg keratofiry z oko-
lic Kaczorowa.
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Na podstawie istniejgcych, nielicznych wprawdzie analiz (5) mozna do-
patrze¢ sie pewnej prawidlowej zaleznoéci skladu chemicznego od rozmiesz-

N

i

Bolkow

Koaczorow

P |
%
wag.

20t

15

10

Fig. 3
Wykres ilustrujacy zréznicowanie chemiczne keratofiréw okolic Kaczorowa i Bolkowa
-+ keratofiry analizowane chemicznie

czenia terenowego. Mozna réwniez dowiesé pokrewiedistwa chemicznego ke-
ratofiréw wschodniej czesci wystapienia Kaczorowskiego z odmiennie od
nich wyksztalconymi keratofirami okolic Bolkowa (p. fig. 3).
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Z wykresu tego widzimy, ze zachodnig czg$é wystgpienia kaczorow-
skiega tworzg keratofiry silnie kwarcowe (paleoriolity alkaliczne), ubogie
w femiczne mineraly normatywne i zawierajace nadmiar Al,O, lub réwno-
wage Al,O, i alkaliéw. Dalej ku wschodowi ilo§¢ normatywnego kwarcu
zmniejsza sie i na wschodnim kraficu wystapienia kaczorowskiego pojawiaja
sig trachity alkaliczne, bogate w mineraly femiczne (11%). Jeszcze ubozsze
w normatywny kwarc sg trachity alkaliczne okolic Bolkowa, gdzie istnieje maly
niedomiar Al,O, w stosunku do alkaliéw i pojawiaja sie¢ odmiany rybekitowe.

Widzimy, ze w keratofirach pasma poludniowego wraz ze zmniejsze-
niem sig ilo§ci normatywnego kwarcu (nadmiaru krzemionki) wzrasta so-
dowo$é, a maleje procent anortytu w normatywnym plagioklazie.

Keratofiry pasma pélnocnego sg tak malo zbadane, ze nie mozna ich
scharakteryzowaé nawet w sposéb najbardziej ogélny. Na podstawie dotych-
czasowych bardzo fragmentarycznych danych moina przypuszczaé, ze wy-
stepuja tam odmiany felzytowe, niekiedy porfirowate, silnie sodowe i bar-
dziej przez wtérne procesy zmienione, niz keratofiry pasma poludniowego.

Miejsce keratofiréw w systematyce skat wulkanicznych

Nazwa ,,keratofir’’ pojawila sie¢ w nomenklaturze petrograficznej w dru-
giej pelowie XIX w. i potem w réinych okresach i przez réznych autoréw
byla rozmaicie interpretowana. Twérca jej jest C.W. -Glimbel (1874). Nazwal
on tak wystgpujaca w Goérach Fichtelskich paleozoiczna porfirows skale
wylewna, w zbitym lub bardzo drobnokrystalicznym cieécie skalnym zawie-
rajaca niewielkie prakrysztaly skalenia, kwarcu, magnetytu, biotytu i czeécio-
wo rozlozonej hornblendy. W siedem lat péiniej (1881—1882) K.A. Lossen
keratofirami nazwal paleozoiczne trachity sodowe, keratofirami za§ kwar-
cowymi — paleozoiczne riolity sodowe. Potem dla ich odpowiednikéw po-
tasowych wprowadzil nazwe ,,keratofiry potasowe’ (1885). Tak wiec kera-
tofirami nazwane zostaly paleozoiczne trachity i riolity alkaliczne zaréwno
sodowe jak i potasowe. Mimo to Rosenbusch za keratofiry uwazal poczgtko-
wo tylko paleozoiczne tufy riolitéw, potem jednak (1887) rozciagnal te naz-
we na paleozoiczne sodowe riolity i trachity, a nastepnie réwniez i na ich
odmiany potasowe.

Loewinson-Lessing (1928) keratofirami nazwal protopneumatolitycznie
zmienione albitowe porfiry, natomiast skaly podobne z wygladu zewnetrz-
nego do keratofiréw, lecz bedgce wylewnymi odpowiednikami adamellitéw—
keratofirytami. Oksykeratofirami i oksykeratofirytami nazwal on bezkwar-
cowe odmiany bogate w- SiO,, w ktérych potencjalny kwarc ukrywa sig
w cieécie skalnym.

- W péiniejszych czasach (1932--1933) Lehman wprowadzil jeszcze nowa
nazwe: ,,spilit keratofirowy’’ dla skaly réinigcej si¢ od diabazowych spilitéw
tym, ze zamiast albitu wystepuje w niej ortoklaz.
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Widzimy wige, ze nazwa ,,keratofir'* nie posiada $cidle okre§lonego
znaczenia.

Po przeliczeniu dostepnych mi analiz chemicznych keratofiréw (67 ana-
liz) na mineraly normatywne i naniesieniu ich na wykres klasyfikacyjny
Johannsen-Niggli-Smulikowski (6, fig. 4) okazalo sie, ze olbrzymia wigk-
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Stanowisko systematyczne skal opisywanych jako keratofiry. Keratofiry wlasciwe ozna-

czone sy czarng linig grubszg

Skaty spotykane w literaturze pod nazwg keratofirdw oznaczone sg na rysunku znaka.mi 1—'4

Cyfry na diagramie przy symbolach oznaczajg % anortytu w normatywnym plagloklaZ{e

1 Polska (Sudety, Bierkowice, ark. Kfodzko. 28%). 2 Niemcy (Lahnmulde. Hauslei,

13%). 3 Grecja (Epidauros, Argolis, 21%). £ ZSRR (Krym, Aluszta, 20%; Kx:ym, Char-

kha, 26%; Krym, Karadah, Choba-tepe, 30%; Krym, Karadah, Sierdolikowaja Bachota,

31%; Krym, Karadah, Sierdolikowaja Bachta, 38%; Syberia, Ochock, Marekanka, 16%;
Altaj, Dolina Malej Ulby, 40%)

szo$6 analiz odpowiada stanowisku systematycznemu riolitéw i .tr:'achit,fiw
alkalicznych a tylko niewielka ilo§¢ analiz miesci si¢ w polu dellenitéw, rio-
dacytéw, dacytéw i trachyandezytéw. Te ostatnie analizy dotycza przede
wszystkim obszaréw ZSRR, gdzie najbardziej przyjela si¢ systematyka
Loewinson-Lessinga. To pozwala na przyjecie definicji Lossena (kerato-
firy = paleoriolity i paleotrachity alkaliczne).
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Nalezaloby, moim zdaniem, zaniechaé nazwy ,,keratofir’’. Nie wnosi
ona nic nowego do systematyki petrograficznej, gdyz znaczy tyle co riolit
lub trachit alkaliczny i oznacza tylko wiek paleozoiczny skaly, ktérego
konsekwencjg jest pewna suma wtérnych przeistoczen. Lepiej jest zamiast
nazwy ,,keratofir’’ uzywaé nazwy: paleotrachit alkaliczny, a zamiast nazwy
., keratofir kwarcowy'’ — paleoriolit alkaliczny.

