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account for the formation of albite in tuff beds of the
central diagenetic mineral zone of Lake T o0o’dichi’.
Similar conditions may account for the presence of authi-
genic albite in lacustrine rocks of both the Green River
Formation and the middle Miocene deposits near Boron,
California.

CONCLUSIONS

1. Albitic tuff beds and albite-cemented sandstone
beds, which are interbedded with and underlie the tuff
beds, are restricted to a zone in the central part of Lake
T’o0’dichi’, an ancient alkaline, saline lake in the Brushy
Basin Member of the Jurassic Morrison Formation, Colo-
rado Plateau.

2. The spatial relationship between the albite zone
and other diagenetic mineral zones in the lake deposits
resulted from differential alteration of silicic volcanic ash
in response to lateral hydrogeochemical gradients that
developed in Lake T’ 00’dichi’.

3. Petrographic observations indicate an early
diagenetic and, therefore, low-temperature origin for the
authigenic albite cement in sandstone beds. Vitrinite-
reflectance data corroborate a low-temperature origin for
albite because the tuff beds and sandstone beds were never
subjected to temperatures in excess of about 70°C.

4. Albite-cemented sandstone beds that underlie the
albitic tuff beds in Lake T°0o’dichi’ provide evidence for
downward movement of pore water similar to that which
occurs in modern lakes characterized by dense brines.

5. Because Lake T’o0o’dichi’ may have behaved as
a solar pond, we must allow for somewhat elevated
temperatures (>25°C) for lake water and possibly pore
water in the underlying sediments. We therefore postulate
a temperature between 25°C and 60°C for albite forma-
tion.

6. Our results indicate that pore-water chemistry
can facilitate formation of authigenic albite at tempera-
tures well below 85°C. This, in turn, significantly
expands the temperature range in which authigenic albite
can form in sedimentary rocks and thus limits the use of
albite as a precise geothermometer.

REFERENCES CITED

Albee, A., and Ray, L., 1970, Correction factors for electron probe
microanalysis of silicates, oxides, carbonates, phosphates,
and sulfates: Analytical Chemistry, v. 42, p. 1408-1414.

Barker, C., and Pawlewicz, M., 1986, The correlation of vitrinite
reflectance with maximum temperature in humic organic
matter, in Buntebarth, G., and Stegena, L., eds., Paleogeo-

thermics—Lecture notes in earth sciences, v. 5: Berlin,
Springer-Verlag, p. 79-228.

Baskin, Yehuda, 1956, A study of authigenic feldspars: Journal of
Geology, v. 64, p. 132-155.

Beard, D., and Weyl, P., 1973, Influence of texture on porosity and
permeability of unconsolidated sand: American Association
of Petroleum Geologists Bulletin, v. 57, p. 349-369.

Bence, A., and Albee, A., 1968, Empirical correction factors for the
electron microanalysis of silicates and oxides: Journal of
Geology, v. 76, p. 382-403.

Boles, J., 1982, Active albitization of plagloclase, Gulf Coast
Tertiary: American Journal of Science, v. 282, p. 165-180.

Boles, J., and Franks, S., 1979, Clay diagenesis in Wilcox sand-
stones of southwest Texas—Implications of smectite diagen-
esis on sandstone cementation: Journal of Sedimentary
Petrology, v. 49, p. 55-70.

Burchfiel, B., and Davis, G., 1975, Nature and controls of Cordille-
ran orogenesis, western United States—Extensions of an ear-
lier synthesis: American Journal of Science, v. 275-A,
p. 363-396.

Christ, C., and Garrels, R., 1959, Relations among sodium borate
hydrates at the Kramer deposit, Boron, California: American
Journal of Science, v. 257, p. 516-528.

Cole, R., 1985, Depositional environments of oil shale in the Green
River Formation, Douglas Creek arch, Colorado and Utah, in
Picard, M., ed., Geology and energy resources, Uinta basin of
Utah: Utah Geological Association, p. 211-225.

Desborough, G., 1975, Authigenic albite and potassium feldspar in
the Green River Formation, Colorado and Wyoming: Amer-
ican Mineralogist, v. 60, p. 235-239.

Fishman, N., and Reynolds, R., 1986, Origin of the Mariano Lake
uranium deposit, McKinley County, New Mexico, in Turner-
Peterson, C., Santos, E., and Fishman, N., eds., A basin anal-
ysis case study—The Morrison Formation, Grants uranium
region, New Mexico: American Association of Petroleum
Geologists Studies in Geology 22, p. 211-226.

