
Introduction

Authigenic albite and K-feldspar have been iden-
tified in oil shale and tuffs of the Eocene Green River
Formation of Colorado and Wyoming. Low-tem-
perature authigenic varieties of these two minerals
have been reported as constituents of thin altered
pyroclastic beds (Hay, 1966; Iij ima and Hay, 1968;
Surdam and Parker, 1972; Goodwin, 1973) and in
oil shale (Hay, 1966; Smith and Milton, 1966; Hite
and Dyni, 1967; Brobst and Tucker, l9?3). Hay
(1966) pointed out that the 3.mm-long albite crystals
from the Green River Formation, reported by Moore
(1950), had refractive indices incompatible with
albite, and, furthermore, no albite grains that large or
ofthat crystal form have subsequently been identified
(Milton et al, 1960).

This report presents new compositional and struc-
tural data on authigenic albite and K-feldspar, and
new information about the distribution of these
minerals in the Green River Formation. Recognition
of the widespread occurrence of these feldspars in oil
shale provides additional data on the composition of
these rocks for which oil extraction processes are be-
ing studied.

Methods of Study

Specimens used in this study are from drill cores in
the Green River basin of Wyoming and the Piceance
Creek basin of Colorado. They were selected on the
basis of stratigraphic significance as well as their oc-
currence in oil-shale sequences of high economic
potential. In contrast, Milton et al (1960) studied
specimens, atypical of much of the oil shale, for pur-
poses of topical mineralogical studies.
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Because of the small (less than 5-10 pm) size of
mineral grains in these rocks and the semi-opacity
of the abundant organic component, standard petro-
graphic thin sections were not of much value for
mineral identification. Polished surfaces or polished
thin sections are very useful, however, and these have
been prepared as intact slabs for more than 100
samples of oil shale. Reflected light microscopy of
these polished surfaces and polished thin sections, in-
tegrated with quantitative ant qualitative electron
microprobe analysis and secondary electron mi-
croscopy, provides the essential information con-
cerning composition, morphology, occurrence, and
associated minerals for albite and K-feldspar. X-ray
diffractometer studies were conducted on intact rock
slabs, crushed bulk samples, HCl-leached concen-
trates, ashed samples, and l0- 40-mg powders drilled
from l- 3-mm-thick intervals of polished rock slabs
with miniature bits. Concentration of the feldspars
for both X-ray diffraction and polished-grain-mount
studies was increased by use of concentrated HCI on
crushed samples.

Some polished surfaces of intact slabs were also
subjected to concentrated HCI to remove analcime,
Ca-Mg-Fe carbonates, and dawsonite. Apparently
quartz, albite, and K-feldspar are not noticeably
affected by this HCI treatment.

Albite Replacement of Pyroclastic Beds

Albite is the major constituent that replaced the
original constituents of a 5-inch (12.7-cm)-thick tuff
(Dnco-r-too+.2, Table l) in Wyoming. The tuff is
underlain and overlain by rich oil shale, and is below
the main saline zone. This is the first reported occur-
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Abstract
Authigenic albite occurs as the major mineral constituent in a prominent tuff in the upper part of the

Tipton Member of the Eocene Green River Formation in Wyoming. Minor amounts of analcime and
quartz are associated with the albite, and the tuff is enclosed in rich oil shale. Authigenic albite and K-
feldspar as crystal aggregates and subhedral to euhedral crystals, mostly less than l0 pm in size, are ubi-
quitous minor constituents in oil shale in the Piceance Creek basin, Colorado. In terms of their in-
termediate structural state and cell parameters, these authigenic albites are similar to synthetic albites.
The K-feldspars are disordered and similar to those reported for other closed-basin deposits.
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T,tsrn l. Specimen Localities and Descriptions of Albites and K-Feldspars in the

Green River Formation, Colorado and Wyoming

Specimen Nme or
Nwber (mineralogy) Location Drepth Menber Descrlption md Reference

DACO-3- 75 7
(K- fe ldspar )

DACO-3-1604. 7

Main tuff
(K- fe ldsp ar> i lalcime ,
quar tz>  >a lb1  te  )

c154Mb
(quar tz ,  a lb l te ,
doloDlte> calcite )

c230 Mb

Dlanond A lka l i  Co, ,  No,  3
c o r e  h o 1 e ,  s e e .  8 ,  T .  L 8  N , ,
R.  108 I^L ,  Sweetwater  Co. ,
WyoEl'ng

do.