Na wykresie fig. 5 zestawione sg wszystkie dostepne mi analizy kerato-
fir6w z calego §wiata. Obok podaj¢ spis analiz. Najlepiej scharakteryzowane
sa keratofiry Niemiec. Keratofiry innych obszaréw sa reprezentowane przez
bardzo nieliczne lub nawet pojedyncze analizy, ktére nie moga zilustrowaé
zmiennodci keratofiréw na danym obszarze bedac nieraz nietypowymi dla
danego obszaru. Jako parametréw w wykresie uzyto normatywnych minera-
16w jasnych. Wykres ten, uzywany juz dawniej przez K. Smulikowskiego
i A. Polaniskiego (4, 7), sklada si¢ z dwéch réwnobocznych tréjkatéw przy-
legajacych do siebie podstawami(I). Gérny tréjkat zawiera w narozach przeli-
czone na 100 normatywne: plagioklaz, ortoklaz i kwarc — i charakteryzuje
keratofiry o nadmiarze krzemionki; dolny tréjkat (ktérego tylko cze$¢ przed-
stawiona jest na rysunku) zawiera w narozach przeliczone na 100 normatywne:
plagioklaz, ortoklaz i skalenoidy i charakteryzuje keratofiry o niedomiarze
krzemionki. Z wykresu widzimy, ze pole zajmowane przez keratofiry miesci
sig prawie calkowicie w tréjkacie gérnym, przylegajac do boku plagioklaz-
kwarc i w miare zwiekszania sie zawartosci ortoklazu lekko opada oddalajac
sie od naroza kwarcowego i przechodzac z pola riolitéw alkalicznych w pole
trachitéw alkalicznych.

A wigc wéréd paleoriolitéw alkalicznych istniejg odmiany prawie czysto
albitowe, gdy tymczasem paleotrachity alkaliczne majg tendencje do réwno-
wagi plagioklazu i skalenia potasowego, Widzimy, ze paleoriolity alkaliczne sg
o wiele bardziej pospolite niz paleotrachity alkaliczne, a paleotrachity z pod-
rzgdnym kwarcem sg czestsze niz paleotrachity z podrzvgdnym nefelinem.
W jakim stopniu obraz ten jest odbiciem pierwotnego (magmowego) zrézni-
cowania sie keratofir6w, nie wiemy, gdyz wiadomo nam z drugiej strony,
%e bardzo pospolite w keratofirach sa wtérne procesy albityzacji i sylifikacji.

Spis analiz keratofir6w, naniesionych na fig. o

(z Szwecji 1, Anglii i Irlandii 5, Niemiec 22, Francji 1, Polski 7, Grecji 3, ZSRR 9, Ame-
ryki Pn. 7, Afryki 1, Australii 1)

Laponia: Kiruna (9, s. 154, nr an. 41)

Kornwalia: Trevennen, Mevagissey (9, s. 818, nr an. 4)

. Irlandia: okol. Rathdrum, County Wicklow (9, s. 162, nr an. 6)

. Walia: wyspa Skomer (5, s. 334, nr an. 14)

. Szkocja: Gairn an Lairs, okol. Lennoxtown, Glasgow (9, s. 818, nr an. 3)

. Westfalia: Wiebelsal (9, s. 76, nr an. 8)

. Bawaria: Fichtelsgebirge, Alsenberg (5, s. 334, nr an. 15)

~ U WD

(c. d p.s. 160)
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Normatywny skfad mineralny keratofiréw
I Proporcje mineraléw jasnych. II Procent mineraldw femicznych w zaleznosci od sto-
sunku ortoklaz: albit, III Procent anortytu w normatywnym plagioklazie w zaleznoSci
od stosunku ortoklaz:albit
1 Szwecja, 2 Anglia, 3 Francja, 4 Niemcy, 5§ Polska, 6 Grecja, 7 Ural (ZSRR), 8 Krym
(ZSRR), 9 Turkiestan (ZSRR), 10 Ameryka, 11 Afryka, 12 Australia
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8. Nadrenia: Zaglebie Saary, Namborner Miihle (9, s. 818, nr an. 10)
9. Hessen- Nassau: kotlina Lahnu, Justusmiible (poz. 9-27 patrz N. Jb., 1938, IIB, s. 327-9)

0. . . Wirbelau

1. v " 2 . Hausen 1

2. - - 53 o Steinsberger Kopf
13. " 'y @ & Aull-Hambach
14. 5 - - . Altendiez II
15. . ’e ' 5 Altendiez I

16. - - . - Hermannstein
LT = o . o Katzenelnbogen
8. ., - " ,»  Guckenberg I
19. ’ » " - Steinkopf II
20. .- W 5 . Steinkopf III
21. " . v " Steinkopf 1

22. - . " = Heistenbach TII
23. -, e . ,.  Heistenbach II
24, e 5 i . Heistenbach I
25. " . " . Guntersau II
26. . o ” . Guntersau I

27. Rupbachtal

28. FrancJa Woge/y, Schlossberg, dol. Breusch (5, s. 334, an. 17)
29. Polska Sudety, Janéwek (Johnsdorf) (11, s. 47)

30. vs ’e Lubrza (Waldberg, Teufelkanzel) (an. aut.)

31. i ,»  Lubrza (Waldberg) (11, s. 47)

32. . - Lu(?;za (VZ7al)ldberg pom. Bodenbusch a Ploning- Nimmersath)
s

33. v ' K1. Waltersdorf (11, s. 47)

34. 5o ¥ Piszkowice (11, s. 47)

35. Niederkretschamstein {an. aut.)

36. GrecJa hpldauros Argolis (9, s. 76, nr an. 10)

37. ,»  wyspa Hydra (9, s. 818, nr an. 15)

38. 53 i3 (9, s. 820, nr an. 16)

39. bral Pd. Koswinski Kamien (9, s. 1000. nr an. 22)

40. ,» Nik.-Pawdinsk (3, s. 186. nr an. 865)

41, - - (3, s. 186, nr an. 866)

42. ., ' (3, s. 186. nr-an. 867)

43, ,» Magnitnaja Gora (9, s. 156. nr an. 56)

44. Krym: Georgiewskij Monastyr (3, s. 188, nr an. 875)
45. Karadalk, Choba-Tepe (8, nr an. 1055)
46. Turkiestan: Turangybastau (3, s. 190, nr an. 883)

47, 5 Kordzura (3, s. 190, nr an. 881)

48. Minnesota: Pigeon Point (9; s. 80, nr an. 12)

49, ’e Pigeon Point (Little Brick lsland) (9, s. 118, an. 48)

50. Massachussetts: West Lynn, Essex County (9, s. 150, nr an. 8)

51. i Marblehead Neck, Essex County (9, s. 114, nr an. 20)
52. - s (9, s. 114, nr an. 21)

53. Connectwub Fair Haven (9, s. 818, nr an. 1)

54. Nebraska Eltville, dol. Kiedrich (5, s. 334, nr an. 16)
55. Erytrea: Debaroa, Marahano (9, s. 76, nr an. 12)

56. Nowa Pd. Walia: Gemeroo (9, s. 96, nr an. 43)



KERATOFIRY GOR. KACZAWSKICH 161

Pod wykresem (I), w prostokatnym ukladzie wspélrzednych mieszcza
sie jeszcze dwa inne wykresy. Gérny (II) podaje procent mineraléw femicz-
nych, dolny za$ (III) — procent anortytu w normatywnym plagioklazie
w zaleznoéci od stosunku ortoklazu do albitu. Widzimy, ze paleoriolity
alkaliczne zawieraja do 10%, paleotrachity zag alkaliczne do 20% mineraléw
femicznych. Zawarto$é anortytu w plagioklazie rzadko przekracza 10%, przy
czym przewaznie bogatszy wanortyt jest plagioklaz paleoriolitéwalkalicznych.
Plagioklaz w paleotrachitach alkalicznych nierzadko jest czystym albitem.