Fishman, N., Turner-Peterson, C., and Hay, R., 1986, Authigenic
albite in the Upper Jurassic Morrison Formation—Evidence
for early diagenetic formation: Society of Economic Paleon-
tologists and Mineralogists Midyear Meeting, Abstracts with
Program, p. 37.

Friedman, I., Smith, G., and Matsuo, S., 1982, Economic
implications of the deuterium anomaly in the brine and salts
in Searles Lake, California: Economic Geology, v. 77,
p- 694-702.

Garrels, R., and Christ, C., 1965, Solutions, minerals, and equilib-
ria: San Francisco, Freeman, Cooper, 450 p.

Gold, P., 1987, Textures and geochemistry of authigenic albite
from Miocene sandstones, Louisiana Gulf Coast: Journal of
Sedimentary Petrology, v. 57, p. 353-362.

Hamilton, W., 1978, Mesozoic tectonics of the western United
States, in Howell, D.G., and McDougall, K., eds., Mesozoic
paleography of the western United States: Pacific Section,
Society of Economic Paleontologists and Mineralogists,
p. 33-70.

Hardt, W., Moyle, W., Jr., and Dutcher, L., 1972, Proposed water-
resources study of Searles Valley, California: U.S. Geologi-
cal Survey Open-File Report 72-158, 69 p.

Hay, R., 1966, Zeolites and zeolitic reactions in sedimentary rocks:
Geological Society of America Special Paper 85, 130 p.

Jurassic Alkaline, Saline Lake Deposit, Colorado Plateau P13



1986, Geologic occurrence of zeolites and some associated
minerals: Pure and Applied Chemistry, v. 58, p. 1339-1342.

Helmold, K., and van de Kemp, P., 1984, Diagenetic mineralogy
and controls on albitization and laumontite formation in
Paleogene arkoses, Santa Ynez Mountains, California, in
McDonald, D., and Surdam, R., eds., Clastic diagenesis:
American Association of Petroleum Geologists Memoir 37,
p- 239-276.

Tijima, A., and Utada, M., 1972, A critical review on the occurrence
of zeolites in sedimentary rocks in Japan: Japanese Journal
of Geology and Geography, v. 42, p. 61-83.

Kastner, M.; 1971, Authigenic feldspars in carbonate rocks: Amer-
ican Mineralogist, v. 56, p. 1403-1442.

Kastner, M., and Siever, R., 1979, Low temperature feldspars in
sedimentary rocks: American Journal of Science, v. 279,
p. 435-479.

Kastner, M., and Waldbaum, D., 1968, Authigenic albite from
Rhodes: American Mineralogist, v. 53, p. 1579-1602.
Lipman, P., Doe, B., Hedge, C., and Steven, T., 1978, Petrologic
evolution of the San Juan volcanic field, southwestern Colo-
rado—Pb and Sr isotope evidence: Geological Society of

America Bulletin, v. 89, p. 59-82.

Merino, E., 1975, Diagenesis in Tertiary sandstones from Kettle-
man North Dome, California; I, Diagenetic mineralogy:
Journal of Sedimentary Petrology, v. 45, p. 320-326.

Milliken, K., 1985, Petrology and burial diagenesis of Plio-Pleis-
tocene sediments, northern Gulf of Mexico: Austin, Univer-
sity of Texas, Ph.D. dissertation, 112 p.

1989, Petrography and composition of authigenic feldspar,
Oligocene Frio Formation, south Texas: Journal of Sedimen-
tary Petrology, v. 59, p. 361-374.

Milton, C., 1957, Authigenic minerals of the Green River Forma-
tion of the Uinta Basin, Utah: Intermountain Association of
Petroleum Geologists Annual Field Conference, Guidebook
to the Uinta Basin, p. 136-143.

Milton, C., and Eugster, H., 1959, Mineral assemblages of the
Green River Formation, in Abelson, P.H., ed., Researches in
geochemistry, v. 1: New York, John Wiley and Sons,
p. 118-150.

Moore, F., 1950, Authigenic albite in the Green River oil shales:
Journal of Sedimentary Petrology, v. 20, p. 227-230.

Nuccio, V., and Johnson, R., 1988, Surface vitrinite-reflectance
map of the Uinta, Piceance, and Eagle basins area, Utah and
Colorado:
Studies Map MF-2008-B, scale 1:500,000.

