
Clays and Clay Minerals, Vol. 41, No. 1, 66-72, 1993. 

ILLITE FROM THE POTSDAM SANDSTONE OF NEW YORK: 
A PROBABLE NONCENTROSYMMETRIC MICA STRUCTURE 

R. C. REYNOLDS JR.I AND C. H. THOMSON 2 

Department of Earth Sciences, Dartmouth College, Hanover, New Hampshire 03755 

z Department of Civil Engineering, University of Washington, Seattle, Washington 98 195 ~ 

Abstract--Illite from the Potsdam Sandstone (lower Ordovician) of Northwestern New York was studied 
by powder X-ray diffraction, scanning electron microscopy, and chemically analyzed and dated by the 
K/Ar method. The texture and ages of 360 and 392 Ma on two samples establish that the mineral is 
authigenie and relatively uncontaminated by Precambrian detritus. Random powder X-ray diffraction 
patterns show sharp and relatively intense 02l and 1 ll  reflections, indicating an ordered structure. Com- 
parisons with calculated patterns demonstrated that the mineral is not the common 1Mor 2M~ polytype. 
Instead, the experimental pattern is very similar to that of a 3T polytype, but it agrees better with the 
calculated pattern of the octahedral cis-vacant, noncentrosymmetric (space group C2) structure found by 
M6ring and Oberlin (1967) and Tsipursky and Drits (1984) in smectites, proposed for mica by Drits et 
al. (1984) and found by Zvyagin et al. (1985). 

Key Words--Illite, Mica, Noncentrosymmetric, Polytype, Powder X-ray diffraction, Space group C2. 

I N T R O D U C T I O N  

Studies of illite polytypism in soils and sedimentary 
rocks have focused on the 2M~, 1M, and 1Mdpo ly t ypes  
(e.g., Velde and Hower, 1963; Reynolds, 1963; Max- 
well and Hower, 1967), although Levinson (1955) re- 
ported the 3 T polytype in decomposed granite. Srodofi 
and Eberl (1984) reviewed this subject, and Austin et 
al. (1989) discussed the difficulties of identifying poly- 
types in sedimentary rocks and soils and demonstrated 
methods to enhance diagnostic X-ray reflections. Un-  
fortunately, admixture of other clay minerals often 
makes it difficult or impossible, using powder X-ray 
diffraction (XRD) analysis, to detect and establish de- 
partures from the standard, well-known illite struc- 
tures. Illites from some sandstones and most K-ben- 
tonites, however, are sufficiently pure so that excellent 
and highly revealing XRD patterns are easily obtained 
by long-count step-scan procedures. 

Disordered dioctahedral micas commonly have space 
group C 2 / m  (Bailey, 1984), but electron diffraction data 
lead M6ring and Oberlin (1967) to conclude that the 
montmoril lonite structure was noncentrosymmetric. 
The noncentric model placed montmoril lonite in space 
group C2 with the M1 (trans) octahedral site occupied 
and one of the M2 (cis) sites vacant. 

The usual dioctahedral mica structure has a vacant 
M I  site with both 342 sites occupied, producing the 
mirror that characterizes space group C2/m.  The MI  
site is larger, requiring the upper tetrahedral sheet in 
the centrie 2:1 layer to shift relative to the lower one 
by more  than the ideal value of a/3, leading to a typical 
monoclinic angle (/3) of about 101.3 ~ (Bailey, 1984). 
The cis-vacant structure in C2, however, produces an 
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undershifl with/3 = 99.13 ~ (Tsipursky and Drits, 1984; 
Drits et al., 1984). An intermediate structure proposed 
by Drits et al. has each of the three octahedral positions 
2/3 filled to produce a near ideal B value of 100.3 ~ Gav- 
rilov and Tsipursky (1988) reported such a mineral 
from Jurassic sediments of the central Caucasus, and 
Zvyagin et al. (1985) described the hydrothermal oc- 
currence of a dioctahedral 1 M  mica with a structure 
very close to the ideal cis-vaeant type. 

