


Flemal-—Corrensite

lar inferstratification ol an expan-
sible combination of 14 angstrom clay
minerals.

In spite of awareness of the in-
herent variability of corrensite, iden-
tifiecation of the component lavers
has proven to be difficult. An ex-
perimental  scheme to  distinguish
among the possible layer constituents
was [rst proposed by Martin Vivaldi
and Muckwan  (1906%, and hag
guinied generul use awong geologists
who do not wish 1o go infto detailed
structural analvses. However, dif-
ficulbios have oltlen arisen with such
schemes wher replicate analyses are
made on single specimens. Such vari-
atiom ean be attributed only to varl-
ations In experimental procedurc.
Reeent studies on o series of corren-
site speciniens from the Sespe For
mation of Califernia are used here
Lo illustrate Lhese expevimentally in-
duced variation.

SAMILE MATKRIAL

Speeimens  containing  corrensite
were colleeted  Trom four outerop
Incaliticy of the Sespe Formalion, a
mid-Tertiary non-marine redbed unit
which outerops in southern Clalifor-
nia in the general vicinity of .oy An-
geles,  The four localities are Old
“an Marcos Pass northwest of the
city ol Santa DBarbara, Sveawore
Janyon north of Santa Barbara,
Casita ass northwest of Ventura,
and Agua Dulee Canyon 3 miles
nottheast of Lang (IMemal, 1966).
At each loeality the eorrensile oc-
eury only in gypsiferous strata or
in straly associated with gypsum-
bearing beds, and is generally asso-
elated with minor amounts of chlorite
and illite. Smoeetite is the dominant
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clay mineral in the large portion of
the Hespe Formation that does not
contain corrensile, but it was not
identified as a sopzrate gpecies in
any of the corrensite-hearing strata.

WAMEPLE PREPARATION

Preparatiou of the samples for
Xoray analyvsis was achieved in the
following steps:

1} 05 te 2.0 grams of material
woere lightly ground in a mortar and
sioved 1o lesg than 088 mm in diame-
ter. Six wml of distilled water and
4 draps of eoncentrated sodium hoxa-
metaphosphate were added to the
powder,

2} The samples were agitated in
an ultrasonic vibrator for ono hour
1o effeet disagaregation. KEach sam-
ple was then mixed and allowed o
setile for 3%4 hours, aller which the
liguid portion was  decanfed and
placed on round cover glips to air-
dry.

3y Fonr Xoray stides were made
from cach deeanl. A single slide
was used for both untreated X-ray
and glyeolated Xeray runs. A wec-
ond slide [rom the same decant was
used for heat experimoents. The two
remaining slides were used to cheek
restlls obtained frow the first two.

4} For pelyeolation, cach slide
was placed in a covered box contain-
ing an open well of cthylene glyeol.
Complete  glyeolation was usually
achieved at room lemperature within
one week., For zome slides, the box
was held in an oven heated at 35
degrees . This procedure usnally
affected glyeolation within 24 hours,
but tended to cause minor warping
ol the thin elay il

8] Heal treatment experiments,
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which provided highly variable re-
sults, were conducted in a variety
of manners, as diseussed later.

6}  All X.ray rims employed a ro-
tating saumple holder apinning at 77-
1/7 rpm. This cevice gave the most
reproducible machine resnlts, TIn-
ereased resolution of the peak posi-
tions was aehioved by seanning at
15 degree 2-theta per minute.

ExrrrivEnTaL RESUrTs

Corrensite s identifled on the basis
of a somewhat irregnlar but orderly
series of basul refleclions in untreat-
ed, glyeclated, and heated samples.
In some samples of the Sespe cor-
rensile it iw possible to distingnish re-
fleetions up to the thirteenth order,
although more commonly ninth order
reflections eonstitute the maximum,
The firgt through third order reflec-
tions are characteristically the
strongest.  The higher order reflee-
tions display a systematic alternating
deviation from the average calealated
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unit basal spacing in both nntreated
{table 1) and glyeolated (lable 2)
samples, This phenomenon was also
noted by Grin, Droste, and Bradley
{1960, p. 229.232), and iz attributed
to the oeeasional juxtaposition of
layers of like composition in the
otherwise alternating inlerstratifica-
tion. In general the (001) reflec-
tion tends to indicate a larger unit
basal spacing than do the higher or-
der reflections, particularly in the
alycolated samples (table 2). How-
ever, this is in part, at least, a fune-
tion of the diffieulty of making pre-
gige angstrom conversions at these
low angles of veflection. Tn these
cases choice must be made as Lo which
measurement best reflects the wnit
hagal spacing.