Gdy zwigksza si¢ zawarto$é anortytu w plagioklazie (przy zachowaniu
tego samego stosunku plagioklazu do skalenia potasowego), to, jak widaé
z wykresu, keratofiry dajg ciagle przejScia do dacytéw, riodacytéw, trachy-
. andezytéw, dellenitow, latytéw, rzadko do riolitéw zwyczajnych. A wige gru-
pa paleoriolitéw i paleotrachitéw alkalicznych jest bardzo wyraznie odgra-
niczona od trachitéw zwyczajnych, troche mniej wyraznie od riolitéw zwy-
czajnych, natomiast zwiazana jest cigglymi przejciami z dacytami, rioda-
cytami, dellenitami, latytami i trachyandezytami. Wniosek ten potwierdza
wykres fig. 4 stanowigcy modyfikacje schematéw Johannsena- Niggliego,
na ktéry naniesione sg keratofiry i terenowo zwigzane z nimi dacyty, riodacyty,
dellenity i trachyandezyty podawane przez réznych autoréw jako keratofiry.

Pole keratofir6w w Srodkowej swej czesci zweza sie dzielac keratofiry
na dwie grupy:

10 Keratofiry o réwnowadze plagioklazu i skalenia potasowego

20 Keratofiry albitowe.

W pierwszej grupie miedci sie wiekszosé keratofiréw Gér Kaczawskich
{(Polska), keratofiry z Lahnmulde i z Nadrenii (Niemcy), keratofiry Turkie-
stanu (ZSRR), Minnesoty, Eltville, Massachusetts (Ameryka) i keratofir ze
Szkocji (Anglia). Keratofiry z pasma poludniowego Gér Kaczawskich
naleza nawet w skali $wiatowej do keratofiréw najsilniej potasowych.

Do drugiej grupy nalezg keratofiry Kornwalii, Irlandii i Walii (Anglia),
Westfalii i gér Fichtelskich (Niemcy), Wogezéw (Francja), Uralu, Krymu
(ZSRR), Laponii (Szwecja), Erytrei (Afryka), Nowej Poludniowej Walii
(Australia). Do tej grupy nalezy réwniez sodowy keratofir Gér Kaczawskich
z péInocnego pasma (Polska).
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q. AHCHUJIEBCKU
(JTa6opatopusi Ilerporpadm KpucTanmmueckux nopon Bapmasckoro VYHusepcurera)

KEPATO®HMPbI KAYABCKMX T'OP
PE3IOME

ABrop naer nerporpatHYecKyl0 XapaKTepPUCTHKY KepaTo(HPOB pailioHa
Kavoposa, siBopckoro yezga (Cynersr). IlpuBeneHbl 1Ba HOBble XMMHYECKHE
ananusa. Jlas cpaBHEHMs] HCCJIENOBaHBI KepaTo(Hphl M3 OKpecTHocTe#d Boue-
koBa, Exona, SInyska u Iloarypok. [asa moayuenus ofmiell XxapaKTeDHCTHKH
[IOPOL 3TOro THNA CAENAHO CONOCTaBJIeHHe 67 XMMHUECKHX aHaJH30B Keparo-
¢upoB BCcero Mupa c NpUMEHEHHEM COOTBETCTBEHHBIX METOJ0B. B 3akmoueHnd
aBTOp mpeajaraer 3a0pOCHTb NpecTapenblii TepMHH ,Keparodup”, 3ameHnds
ero Gosiee TOUHBIMH TepMHHAMMU: IIEJOYHBIA I12JICOPHOJNHT H LISJNOYHBIA na-
JeOTPAXHUT.

J. ANSILEWSKI
{Laboratory of Petrography of the igneous and metamorphic rocks of the University
of Warsaw)
THE KERATOPHYRES OF THE KACZAWA MTS.
ABSTRACT

Petrographical aspects of keratophyres of some localities of the Sudety Mts. are
considered and two new analyses listed. Data obtained from 67 chemical analyses of
keratophyres recorded in various parts of the globe are compared. A suggestion is made
to substitute the name ,,keratophyre’ by the terms: alkali-palaeorhyolite and alka-

li - palaeotrachyte.
SUMMARY

Old-Palaeozoic volcanic lavas, designated by German geologists as kerato-
phyres, occur in the Kaczawa Mts. Range which forms the Caledonian
sector of the Western Sudeten. These keratophyres are distinguished by
a notable variability of composition and facies, and so far no thorough petro-
graphic studies have been made in their respect. The present work has for
its aim, at least to some extent, to compensate this deficiency.

The Kaczawa keratophyres occur in two belts:

1. The northern Lelt which runs along the north limb of the Wojcieszéw
anticline and shows considerable continuity. The keratophyres recorded in
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this belt are aphanitic, light coloured, platy or even schistose, with frequent
sericite coatings on the slate surfaces. - Their appearance is rather
like that of sandstones or quartzites and does not suggest their volcanic ori-
gin. Microscopic analysis of two rock fragments from this belt has shown the
presence of microcrystalline mass of quartz and alkali-felspar, interwoven
with sericite, epidote, oxides of iron and titanite. The chemical analysis of
a rock from Janéwek (Analysis No. 6 p. 153 of the Polish text) reveals
an unusually high excess of silica and a great preponderance of soda over
potash. These type characters suggest a strong secondary alteration of
the primary volcanic rock in consequence of silification and albitisation.

2. The southern belt is characterized by the marked discontinuity of its
-exposures. They are distinctly isolated and. remote from one another. In re-
sult of complicated tectonics, difficulties are encountered in determining the
mode of their occurrence. Some keratophyres in this belt are also metamor-
phosed and deformed but most of them are fresh, massive, aphanitic or fine
porphyric rocks bearing distinct features of volcanic lavas. Out of the five
chemical analyses of the rocks listed in the Polish text (Nos. 1-4,
pp. 146 and No. 5 p 152) two (Nos. 1 and 2) have been made by
the present writer, the remaining three have been published previously in
German papers. They indicate that the keratophyres of the southern belt
are distinguished by a varying preponderance of potassium over sodium as
well as by a varying excess of silica. They should, therefore, be referred
either to alkali-rhyolites (Nos. 1,2,3) or to quartzbearing alkali-trachytes.

