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FOREWORD

“Geological Survey Research 1966” is the seventh annual review of the economic and
scientific work of the U.S. Geological Survey. As in previous years the purpose of the
volume is to make available promptly to the public the highlights of Survey investigations.
This year the volume consists of 4 chapters (A through D) of Professional Paper 550.
Chapter A contains a summary of significant results, and the remaining chapters are made
up of collections of short technical papers.

Many of the results summarized in chapter A are discussed in greater detail in the
short papers or in reports listed in “Publications in Fiscal Year 1966,” beginning on page
A265. The tables of- contents for chapters B through D are listed on pages A259-A264.

Numerous Federal, State, county, and municipal agencies listed on pages A211-A215
cooperated financially with the Geological Survey during fiscal 1966 and have contributed
significantly to the results reported here. They are identified where appropriate in the short
technical papers that have appeared in Geological Survey Research and in papers published
cooperatively, but generally are not identified in the brief statements in chapter A.

Many individuals on the staff of the Geological Survey have contributed to “Geological
Survey Research 1966.” Reference is made to only a few. Frank W. Trainer, Water Re-
sources Division, was responsible for organizing and assembling chapter A and for critical
review of papers in chapters B-D, assisted by Louis Pavlides, Geologic Division. Marston S.
Chase, Publications Division, was in charge of production aspects of the series, assisted
by Jesse R. Upperco in technical editing, and William H. Elliott and James R. Hamilton
in planning and preparing illustrations.

The volume for next year, “Geological Survey Research 1967,” will be published as
chapters of Professional Paper 575. Previous volumes are listed below, with their series
designations.

Geological Survey Research 1960—Prof. Paper 400

Geological Survey Research 1961—Prof. Paper 424
Geological Survey Research 1962—Prof. Paper 450
Geological Survey Research 1963—Prof. Paper 475
Geological Survey Research 1964—Prof. Paper 501
Geological Survey Research 1965—Prof. Paper 525

)it T na
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Director.
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GEOLOGICAL SURVEY RESEARCH 1966

INVESTIGATIONS OF NATURAL RESOURCES

The U.S. Geological Survey was created in 1879 for
the purpose of classifying the public lands, and exam-
ining the geological structure and mineral and water
resources of the Nation. The main responsibilities
and objectives have not changed in the intervening
years, although the means of meeting them have
changed radically. The resources program of the
Geological Survey expanded in many directions in
1966 and continues to provide the basis for a large
portion of the Survey’s research. Primary concerns
in the program are with the character and magnitude
of the Nation’s mineral and water resources, the loca-
tion and distribution of the resources, the principles
and processes involved in their formation, and best
management of the resources on the public lands.

MINERAL RESOURCES

The United States requires continuous access to sup-
plies of a great many mineral and organic fuel raw
materials to sustain and foster economic growth and
to support national security. The Geological Survey
has a primary mission to aid in assuring that the Na-
tion can meet these needs expeditiously at lowest cost
and with a minimum disruption of the quality of the
physical environment,

A constant flow of geologic, geochemical, and geo-
-physical data, principles, and techniques is necessary
to maintain an adequate rate of discovery of essential
commodities. Geologic research is aimed at the defini-
tion and identification of new targets and sources for
base and ferrous metals, heavy metals, light metals
and industrial minerals, radioactive materials, and or-
ganic fuels. Recognition of the short supply, the
widening gap between production and consumption,
and the limited knowledge of domestic resources of
certain metals, including gold, silver, platinum, palla-
dium, osmium, iridium, mercury, tin, bismuth, anti-
mony, and tantalum, led to inception this year of a
program on heavy metals, and to the creation of a
new Branch of Heavy Metals. The program repre-
sents an intensified effort to increase the resource base
of these metals. Continued basic and applied geo-

logic, geochemical, and geophysical research have pro-
vided solid advances in other commodities in 1966.
Among these are: (1) extension of copper deposits in
Arizona resulting from structural and stratigraphic
interpretations; (2) outlining of a silver exploration
target area in the Tonopah-Virginia City, Nev., area
through geochemical studies of soils and rocks; (3)
identification of potential new sources of sodium min-
erals and aluminum, closely associated with the oil-
shale deposits in the Piceance Basin, Colo.; and (4)
discovery of large humate deposits in Florida which
may one day be used for the chemical and fertilizer
industries.