For the Sespe corrensite, the aver-
age nnit basal spacing of 285 ang-
stromg {or the wnireated samples
(table 1) and the average unit hasal
spacing of 31.2 angstroms for the
glyenlated samples (lable 2) suggests
the interstratifieatior of a 14-14 ang-

Tarte 2.—Basal reflection properties of four glycolaled samples of corrensite

from a single microscopically uniform handspecimen,

Measurements in angstroms.

Samples
- N Calculated
Inten- ~ ; ' ' Unit Basal
Reflection sity (1 {2 (3) {4) Avg. Spacing
[1.1) s 327 .0 ' 32,7 32.7 33.0 33.0
002 o Vs 15.5 15.6 15.6 15.5 155§ 31.00
0034illite............; m 10.2 10.0 1.1 . 998 | 10.1 30.3
0.0 S 8 7.82 7.82 V.82 7.79 7.81 31.24
0o-+illite. ... ... .., m 5.15 5,14 b 5,18 5.17 31.02
O07... oo L. w 4.47 4,48 ** b t.48 31.36
00B.................. vw o 3.86 *x ** 186 30.88
009, . ... m 3. 46 3.47 3.46 3.40 .46 3114
0011 w 2.84 2.84 4 2.84 L 31.24
| —
, 31.2
| i Average
|
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strom pair, one of which is cxpan-
sible to 17 angstroms. However, if
only the mensured (0013 values are
nsed, the glveolated samples at an
average ol 3 anestroms suggest that
both members of the pair ave cxpan-
gible to nearly 17 angstroms. Tf the
latter may be attribuied Lo measure-
ment ervor, according to the Martin
Vivaldi and MacKwan scheme, the
14-14 pair wonld be normal ehlorite
with  either smectite o1 swelling
ehlorite.  Attempted distinction be-
Lwoen the swelling eblorite and smee-
tite would normally be made by heat
treatment { Martin Vivaldi and Mae-
Hwan, 1960, p. 1787, However, in
the case of the Sespe eorrvensite, lor
which differing methods of heat
treantment were applied, the results
are not diagnostic.

Four methods of heat trealment
were applied to the Sespe corvensite.
The first two consisted simply of
placing a prepared glide directly on
a hot plate Tor one honr. The hot
plate was either cold and allowed to
heat pradually to 450 degrees C,
(method 217, or already heated to
and held at 430 degrees C0 (nelhod
23, Conflicting results were ob-
tained ; i method z£1 the resultant
trace showed an irregular series of
reflections, the largest of which was
at 137 anestrom; the wethod =2
trace showed no peaks at all, indi-
cating that 1ihe interlaveved water
way expelled from the corrensite
struetare so fast that the disruption
destroved sy regulavity of layering.

I'"he second two heating methods
wers developed to allow gequential
N-raying in such 4 manner as to per-
mit tracing the changes induced by
the heating. Method 23 consisted of
placing a sample in a closcd erucible
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which was held at approximately 450
degreey O, duringe the experiment.
At intervals beginning ot 1.5 minutes
the specimen was removed from the
ericible and X-rayed over the range
of the first four basal reflections.
The vesults {figure 1 and table 3)
show a gradual decreage in intensity
and spacing of the peaks, parlieu-
Tarly the (001) and {003) reflections
which decreased in spaeing 0.9 and
1.0} angsiroms respectively before
they were lost. A similar decrease
but of lesser magnitude occurred in
the (002) relleetion which foll from
13.6 to 13.2 angrstroms after 45 hours
ol heating.

I " L I

Figrnke 1. Sample x-ray diffraction
traces of corrensite-illite eclay mixture.
Heat treatment method #3 (see text).
A, TUnheated, B, 95 minutes. C. 2.0
hours. D, 45.0 hours.