The petrographical aspects of an extensive outcrop in this keratophyre
belt, situated to the east of Kaczoréw, have been rather {ully investigated,
some additional comparative testing has also been made of rocks from
other sites. ' '

A small keratophyre cliff recorded in the western sector of this exposure
is of particular interest. It is characterized by a marked heterogeneity of
composition and by numerous xenoliths of greenstones, phyllites, occasional-
ly granites and other rocks. Samples from two xenoliths of alkali-syenite and
from one xenolith of amygdaloidal trachyte have been microscopically investi-
gated. The keratophyre shows fluidal streaks of pinkish-grey, brownish-grey
or greenish hue and of a fine-grained porphyric structure. The phenocrysts
belong mostly to albite, less frequently to potash felspar and quartz. The
microlithic groundmass consisting of alkali-felspars and quartz is mingled
with oxides of iron, ‘scales of sericite and epidote ‘(anal. No. 1, p. 146).

The keratophyres occurring further east are more massive and uniform,
dark grey with minute felspar phenocrysts and a greater abundance of quartz
in the rock matrix (anal. No. 2, p. 146 of the Polish text). The pheno-
crysts -belong partly to -albite, partly to orthoclase, both, as a rule,
mutually “intergrown in a microperthitic manner. The albite in part
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secondary, as suggested by its checked twinning-striae. Some of the
phenocrysts bear distinctive anorthoclase features. In the eastern extremity
of the belt some varieties of keratophyre are richer in larger phenocrysts of
felspar. Of the accompanying minerals sericite, epidote, oxides of iron, apa-
tite and leucoxene are recorded there. Frequently the rock is cut by thin
veinlets filled by quartz with subordinate albite.- Undoubtedly, the kerato-
phyres here have undergone a process of secondary albitisation and silification.

Still further east, near Bolkéw, keratophyres are found poorer in sili-
ca and. more alkalic (Anal. No. 5, p. 152 of the Polish text). These
are of a distinetly trachytic structure, while in some of them riebeckite
is well preserved as the principal coloured mineral. Felspars are extremely
difficult to determine; they belong partly to albite, partly perhaps to ortho-
clase or anorthoclase. From Kaczoréw to Bolkéw, i.e. in a west-easterly
direction, a certain, apparently consequent differentiation is noticeable, name-
ly a decrease in the excess of silica and alumina over the alkalis as well as
in the preponderance of potassium over sodium. As a consequence thereof
rhyolites pass into alkali-trachytes (fig. 3, p. 195 of the Polish text).

‘With a view of comparing the keratophyres from the Kaczawa Mts. with
those recorded in other regions of the globe, published data of 67 analyses of
rocks designated by this name have been collected. Their mineral norms
were computed and their variability pointed out by means of proper
graphs (fig. 4 p. 157 and fig. 5 p. 159 of the Polish text). It then
became obvious that the use of the name ,,keratophyre’’ had been too exten-
sive and incongruous, inasmuch as it had been applied not only to palaeo-
volcanic rocks of the rhyolite and trachyte type, but also to dellenites,
dacites and trachyandesites. Thus, the name of keratophyre had lost its termi-
nological value in the sense of a precise petrographic definition. The present
writer, therefore, would like to suggest the discontinuation of its use or the
substitution of the name ,,quartz keratophyre’’ by that of ,,alkali-palaeo-
rhyolite'”, and of the name ,,keratophyre’’ by that of ,,alkali-palaeotrachyte’".

The distribution of the proper keratophyre i.e. of alkaline palaeorhyo-
lites and palaeotrachytes in the graph fig. 5 indicates that palaeorhyolites are
-either potassic or distinctly sodic, that they show frequently a small excess of
alumina over the alkalis which is responsible for the appearance of minute
quantities of normative anorthite, finally that they usually have a lower
content of femic minerals. The palaeotrachytes, on the contrary, are for the
most part distinguished by an equivalence of albite and orthoclase, by the
absence of normative anorthite, i.e. by marked alkalinity and by a higher con-
tent of femic minerals. The field occupied in the diagram by keratophyres is
narrowing markedly in the centre and dividing into two parts. The right
one corresponds to albite (sodic) palaeorhyolites, the left one to palaeo-
rhyolites and palaeotrachytes of the albite-orthoclase type (sodi-potassic).
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OSOBLIWA SKALA OOLITOWA Z OKOLIC LUKOWA NA PODLASIU
STRESZCZENIE

Zbadano mikroskopowo i chemicznie skale oolitowg pochodzenia narzutowego
z Lukowa na Podlasiu, ktérej oolity o wygladzie pirytowym okazaly si¢ zbudowane
2 wodorotlenkéw zelaza. Pomiary wielkosci oolitéw i ich jader kwarcowych uzasadniaja
twierdzenie, ze oolity nie powstawaly na tych miejscach, gdzie ulegly sedymentacji.

Skata oclityczna, ktérej opis stanowi treéé niniejszej notatki, zostala zna-
leziona w postaci glazu narzutowego w Lukowie na Podlasiu przez dra H. Ma-
kowskiego, ktéry tam przeprowadzal badania nad faung jurajska iléw. Zna-
lezisko to zaintrygowalo go ze wzgledu na bardzo charakterystyczny wyglad
blyszezacych oolitéw, ktéry w pierwszej chwili mdg!t nasunaé przypuszczenie,
ze sg to oolity pirytowe. Jednakze fakt, ze oolity widoczne na powierzchni
glazu, ktéry lezal w podglebiu, nietknigte byly wietrzeniem, podwazyl po-
czatkowe domysly. W strefie wietrzenia piryt jest bowiem nietrwaly ilatwo
ulega utlenieniu, wobec czego powierzchnia odslonigtego glazu powinna byé
pokryta skorupa utworzong z wodorotlenkéw zelaza.

Oolity pirytowe sg rzadkie. Literatura podaje tylko kilka miejsc ich wy-
stepowania na §wiecie. Stwierdzono je w rudach Wabany w Nowej Funlandii,
w dewonie Woestfalii oraz w gérnym liasie péInocno-zachodnich Niemiec (3)!
Oolity z Nowej Funlandii uwazane sg za zloze pierwotne, powstale w warun-
kach redukujacych (2).

Polyskujace zielonkawo-zlote kuleczki oolitéw skaly lukowskiej rozsia-
ne sg gesto w szarym, do$¢ zbitym, wapnistym spoiwie, w ktérym obok nich
przeéwiecaja tu i 6wdzie male, z6ttawe blaszki Iyszczykéw. Oprécz kuleczek
oolitéw i blaszek miki w spoiwie tkwig niepozorne ziarenka kwarcu, golym
okiem prawie nierozpoznawalne.

W skale ponadto znajduje si¢ miejscami obfity detrytus organiczny utwo-
rzony, jak to stwierdzila dr M. Rézkowska, z mniejszych lub wiekszych ulam-
k6w skorup malzéw i malych robakéw. Natomiast brak jest zupelnie amoni-

1 Cyfry kursywa w nawiasach odsylajy do spisu literatury na koficu artykulu.
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téw. Skorupki malzéw majg dobrze zachowang pryzmatyczng strukture war-
stwy porcelanowej i z réwnoleglych blaszek utworzona warstwe perfowa o cha-
rakterystycznym polysku. Niektére ze skorupek zachowaly swe zabarwienie.

Z prébki skaly, ktéra dr H. Makowski przestal do Zakladu Mineralogii
i Petrografii Uniwersytetu Poznanskiego, sporzadzono szlif mikroskopowy
(pl. I, {ot. 1). Zbadanie tego szlifu, aczkolwiek nie wyjaénilo jeszcze w pel-
ni skladu chemicznego zagadkowych oolitéw, poddalo jednak zdecydowanie
w watpliwo$é¢ pierwotne przypuszczenie, ze mamy tu do czynienia z pirytem.

