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Abstract-- Corrensite or 'corrensite-like' minerals occur in dike-intruded shales and siltstones of the 
Montana Group and Colorado Group (Early Cretaceous) in Western Montana. The < 1/xm size 
fraction of one specimen of this "corrensite-like" material has been studied in detail. X-ray diffraction 
data and chemical analysis indicate that this specimen is a regular or nearly regular interstratification 
of chlorite and dioctahedral smectite. Also described are other samples, which contain corrensite and 
additional phases. These samples were taken at several localities where basic dikes have intruded these 
shales and siltstones. 

INTRODUCTION 

CORRENSITE or 'corrensite-like' minerals occur 
in rocks of widely different character and mode of 
origin, but they are commonly associated with 
carbonate and evaporite deposits as is indicated by 
the number of reported occurrences in these 
environments (Bradley and Weaver, 1956; Martin- 
Vivaldi and MacEwan, 1960; Peterson, 1961; 
Lippmann, 1956; Grim, Droste and Bradley, 1960; 
Bodine, 1971). Corrensite has been observed also 
in argillaceous siltstone (Earley, Bradley, McVeagh 
and Vanden Heuval, 1956); as a hydrothermal 
alteration product of andesitic and chloritic rocks 
(Harvey and Beck, 1960); as an alteration product 
of a deutericly altered beryl (Heckroodt and Roer- 
ing, 1965); in metalimestones (Wilson and Bain, 
1970) and in hydrothermal deposits (Sudo, Taka- 
hashi and Matsui, 1954). 

The main purpose of this paper is to describe a 
pure corrensite that occurs in dike-intruded shales 
and siltstones (Lower Cretaceous) outcropping in 
Western Montana. The chemical analysis along 
with the X-ray diffraction data lead u~ to believe 
that this 'corrensitic material' is different in 
character from most corrensite that has been repor- 
ted in the literature. That is, the material described 
in this paper is believed to be composed of an 
ordered or nearly ordered 1 : 1 interstratification of 
dioctahedral smectite and trioctahedral chlorite, 
rather than an ordered interstratification of trioc- 
tahedral vermiculite or smectite with trioctahedral 

chlorite. The other layer silicate assemblages found 
in these intruded shales and siltstones are also 
briefly noted. 

In this paper corrensite is considered to be a 
regular mixed-layer mineral having approximately 
a 29 A c-axis d-spacing in the air-dried state which 
swells to - 31 A when treated with ethylene glycol. 
The term corrensite will be used indiscriminately to 
describe those minerals possessing such layering 
and swelling characteristics. 

SAMPLE LOCALITIES AND METHODS OF SAMPLING 

Most of the samples containing corrensite which 
are described herein were taken at the Dearborn 
River (DBR) locality (No. 1 in Fig. 1) midway 
between Bowman's Corner and Wolf Creek. Four 
sampling traverses from a 40-50 ft wide dike to 
distances up to 1800 ft were made. Samples were 
collected at approximately the same stratigraphic 
level along each traverse. In addition, a 58ft 
stratigraphic section was sampled here (No. 1 on 
map). 

Samples from four other localities (Nos. 2-5 on 
map) were obtained, but many did not contain 
corrensite, and only brief mention of the mineralogy 
of these samples is made. 

X-RAY DIFFRACTION STUDY OF SAMPLES 
COLLECTED ALONG TRAVERSES 

Samples to be studied by X-ray diffraction were 
suspended in demineralized water and centrifuged 
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Fig. 1. Study area showing locations of sampling sites. 

to remove particles coarser than 2/xm (equiv. 
spherical dia.). Oriented aggregates of the < 2/xm 
fraction were prepared by the technique described 
by Kinter and Diamond (1956). 

At two localities (Nos. 1 and 3 in Fig. 1) corren- 
site is the predominant or only clay mineral in the 
intruded shales. Figure 2 (DBR #3C,  one traverse 

D.B.R -~ .3 C 
Oriented Aggregates-Ethylene Glycol 

rr~ io~, 7;, Ft from 
contact 

25' 

600' 

1400' 

1800' 

2 I0 20 30 

Degrees 2..6 

Fig. 2. Corrensite along one traverse (DBR #3C) at 
Sampling Locality No. 1. 

at Locality No. 1) shows that all the samples collec- 
ted up to 1400 ft from the dike contact along this 
traverse contained a relatively pure corrensite. The 
sedimentary rocks in this locality are sandwiched 
between two dikes, approximately 1800 ft apart, 
running perpendicular to the strike of the bedding. 
Corrensite in this 1800 ft span is the dominant 
mineral in the shales as well as in the dike rock. 
Figure 3 shows diffraction patterns obtained from 
samples along another sampling traverse (Locality 
No. 1 in Fig. 1) where corrensite is the main 
constituent of shales near the dike contact. How- 
ever, at this locality the X-ray diffraction patterns 
show that well-ordered corrensite near the contact 
gives way to a more poorly ordered corrensite 
within a few feet. Farther out, this material grades 
into an expansible mixed-layer phase and discrete 
chlorite. 