Pipiringos, G.N., and O'Sullivan, R.B., 1978, Principle
unconformities in Triassic and Jurassic rocks, Western
Interior United States—A preliminary survey: U.S. Geolog-
ical Survey Professional Paper 1035-A, p. A1-A29.

Published in the Central Region, Denver, Colorado
Manuscript approved for publication March 18, 1994
Edited by Judith Stoeser

Graphics and photocomposition by Mari L. Kauffmann
Tables typeset by Judith Stoeser

P14 Evolution of Sedimentary Basins—San Juan Basin

U.S. Geological Survey Miscellaneous Field

Pittman, E., 1988, Diagenesis of Terry Sandstone (Upper Creta-
ceous), Spindle Field, Colorado: Journal of Sedimentary
Petrology, v. 58, p. 785-800.

Saigal, G., Morad, S., Bjorlykke, K., Egeberg, P., and Aagaard, P.,
1988, Diagenetic albitization of detrital K-feldspars in Juras-
sic, Lower Cretaceous and Tertiary clastic reservoir rocks
from offshore Norway; I, Textures and origin: Journal of
Sedimentary Petrology, v. 58, p. 1003-1013.

Sheppard, R., and Gude, A, III, 1968, Distribution and genesis of
authigenic silicate minerals in tuff beds of Pleistocene Lake
Tecopa, Inyo County, California: U.S. Geological Survey
Professional Paper 597, 38 p.

1973, Zeolites and associated authigenic silicate minerals in
tuffaceous rocks of the Big Sandy Formation, Mohave
County, Arizona: U.S. Geological Survey Professional
Paper 830, 36 p.

Steven, T., 1975, Mid-Tertiary volcanic field in the southern Rocky
Mountains, in Curtis, B., ed., Cenozoic history of the south-
ern Rocky Mountains: Geological Society of America
Memoir 144, p. 74-94.

Surdam, R., and Sheppard, R., 1978, Zeolites in saline, alkaline-
lake deposits, in Sand, L.M., and Mumpton, F.A., eds.,
Natural zeolites—Occurrence, properties, use: Elmsford,
New York, Pergamon, p. 145-174.

Taylor, M., and Surdam, R., 1981, Zeolite reactions in the tuf-
faceous sediments of Teels Marsh, Nevada: Clays and Clay
Minerals, v. 29, p. 341-352.

Turner, C., and Fishman, N., 1991, Jurassic Lake T'oo'dichi'—A
large alkaline, saline lake, Morrison Formation, eastern
Colorado Plateau: Geological Society of America Bulletin,
v. 103, p. 538-558.

Turner-Peterson, C., 1987, Sedimentology of the Westwater Can-
yon and Brushy Basin Member, Upper Jurassic Morrison
Formation, Colorado Plateau, and relationship to uranium
mineralization: Boulder, University of Colorado, Ph.D. dis-
sertation, 169 p.

Turner-Peterson, C., Fishman, N., and Hay R., 1986, Recognition
of an extensive Jurassic playa-lake complex—The Brushy
Basin Member of the Morrison Formation, Colorado Plateau:
Society of Economic Paleontologists and Mineralogists Mid-
year Meeting, Abstracts with Program, p. 111.

Walker, T., 1984, Diagenetic albitization of potassium feldspar in
arkosic sandstones: Journal of Sedimentary Petrology, v. 54,
p-3-17.

Williamson, B., 1987, Formation of authigenic silicate minerals in
Miocene volcaniclastic rocks, Boron, California: Santa Bar-
bara, University of California, M.A. thesis, 89 p.

Ziebold, T., and Ogilvie, R., 1964, An empirical method for elec-
tron microanalysis: Analytical Chemistry, v. 36, p. 322-327.

#U.S. GOVERNMENT PRINTING OFFICE: 1995-673-046/86086









SELECTED SERIES OF U.S. GEOLOGICAL SURVEY PUBLICATIONS

Periodicals

Earthquakes & Volcanoes (issued bimonthly).
Preliminary Determination of Epicenters (issued monthly).

Technical Books and Reports

Professional Papers are mainly comprehensive scientific reports
of wide and lasting interest and importance to professional scientists and
engineers. Included are reports on the results of resource studies and of
topographic, hydrologic, and geologic investigations. They also include
collections of related papers addressing different aspects of a single sci-
entific topic.

Bulletins contain significant data and interpretations that are of
lasting scientific interest but are generally more limited in scope or geo-
graphic coverage than Professional Papers. They include the fesults of
resource studies and of geologic and topographic investigations; as well
as collections of short papers related to a specific topic.

