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CLAY MINERALOGY OF LOWER TERTIARY
CONTINENTAL DEPOSITS OF THE
SAN JUAN BASIN, COLORADO

JOHN B. DROSTE
University of Illinois, Urbana

Early Focene and Paleocene con-
tinental rocks are exposed in the cen-
tral portion of the San Juan Basin
in northwestern New Mexico and
southwestern Colorado. The clay-
mineral study is part of a general
investigation of late Cretaceous and
early Tertiary rocks in the vicinity
of the University of Illinecis Geo-
Jogical Summer Field Camp, Fort
Lewis A. & M. College, Colorado
(fig. 1).

In early and middle Paleocene,
streams deposited clays, siltstones,
and channel sandstones of the Naci-
miento (Simpson, 1948) formation.
About 450 feet of this formation
¢rop out in Colorado. Streams con-
tinued to deposit over 2000 feet of
clays, siltstones, and sandstones of
the San Jose (Simpson, 1948) for-
mation in late Paleocene and early
Tocene time. Both formations crop
out typically in color-banded bad-
lands.

The Lance (late Cretaceous, Wy-
oming, Dorf, 1942) and Vermejo
flora (late Cretaceous, Colorado,
Knowlton, 1917) indicate a warm,
subtropical climate in the Rocky
Mountain region. Knowlton (1917,
1924) also shows that the Raton,
Laramie, Wilcox, Animas, and Den-
ver assemblages indicate the climate
was warm-temperate, possibly sub-
tropical. Early and middle Eocene
floras from the Rocky Mountain re-
gion indicate a warm-temperate to

subtropical climate (see Berry in Os-
born, 1929). The San Jose flora con-
tains species common to the Animas
and Raton flora (Droste, 1953).

Brooks (1926) believes that the
climate was a subtropical mediter-
ranean-type with moderate winter
rain and long hot, dry summers.
Van Houten (1948) suggests that
conditions were savanna-like—the
interstream areas were large open

- parks and forests were found only

along the rivers. The climates of the
source area and basin of deposition
must have been the same.

Cray MINERALOGY

K-ray spectrometer traces were
made of the red, purple, brown, yel-
low, olive, and gray clays that com-
prise the sediments. The raw samples
were fractionated and the sizes less
than two microns were used. Mixed-
layer montmorillonite, chlorite, and
illite oceurred in all samples.:

Mixed layering and poor erystal-
linity made identification difficult. A
diffuse reflection in the untreated
sample from 10 to 15.5 a.u. ean be
attributed to montmorillonite, illite,
and/or chlorite. After freatment
with glyeol, 17-a.u. reflections sug-
gest the presence of montmorillonite
and 10-au. reflections suggest the

. presence of illite. Tn most cases, the

broad 17-a.u. reflection masked the
first order 14-a.u. reflection of chlor-
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ite. In a few samples a weak 14-a.1.
reflection for chlorite was seen. As
the even-order basal reflections of
chlorite (002,004,006, ete.) almost
coincide with successive basal reflec-
tions of kaolinite (001,002,008, ete.),
and as the odd-order basal reflections
of chlorite (001,008,005, etc.) are
weak, it is often difficult to distin-
guish between chlorite and kaolinite
reflections. In every sample a weak
(003) reflection (4.66 a.u.) of chlor-
ite confirmed the presence of that
mineral. Heat treatment (Johns and
Grim, 1952), which serves to differ-
entiate chlorite and kaolinite, indi-
cated that no kaolinite was present.
Chlorite reflections are lost after
heating to 450°C. If kaolinite was
present, its reflections should still
remain after ignition to 450°C. All
chlorite reflections were lost, suggest-
ing the absence of kaolinite. Johns
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and Grim (1952) have discussed this
procedure in detail.

UPLAND AND BasiN SoiLs

Van Houten (1948) suggests that
a thick well-leached regolith de-
veloped on the uplands surrounding
the lower Tertiary basins in Colo-
rado and Wyoming. In the present
climate the well-leached, lateritie
soils are predominately kaolinitic
with or without hydrous alumina.
As neither kaolinite nor hydrous
alumina was found in any of the clay
samples, and as in a nonmarine en-
vironment clay minerals usually suf-
fer little alteration (Grim, 1951), it
is unlikely that kaolinite was ever
present in the clays or on the upland
source-areas. Consequently it is be-
lieved that the loose materials on the
uplands must, have been removed by
normal gullying and sheet-flood ero-
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sion before they had suffered much
weathering. This would oceur if the
climate was one of alternating dry
and wet seasons. During the dry
seasons the vegetation would die and
be oxidized, so that during the wet
seasons the loose regolith, without
benefit of plant cover to hold it in
place, was quickly transported to the
basins of deposition. Around rivers
and permanent lakes, where vegeta-
tion eould live through the dry pe-
riods, the environment was probably
reducing. The elay minerals of the
gray and olive clays show that, even
around permanent streams, ground-
water did not cause extensive leach-
ing.

Tt is quite possible that the direct-
tion of groundwater movement was
upward during most of the year.
This is certainly true for the wide
park-like interstream areas, where
the Bh of environment was certainly
positive. In these areas the illite and
chlorite in the soil absorbed potassi-
um and magnesium respectively into
their lattice and became more crys-
talline, and montmorillonite ab-
sorbed sodium and calcium in ex-
change positions on its lattice. How-
cver, the Eh of the environment
of deposition apparently had no in-
fluence on the clay minerals of these
beds. The same clay minerals are
found in the beds deposited in oxi-
dizing (red beds) and reducing
(eray and green beds) environment.

Summary

Mixed-layer montmorillonite, chlo-
rite, and illite are found to be the
clay mineral constituents of the
lower Tertiary continental strata in
southwestern Colorado. The clay
mineral assemblage, coupled with the
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absence of kaolinite and hydrous
alumina, suggests that the clay ma-
terial was rapidly removed from the
uplands before extensive weathering
and soil development.
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