At locality DBR # 3 (No. 1 in Fig. 1), a strati- 
graphic section of 58 ft was sampled at 3 ft intervals 
to determine if the composition of the corrensite 
and/or other materials varied in a vertical as well 
as a lateral direction. The variation of lithologies 
in the vertical section ranged from coarse-medium 
grained sandstone to fine grained siltstone to very 
fine grained, compact shales. The diffraction pat- 
terns showed no appreciable mineralogical change 
throughout the section. 

At some sampling localities no corrensite was 
found in the intruded siltstones or shales. At two 
different localities (Nos. 4 and 5 in Fig. 1) the 
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Fig. 3. Variations in corrensitic material and other clays 
as a function of distance from dike along one traverse 

(DBR #3) at Sampling Locality No. 1. 
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Fig. 4. X-ray diffraction patterns obtained using CuKa 
radiation showing changes after several different treat- 

ments. 

predominant phase near the dike contact is a 
mixed-layer illite/smectite; the proportion of 
smectite layers in the mixed-layer illite/smectite 
decreases and the amount of discrete illite increases 
away from the dike contact. Along two traverses 
(Nos. 2 and 3 in Fig. 1) a highly expansible mixed- 
layer phase is the major clay mineral constituent in 
the intruded sedimentary units. 

MINERALOGY AND CHEMISTRY OF THE CORRENSITE 

I t  was possible by size fractionation to obtain 
two relatively pure corrensites. These samples 
have been subjected to several treatments in order 
to characterize this material as fully as possible. 

Figure 4 (DBR # 2 A )  shows diffraction patterns 
obtained from one of the samples after various 
treatments. X-ray patterns of the air-dried and the 
glycol-solvated samples show an almost regular 
series of 001 reflections with a fundamental period- 

icity of 29 and 31 fi~, respectively. This observation 
appears to indicate that the material is composed of 
a nearly regular alternation of 14 and 15 ,~ units in 
the air-dried state and 14 and 17 A units in the 
glycol-sotvated state. After  heating to 550~ a 
weak peak at about 23-24 ,& and a strong peak at 
about 12/~ appeared, which indicates a regular 
alternation of 10 and 1 3 - 1 4 A  units. As can be 
seen from Fig. 4, the series of00/ref lect ions was no 
longer integral after the material had been treated 
with 1 N KOH for 1 hr. Apparently,  the expan- 
sible layers ceased to be uniformly expanded, 
i.e. some layers may have had thicknesses of 10 ,~ 
while others had thicknesses up to about 1 2 h ,  
dependent on the state of hydration of the K-treated 
layers. After  glycolation, however, the regular 31 
periodicity again appeared indicating that K +  had 
not caused any of the layers to collapse irreversibly. 
This re-expansion, and the fact that the expansible 
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layers absorbed two layers of glycol and collapsed 
to around 10 A after heating to 550~ suggest that 
these layers are more like smectite than vermiculite 
in composition and charge density. Other samples 
subjected to the same treatment produced similar 
results. 

Figure 5 (DBR # 3) shows X-ray diffraction 
patterns after HC1 treatments. The relative 
solubility of the corrensite, indicated by the 
increase in intensity of the quartz peak relative to 
the corrensite peaks, would be expected for a 
chloritic type mineral. However, the superlattice 
structure was still intact after one hour of acid 
treatment although the relative intensities of the 
basal reflections changed and some of the peaks 
were now broader and more diffuse. 

X-ray diffraction powder data 
X-ray diffraction powder data were obtained us- 

ing a l14.6mm dia. Debye-Scherrer camera with 

D.B.R. ~ 5  
Distance from Dike I & 6 inches 

Oriented Aggregate 

17A IO~ v~ 

2 I0 20  30  

Fig. 5. X-ray diffraction patterns obtained using CuKc~ 
radiation showing changes after HC1 treatments. 

filtered Cu Ka radiation. The results for the 
< 1/xm fraction of sample DBR#3C-8 are shown 
in Table 1. There are two main points to be made 
concerning these data. First, the pattern of DBR 
#3C-8 has no lines that can be ascribed to mica, 
quartz, calcite, or any other mineral that might be 

Table 1. X-ray powder data of 
< 1/xm fractions of DBR#3C-8 

(filtered Cu Ka radiation) 

d (A) I (Est.) 