Assessments of the potential resource base for many
areas as well as nationwide for certain commodities
have been made during the past year. Reports on the
States of Washington and California and for the Ap-
palachian region have been completed or are nearing
completion. Appraisal of the mineral-resource poten-
tial of Primitive Areas, to aid in decistons on the in-
corporation of such areas into the Wilderness System,
was begun in 1966. Field studies have been completed
in nine primitive areas, and reports have been pub-
lished on five. In the organic fuels field, a summary
(U.S. Geol. Survey Circular 523) of the resources and
energy potential of oil shale in the United States and
other areas of the world was made. A related report
(U.S. Geol. Survey Circular 522) appraises the oil,
gas, and natural-gas liquid resources of the United
States and the world.

Exploration-research activity has aimed at (1) im-
proving analytical methods for “pathfinder” elements
useful in geochemical prospecting, (2) perfecting new
atomic-absorption instrumental techniques such as
those used with the “mercury detector” and “silver
snooper,” and (3) developing a pickup-truck-mounted
“camper” analytical laboratory facility to increase the
speed and effectiveness of geochemical prospecting and
to provide for the careful field testing of new methods
and techniques. The Office of Minerals Exploration,
the function of which is to stimulate mineral produc-
tion by assisting private industry financially in explor-
ing for certain mineral commodities, was transferred
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to the Geological Survey in July 1965. Thirteen con-
tracts providing government-participation loans were
awarded during the year, and three projects were
certified as ore discoveries.

RESOURCE COMPILATION

During recent years the U.S. Geological Survey, in
collaboration with State and Federal agencies, has
prepared mineral- and water-resource reports on a
number of States. These reports serve many pur-
poses: they establish an inventory of resource data,
they serve as a review of geologic and resource infor-
mation previously published in the State, they provide
brief descriptions of known mineral deposits and cor-
relation of the geologic setting of these deposits to
regional geology, and they outline areas that warrant
further exploration or study.

RESOURCES OF WASHINGTON

Current knowledge of the mineral resources of
Washington has been summarized in a report (U.S.
Geol. Survey, r2066) * prepared in cooperation with
the Washington State Department of Conservation,
Division of Mines and Geology, and other agencies.
This report points out the relationship of many im-
portant deposits of metals and nonmetallic minerals
with intrusive igneous rocks. The existence of large
low-grade copper and molybdenum deposits in the
northern Cascade Mountains and the Okanogan High-
lands, and the expanding development of zinc-lead-
silver deposits in northeastern Washington, hold con-
siderable promise for additional important discoveries.
The large resources of high-alumina clay offer a chal-
lenge for greater development of additional ceramic
and refractory products. They represent a potential
local source of alumina for the aluminum industry
that has grown here because of the availability of low-
cost hydroelectric power.

RESOURCES OF CALIFORNIA

The gold rush of 1849 started the population ex-
plosion in California. Since then the State’s mineral
resources have continued to be developed to meet the
needs of an expanding population. California pro-
duces 80 different mineral commodities commercially.
Currently it is the leading State for 10 of these, and
has ranked among the top 3 States in production of 22
other mineral raw materials in recent years. Current
knowledge of the mineral resources of California has

1 See note opposite page Al explaining system used for fiscal year
1966 bihliograpgic references. 85 v
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recently been compiled in cooperation with the Cali-
fornia Division of Mines and Geology and the U.S.
Bureau of Mines. The compilation describes known
resources and the localities favorable for exploration
for gold, mercury, tungsten, copper, and iron as well
as other metals. Major resources of boron minerals
are identified, some of which have long been known
and exploited. These and other nonmetallic resources
are considered to be more significant than are the
metallic resources. Production of oil and gas provides
the largest part of the value of the State’s mineral
output. The production has been maintained by thor-
ough exploration of the complex geologic structures
in the coastal mountains and nearby regions. Major
faults have created problems in exploration but also
have formed many traps in which hydrocarbons have
accumulated.