183

Flemal-—Corrensite

#o B.n._;..::::: ﬁ.m H.NN.:::::::_._.
70 £1°4 TS 00l g sTo e |
£°Q 914 009 TOT | 9T pTED [l
X ¢1 L 19 0oL s e |
9°0 61°¢ 85 10T | 9% el ;
€0 Wi IEE R A T
<0 L N b es A1 I S S 59z
80 91 |1 m® IQF  TOl |49 %6l |0T  £8E
50 LAV VAT T '35 L S 01V AL B 4 B I A AR
80 L[ 8T s FE o lzol |69 LD | LT e
Pl 91, 0T ®8® T0F TOl | ¥4 9%l 3L CsT
71 A L R A L I L R
- m _ -
¥ T ¥ T ¥ ]y I Y
700 £00 sulL 7o 100

BUIAEE ALBLIAE T SAOYE u.:mwcﬂ Head gv psinskoir (1) LJISUNUI  IXI] UL

40’ ¥
us g
90757
1507
40§
40°Z
g
Wy by
Hﬁm_. O
ws '
.:mm. ' .—.

u

aua ],

ainzesadway,

PAHILINEDN &8 ¢ # DOWISUL *01SHALL00 U0 1TUDWII2AX0 Sulvay 1viiganbas 10 S1MEAT—'¢ Wiy,



184

Method #4 consisted of placing a
slide prepared identieally to the one
used in method #3 in an oven which
was allowed to heat up graduoally
from room temperature to 180 de-
grees €. The results are prosented in
ficure 2 and lable 4. There are sever-
al sionifleant differences between
these results and those produced by
method #3. 1n general the peaks
showed the same decrease in intensl-
ty, with the (001) refleetion disap-
pearing alter 27.5 hours of heating,
The (003) reflection, which was un-
detectable during the latter part of
the method 3 treatment, first
showed a decrease in intensity ae-
companicd by broadening of the
peak, and then an inerease in inten-
sity and sharpening of the reflleetion.
Even more intriguing is the greater
collapse of the unit basal spacing
which fell o 24.8 angstroms (2 X
12.4], versus to 26.4 angestroms {2 X
13.2) for method 3.

Few of these peculiarities pro-
duced by differing heat treatments
have been diseussed in the literature.
The gradual loss of the {001} reflec-
tion in heating experiments, 18 not
unusnal, 4s is shown by Lippmann’s
{1956), Earley, Brindley, McVeagh
and Vanden Fleuval’s {1956), and
Budo’s (1959) data. Smith {1960,
p. 285) sugwests that his loss is due
to undefined “‘structural irregulari-
ties,”” but the phenomenon still re-
maing largely unexplained. One
method by which this losg might e
achieved is by having the heat pro-
duee an homogenizing effect on the
individual layers of the eorrcnsite,
This eonld be done by driving sut wa-
ler layers that oceur between evory
second layer of otherwise similar in-
ter-layercd components. Such a phe-
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nomenon would oceur if the inter-
layered components were swelling
chlorite and normal cehlorite. This
cxplanation, however, 15 not entire-
ly adequate sinee the higher order
odd refleetions persist, even though
the (001} reflection disappears.

The type of variable intensity
shown Dby the (003) reflection in
method 374 iz explained by uneven
loss of water from the structure,
which caused a temporary disorder-
ing of the rellection. But why this
should be more prononneed in one
method than in the other is umex-
plained. Also, why the two methods
produced different basal spacings
is undetermined. If cither of these
two phenomena were due to the de-
gree of dehydration alone, the re-
sults of the last two heat methods
would likely have been roversed,
sinece the third method involved
greater ltemperature than did the
fourth.

If only the resnlts of the first or
third heatine methods were avail-
able, the conclusion would be that
the Begpe corrensite eonsists of two
gpecies which have 13-14 angstrom
spacings when eollapsed {i.e., normal
chlorite and expandable chlorite).
On the other hand, if only the results
of method #£4 were avallable, the
sugeestion would be that a 14-10 ang-
strom  collapsed pair was present
fnormal chlorite and smectite).
Clearly, the choiee will depend on
the treatment proecdures.

The behavior of the 10.1 angsirom
reflcetion in the heated samples (fig-
ures 1 and 2} does give some sug-
cestion for a I14-10 angstrom col-
lapsed pair, in as much as the in-
cregse in jts Intengily may be more
than can be expeeted for simple or-
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dering of an illite (001) reflection.
However, this is not conelusive proof.

Fiauvnr 2.

Sample x-ray difiraction
traces of corrensite-iliite clay mixture.
Heat treatment method 4 (see text).

A, 200 minutes. B. 4.0 hours. C. 23.0

hours, T3, 43.0 hours.