14.5 10 
9.73 3 
7.26 7 
5.81 1 
4.81 1 
4-60 6 
3.61 5 
3.21 3 
2.90 3 
2.57 8 
2.44 5 
2-28 2 
2.01 1 
1.69 1 
1-54 9 
1.51 4 
1.32 2 
1.31 1 

expected to occur in rocks of this type. The other 
point worthy of consideration is the presence of 
reflections at 1.54 and - 1"50 A. The strong line at 
1.54 A suggests a trioctahedral character for some 
or all of the 2 : 1 silicate layers. The medium inten- 
sity line at 1.50 A could be interpreted as resulting 
solely from 062 reflections from the chlorite layers, 
or 060 reflections from dioctahedral 2 : 1 expansible 
layers regularly interstratified with the trioctahedral 
chlorite layers. We will show that the chemical 
analysis indicates that the expansible layers are 
dioctahedral rather than trioctahedral. 

Chemical analysis 
The < 1/xm size fraction of D B R #  3C-8 was 

analyzed by methods similar to those of Shapiro and 
Brannock (1962). Before analysis, the sample 
was ignited at 850~ for 1 hr. Ignited samples should 
give more reliable information for recasting chemi- 
cal formulas because air-dried samples can contain 
varying amounts of water depending on sample 
preparation and ambient conditions. The  precision 
is approximately + 1 per cent of the amount indica- 
ted. The chemical analysis and the recast formula 
are shown in Table 2. We would like to place 
special emphasis  on the number of octahedral 
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Table 2. Chemical analyses and 
unit formula of < l/xm fraction of 
DBR#3C-8 (ignited weight basis) 

SiO2 42" 19 
A1203 17"00 
Fe203 8-98 
FeO 7.43 
MnO 0-20 
MgO 21.38 
CaO 1.98 
Na20 0-32 
K20 0.51 

Total 99.99 

Distribution of ions calculated on basis of 50 oxygen 
atoms: 

Interlayer ions Octahedral ions 
2+ 3+ Cao.~2Nao.loKo.lo Mno.o2Mg4.82Feo.94Fel.o~Ali.38 

Total = 8.18 

Tetrahedral ions 
Sir.arAl1.64 
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techniques, were studied in an attempt to determine 
what textural relationships, if any, the corrensite 
displayed with respect to the other minerals in the 
rock. The dike rock was composed of 8-10 per 
cent pyroxene, approximately 50 per cent plagio- 
clase, 3-4 per cent opaques, with the remainder 
of the rock, sometimes fractured and veined by 
calcite, groundmass and corrensite. In contrast, the 
shale material contained no pyroxene, calcite, or 
opaques. However, phenocrysts and slender laths 
of plagioclase were present, as in the dike rock, and 
comprised approximately 50 per cent of the rock 
with the remainder being fine-grained groundmass 
and corrensite. The yellowish spherulitic inter- 
growths, believed to be corrensite, are shown in 
Fig. 6. The corrensite spherulites are much finer 

cations in this sample. The number of octahedral 
cations is approximately 8 per 50 oxygens (ig- 
nited basis). If both the 2:1 expansible layers 
and the regularly interstratified chlorite layers were 
trioctahedral, there would be 9 octahedral cations 
per unit cell. Obviously, we are assuming that the 
analyzed sample is pure corrensite. We have shown 
already that the X-ray diffraction data from the 
< l~m fractions of these two samples show no 
lines that can be attributed to phases other than 
corrensite. For this reason and because the number 
of octahedraI cations is so close to 8 per 50 
oxygens. We believe there is a strong possibility 
that either the 2 : 1 expansible layers or the regularly 
interstratified chlorite layers are dioctahedral. We 
have already pointed out that the expansible layers 
sorb two layers of ethylene glycol, which probably 
indicates a rather low charge density characteris- 
tic of a smectite rather than a vermiculite. Also, 
since dioctahedral chlorite is quite rare it is more 
probable that the 2:1 expansible layers are 
dioctahedral. This probability is further streng- 
thened by the observation that the shales altered 
by the intrusions are highly aluminous and pre- 
dominantly composed of dioctahedral smectites 
or mixed-layer illite/smectites. 

P E T R O G R A P H I C  DESCRIPTION OF THE CORRENSITE 
IN THE INTRUDED SHALE AND IN THE DIKE 

(Thin sections of the dike rock and shale material 
collected 25 fl from the dike) at locality DBR #3,  
in which corrensite was detected by X-ray powder 

O.Olmm 
Fig. 6. Photomicrograph of spherulitic intergrowths. 

grained in the shale than in the dike rock. However, 
in both instances the spherulites occurred as inter- 
stitial irregular masses between slender laths of 
plagioclase, or sometimes as apparent partial 
replacement of plagioclase phenocrysts and 
groundmass laths. 