BASE AND FERROUS METALS
LEAD AND ZINC

Sphalerite in barite-bearing breccias in Alabama

Sphalerite has been identified by Helmuth Wedow,
Jr., in the upper part of the Knox Dolomite, of Cam-
brian and Ordovician age, in Bibb County, Ala. The
sphalerite occurs in barite-bearing breccias close to the
contact of the folded Paleozoic strata of the Appa-
lachian Valley and the overlying coastal-plain sedi-
mentary rocks. This is the southernmost recorded oc-
currence of zinc minerals in the Knox.

Aeromagnetic anomalies associated with deposits in
Wisconsin and lllinois

Geologic interpretation of aeromagnetic maps of the
central part of the Upper Mississippi Valley zinc-lead
district by A. V. Heyl and E. R. King suggests that
Paleozoic sedimentary rocks overlie a Precambrian
basement consisting largely of granitic rocks. Locally,
plutons that are more mafic occur in the north, and a
broad open fold of possibly metasedimentary rocks is
in the southern part of the district. The magnetic
data indicate the presence of major faults in the base-
ment that coincide with the location of known faults
and major folds in the overlying Paleozoic strata, evi-
dently produced by renewed movement in post-Pre-
cambrian time. The zinc-lead deposits appear to be
associated with magnetically positive areas and with
tectonic features.

Lead-zinc mineralization in Grant County, Wis.
Geologic mapping by P. M. Blacet in the southern

half of the Lancaster 7%4-minute quadrangle, Grant

County, Wis., has located lead-zinc mineralization and
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associated rock alteration here. This suggests that
pitch- and flat-ore bodies similar to those that are
mined elsewhere in the Upper Mississippi Valley dis-
trict possibly are also present in this area. Almost no
prospect drilling has been done in this part of the
Lancaster quadrangle, although favorable host rocks
and evidence of base-metal mineralization are wide-
spread.
COPPER

Alluvium-covered fault terrane favorable for copper
mineralization in Arizona

In the Pima district, Pima County, Ariz., geologic
mapping of ore zones and studies of diamond-drill
cores by J. R. Cooper and mining company personnel
show that the extensive Mission, Pima, Daisy, and Palo
Verde copper ore bodies are in altered and extensively
mineralized Permian and Cretaceous(?) sedimentary
rocks near a weakly altered and mineralized intrusion
of quartz monzonite porphyry. The porphyry is not
known elsewhere in this part of the district, but the
sedimentary rocks that it intrudes crop out south of
Mineral Hill. The distribution and structural rela-
tionship of these rocks suggest that the copper de-
posits are in the same structural zone as the San Xavier
lead-zinc mine, but have been offset by a system of
faults that trend north to northwest. Faults of this
system include the pre-ore East fault at the Mission
mine and the post-ore Daisy fault at the east end of
Mineral Hill. The Daisy fault brings the mineralized
Permian and Cretaceous(?) rocks of the Pima-Daisy
mine against barren Paleozoic rocks facing in the
opposite direction. According to this interpretation,
a relatively unexplored segment of the ore-localizing
structural zone may occur beneath the alluvium south
of Mineral Hill.

Copper mineralization localized Chaffee

County, Colo.