Prolonged drying of a specimen
before analysis alse introduces a
complicating factor. The original
experiments on the Sespe eorrensite
were run in 1966, The specimens
woere af that time fresh from the field
where they had been eollected at
some digtance back from the outerop
face. In 1965 one of the same speci-
mens used carlicr was apgain analvzed
in exactl repelition ol the earlier pro-
cedures. The resn.ts were similar
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with the exeeption that all of the
eorrensite veflections woere remark-
ably reduneed in intensity, similar
to those of 4 heated specimen. In
the intervening two yvears the spoeci-
nien Lad been stored at normal room
temperatures without humidity con-
trel. The covrensite had dehydrated,
apparenily irreveresibly, sinee soak-
ing of corrensite in water lor onc
month did not restore the original
condition.  Cauntion s therefore
cialled for in dealing with corrensite
samples which may have been altered
in pature at the outerop belore being
colleeted, or while siiting o a labo-
A toTy.

SUMMARY

It remaing difficult Lo identify the
component species in the mineral cov-
rengite by any simple identilicalion
scheme. [t is natural to expect that
a mineral such as corrensite which
has a high potentiality for elemical
and structural variation doeg indeed
exhibit these variations in nature.
Howoever, many of the observable
properties of this mineral may in
fagt be the result of experimental
rather than narvra! vaviations. Of
particular importance is the duration
and temperature of heating, and the
conditions to which the sample wag
cxposed before analys

ExviroNnsmnTan [MrLIcaTioNs O
SEDIMBENTARY (JORRENSITE

Minerals of the corrensite type
have been identificd in {wo environ-
ments:  sedimentary and replace-
ment, the lalter probably hydro-
thermal. Table 5 lists the published
ocenrrences of corrensite in refatively
undisturbed scdimeniary rocks. Sig-

Transactions THinois Academy of Seicnce

nificautly, in each case the corrensite
is associated with strata of Tonown
or snspected saline depositional en-
vironments.  Furthermore DPeatorson
{1962, p. 18) observed that corrensite
i1z never found iu sediment loads of
modern stecams.  The observation
made here that the eorrensite strue-
ture ig cdestroyed throngh long peri-
ods of cxposure to air probably ac-
counts for thig Observalion. Aceord-
ingly, sedimentary  corvensite is
probably always diagenetic,

The abignitous assoeiation of cor-
rengite  wilh  salines implies that
either the salines themselves or the
saline envirgnment iz ueecessary for
the corrensite Lo develop., This sug-
eests [uriher thal corrensite Is an
indicator ol & warm dry climate, at
least to the degree that a saline en-
vironment is indicative of these von-
ditions.

ACKNOWLEDGMESNTH

. B. Van Houten of Princeton Uni-
versily, Prinecton, New Jerzey super-
vized the general work included in thig
paper. The fHeld work was condneled
under a regearch grant from the Ameri-
can Chemical Sociely, DPetroleum Re-
goarel Fund, Mr. K, ¥, Livden of Prince-
ton University provided valuable =ug-
gestious on inztrumentation, aod 1. I,
Odom ¢f Northern Illinois Tniversity
provided valuable cditorial assistance,

RuriaeNers

Braniwmy, W, F., and Weaves, C. I8, 19356
A regnlar intersiralified chlorite-ver-
miculite elay mineral: Ant. Mincrale-
wint 47, 497-304,

Bratrscir, 0. 19860, JMincralparagene-
aiz und Petrologic der gtrassturtsalz in
Reyerhausen; Kall und Sicinsalz 7,
1-14.

Kariry, J. W., Dmironky, G. W, Mo
Viacir, W, J, and Vaxpey Huuvel,
R, ¢. 1856, A regularly interstrati-
ficd montmorilieniteehlorite: Am. Min-
cralogist 44, 265-267.



187

Flemal-—Corrensite

p10dal st
L9612 12 10)jY
E96L T1961 fuosIdlsg

0961 “2suvayg
(96| ARlpTig puE ‘91suI¢ ‘urlicy
£5T ‘TEMYIVIA PUE IP[TALA UIIIERY

9561 “I2AUAM PUYT A3|pTigl
961 F7 37 Aafiey

yegt ‘uuemddrr

1961 =1 6T ‘unvaddr]
[€6] ‘aunog
|.>..ucc: 5pT Uean Ry pur usdng

"aucksalal] ‘seirIog ‘wnsd4AS ‘spag pay

............. Tes ‘auulsau ‘mnsd Aoy
............................ spaq
pal ‘sortrodesas ‘snnuoiop fauolsaul
......................... saqtodear]
....................... spagy sE1o]
.................... spaq pal ‘aunr
-opop  fsuocisawrl] ‘olipdyue  ‘wnsd Aoy
......................... SmoIsAY]

syradean bqu.E_o.Q
TTUU o epay pal e Yood fwnsddn
............................ &1