S t a u f f e r M i n e ,  s e c . 1 8 ,
T .  2 0  N , ,  R .  1 0 9  W . ,
Sweetwater Co., Wyotrdng

Wolf Ridge Minerals Corp.
Savage 24-1 core hole
s e e .  2 4 ,  T .  1  S . ,  R .  9 8  W .
Rlo Blanco., Col-orado

Colony Developnent Corp.
No,  1 -2 ,  core  ho le
s e c .  1 ,  T .  5  S . ,  R .  9 6  I " t , ,

T ) T  I E

( 230 .7  m)

L ,604 .7  t t
( 489 .1  n )

1 ,436  f r
( 437 .7  n )

540  f r
( 164 ,5  n )

Wilklns Peak twf f ,  4  inches  (10 .2  cn)  th ick ,
upperrcst tuff ln columar
sectlon No. 6 of CuLbertson
( 1 9 6 1 ,  F i g .  3 4 8 , 2 ) .

tu f f ,  5  lnches  (12 .7  cn)  lh ick ,
uppemost tuff ln Tlpton DGnber,
about  20  f t  (6 .1  n )  be l t r  bse
o f  c o l u m a r  s e c t i o n  N o . 6  o f
Cu lber tson (1961,  F lg .  348.2)

t t f f ,  L -2  f t  (0 .3 -0 .6  n )  th lck
(F igs .  8 ,  10 ,  Deardor f f  and
Mmnlon,  1971)

tl i lklns Peak

Parachute creek Mahogany bed, rlch o11 shale
(Desborough et aL, L974)

Parachute Creek Mahogany bed, rlch oil ehale
(Desborough e t  a l ,  1974)

Gar f ie ld  Co. .  Co lorado

rence of authigenic albite constituting as much as 60
wt percent of any bed occurring in the Green River
Formation and is exceptionally high for sedimentary
deposits. K-feldspar is apparently absent, and
analcime and quartz are the major associated
minerals detected by X-ray diffraction and electron
microprobe analysis. Secondary electron microscopy
on HCI-leached fragments of albite grain aggregates
at magnifications between 1,425X and 5,000X re-
vealed that the largest crystal was approximately l0
pm across and that most grains have very poorly
developed crystal form. Ii j ima and Hay (1968), Sur-
dam and Parker (1972), and Goodwin (1973)
reported K-feldspar as the principal authigenic
feldspar replacing the tuffs in the Green River For-
mation of Wyoming. I i j ima and Hay (1968) recog-
nized authigenic albite in tuffaceous rocks, whereas
Surdam and Parker  (1972,  p.693)  "have not  con-
firmed the occurrence of authigenic albite in the
tuffs." Goodwin (1973, p.98) stated that "much, if
not all, of the albite in the Green River Formation
probably was deposited either directly as clastic ma-
terial, or formed by albit ization of more calcic
plagioclase." The source of the clastic albite was not
indicated.

The X-ray powder pattern of the authigenic albite
replacing the tuff bed (Table 2) is very similar to that
of synthetic albite (MacKenzie, 1957, Fig. 5) or syn-
thetic analbite (Bambauer et al, 1967, Fig. 1), except
that the 220 and 020 peaks are not clearly resolved.

The (1.31)-(13l) separation is 1.46' 20 CuKa or
0.135 A, corresponding to a non-ordered albite. Cell
parameters and constants, determined by the refine-
ment of X-ray diffractometer data using the U. S.

Test-s 2. X-Ray Powder Diffraction Data of

Authigenic Albite, Wyoming*

dca lc**  dob"

hkr (i) (i) rnr.
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Geological Survey FonrReN rv computer program
(Appleman and Evans, 1973) arc, with standard
e-rrors in parentheses: a : 8.164(9) A, b : 12.804(6)
A, c - 7.143(4) A; d, 93"55.4(3.7),, p
116'34.9(2.8) ' ,  ^t  = 88'51.5(3.12) ' ;  V :  666.2(q As;
a*  :  86o l l . l (3 .7 ) ' ,  Z*  :  89 '18 .8(3 .0) ' .  These ce l l
parameters, as well as the positions of the 2Ot,2Oq,
and 060 X-ray spacings (Table 2), also indicate that
the albite is non-ordered (Wright, 1968; Wright and
Stewart, 1968).