According to R. E. Van Alstine, the Ace High and
Jack Pot prospects in the Poncha Springs quadrangle,
Chaffee County, Colo., explore a gahnite-bearing skarn-
like aggregate of anthophyllite, tremolite, actinolite,
and additional magnesian silicate minerals partly re-
placed by magnetite, chalcopyrite, and other copper
minerals. The shaft at the prospects is inaccessible,
but the deposit appears to be a lenticular mass in
metasomatized hornblende gneiss between two north-
trending faults that have localized a narrow chalcopy-
rite-quartz vein and a pegmatite dike. The unaltered
gneiss adjacent to the mineralized skarn is fine grained,
and consists of hornblende, bytownite, cordierite, and
small quantities of biotite, quartz, epidote, and apatite.

in skam,
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Magnetite and chalcopyrite in places impregnate the
rock-forming silicates as tiny grains or fracture fill-
ings. The magnetite is almost completely altered to
limonite and hematite; the chalcopyrite is altered
largely to botryoidal and fibrous malachite and small
quantities of chalcocite, azurite, chrysocolla, bro-
chantite, and chalcanthite. Although the Ace High
and Jack Pot deposit is inactive, it resembles gahnite-
bearing copper-zinc deposits, previously regarded as
magmatic segregates,? * which have been productive in
nearby mines.

Epigenetic copper mineralization in Nonesuch Shale of
Michigan

Work by E. O. Ensign, W. S. White, J. C. Wright,
and others has shown that pyrite presumably of synge-
netic origin, is the only major sulfide mineral through-
out most of the copper-bearing Nonesuch Shale, of
late Keweenawan age in northern Michigan. It is
more abundant in dark-gray finely laminated shale
beds than in more massive lighter gray or reddish beds.
In a cupriferous zone at the base of the formation,
chalcocite is the principal sulfide and is most abundant
in certain persistent dark-gray finely laminated beds.
The succession of minerals upward and outward from
the center of the cupriferous zone is native copper—
bornite—>chalcopyrite—pyrite. The bornite and chal-
copyrite are confined to a narrow selvage at the mar-
gin of the cupriferous zone. This selvage, also
marked by the presence of greenockite, transects bed-
ding on a regional scale, and its height above the base
of the Nonesuch Shale ranges from less than an inch
far from White Pine to more than 50 feet near the
center of the deposit. Locally, the height of the selv-
age is inversely proportional to the thickness of dark-
gray finely laminated shale at the base of the forma-
tion. This relationship, along with textural evidence,
suggests that the pattern of mineral zones represents
reaction between syngenetic pyrite and copper intro-
duced from below.

Stratigraphic localization of massive sulfide deposits in
Arizona

C. A. Anderson and P. M. Blacet have determined
the stratigraphic position of 12 Precambrian massive
sulfide deposits in the Yavapai Series. These deposits
occur in the northern Bradshaw Mountains and Jerome
area in central Arizona (Yavapai County) and have
yielded copper, lead, zinc, gold, and silver. Nine de-
posits are in the foliated Alder Group and three are in

3 Waldemar Lindgren, 1908, Notes on copper deposits in Chaffee,
Fremont, and Jefferson Counties, Colorado: U.S. Geol. Survey Bull.
340, p. 157-174. .

3See note opposite page Al explaining system used for footnote
references.
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the Jess foliated Ash Creek Group. Three of the de-
posits in the Alder Group are in the Spud Mountain
Volcanics, including the Bighampton and Copper
Queen deposits in the older breccia facies and the Iron
King deposit in the younger andesitic tuffaceous facies.
The remaining deposits in the Alder Group are all in
the Iron King Volcanics, a thick sequence of pillow
and amygdaloidal basalts containing intertongues of
rhyolitic rocks. Two of these deposits, the Blue Bell
and the DeSoto, are in the lower part of the pillow-
lava sequence, whereas the others, consisting of the
Lone Pine, Boggs, Iron Queen, and Hackberry de-
posits, are in the keel of the major syncline developed
in the Iron King Volcanics. Two of the deposits in
the Ash Creek Group are at Jerome, one of which, the
United Verde deposit, is in the lower part of the
Grapevine Gulch Formation and associated quartz
porphyry, and the other, the United Verde Extension
deposit, is in underlying Deception Rhyolite, which
is also associated with the quartz porphyry. The third
deposit in the Ash Creek Group is in the Shea Basalt,
which is stratigraphically below the Deception Rhyo-
lite and has been opened by the Copper Chief mine
south of Jerome.
IRON