Caly szlif usiany jest prawie nieprzezroczystymi, ciemnymi oolitami, réz-
nej wielkosei i ksztaltu. Obok idealnie zaokraglonych drobnych ,,jajeczek’
widaé ciemne wieksze ziarna o ksztaltach nieregularnych. Caly szereg ooli-
téw dzieki temu, ze czesé ich zewnetrznej powloki zostala Scieta do grubosei
szlifu, odslania nam- swe wnetrze. Przekonujemy sie, Ze jadra ich stanowi
kwarc, na ogdél mniejszy rozmiarami w oolitach owalnych niz w nieregular-
nych. Ciemna powloczka tych ostatnich jest znacznie ciefisza od tej, ktéra
,»oblepila’ kwarce male. Zewnetrzny ksztalt oolitéw jest w duzym stopniu
zalezny od wielkogci ich kwarcowych jader i, rzecz oczywista, od ich ksztaltu
wtedy, gdy warstewka pokrywajgca jest cieniutka. Niektére (bardze nielicz-
ne) ciemne oolity majg ksztalt wybitnie splaszczony, co dowodzi, ze nie kwarc
stanowi- ich jadro. Powloczka powlekla tu jaki§ lyszczyk, na ogdl biotyt.
Miejscami widaé takze blaszki lyszczykéw bez ciemnych otoczek. Oprécz
kwarcu stanowigcego jadra oolitéw znajdujemy do$¢ liczne jego ziarna
czyste, bez powloczek. '

Obok oolitéw, lyszczykéw i kwarcdw znaleziono w szlifie dwa czy trzy
ziarna jakiego§ mineralu barwy brudnozielonej, charakteryzujacego sie pew-
nym pleochroizmem i slabg dwdjlomnoscis.

W drugim szlifie mikroskopowym (ciefiszym od podanego na pl. I,
fot. 1) widaé ponadto wyraZnie koncentryczng budowe niektérych spomie-
dzy oolitéw, odznaczajacych sie jagniejsza od poprzednio opisywanych z6l-
tawo-brunatng barwa i wyrazng choé slabg dwéjlomnoscia. Niekiedy tylko
najbardziej zewnetrzna warstwa oolitéw jest jasniejsza i dwéjlomna, a wne-
trze ciemne i nieprzezroczyste.

Wiszystkie te oolity, -kwarce i Yyszezyki oblane sg szarg masa spoiwa,
przewaznie weglanowego, ktérego niemal jedynym skladnikiem jest kalcyt.
Substancja weglanowa jest miejscami szaro zmetniala, niemal nieprzezro-
czysta dzigki nieregularnie rozlozonym domieszkom ilastym.

Mozna z cala niemal pewnoscig twierdzié, ze oolity tej skaly nie sg zbu-
dowane z pirytu. Gdyby tak bylo, ich przekroje mikroskopowe odznaczaly-
by si¢’ w Swietle odbitym spizowa barwg i polyskiem metalicznym, gdy
tymczasem prawie nieprzezroczyste oolity lukowskie maja przekroje ma-
towe o zabarwieniu ciemnobrunatnym. Z danych tych nalezaloby wyciag-
naé wniosek, ze ich natura chemiczna odpowiada raczej wodorotlenkom Zze-
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laza. Temu, ze w gre wchodzg tu tylko wodorotlenki zelaza, przeczylyby
jednakze dwéjlomne otoczki niektérych oolitéw. Ich wyglad i cechy optyczne
moglyby wskazywaé na przynaleino$é do mineraléw z grupy szamozytu, co
z kolei nasuwaloby przypuszczenie, ze prawdopodobnie wtérne oolity skaly
lukowskiej byly poczatkowo oolitami szamozytowymi i ulegly utlenieniu na
limonitowe.
- Po zbadaniu szliféw przystapiono do wydzielenia oolitéw i do ich ana-
lizy chemicznej. Aby wyodrgbnié czyste oolity, nalezalo je przede wszystkim
uwolnié od weglanowego spoiwa. W-tym celu skale rozdrobniong na okruchy
o Srednicy ok. 5 mm trawiono na zimno przez ca. 12 godzin w 5%-owym
kwasie solnym. W osadzie pozostaly wydzielone ze spoiwa jajeczka oolité6w
o charakterystycznym polysku, co wskazywalo na to, ze uzyty do trawienia
kwas solny nie zaatakowal zupelnie ich warstwy zewnetrznej. Obok oolitéw
osad zawieral kkwarce oraz grudki obfitujace w substancje ilastg. Grudki te
mialy rozmaitg wielkoéé: od rozmiaréw wigkszych od ziarenek kwarcu do
ilastego pylu wlgcznie. Aby uwolnié sie od koloidalnej krzemionki mogacej
sie wydzielié i speptyzowaé ilaste koloidy, przemyto kilkakrotnie odsa-
czone od rozpuszczonych weglanéw oolity goracym 5%-owym roztworem
weglanu sodu i przeplukano dobrze wodg z kwasem solnym. Na saczku
pozostaly same oolity, kwarce i zwarte grudki skupionej substancji ilastej.

W celu wydzielenia czystych oolitéw zebrang na saezku frakcje klasty-
czng. rozdzielano bromoformem o oznaczonej tuz przed uzyciem gestosci
2,847. Zsypane na dno nieduzego krystalizatora oolity i kwarce zalewano
kilkudziesigciu -mililitrami bromoformu, mieszano-starannie paleczks i po-
zostawiano pod przykryciem w zupelnym spokoju na przeciag kilku godzin.
Wiekszos$é blyszczacych ziarenek pozostala na dnie. Ziarna, ktére wyplynely
na powierzchnie¢ lub pozostaly zawieszone w cieczy, wylawiano lyzeczka ce-
lofanowg, umieszczano w zlewce i przeplukiwano kilkakrotnie benzenem,
aby uwolni¢ je od resztek bromoformu, wreszcie suszono na powietrzu. Obok
ziarenek kwarcu wylowiono do§é pokaing liczbe polyskujacych oolitéw,
ktére, jak to kazg przypuszczaé obserwacje poczynione juz przy ogladaniu
szlifu, réznig sig od innych. Wydzielania oolitéw dokonano celowo nie w roz-
dzielaczu, lecz w krystalizatorze, ktérego dno pokrylo sie cieniutks warstwa
ziarn najcigzszych. W waskim rozdzielaczu opadajace na dno oolity pory-
walyby za sobg ziarnka kwarcu lub-oolity o mniejszej gestosci.