Oblique-texture electron diffraction studies con- 
vinced Tsipursky and Drits (1984) that the M6ring and 
Oberlin model was valid for some smectites. The for- 
mer analyzed K-saturated smectites subjected to nu- 
merous wetting and drying cycles to minimize turbo- 
stratie stacking. The treated minerals produced the 
electron diffraction maxima necessary for a full struc- 
tural determination, and they concluded that many 
montmorillonites contain significant proportions of cis- 
vacant layers. Drits et al. (1984) calculated three-di- 
mensional XRD patterns of K-saturated montmori l-  
lonite that quantify the diagnostic 02l:lll reflections for 
the cis-vacant model and its possible variations. Their 
results are applicable to illite, and we have based the 
present study on the seminal work ofTsipursky, Drits, 
and their co-workers. 

S. Guggenheim (personal communication) pointed 
out to us that the cis- and trans-vacant structures are 
examples of cation ordering and that different polytype 
notations for them are unjustified. Therefore, in this 
paper we retain the usual mica polytype nomenclature 
prefixed by the labels cv (cis-vacanO or tv (trans-vacant) 
to identify the two. The designations 3 T  and 2M1 are 
not prefixed because the tv layer is assumed for both. 
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EXPERIMENTAL METHODS 

Sample description 

The sample studied was collected from an outcrop 
approximately 2.5 miles northeast of the town of Al- 
exandria Bay, New York. This site (Carl and Van Div- 
er, 1971) exposes the basal Potsdam unconformity and 
the Precambrian basement. Previous work by Cupery 
and Selleck (1987) described well-crystallized illite 
within the basal Potsdam, and scanning electron mi- 
croscope (SEM) examination suggested that the illite 
is authigenic (Selleck, personal communication,  1989). 
Nine samples were taken from just  above the Cam- 
brian-Precambrian unconformity. All contain illite, but 
the sample reported herein contains the highest con- 
centration. 

The rock in hand-specimen is a pale tan (nearly 
white), friable, medium-grained sandstone with pink 
streaks defining cross-beds. Thin-section studies showed 
very well-sorted and well-rounded to subangular quartz 
grains with optically continuous quartz overgrowths. 
The rock consists of almost pure quartz. Illite is present 
as a barely resolvable felted matrix that fills sparse 
pores provided by the overgrowth fabric. SEM images 
of the illite show flame-like crystals, rooted on quartz 
grains, that extend into the pores to produce a texture 
typical of authigenic growth. This description is con- 
sistent with those provided by Selleck (personal com- 
mun ica t i on ,  1989), who noted  s imi lar  textures 
throughout the Potsdam Sandstone for kaolinite, chlo- 
rite, and illite. 

Age determination 

K/At  age determinations were made on separated 
<2 #m powders from two samples higher in the outcrop 
than the sample described here. The measurements 
were made by Krueger Enterprises Inc., Geochron Lab- 
oratories Division, Cambridge, Massachusetts. The 
samples yielded K/Ar dates of 360 + 9 Ma and 392 
+ 9 Ma, which are comparable to unpublished K/Ar 
dates (355 _ 12 Ma) by Selleck (personal communi-  
cation, 1989) on illite from the Potsdam Sandstone in 
the Alexandria Bay region. The sample selected for 
detailed study contains small amounts  of 1M and 2M1 
mica, an estimated 6% and 10% respectively, but the 
measured ages are about 100 My younger than the 
deposition age (early Ordovician), establishing the 
dominant  mineral as authigenic and relatively uncon- 
taminated by Precambrian detritus. 

Chemical analysis 

Bulk chemical analysis consisted of X-ray fluores- 
cence on a portion ofa  < 2 #m separate by X-ray Assay 
Laboratories, Don Mills, Ontario, and D. Lunge mea- 
sured F by electron microprobe. Total Fe was calcu- 
lated as Fe203. The analysis and the resulting formula 
are given in Table I. The analysis is similar to that for 

Table 1. Chemical analysis and formula of the Potsdam il- 
lite. 