Magnetic survey outlines iron-formation in Marquette
district, Michigan

In the Palmer quadrangle, a ground magnetic sur-
vey by J. E. Gair has outlined an anomaly over iron-
formation and also has helped to define the structure
at the east end of the Palmer basin. The anomaly is
about 2,400 feet long, as much as 1,000 feet wide, and
has a maximum amplitude of about 27,000 gammas
above background. The anomaly is shown roughly
on an aeromagnetic map by J. E. Case and J. E. Gair *
but was not recognized previously and had not been
tested by drilling.

Magnetite-bearing pyroxenite found in lliamna region,
Alaska

Magnetite-bearing pyroxenite has been discovered
near Frying Pan Lake in the Iliamna D-7 quadrangle,
about 250 miles southwest of Anchorage, by R. L.
Detterman and B. L. Read. This discovery extends
the area of magnetite occurrences about 50 miles west
of those staked in 1964 in the eastern part of the
Iliamna 1:250,000-scale quadrangle. Chemical and
semiquantitative spectrographic analyses of 16 sam-
ples gave the following results: 16-24 percent FeO;

+J. E. Case and J. E. Gair, 1965, Aeromagnetic map of parts of
Marquette, Dickinson, Baraga, Algar and Schgolcraft Cguntieg, Mich-
i\ﬁ;' &gd‘list; geologic interpretation: U.S. Geol. Survey Geophys. Inv.
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1.3 percent TiO.; and 0.1-3.2 percent P,O;. Magnetic
fractions of the same samples contained 56-80 percent
FeO and about 3.1 percent TiO..

ILMENITE AND ZIRCON

Precambrian placers in Cocke County, Tenn.
Precambrian placers in the Snowbird Group of the
Ocoee Series on Snowbird Mountain are reported by
R. H. Carpenter, Helmuth Wedow, Jr., and S. W.
Maher to contain possibly commercial quantities of
ilmenite and zircon. Laminated sandstones contain
80-60 percent heavy minerals, of which ilmenite and
zircon make up 90 percent. The ratio of ilmenite to
zircon is 6:1. Most of the deposits can be detected
on the ground by scintillometer and magnetometer.

HEAVY METALS
GOLD

Gold-bearing conglomerates in northwestern Wyoming

J. D. Love and J. C. Antweiler are continuing their
investigation of the source, stratigraphic distribution,
areal extent, and geochemistry of finely divided gold
in Cretaceous, Paleocene, and younger conglomeratic
strata and alluvial deposits in northwestern Wyoming.
The following lithologic units were studied :

Lithologic unit Age Lithology
Quaternary sedi- ... Gravel, sand, silt.
ments.
Conglomerate south Middle(?) Conglomerate and
of Pass Peak. Eocene. sandstone.
Wind River Forma- Early Sandstone and quartzite
tion. Eocene. conglomerate.
Pinyon Paleocene__ . Quartzite conglomerate,
Conglomerate. coal, sandstone.
Fort Union Forma- Paleocene___ Quartzite conglomerate
tion. and sandstone.
Harebell Formation-_. Late Quartzite conglomerate,
Cretaceous. sandstone, and silt-

stone.

Gold occurs through a stratigraphic interval of at
least 1,000 feet of the Harebell Formation, more than
1,500 feet of the Pinyon Conglomerate, and in lesser
thicknesses of other strata. It is most abundant in
matrix of conglomerate and in sandstone but has been
found within quartzite pebbles and in coal, siltstone,
and shale. The areal extent of the gold-bearing part
of the Harebell Formation in Jackson Hole is prob-
ably more than 100 square miles, of the Pinyon Con-
glomerate 200 square miles, and of other formations
much less. Gold-bearing conglomerates in the Fort
Union Formation of the Bighorn basin probably were
once laterally continuous with those in the Pinyon.
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The original major source of gold (suggested by its
presence in Precambrian and possibly Paleozoic quartz-
ite fragments and by its typical association with
quartzite conglomerate), as well as of the conglomerate
itself, is believed to have been a now-buried uplift
northwest of the Teton Range. Some of the gold may,
however, be related to younger volcanism. The ab-
normally high gold values in the Wind River Forma-
tion suggest the possibility of a third, still unknown
source.