Zebrane z powierzchni bromoformu, przeplukane i wysuszone kwarce
i oolity (nazywamy je lekkimi) przesypano do rozdzielacza Harady, gdzie
zalano je ponownie bromoformem. Do bromoformu, wéréd ustawicznego
mieszania, po kropli dodawano tyle benzenu, az wszystkie zawieszone w nim
ziarnka oolitéw opadly na dno, a kwarce podplynely na powierzchnig. Tym
razem separacja okazala si¢ zupelna. Po jej dokonaniu zbadano gestos§é roz-
cieficzonego benzenem bromoformu; wynosila ona 2,69. Do rozdzielenia kwar-
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c6w od oolitéw lekkich uzyto juz nie szerokodennego i plaskiego krystaliza-
tora, lecz zamknietego doszlifowanym korkiem waskiego rozdzielacza. Cho-
dzilo o to, aby uniknaé parowania benzenu, ktérym rozcienczano bromoform,
a tym samym, aby utrzymac w ciggu przeprowadzania separacji jednakows
gestosé cleczy. : '

Po przeprowadzeniu wszystkich wyzej opisanych operacji otrzymano trzy
rézne frakcje ziarn: :

oolity ciezkie (d > 2,847)
oolity lekkie (2,847 > d > 2,69)
kwarce -+ grudki sub-
stancji ilastej (d < 2,69)
Procentowo stosunek ich przedstawia sig, jak nastepuje:
oolity ciezkie 22,82
oolity lekkie 14,85 57,02% wag.
kwarce - zwarta substancja
ilasta 19,35
spoiwo (czesé rozp. w HCI
i w Na,CO,) 42,90

99,92% wag.

Wszystkie trzy rodzaje ziarn obejrzano pod mikroskopem i zmierzono
ich skrajne $rednice (najwigksza i najmniejszg). Oolity ciezkie okazaly sie
tymi, oglgdanymi juz poprzednio w szlifie, idealnie owalnymi jajeczkami
o rozpieto$ci érednic: najmniejszej od 0,16-0,32 mm, najwiekszej od 0,24-
-0,48 mm. Oolity lekkie mialy ksztalty na og6l znacznie odbiegajace od
owalu, niekiedy bardziej niz poprzednie wydluzone i czesto nieforemne. Po-
miar ich $rednic, jakkolwiek w ostatecznym rezultacie doprowadzil do wy-
nikéw nieznacznie tylko réznigcych sig¢ od oolitéw pierwszych, wykazal
w poszezeg6lnych przypadkach duzo wigksze wahania, niz to bylo u oolitéw
ciezkich. Réznice w wielkoéci poszczegblnych ziarn kwarcéw byly jeszcze
wigksze. Najmniejsza z mierzonych $rednic kwarcéw miala 0,04 mm, naj-
‘wigksza — 0,72 mm. Ponizsza tabelka podaje przecietne g$rednic oolitéw
i kwarcéw.

Tabela 1
przecietne Srednice w mm
najwieksza najmniejsza
oolity eciezkie 0,32 0,26
| oolity lekkie 0,35 0,28
kwarce 0,28 0,20
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Lepiej niz wszelkie opisy przedstawig zewnetrzng postaé wydzielo-
nych oolitéw i kwarc6w trzy fotografie podane na pl. I, fot. 21 pl. II, fot. 31 4.
" Réwnolegle do opisanych powyzej manipulacji przeprowadzono calkowits
analize chemiczng zaréwno spoiwa jak i poszczegblnych oolitéw (osobno
ciezkich i lekkich); jesli idzie o spoiwo, zanalizowano odzielnie te czesé, ktéra
rozpudcila si¢ w kwasie i oddzielnie te, ktéra pozostala w nim jako zawiesi-
na i ktérg oddzielono dopiero za pomoca roztworu sody (substancja ilasta).
Wyniki tej czesci analizy zestawiono ponizej.

Tabela 2
Roztwér w HCI Zawiesina po HCl

% wag. I % wag.
Si0, 0,06 Si0, 0,32
FeO 1,44 Fe,0, 017
Al,0, 0,80 ALO, 0,22
CaO- 20,79 071
MgO 0,51 :
Mno « 0,5
co, 17,85
H,0 0,59

42,19

Uwaga: W spoiwie nie oznaczano oddzielnie CO, i H,0. Oznaczono tylko dla
calej skaly sumaryczna strate przez zarzenie, a przez odliczenie wody wchodzacej
w skiad oolitdw uzyskano posrednio cyfry podane w tabeli postugujgc sig stosunkami
wyznaczonymi przy czynnoSciach separacyjnych.

Jak wynika z analizy, ogromng wiekszoéé spoiwa stanowi weglan wapnia.
Weszystkie inne skladniki sa tu drugorzedne, przy czym. drobne iloci krze-
mionki i glinki wskazywalyby na obecnoéé latwo rozkladalnych mineraléw
krzemianowych.

Rozpuszczanie zelazistych oolitéw szlo dosé opornie. Dzialanie gora-
cego stezonego kwasu solnego nawet po uplywie kilku godzin nie moglo cal-
kowicie uwolnié kwarcowych jader oolitéw od pokrywajgcej je warstwy.
Wobec tego uzyto do rozpuszczania mieszaniny stezonych kwaséw: azotowego
i solnego, co w przeciagu kilku godzin doprowadzilo do catkowitego rozpusz-
czenia zelazistej substancji oolitéw. Z czeSci nie rozpuszczalnej w kwasach
sporzadzono preparat mikroskopowy. Widaé w nim, ze niektére z ziarnek
kwarcu otoczone byly bezbarwna, izotropowa powloczks o bardzo niskim
reliefie. Optyczne dane wskazywalyby na to, ze jest to opal, ktéry w postaci
gelu wydzielil si¢ na niektérych kwarcowych jadrach oolitéw.

W celu oznaczenia tej rozpuszczalnej krzemionki wchodzacej w sklad
oolitéw pozostalo§é po trawieniu ich kwasami traktowano w parownicy pla-
tynowej dwudziestu ml ok. 5%-wego lugu sodowego (lub potasowego) i ogrze-
wano na lazni- wodnej przez kilkanascie minut. Roztwér znad osadu od-
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saczano, a osad zadawano ponownie tg sama co poprzednio iloScig lugu
i znowu na gorgco sgczono. Czynnosé te powtarzano 4-5-ciokrotnie. W ten
sposéb uwolniono kwarcowe oérodki oolitéw od krzemionki bezpostaciowej.
Zebrany na sgczku kwarc przeplukiwano wielokrotnie goraca woda z dodat-
kiem kwasu solnego, w koficu samg tylko woda, suszono, spalano saczek
i wazono. Krzemionke rozpuszczalng odparowywano z kwasem solnym
i oznaczano osobno.

Sposéb postgpowania przy analizie oolitéw ciezkich i lekkich byl taki
sam. Jak mozna to bylo z géry przewidzieé, ilosé kwarcu w oolitach lekkich
byla kilkakrotnie wigksza niz w cigzkich (por. tab. 4).

Z wyodrebnionych kwarcéw zrobiono .preparaty mikroskopowe w celu
zmierzenia wielkosci ich ziarn. Wyniki pomiaréw podaje tabela 3. Dla po-
réwnania podano raz jeszcze wymiary ziarn kwarcowych nie wchodzgcych
w sklad oolitéw (por. tab. 1).