Raw data  Corrected ~ Per 11 oxygens Cations 

SiO2 52.1 51.26 54.58 3.396 
A1203 28.7 29.27 31.16 2.285 
Cao 0.15 0.15 0.16 0.011 
MgO 1.93 1.98 2.11 0.196 
Na20 0.16 0.16 0.17 0.021 
K20 7.95 8.19 8.72 0.692 
Fe203 2.802 2.88 3.07 0.144 
MnO 0.01 0.01 0.01 -- 
TiO2 0.024 0.024 0.03 0.001 
F 0.31 0.31 0.07 
LOI 6.0 6.07 

Total 100.13 

Corrected for 2% quartz and 0.7% kaolinite. 
z Total Fe calculated as Fe 3+. Ko.69Na0.02Cao.o~(A1L6s- 

Fe0.1 a Mg0.2o)(Zi3.40Alo.6o)O, o(OH1.93F0.o7) 

an average illite, as reported by Weaver and Pollard 
(1973), and the F content is not exceptional for micas. 
The abnormally high loss on ignition might indicate 
the presence of water molecules in some interlayer po- 
sitions. 

Sample preparation 

Matrix clay was separated by light crushing, mixing 
about 25 g of the crushed rock with 150 ml of water 
in a 300 ml plastic bottle, and agitating for 2 hr in an 
automatic sample shaker. The sandstone was so friable 
that it quickly broke down into almost sand-sized ag- 
gregates. The <2 #m fraction (e.s.d.) was isolated by 
centrifugation after dispersion in 0.001 M sodium py- 
rophosphate. The clay fraction was freeze-dried, and 
a randomly oriented sample was prepared by the side- 
loading procedure using a sample holder 3 cm long, 
2.35 cm wide, and 0.15 cm deep. A 200 mg aliquot of 
the freeze-dried powder was redispersed in 2 ml of 
water, completely pipetted onto a glass slide, and dried 
at 80~ It was analyzed air-dried and after vapor sol- 
ra t ion  with ethylene glycol at 60~ for 12 hr. 

X-ray diffraction 

Data were collected with a Siemens D-500 X-ray 
diffractometer equipped with a Cu anode tube and a 
diffracted beam graphite monochromator.  Experimen- 
tal conditions involved 1 ~ divergence and 0.15 ~ re- 
ceiving slits, a diffracted-beam Soller slit (2~ and tube 
operating conditions of 40 mA-40 kV. The instrument  
produced 15,000 counts per second at the top of the 
101 quartz peak recorded from a standard quartz pow- 
der. Goniometer alignment was checked by reference 
to the XRD pattern of the quartz calibration standard 
between 20 and 65 ~ 20. Accuracy was within ___0.01 ~ 
20. 

The diffraction pattern of the random-powder illite 
preparation was recorded by the step-scan method, 
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Figure 1. Potsdam iUite, air-dried < 2 ~m oriented aggregate. 

using 20 s count times at increments o f  0.02 ~ 20. Data  
for the air-dried and ethylene glycol solvated oriented 
aggregates were obtained using a 0.02* step size and a 
10 s/step count time. 

Computer modeling 

Random powder X R D  patterns were calculated by 
a refined version of  the methods described by  Reynolds 
(1989a, 1989b). Calculated 3T, 2M~, and t v - lM  dif- 
fraction patterns are based on the T layer of  Drits et 
al. (1984), with a = 5.199 ~ ,  b = 9.005/~, c = 10.164 
~ ,  and 13 = 101.3 ~ The cv - lM calculations used the 
atomic coordinates o f  the C layer o f  Dri ts  et al. with 
a = 5.199 A, b = 9.005/k, c = 10.09/k, andB = 99.13 ~ 
The latter assumed a random interstratification of  equal 
proport ions of  the two possible cv enantiomorphs.  All 
calculated diffraction patterns apply to crystals made  
up of  60 unit cells along X, 30 unit cells along Y, and 
a defect-free distance o f  12 unit cells along Z, with 
max imum Z = 32 unit  cells. 2M~ and 3T calculations 
did  not use unit cells as commonly  defined for these 
structures. Instead, 10-/k layers were stacked in appro-  
priate fashions along Z, and the interlayer phase effects 
and the appropriate  structure factors for rotated 2:1 
layers were applied. 

Atomic  scattering factors were calculated (Wright, 
1973) for half-ionized O, Si, and Al  and for fully ion- 
ized F C  + (corrected for dispersion) and K. I s , t rop ic  
atomic thermal  vibrat ion parameters  (b) o f  2 and 1.5 
were used for anions and cations respectively. 