A diamond-paste-polished slab and a grain mount
of this albite were analyzed with the electron mi-
croprobe using feldspar standards (8 kV operating
voltage, l0 nA specimen current, 4 pm diameter
beam). The elements Na, Al, Si, K, and Ca were
analyzed simultaneously. Because quartz occurs dis-
persed throughout many of the albite grains and
grain aggregates, many analyses were rejected.
Although all grains in the grain-mount specimen had
been leached with concentrated HCI to remove
analcime, several of the 85 analyses were rejected
because minute grains of analcime remained within
the polished albite grains and aggregates. From 42
acceptable analyses, the ranges and mean values
(with calculated standard deviations in parentheses)
are, in weight percent: NarO, 10.3 to 12.3, mean
1l.a(3);  CaO, (0.05 to 0.20, mean (0.05i KrO,
(0.05 to 0.58, mean 0.06(5). For CaO, only 5 of the
42 analyses showed 0. 10-0.20 wt percent, all others
being less than 0.05. For 33 of the 85 analyses, the
amount of KrO in wt percent was less than 0.05; the
remaining 52 analyses had 0.05 to 0.58 wt percent
KrO (mean 0.13 wt percent). Atomic absorption
analyses by G. D. Shipley and Claude Huffman, Jr.,
on the HCI-leached albite concentrate that contained
minor quartz, indicated that the content of lithium
was less than 30 ppm. Analyses for boron by Leon A.
Bradley, using the 6-step semiquantitative spec-
trographic method on a fraction of the same material,
indicated only 20 ppm. These data and the electron
microprobe data illustrate that the albite is pure
NaAlSirOe.

The albite concentrate was also heated at 775"C
for 3 days in an attempt to further disorder the
mineral, but no measurable change in the (1j1)-(/31)
spacing was detected.

AUTHIGENIC ALBITE AND POTASSIUM FELDSPAR

of ll.7 (+0.10) wt percent and a mean KrO content
of less than 0.10 wt percent. The content of CaO for
these l6 albite grains was less than 0.05; therefore, the
mean KzO content,0. l0,  may be due in part  to smal l
inclusions of K-feldspar in the albite. Both albite and
K-feldspar adjoin or replace grains of what is,
probably, pyroclastic or epiclastic sanidine.

Disseminated Albite in Oil Shale

Brobst and Tucker (1973) recognized albite as a
ubiquitous mineral in oil shales and associated rocks
in the Green River Formation, Piceance Creek basin,
Colorado. The occurrence of albite in rocks con-
taining analcime and/or dawsonite has been widely
recognized in X-ray diffraction studies of bulk
samples. In the present study, albite was examined in
the rich, laterally persistent Mahogany oil shale bed
(Cl54Mb and C230Mb, Table l) of the Piceance
Creek basin in Colorado, which contain 20-25 wt
percent of kerogen and yield oil upon heating to
about 500oC. Quartz, dolomite, and calcite, with
lesser amounts of dawsonite, analcime, K-feldspar,
and siderite are commonly associated with this albite,
which generally exhibits a subhedral-to-euhedral
square or rectangular shape with a maximum dimen-
sion of about 20 trrm. Concentrates with a high con-
tent of albite have been obtained by heating crushed
material to 525oC for 12 hours in atmosphere, or to
480'C for t hour, and then leaching with concen-
trated HCI to remove carbonates. X-ray diffraction
studies reveal that the pattern is nearly identical to
that of the albite in Wyoming. The separation of the
( l3 l ) - ( l7D spac ing  is  1 .28-1 .30"  20  CuKa or  0 .120
A, and no difference is noted for material heated at
480'C for t hour or for that heated at 525"C for 12
hours. The mean NarO content for 43 albite grains in
two drill-core specimens from different localities is
ll.7(2) wt percent and the mean KrO content is
0.10(10) wt percent. The CaO content is 0.05-0.20 wt
percent. Thus, these albites in oil shale are of
moderately high purity. Only 2 of the 43 albite grains
analyzed in oil shale are attached to or replace
sanidine of probable detrital origin.

Potassium Feldspar Replacement of
Pyroclastic Beds

Albite also occurs as a minor constituent in Potassium feldspar is the main constituent in tuffs
specimens of the main tuff(Table l) from the Stauffer in the Wilkins Peak Member of the Green River For-
Trona mine. This rock is principally K-feldspar and mation in Wyoming, according to Surdam and
quarlz, but minor albite was detected by X-ray Parker (1972,Fig.2). One of the mostprominent of
diffraction studies. Sixteen electron microprobe these is the main tuff which is exposed in the Stauffer
analyses of this albite revealed a mean NarOcontent Trona mine (Table l).'This is thi bed containing the
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K-feldspar for which Goodwin (1973) reported the
cell parameters that Sheppard and Gude had deter-
mined. A sample from this bed, examined in the
present study, consists mainly of K-feldspar with an
X-ray diffraction pattern essentially identical to that
i l lustrated by Sheppard and Gude (1973, Fig. 3).
However, quaftz is also a major constituent, and the
20t peak of aibite is conspicuous even though albite
is a distinctly minor component as shown by elec-
tron microprobe analyses previously discussed.