Tabela 3
Przecigtne Srednice w mm
najwigksza | najmniejsza
kwarce wydzielone z oolitéw ciezkich 0,25 0,17
kwarce wydzielone z oolitéw lekkich 0,32 0,23
kwarce nie wchodzace w skiad oolitéw 0,28 0,20

Wyniki calkowitej analizy zaréwno oolitéw ciezkich jak lekkich wujgto
w ponizszym zestawieniu:

Tabela 4
Oolity ciezkie Oolity lekkie
(d > 2,847) . (2,847>d>>2,69)
% wag. - % wag.

H,0 15,34 5,25
kware 18,24 74,86
Si0, 3,66 1,45
Fe,04 49,05 13,88
AL 0, 11,91 4,11
TiO, 0,19 0,08
MnO 0,13 —

P,0; 0,28 —

Ca0 0,55 $lad
MgO 0,63 0,72
Suma 99,98 100,35

Oznaczenia zelaza dokonano wagowo i manganometrycznie, glinu—wa-
gowo po.uprzednim oddzieleniu go kupferronem od zelaza i tytanu. W celu
sprawdzenia zastanawiajgco wysokiej zawartosci glinki, oznaczono glin po-
nownie, wytracajac go z roztworu amoniakalnego, zawierajacego kwas wi-
‘nowy, za pomocg 8-oksychinoliny (zelazo oddzielono jako siarczek). Wynik
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pokryl sie z poprzednim. Tytan i mangan oznaczono kolorymetrycznie,- fos-
f6r metoda Woya jako fosforo-molibdenian amonu. Obecnoéci siarki w ooli-
tach nie stwierdzono. Fakt ten potwierdza przypuszczenie uzyskane na pod-
stawie badan mikroskopowych, ze w oolitach nie ma ani §ladu pirytu. Osob-
liwy ich polysk jest wobec tego zjawiskiem czysto powierzchniowym.

Niezwykle duza iloéé glinki przy bardzo malej zawartosci krzemionki
i braku innych tlenkéw kwasotwérczych (anionéw) wskazywalaby na to,
ze obok wodorotlenku zelazowego, stanowigcego gliéwny skladnik powloczki
oolitowej, wystepuje i wolny wodorotlenek glinu. Przyktady podobnych ooli-
téw zelazistych bogatych w wodorotlenek glinu znajdujemy w podreczniku
Bartha, Corrensa i Eskoli (2). Jednakowoz czes¢ tej glinki jest byé mo-
ze zwigzana w krzemian typu szamozytu, stanowigcy utlenione i przeobra-
zone relikty w oolitach, na co wskazywalyby badania mikroskopowe. Przy-
puszczalnie mamy wiec tu do czynienia z oolitami, ktére pierwotnie mialy
charakter szamozytowy. Szamozyt rozlozyl sig i utlenil z wydzieleniem li-
monitu, krzemionka ulegla odprowadzeniu, glin za$§ pozostal w postaci wol-
nego wodorotlenku. ‘

Pewne $wiatlo na sposéb tworzenia sie i sedymentacji opisywanych- ooli-
téw rzuca rozsegregowanie pod wzgledem wielkosci ziarn kwarcéw. Tyezy
sie to kwarcéw wyseparowanych z oolitéw eiezkich i z oolitéw lekkich oraz
tych, ktére nie zostaly wcale powleczone warstwg wodorotlenkéw (p. wykres 1).

Kwarcowe jadra oolitéw cigzkich sg wyraznie mniejsze od jader oolité6w
lekkich, réznica miedzy wielkoscia ziarn najwigkszych i najmniejszych jest
réwniez mniejsza u pierwszych niz u drugich. Najwigksza proceritowo ilosé
kwarcéw z oolitéw cigikich ma $rednice 0,22-0,26 mm, kwarcéw z oolitéw
lekkich — 0,30 mm. Kwarce niepowleczone sa daleko bardziej zréznicowane
w wielkodci poszczegélnych osobnikéw. Srednice ich (maksymalne) mieszczg
sig¢ w granicach od 0,06 do 0,72 mm. Najwigksza ilo§é takich niepowleczo-
nych kwarcéw ma $rednice 0,24 mm, czyli taks, jakg majg kwarce z ooli-
téw ciezkich. Kwarce mniejsze sg zupelnie czyste, wigksze natomiast pokryte
czesto cieniutks warstewkg wodorotlenku zelazowego. Poczawszy od Sred-
nicy 0,34 mm wszystkie niemal osobniki maja taka otoczke.

To, ze kwarce z oolitéw cigzkich sg mniejsze, a tym samym lzejsze niz
kwarcowe jadra oolitéw lekkich, jest zupelnie zrozumiale. W warunkach
sedymentacji w ruchliwej wodzie lekkie ziarnka mniejszych kwarcéw dluzej
mogly pozostawaé w zawieszeniu w wodzie i réwnoczesnie wieksze iloSei
wytraconej substancji zelazistej mogly si¢ na nich osadzaé, gdy tymczasem
kwarce wigksze predzej nabywaly takiego cigzaru, ktéry zmuszal je do opad-
nigcia na dno, gdzie juz dalsze obrastanie zelazista substancjg bylo niemoz-
liwe. Nic wigc dziwnego, Ze warstwa zelazista jest na nich duzo ciefisza.

Gdyby dalej rozumowaé w ten sposéb, najwigksze ilodci kwarc6w nie-
powleczonych powinny mieé najwigksze rozmiary, bo tylko wtedy byloby zro-
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Liczba ziarn kwarcowych w %
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Wielkos$¢ ziarn kwarcowych w kreskach podzialki mikrometrycznej (1 kreska = 0,02 mm)

Wrykres 1

Wykres statystyczny ziarn kwarcowych wydzielonych ze skaly oolitowe]
1 kwarce wolne od powloki zelazistej, 2 kwarce z oolitéw ciezkich, 3 kwarce z oolitéw lekkich
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zumiale ich predkie opadanie na dno, czego skutkiem bylby brak zelazistych
powloczek. Oczywiscie, ze i takie duze, prawie niepowleczone kwarce, sa
w opisywanej skale, jednakie przewazajaca wigkszosé ziarn pozbawionych
warstwy wodorotlenkéw wykazuje §rednice male, takie, jakie majg kwarce
z oolitéw ciezkich. Nie byloby to mozliwe, gdyby wszystkie kwarce, zaréwno
powleczone jak i pozbawione powloczek, znajdowaly sie od poczatku w tym
samym §rodowisku sedymentacyjnym, gdyz trudno sobie wyobrazié tworzenie
sie oolitéw w jednolitych warunkach na pewnej tylko czesci réwnych
co do wielkoéci kwarcéw. Wniosek stad, ze oolity nie mogly powstawaé
w tym samym miejscu co otulajgcy je mul wapnisty z drobnymi czystymi.
kwarcami.