-odvas fspumojop ‘spaq par ‘wnsdiry

spaq p,”

......... renu 124

...... “sr,
N

) vloIz

..... DOTKATA] 43N]
©orruredg fpauea )

........ oprIo[n))
TTUUUUSTXA] 1534

........ Auvuizacy -

........ Auptusacy

ﬂﬂnﬁmd._w

DIRSIUMDT
........ Aueuniacy|-

Uonemiog adsag
TrrttTooUiIsTy BRI

) Sﬂf.uummgo
RSN TG
napTwIog opojeg

dnay
urry ezeig
Uoremo,] sale 3

TR Ladnay

221 213y

UOTIBLIOSEYS

a8y

UONEIIT

o1

(

E1RI1G

‘BRNUALI00 AIRJUSWIPOS JO UCTIRIDOSEE DUB

SR0HALINDZ0 TMOUM—C WIEVT,



168 Transactions Tlinots

Ecoue, W. 1961, DMineralogische Un-
tersnchungen an Sedimenten des Stein-
mergelkeupers und der Rolen Wand
aus der Ungebrzg von Gottingen:
Beiten, Minev. Petrog., &, 25-59,

FLEMAL, R. C. 1966, Sedimentology of
ile Bespe Formation, Southwestern
California: TUnpub. Ph.D. dissertation,
Dept. of Geology, Princeton Gniversity,
Princeton, New Jersey.

Fravk-KaMeyerscy, V. A, 19680, A
cerystallochernical classification ot sim-
ple and interstratified clay minerals:
Clay Minerals Bull. 4, 161-172.

Geiv, R, B, DrosTE, J. B., and BranLey,
W. P, 1969. A mixed-layer clay min-
eral associated with an evaporite:
Clays and Clay DMincrals, Pergamon
I'ress, New York, 97, 228-236.

Hoxevrorxe, D, B. 1951, The clay min-
erals in the Keuper marl: Clay Min-
erulg Bull, 7, 150-157.

Lirpvanww, F. 1054, Ther einen Keu-
perton von Zaisersweiher hel Maul-
bronn: Beitn. Miner. Petrog. 4, 130-
134,

Lieryaxn, F. 1956, Clay minerals from
the Rot member of the Triassic near
Gottingen, Cermany: Jour. Scd. Pe-
irology 26, 125-139,

MacEwan, D. M. ¢, Rutz Avir, A, and
BrowxN, . 1961, Interstratified Clay
Minerals: The X-ray Identification
and Crystal Structures of Clay Miner-
als, G. Brown, ed., Miner. Soc. Lon-
don, 393-44E.

Aeademy of Science

Marriy Vivarni, J, L., and MAcEwAR,
L. M. ¢. 1957. Triagsic chlorites from
the Jura and the Catalan Coastal
Range: (Clay MMineraly Bull, 3, 177-
183.

Makriy Vivaror, J. L., and MacEwAR,

D. M. ¢ 1860. Corrensite and swell-
ing chlorite: Clay Minerals Bull. 4,
173-181,

Minror, G., LUtcas, J., and Wey, R. 1963,
Research on evolution of ¢lay mincrals
and argillaceous and silicepug neo-
formation: Clays and Clay Minerals,
Pergamon Press, New York, I, 399-
412,

PurersoN, M. N. A. 1861, Expandahle
chloritie clay minerals from Upper
Misgizsippian carbonate rocks of the
Cumberland Plateau in Tenneesce:
Am, Mincralogist 46, 12451269,

DPrrErson, A, N. A, 1862. The miner-
alogy and peirology of upper Missgis-
gippian carbonate rocks of the Cum-
berlavd Ilatean in Tennessee: J. Ge-
ology 70, 1-31.

Swrra, W. W. 1960, Some interstatifl-
fled clay mineraly from bhasic igneous
rocks: Clay Minerals Bull. 4§ 182-180.

Srereey, I, and MacEwan, D. M. C.
1951. Some chloritic clay minerals of
unusual type: Clay Mineralz Bull.
1, 157-162.

Supo, T. 1958, Mineralogical study on
clay of Jupan, Maruzen Co., Tokyo:
Nature 173, 261.

Manuscript received June 8, 1989,