RESULTS 

001 reflections and one-dimensional character 

The diffraction pattern o f  the air-dried,  oriented ag- 
gregate is typical o f  a nearly pure illite except for an 
est imated 0.7% kaolinite and 2% quartz (Figure 1). 
Small changes in line breadth occurred upon ethylene 
glycol solvation, indicating that  the illite is slightly ex- 
p a n d a b l e - p e r h a p s  by 2%. Percent quartz was esti- 

11 ]12 

q 

I i , i  i , ~  

1'8 i2 26 

112 "113 

t , n ~ ' N  

~ 20 CuKa 

POTSD. 

' '  3 4 ' ' '  3 8 ' '  ' 42  ' ' 

Figure 2. Top trace is the uncorrected random power XRD 
pattern (<2 ~m) for the Potsdam illite. Middle trace is the 
corrected pattern from which calculated tv-lM and 2M1 
patterns have been subtracted. Bottom trace is a calculated 
pattern for the cv-1M structure. 

mated by comparing the absolute intensity of  the 112 
quartz peak with that  o f  the same reflection from a 
pure quartz powder (corrected for the difference in mass 
absorption coefficients), and kaolinite was determined 
by comparing the intensities of  the kaolinite 002 and 
illite 003 from the oriented aggregate with those cal- 
culated by N E W M O D  (Reynolds, 1985). 

Three-dimensional structure 

The random powder pattern for the raw data is shown 
by Figure 2. Preferred orientation is indicated by the 
relatively high intensity ratio of  the 002/(020; 110) re- 
flections at 17.75 and 19.9" 20 respectively, but  the 
quality of  the data is sufficient to show many three- 
dimensional  peaks. Solid clots mark  the posit ions o f  
strong k :~ 3n t v - l M  lines, and triangles depict  the 
strongest k v~ 3 n 2Mr reflections. Calculated diffraction 
patterns for tv-1M and 2M~ polytypes were subtracted 
by tr ial-and-error  from the experimental  pattern to 
produce the corrected result o f  Figure 2. The integrated 
intensities of  the diffraction patterns were measured 
over the unresolved 20l; 13l peaks between 34* and 
36* 20. These intensities were used to adjust the ex- 
perimental  and calculated patterns to a common in- 
tensity base so that  quanti tat ive estimates could be 
made of  the two quantities subtracted. 

The lowermost trace on Figure 2 is a calculated pat- 
tern for a c v - l M  structure, and the approximate  cor- 
respondence between it and the Potsdam illite is evi- 
dent. The solid and starred vertical lines identify the 
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Figure 3. Comparisons among calculated powder patterns 
for the t v - l M  and 2Ml structures and the corrected experi- 
mental pattern for the Potsdam illite. Shaded peaks on the 
Potsdam pattern are the 11! reflections that are diagnostic for 
the c v - l M  or 3 T  structures. 

1 l l  reflections that are diagnostic for the c v - l M  and 
3 T structures. These four peaks, roughly of  equal in- 
tensity, demonstrate that the Potsdam illite is certainly 
not  a 2Mz  or t v - l M  polytype (see Figure 3). Their  rel- 
ative intensities are characteristic of  a c v - l M  or 3 T  
structure, but differentiation between the latter two is 
difficult, and Thomson previously (1990) identified the 
Potsdam illite as a 3 T  polytype. 

Figure 4 shows a comparison between powder pat- 
terns calculated for c v - 1 M  and 3 T polytypes. The pat- 
terns are remarkably similar, with d significantly dif- 
ferent for only a few reflections (see Table 3). The 20 
range outlined on Figure 4 and shown in more detail 
by Figure 5 is diagnostic. Neither calculated pattern 
perfectly reproduces the experimental trace in Figure 
5, but the c v - 1 M  pattern is closest to the experimental 
results. 

Measured d values and integrated intensities (Table 
2) were read from experimental and calculated patterns 
that were plotted to greatly expanded horizontal and 
vertical scales. Quartz 102 and 211 reflections were 
treated as an internal standard and corresponding ad- 
justments were made to the 20 scale on the experi- 
mental pattern. 