Analyses of the K-feldspar in the main tuff are not
satisfactory due to the fine grain size (less than 5 pm)
and the intergrowth with quartz and minor albite.
The 15 best analyses showed 0.2-0.4 wt percent
NarO. The average KzO content for these l5 analyses
is 16.3 wt percent, compared with 16.9 for ideal K-
feldspar. A concentrate of about 50 wt percent K-
feldspar and 50 wt percent quartz, analyzed using
atomic absorption methods, showed less than 30 ppm
lithium. Semiquantitative spectrographic analyses of
a similar concentrate indicated 300 ppm boron; thus
up to 600 ppm of boron is present in this K-feldspar.
The boron is apparently a significant trace con-
stituent of this K-feldspar. The K-feldspar is
therefore similar to those reported by Sheppard and
Gude (1973, Table 2) to contain from 500 to 5,000
ppm. The boron value of 600 ppm, however, is not
necessarily typical of authigenic K-feldspar in the
Green River Formation. K-feldspar from a K-
feldspar bed liom the Wilkins Peak Member (Dnco-
3-7s2, Table l) contained only 70 ppm of boron
(semiquantitative spectrographic analysis). Lithium
was not detected (less than 30 ppm). The bed did not
contain detectable qvartz or albite as indicated by X-
ray diffraction methods, but pyrite was present in
minor concentrations. The X-ray diffractometer
pattern and X-ray spacings of this K-feldspar are
identical with those of the K-feldspar in the main tuff
of the Green River Formation.

For comparative purposes, boron-bearing K-
feldspar from the Barstow Formation (Sheppard and
Gude, l973,Table 2) was X-rayed and analyzed with
the electron microprobe. X-ray diffractometer
patterns of this material are essentially identical with
those of the two K-feldspars described above. Thrs
material was also simultaneously analyzed for Na,
Al, Si, K, and Ca with the electron microprobe using
feldspar standards. Totals for these oxides were
generally 96.0-99.0 wt percent, and thus it might
appear that there is loss of X-ray intensity due to
decomposition. An electron beam defocussed to 4 trrm
diameter and a specimen current of l0 nA were used

at an operating voltage of l0 kV. Rather than mineral

decomposition, it is suspected that the very small size

of individual grains results in "open space" along
grain boundaries and thus, unlike the standards, a
small part of the area being analyzed is not solid. For
30 analyses, the mean contents are: KrO, 15.88;
NarO, 0.4; and CaO, (0.05-0.10 wt percent. The
NarO content ranges from 0.30 to 0.50 wt percent for

all 30 analyses, whereas CaO was detected in the

0.05-0.10 wt percent range in only 4 of the 30 anal-
yses. These results are very similar to those for a bulk
sample of the same material (Sheppard and
Gude, 1965, Table l. Analysis 5).

Potassium Feldspar Disseminated in Oil Shale

Oil shale having both high and low organic content
contains K-feldspar as a common mineral, making
up as much as l0 wt percent. Because of the rela-
tively low intensity of X-ray diffraction peaks for
K-feldspar, amounts less than about 5 wt percent

may not be detected. However, electron microprobe
analyses of many oil shales, rich or lean, confirm the
presence of single grains and aggregates of K-feld-
spar in samples where K-feldspar is not detected by
X-ray diffraction analyses of bulk samples.

Ordering of Authigenic Feldspars

The most recent comprehensive studies of au-
thigenic feldspars in carbonate rocks have been
carried out by Kastner (1971). These feldspars occur
in concentrations up to 2 wt percent and are low
albite and microcline. They are high-purity end
members containing less than 1 mole percent of
KAlSiaO, in albite and less than I mole percent of
NaAlSi3O, in microcline. Kastner (1971) has strongly
emphasized that all authigenic albites are well or-
dered and has suggested (p. A2$ that the excep-
tion reported by Baskin (1956) was due to a sys-
tematic error in cell parameters or to the presence

of admixed detrital feldspars. The present study
shows that the authigenic albites of the Green River
Formation are not well ordered, according to the
separation of the 1,31 and 131 peaks. The powder

patterns resemble analbite, and the values of a* and

7* are intermediate between high and low albite.
These results for the authigenic albite in the Green
River Formation are consistent with the inter-
pretations of MacKenzie (1957) and Martin (1968).

The more recent studies of Trembath (1973) clearly i l-
lustrated the effect of aqueous NaOH on obliquity in

albite.
The authigenic K-feldspar from the Green River
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Formation of Wyoming has the same anomalous cell
parameters as K-feldspar from other saline-lake de-
posits, as shown by Sheppard and Gude (1973).

The present study of authigenic albite and K-
feldspar in the Green River Formation illustrates that
the conclusions of Kastner (1971) for authigenic
albite and K-feldspar in limestones and dolomites do
not particularly apply to closed-basin occurrences of
these minerals in fine-grained calcite and dolomite-
bearing oil shales or in altered tuffaceous rocks.
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