Locally secondary concentrations of gold have been
recognized. As the number of reliable analyses of
geologically controlled samples increases, guides to
these concentrations can probably be developed.

Results of 1,093 analyses of gold are as follows:

Gold (ppb)?
No. of
Lithologic unit local- { No. of
ities |samples | Average of | Maximum
all samples | in random
sample
Quaternary sediments. _ . ___. 12 176 76 2, 000
Conglomerate south of Pass

Peak_____ .. .. ... 1 24 31 250
Wind River Formation______ 3 48 230 2, 000
Pinyon Conglomerate________ 17 665 84 8, 700
Fort Union Formation______. 2 39 76 300
Harebell Formation_ _______. 5 141 65 1, 000

1To converi approximately from ppb to dollars per ton, multiply by 0.001.

MERCURY

Possible concealed mercury deposits in Yellow Pine
district, ldaho

B. F. Leonard reports that two cirques south and
southwest of the east fork of Cinnabar Creek are
geologically favorable for the discovery of concealed
mercury deposits. The cirques are underlain by the
same block-faulted metamorphic and plutonic rocks
that in the Hermes (Cinnabar)-Fern area contain
mercury deposits. However, the cirques are mantled
with glacial debris, creeping talus, snowslide debris,
lingering snowbanks, and stunted conifers that effec-
tively conceal the bedrock, and little prospecting has
been done. Geochemical prospecting may be suitable
here, whereas test-pitting or bulldozing probably
would be ineffectual.

SILVER AND MERCURY

Soil samples refiect silver mineralization in Utah and
Nevada
Areas of known silver mineralization at Silver Reef,
Utah, are clearly indicated by anomalous content of
silver and mercury in the soils of these areas, accord-
ing to H. R. Cornwall and H. K. Stager. Silver and
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mercury soil anomalies in the Tonopah and Virginia
City districts, Nevada, also indicate several promising
areas for exploration.

SILVER AND GOLD

Black calcite associated with silver mineralization in
southwestern United States

Continuing field and laboratory investigations by
D. F. Hewett and A. S. Radtke have shown that
manganiferous “black calcite” is present in veins of
manganese oxides that cut layered volcanic rocks of
Tertiary age in the southwestern United States, and
is also a common constituent of silver-bearing manga-
nese oxide ores that locally replace carbonate rocks in
the same general region. Samples of black calcite
from the old silver-producing districts of Hamilton,
Nev., and Ophir, Utah, both yield residues containing
from 200 to 1,500 ounces of silver per ton. The silver
in the Hamilton material is present as three distinct
hypogene minerals, possibly silver-bearing manga-
nates, which are currently being studied by use of the
electron microprobe.

Silver and gold in waste sulfide concentrates, Big Creek,
ldaho

Sulfide concentrates produced as waste in the recov-
ery of a high-grade huebnerite-scheelite concentrate at
the mill of the McRae Tungsten Corp., Big Creek,
central Idaho, have been found by B. F. Leonard, C.
W. Mead, and Nancy Conklin to contain 110 to 315
troy ounces of silver per ton and 2.8 to 4.1 ounces of
gold in addition to a few percent each of copper, lead,
and zinc. Only 1 ton of these concentrates was pro-
duced per year during tungsten mining operations,
and the mining company did not think this small
amount worth marketing. However, these concen-
trates represent silicified zones of considerable size con-
taining widespread, sparsely disseminated sulfide min-
erals; these large zones merit attention as potential
resources of gold and silver.