The first 10 intensity entries in Table 2 yielded R = 
0.14 according to 

I F o -  nFcl 
R 

~ F o  ' 

where F is the square root of  the intensity divided by 
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Figure 4. Calculated powder patterns for the 3 T  and cv-1M 
structures. 
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Figure 5. Detail of the area indicated in Figure 4. The top 
trace is the experimental pattern, the center is the calculated 
c v - l M  profile, and the bottom shows the calculated 3 T  pat- 
tern. 
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Table 2. Comparisons between observed and calculated d 
and intensity. 

h k l  d(obs.)' d(calc.) 2 l(obs.) l(calc.) 2 

020,110 4.48 4.47 100 100 
021 4.11 4.09 5.2 1.4 
111 3.882 3.878 21.9 33.6 
112 3.579 3.579 14.7 18.5 
112 3.118 3.116 31.6 39.9 
113 2.864 2.859 37.7 52.0 
023 2.680 2.672 7.1 13.2 
201,130 2.589 2.588 173.0 119.9 
200,131 2.564 2.561 
202, 131 2.458 2.459 32.2 25.7 
201,132 2.383 2.379 53.9 49.5 
203,041 2.197 2.197 
005 1.996 1.994 
060, 206, 314 1.501 1.503 

20 scale adjusted to quartz reflections. 
2 Based on the cv- lM structure of Drits et al. (1984). 

the r a n d o m  powder  Lorentz-polar iza t ion  factor and n 
is a normal i za t ion  cons tant  g iven  by 

~Fo ? / =  
~F~" 

The  significance o f  R is reduced by the  use o f  only 10 
reflections; in addi t ion,  R is a poor  d i sc r imina to r  be- 
tween the c v - l M  and  3 T  structures i f  only these ten 
reflections are used in its computa t ion .  

1 M  and 3 T  structures were tested for compat ib i l i ty  
wi th  exper imenta l  d-spacings. Fo r  the hexagonal  op-  
tion, c was set equal  to 3 .5 .d(005)  (Table 2), and a 
was c o m p u t e d  for each o f  the five single peaks (see 
Table  3). M e a n  a was then  used to c o m p u t e  d f o r  each, 
and the roo t -mean-squa re  difference (RMSD)  between 
these and the  exper imenta l  d-va lues  was calculated. 
The  relat ively large ( •  s tandard dev ia t ion  o f  a 
about  m e a n  a suggests incompat ib i l i ty  o f  the experi-  
menta l  data  wi th  a hexagonal  structure. 

Parameters  for a 1 M  structure were ob ta ined  f rom 
the s imul taneous  solut ion o f  two expressions to give 
a, c, and ~ (Sakharov  et al. 1990). 

1 1 1 4 

da(112) - (a sin B)~-------~ + ~S + (c sin B)---------~ 

4 cos/~ 

a sin B c sin B 

1 1 1 4 

d2([12) (a sin B)~-------~ + ~S + (c sin B)--------~ 

4 cos/~ + 
a sin ~ c sin 

b was assumed to be equal  to 6 .d(060), despite possible 
interferences f rom other  reflections, and c sin/~ = 5. 
d(005). Compar i son  of  this m o d e l  wi th  the c v - l M  uni t  
cell pa ramete r  s o f  Dri ts  et al. (1984) is shown by Ta-  
ble 3. 

Table 3. Comparisons between experimental d and values 
calculated for monoclinic and hexagonal unit cells. 

1 M  ~ 3 T  2 

hk l  d(calc,) d(obs.) hk l  d(calc.) 

021 4.105 
111 3.876 
112 3.579 
112 3.118 
113 2.862 
023 2.676 

1MUni t  CelP 
a = 5.197, b = 9.006 
c = 10.108(4) 

= 99.13 ~ 

R.M.S. c a l c . -  obs. 
= 0.0037 A 

cv-lM: Drits et aL (1984) 
a = 5.199, b = 9.005 
c = 10.09 A 

= 99.13 ~ 

4.11 
3.882 
3.579 
3.118 
2.864 
2.680 

103 4.107 
104 3.861 
105 3.601 
107 3.012 
108 2.879 
109 2.676 

Hexagonal Unit Cell 2 
a = 5.204 • 0.05 
c = 29.940 

R.M.S. calc. - obs. 
= 0.0154/~ 

D I S C U S S I O N  

Figure 3 demons t ra tes  that  the Po t sdam illite is no t  
a t v -1Mor  2M1 polytype. Calculated patterns, not  shown 
here, for 20 and 2M2 polytypes are equal ly  unrealistic,  
leaving 3 T or  c v - 1 M  structures as the likely possibil i-  
ties. 