Water-Supply Papers are comprehensive reports that present sig-
nificant interpretive results of hydrologic investigations of wide interest
to professional geologists, hydrologists, and engineers. The series covers
investigations in all phases of hydrology, including hydrology, availabil-
ity of water, quality of water, and use of water.

Circulars present administrative information or important scien-
tific information of wide popular interest in a format designed for distri-
bution at no cost to the public. Information is usually of short-term
interest.

Water-Resources Investigations Reports are papers of an inter-
pretive nature made available to the public outside the formal USGS
publications series. Copies are reproduced on request unlike formal
USGS publications, and they are also available for public inspection at
depositories indicated in USGS catalogs.

Open-File Reports include unpublished manuscript reports, maps,
and other material that are made available for public consultation at de-
positories. They are a nonpermanent form of publication that may be cit-
ed in other publications as sources of information.

Maps

Geologic Quadrangle Maps are multicolor geologic maps on to-
pographic bases in 7 1/2- or 15-minute quadrangle formats (scales main-
ly 1:24,000 or 1:62,500) showing bedrock, surficial, or engineering
geology. Maps generally include brief texts; some maps include structure
and columnar sections only.

Geophysical Investigations Maps are on topographic or plani-
metric bases at various scales, they show results of surveys using geo-
physical techniques, such as gravity, magnetic, seismic, or radioactivity,
which reflect subsurface structures that are of economic or geologic sig-
nificance. Many maps include correlations with the geology.

Miscellaneous Investigations Series Maps are on planimetric or
topographic bases of regular and irregular areas at various scales; they
present a wide variety of format and subject matter. The series also in-
cludes 7 1/2-minute quadrangle photogeologic maps on planimetric
bases which show geology as interpreted from aerial photographs. The
series also includes maps of Mars and the Moon.

Coal Investigations Maps are geologic maps on topographic or
planimetric bases at various scales showing bedrock or surficial geology,
stratigraphy, and structural relations in certain coal-resource areas.

Oil and Gas Investigations Charts show stratigraphic informa-
tion for certain oil and gas fields and other areas having petroleum po-
tential.

Miscellaneous Field Studies Maps are multicolor or black-and-
white maps on topographic or planimetric bases on quadrangle or irreg-
ular areas at various scales. Pre-1971 maps show bedrock geology in re-
lation to specific mining or mineral-deposit problems; post-1971 maps
are primarily black-and-white maps on various subjects such as environ-
mental studies or wilderness mineral investigations.

Hydrologic Investigations Atlases are multicolored or black-and-
white maps on topographic or planimetric bases presenting a wide range
of geohydrologic data of both regular and irregular areas; the principal
scale is 1:24,000, and regional studies are at 1:250,000 scale or smaller.

Catalogs

Permanent catalogs, as well as some others, giving comprehensive
listings of U.S. Geological Survey publications are available under the
conditions indicated below from USGS Map Distribution, Box 25286,
Building 810, Denver Federal Center, Denver, CO 80225. (See latest
Price and Availability List.)

“Publications of the Geological Survey, 1879-1961” may be pur-
chased by mail and over the counter in paperback book form and as a set
microfiche.

“Publications of the Geological Survey, 1962-1970” may be pur-
chased by mail and over the counter in paperback book form and as a set
of microfiche.

“Publications of the U.S. Geological Survey, 1971-1981” mav b~
purchased by mail and over the counter in paperback book form (two
volumes, publications listing and index) and as a set of microfiche.

Supplements for 1982, 1983, 1984, 1985, 1986, and for subse-
quent years since the last permanent catalog may be purchased by mail
and over the counter in paperback book form.

State catalogs, “List of U.S. Geological Survey Geologic and Wa-
ter-Supply Reports and Maps For (State),” may be purchased by mail
and over the counter in paperback booklet form only.

“Price and Availability List of U.S. Geological Survey Publica-
tions,” issued annually, is available free of charge in paperback booklet
form only.

Selected copies of a monthly catalog “New Publications of the
U.S. Geological Survey” is available free of charge by mail or may be
obtained over the counter in paperback booklet form only. Those wish-
ing a free subscription to the monthly catalog “New Publications of the
U.S. Geological Survey” should write to the U.S. Geological Survey,
582 National Center, Reston, VA 22092.

Note.—Prices of Government publications listed in older catalogs,
announcements, and publications may be incorrect. Therefore, the prices
charged may differ from the prices in catalogs, announcements, and pub-
lications.