The calcite in the dike rock also appears to be 
partially replaced by corrensite in some cases. It 
may be plausibly inferred, therefore, that the 
development of corrensite post-dates or is synch- 
ronous with the main stage of carbonate veining 
and alteration. 

CONCLUSIONS 

In this locality, corrensite appears to be a 
product of alteration of shale and siltstones caused 
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by  fluids a c c o m p a n y i n g  in t rus ions .  F i n e  f rac t ions  
a re  pu re  e n o u g h  to al low us to cha rac t e r i ze  the  
mater ia l  in detail .  T h e  chemica l  analys is  and  X- ray  
p o w d e r  da t a  sugges t  tha t  the  co r rens i t e  or  'cor-  
rens i te - l ike '  mine ra l  is a regular  or  near ly  regular  
in te rs t ra t i f i ca t ion  of  ch lor i te  and  d ioc tahedra t  
smec t i t e  layers .  M o s t  o the r  co r rens i t e s  desc r ibed  
in the  l i te ra ture  h a d  impuri t ies  which  caused  diffi- 
cul ty in accura te ly  re -cas t ing  chemica l  formulas .  
I t  is poss ib le  tha t  co r rens i t e s  similar in chemica l  
compos i t i on  to the  one  we h a v e  desc r ibed  he re  m ay  
b e  more  a b u n d a n t  than  recogn ized  previous ly .  
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R6sum 6-La  corrensite ou les min6raux 'du type corrensite' se rencontrent dans des schistes et des 
siltstones travers6s par des dikes, dans le Groupe du Montana et le Groupe du Colorado (cr6tac6 
inf6rieur), du Montana de l'Ouest. La fraction < I/~m d'un 6chantillon de ce mat6riau 'du type corren- 
site' a 6t6 6tudi6e en d6tail. La diffraction des rayons X et l 'analyse chimique indiquent que cet 6chan- 
tillon est un interstratifi6 r6gulier ou presque r6gulier de chlorite et de smectite diocta~drique. On 
d6crit aussi d'autres 6chantillons qui contiennent de la corrensite et des phases additionnelles. Ces 
6chantillons ont 6t6 pr61ev6s dans plusieurs localit6s oh des dikes basiques traversent les schistes et 
les siltstones. 

Kurzreferat -Corrensi t  oder 'Corrensit-ghnliche' Minerale kommen in adernftihrenden Schiefer- 
tonen und Schluffgesteinen der Montana- und Colorado-Gruppe (Unterkreide) im westlichen Montana 
vor. Die KorngrN~enfraktion < 1/zm einer Probe dieses "Corrensit-ghnlichen" Materials wurde im 
einzelnen untersucht. RSntgenbeugungswerte und chemische Analy;se Zelgen, dag diese Probe eine 
regelmiiBige oder nahezu regelm~il3ige Wechsellagerung von Clotlt und dioktaedrischem Smectit 
aufweist. Andere Proben, die Corrensit und zusiitzliche Phas/en enthalten, werden ebenfalls be- 
schrieben. Diese Proben wurden an verschiedensen Stellen entnommen, wo basische Adern in die 
Schiefertone und Schluffgesteine eingedrungen sind. 

Pe310Me- KoppeHCHT ~nrt KoppeHCHTOO6pa3H~le Mrlrlepanbi 3aaera~oT B rJ/HHHCTOM caanue c 
BHe~peHHbIMH Jla~KaM~ H B aneapHTe rpynn MOHTaHa H Koaopa;lo (panHHil MenOBOi~ neprIo~) B 
3anazlno~ MOHTaHe, )2eTaabHo ~3yqaaacb qbpa~uH~ 06pa3na pa3MepOM < 1 /ZM 9TOrO KoppeacriT0- 
06pa3Horo MaTeprlaaa. PeaTreHorpaqbHqeCKae jlaHHb~e 14 XI~MH~eCKH~I aHanH3 noKa3b~BamT, xITO 
3TOT o~pa3e ~  ~IBJ~eTC~I peryJ/~pHbIM H/IH IIOqTH qTO peryJDlpHbIM BnJ/aCTOBaHI~eM XJ/OpHTHOFO H 
OuoKmaaOpanbllo~'o CMeKTIITa. Tar>re orIHCbIBAIOTC~I ~pyrHe o6pa3ubI cosepxamHe KoppeHCHT H 
)206aBOqHble pa3HOBtf/1HOCTH. ~TH o6pa3u~,i co6pa.aH B pa3H~,IX MeCTOHaXO~X~eHH~X, r~e OCHOBHbIe 
~a~KH BHe/IpHJIHCB B FJI~IHHCTbIe cJtatttlbl H aneBpvtT~t. 
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