The  exper imenta l  X R D  pat tern resembles  the cal- 
culated c v - 1 M  pat tern ove r  the 20 range 39 to 44 ~ (Fig- 
ure 5), a l though the 040 peak on the exper imenta l  pro-  
file is too  weak and resolut ion o f  the 222 and  i 3 3  
reflections is poor ly  ma tched  be tween  calculated and  
observed  patterns.  The  calculated 3 T pattern,  on the 
o ther  hand,  agrees poor ly  wi th  the data  be tween  39 ~ 
and 44 ~ and produces  an unreal is t ic  single peak instead 
o f  a double  peak be tween  42 ~ and  43 ~ 20. 

The  d-values  p rov ide  a more  def ini t ive  analysis. Ta-  
ble 3 shows that  spacings for the six single reflections 
cor responding  to the 02t; 1 t l (l > 0) 1 M  indices  are  
inconsis tent  with an hexagonal  structure.  The  s tandard  
dev ia t ion  o f  calculated a about  m e a n  a ( + 0 . 0 5 / ~ )  is 
more  than ten t imes  the es t imated  exper imenta l  er ror  
for measuremen t s  in this 20 interval .  In  addi t ion,  the 
R M S D  between observed and calculated spacings based 
on m e a n  a is roughly four  t imes  as large as the same 
statistic for the m o d e l  1 M  structure.  

The  qual i ty  o f  diffraction data  shown by Figure  2 
l imits  the accuracy o f d  to about  +0 .003  to + 0 . 0 0 2 / k  
ove r  the range 20 ~ to 34 ~ 20. The  R M S D  between  m o d e l  
1 M  and observed  d-va lues  is + 0 .0037/~,  a l though two 
o f  the six observed  spacings were used to paramater ize  
the 1 M  structure and thus have  zero error  by definit ion.  
Never theless ,  this R M S D  is near  the exper imenta l  er- 
ror  in contrast  to the va lue  for the 3 T  spacings, which  
is about  four  t imes  as large. 
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Twinned 1 M  and 3 T  structures give similar diffrac- 
tion patterns (see Giiven and Burnham, 1967). Sadan- 
aga and Takruchi (1961) have pointed out, however, 
that if b = a~/-J, a twinned 1 M  crystal produces d-val- 
ues that correspond to a hexagonal unit  cell for which 
a is equal to a for the 1 M  unit  cell. The d-values from 
the experimental pattern, however, are inconsistent with 
an hexagonal cell, thus eliminating this twinned 1 M  

possibility. The i11ite could be a twinned non-orthohex- 
agonal 1Mstructure, but the data fit so well a 1Mmodel  
with b = a v ~  that the latter argument is unlikely be- 
cause it depends too heavily on coincidence. We con- 
dude  that the Potsdam illite is a 1 M  polytype, based 
on l) the poor agreement between model 3 T  and ob- 
served d-values, 2) the better agreement between cal- 
culated I M  and observed d-values, 3) the large stan- 
dard deviation of calculated a about mean a for an 
hexagonal model, and 4) supporting evidence given by 
the diffraction patterns of Figure 5. 

Two kinds of evidence suggest that the Potsdam illite 
is a cv  layer type. The first is the cell geometry. Drits 
et  al. (1984) maintained that c c o s ~ / a  > -0 .383  in- 
dicates some occupancy of the M1 octahedral site, and 
that each of the three octahedral sites are 2/3 filled if 
c cos ~ / a  = - I/3. c cos ~ / a  is further increased if the M1 
site is more than 2/3 filled, with the limit of  -0 .308  for 
a cv structure (one vacant M2 site). The 1 M  unit  cell 
deduced from experimental data (Table 3) has B = 
99.13 ~ and c cos ~ / a  = -0 .310 ,  which is very close to 
the cv  limit of  -0 .308 ,  providing strong evidence for 
such a structure. 