Oolity tworzg si¢ w plytkich partiach morza, na ogél w strefach przy-
brzeznych, w wodzie ruchliwej, podlegajacej silnemu dzialaniu fal. Na ogdl
przyjmuje sig, ze utwory oolityczne sa wyraznymi wskaznikami fakiego
wladnie §rodowiska sedymentacyjnego. Nie trudno jednak wyobrazié sobie,
ze czes$é oolitéw mogla byé wymiatana przez prady denne ze §rodowiska swe-
go powstawania w inne, o sedymentacji spokojniejszej. Najprawdopodobnie]
opisane wyzej oolity (zaréwno cigzkie jak i lekkie) sg wlasnie takimi, ktére
ze $rodowiska, gdzie powstaly, przywedrowaly do miejsca, gdzie nasta-
pifa ich sedymentacja, i dopiero tu spotkaly si¢ z niepowleczonymi drobnymi
kwarcami w $rodowisku mulu wapnistego. To, czy wszystkie te oolity po-
chodzg z jednego miejsca powstawania, jest réwniez problematyczne Ude-
rzajaca w wykresie dwuwierzcholkowos$é krzywych rozsiewu ziarn kwarco-
wych oolitéw ciezkich, podobnie jaki lekkich, mogtaby nasunaé przypuszcze-
nie, ze zostaly one naniesione z dwu miejsc o réznej ruchliwosci wody dennej.
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CBOEOBPA3HAS OOJIUTOBAS TIOPOJIA U3 OKPECTHOCTEF
JIYKOBA HA TNOAJISICBE

PESIOME
Y rop. Jlykopa Ha Ilomnsicke 6bll Hafifled BaJyH OONHTOBOH MOPOIRI

£ OueHb ' XapaKTepHBIMH 3€JIEHOBATO-30JOTHCTEIMH 6JIECT$IIU.HMH OOJINTaMH,
JKHBO HallOMHHAaIOIMHUMH IHPHUTOBBIE OOJIHTHI. Sror BaJyH OBLT HCCIELOBAH .



174 MARIA BORKOWSKA

XUMHUeCKH W onTuueckd. OoiuTel 3TOH HOpONBI OKAas3aldHCh THAPOOKHCIAMH
KeJjesad.

Vismepenust BEJIHUHHBI OOJHTOB M KX KBAapIEBBIX fIep AOKA3LIBAIOT, UTO
00JiuTHl 00pPAa30BANHCh HE HA TOM MeCTe, I'le NPOHCXORMIA HX CEXMMEHTALHH.
OHu O6blIE TpPHHECEHB W3 IPYrofl Cpeibl M TOJBKO IIO3XKe B HOBOH cpese
H3BSCTKOBOrO MJia OHHM BCTPETHJIHCH C YUCTHIMH 3€pHAMHU KBapIa.

MARIA BORKOWSKA
(Laboratory of Mineralogy & Petrography of the University of Poznad)

PECULIAR OOLITIC ROCK FROM LUKOW IN PODLASIE

ABSTRACT

An erratic boulder of an odlitic rock was subjected to chemical analysis and micro-
scopic examination. Odlites of yellow or bronze colour and of strong metallic lustre
have the appearance of pyrite, but actually they are built of ferric hydroxide. Sta-
tistical comparison of grain sizes of quartz fragments included in the odlites and free
of a ferrugineous coating proves that the formation of odlites had been accomplished
at the sea bottom elsewhere than their sedimentation.

SUMMARY

An erratic boulder was found by H. Makowski at Lukéw (Podlasie) and
thoroughly examined in the Petrographic Laboratory of the University of
Poznaf. Special interest was paid to that boulder in view of the extra-
ordinary appearance of its rock material. Small, brilliant odlites of brass
yellow or bronze colour, with strong metallic lustre as if built of pyrite,
were found.

From this odlitic rock, supposed to be of pyritic composition,
a microscopic slide was cut off, which proved that the odlites consist
of brown, feebly translucid amorphous matter. In section they were without
any metallic lustre, so characteristic for pyrite (pl. I, fig. 1). The iri-
descent metallic lustre must, therefore, be- only a surface phenomenon,
and the mineral *content of odlites should be attributed to some
ferri-hydroxides.

‘In thin section, angular quartz debris have been found as kernels of all
ferrugineous odlites. Smaller odlites are usually well rounded, of regular
oval shape and their quartz kernels are very small, coated with a relatively
thick film of ferrugineous matter. Larger oblites are usually less regular in
shape, not so well rounded, more dependent on the shape of the quartz
centres, which are decidedly larger than those of small odlites, but coated
with a rather thin- film of ferrugineous matter. This observation was
confirmed by subsequent separation in bromoform, where the larger o6lites
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float, while the smaller and better rounded ones sink as overloaded with
iron coating.

~ The calcareous cement was removed from the oblites by treatment of
granulated rock fragments with weak, cold HCI (5% solution). The odlites
were not at all attacked by this treatment, retaining their brilliant lustre
as if their surface had been well polished. The insoluble residue was then
washed with hot 5% soda solution to set it free from amorphous silica and
to peptise any clay admixture of cement; subsequently it wasfiltered, washed
in hot water and dried. This residue, when examined under the micro-
scope, was found to consist of brilliant odlites of various shape and size and
of detrital quartz. By means of pure bromoform (density 2.847) and of bro-
moform diluted with benzene (density 2.69) the residue was separated into
three fractions: 1° heavy odlites (pl. II, phot. 3), well rounded, with
thick ferrugineous coating (density > 2.85), 2° light o6lites (pl. I1, phot. 4),
less regular and coated with a rather thin iron film (density between
2.84 and 2.69), 3° detrital quartz grains (pl. I, phot. 2), free of ferrugi-
neous coating.

Separate chemical analyses were simultaneously made of: a) the carbo-
naceous rock matrix, b) lighter o6lites, and c¢)heavy odlites (see p. 169 and 170
of the Polish text). They show that the weight percentage of quartz kernels
in the lighter o6lites is'many times greater and the ferri-oxide eontent much
smaller than in heavy oflites. Sulphur is entirely absent in both. The re-
markably high content of alumina, without any significant amount of si-
lica or other acid-forming oxides, might indicate the presence of free alumin-
ium hydroxides. A portion of those alumina might, however, be combined
in some sedimentary chlorite, perhaps chamosite, since the microscopic
examination of especially thin sections of o6lites revealed small relics of
some scaly matter, highly altered and oxidized. A conclusion might, there-
fore, be drawn about the secondary origin of the ferrugineous matter in
o6lites: primitive chamosite coating the small detrital grains was decompos-
ed and oxidized, ferric hydroxide separated', the silica removed and alumina
left in form of free hydroxide.

The study of the differentiation of the grain size of detrital quartz in-
cluded in the odlites and free from ferrugineous coating (graph 1, p. 172 of
the Polish text) might supply valuable information about the process of
formation and sedimentation of the odlitic rock. Small quartz particles had
been long suspended in mobile sea water and could thus be coated with a fer-
rugineous film before they were fixed on the sea floor (heavy oblites). The
largest quartz grains could be suspended in the same conditions only a.re-
latively short time and, but thinly coated, they were deposed at the sea bot-
tom (lighter oblites). Yet, in the o5liti¢ rock there are also numerous quartz
debris of the same size as those in the cores of heavy o6lites, entirely free from:
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ferrugineous coating. They cannot have originated from the same place
at the sea bottomn as quartz included in the odlites, since any quartz grain
of similar size must behave in the same manner under the same conditions
of sedimentation. The o0lites and bigger quartz grains must have been
transported from another place into the environment of sedimentation of
the calcareous mud with fine quartz detritus, forming subsequently
the cement of the odlitic rock. This supposition agrees well with the
views of Cayeux and some other scientists, that odlites are never found
in the place of their formation.
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