Other evidence for the cv structure lies in the inten- 
sities of the diagnostic 02/: 11 l reflections. Figure 2 shows 
that these and other reflections show generally good 
agreement between observed intensities and those cal- 
culated for the cv structure of Drits et  al. (1984), i.e., 
c c o s B / a  = -0 .308 .  R = 0.14, based on 10 peaks, 
suggests that the structure is essentially correct but re- 
quires refinement of atomic coordinates (Buerger, 1960). 

Drits et  aL derived the atomic coordinates used here- 
in by transformation of a tv  to a cv unit  cell; they did 
not refine a real cv  structure. Their coordinates are 
idealized and may not be entirely applicable here; al- 
ternatively, the illite may have somewhat less than full 
occupancy of the M1 site (suggested by V. A. Drits, 
personal communication,  1992). Regardless of changes 
that might be achieved by refinements beyond the scope 
of this study, the XRD data for the illite, in our opinion, 
can be best reconciled with a c v - 1 M  structure or one 
with very similar cation ordering. 

c v - 1 M  and 3 T  polytypes can be distinguished by an 
analysis of d-values if the crystallites are large and 
ordered. The diagnostic reflections have indices of the 
type k ~ 3n,  and they are broadened by rotational 
stacking disorder (n.60 or n. 120~ Small crystallite size 
broadens all, and the result of either or both of these 
conditions could be such a loss of definition that cv- 
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Figure 6. Comparison between diffraction patterns of the 
Potsdam illite and the heated (<1 #m; 350~ Kalkberg 
K-bentonite. 

1 M  and 3 T structures are no longer differentiable. Even 
for samples that produce sharp reflections, it might not 
be possible to detect admixture of small amounts  of  
either with large amounts  of the other. 

Figure 6 compares the Potsdam illite with the De- 
vonian Kalkberg K-bentonite (Reynolds and Hower, 
1970) after heating to 350~ The two patterns are 
similar, although the broad 20/:I3/reflections for the 
Kalkberg sample indicate particle-size broadening, and 
the 02/: 11 l peaks are additionally broadened by n. 120 ~ 
rotational stacking disorder (n. 60 ~ disorder is minimal,  
based on 20l: 13l peak resolution, which is diminished 
by this type of disorder; see Sakharov et  al., 1990). 
Patterns similar to those in Figure 6 have been reported 
by Reynolds (1992) for K-bentonites from the over- 
thrust belt of  Montana, though they were identified as 
3 T  or twinned t v - l M  polytypes; and diffraction pat- 
terns like that of the Potsdam illite have been noted 
for illites from the Rotliegendes (North Sea Basin) and 
Mount  Simon (Illinois Basin) sandstones (Mingchou 
Lee, personal communication,  1992). 

CONCLUSIONS 

Previous reports ofnoncentric dioctahedral 2:1 phyl- 
losilicates in sedimentary rocks have dealt with the 
smectite minerals; and, to our knowledge, there is no 
published, documented example of a cv  dioctahedral 
illite in sedimentary rocks, though Zvyagin et  al. (1985) 
report it in hydrothermal associations. We conclude 
that iUite from the Potsdam Sandstone of New York 
has the cv  1 M  structure proposed by Drits et  aL (1984) 
and suggest that this type of cation ordering and its 
rotationaUy disordered variants may be common 
enough to warrant the attention of clay mineralogists. 
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The dioctahedral cv - iM structure is easily distin- 
guished by XRD from the dioctahedral 2MI and tv- 
1M polytypes. It may be impossible by X-ray analysis 
alone to differentiate the cv - lM from the 3 T  polytype 
if  crystallite size is small enough to cause significant 
line-broadening and/or if  the crystallites are rotation- 
ally disordered. 

R = 0.14 indicates that the cv-1M atomic coordi- 
nates need refinement. In  addition, a structure should 
be considered that has somewhat less than full occu- 
pancy of the MI  site. Among other models not con- 
sidered here is admixture of cv-1M crystals with a high- 
ly disordered (1Md) component  composed of cv or tv 
layers. 
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