LIGHT METALS AND INDUSTRIAL MINERALS
ZEOLITES

Zeolites and potash feldspar in California

A study of altered rhyolitic vitric tuffs in the Bar-
stow Formation of middle and late Miocene age in
San Bernardino County, Calif., by R. A. Sheppard
and A. J. Gude 3d (r1608) resulted in the discovery
of beds of secondary potash feldspar that may be of
economic value. They also found zeolites and potash
feldspar, along with searlesite, in rhyolitic vitric tuff
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beds interbedded with clastic deposits of Pleistocene
Lake Tecopa, Inyo County, Calif. The zeolites are
chiefly phillipsite, clinoptilolite, erionite, and trace
amounts of chabazite; they generally occupy a zone
that is surrounded by unaltered glass. Petrographic
evidence and field relations suggest that the zeolites
formed diagenetically by alteration of glass. The
zeolite zone itself surrounds a zone containing potash
feldspar and searlesite, and petrographic evidence in
this zone suggests that potash feldspar and searlesite
formed by diagenetic alteration of the secondary zeo-
lites. The zonation is thought to be due to chemical
variation in the composition of the sediment pore
water; this, in turn was inherited from a pattern that
existed in the water of the Pleistocene lake, namely,
an area of relatively fresh water along the shore that
graded basinward into concentric zones of increased
alkalinity and salinity.

Zeolites in shattered quartz monzonite in Colorado

The discovery of abnormal concentrations of the
zeolite Jaumontite in large masses of shattered quartz
monzonite is a byproduct of a study of beryllium near
Mount Princeton, Colo., by W. N. Sharp. Faulting
related to structural development of the Arkansas
Valley caused shattering of large masses of crystal-
line rocks and provided conduits for rising solutions
that produced the zeolite.

SALINE MINERALS

Salinity gradients help reconstruct history of Paradox
basin, Utah and Colorado

Continuing studies of the bromine content of halite
beds in the Paradox Member of the Pennsylvanian
Hermosa Formation, by O. B. Raup (r0769), support
the earlier suggestion that knowledge of the bromine
distribution throughout the entire Paradox basin
would yield much information about lateral as well as
vertical changes in the sedimentary sequence. To-
gether with R. J. Hite, he has continued to assemble
data on bromine profiles from stratigraphically equiv-
alent beds of halite that make it possible to define
salinity gradients in the basin and thus define areas
of high and low salinity. This helps reconstruct the
paleogeography and paleotectonic history of the basin
throughout periods favorable for salt deposition, and
might point to localities and to horizons worthy of
further exploration for oil and potash.

Saline deposits at Searles Valley, Calif., record climatic
lake fluctuations

Nonmarine saline deposits of late Quaternary age,

buried near the middle of Searles Valley, Calif., grade

INVESTIGATIONS OF NATURAL RESOURCES

laterally into outcrops of alluvial layers interbedded
with calcareous silts and sands deposited in large lakes.
G. 1. Smith (r0210, r0772) finds that these deposits
provide a detailed record of climatically controlled
lake fluctuations. Furthermore, the saline-mineral as-
semblages suggest that the prevailing climates of some
interpluvial periods differed from those of other peri-
ods in their seasonal distribution of precipitation; some
saline layers formed during intervals that had dry
winters and wet summers, whereas others formed dur-
ing periods of wet winters and dry summers. Clues
have also been noted in the outcropping sediments that
suggest high salinities in the depositing lakes, thus in-
dicating a favorable environment for saline deposition.
In Searles Valley, for example, such conditions are
implied by the distribution of fresh-water fossils, the
presence of certain soluble salts, and the distribution
of aragonite. The mineralogy and lithology of drill
cores from areas that surround the saline bodies pro-
vide additional clues not obtainable from exposed and
weathered sections. Such information might aid in
identifying other basins containing valuable saline de-
posits.

Trona from nonmarine saline deposits of Wyoming

Two companies now mine trona from the nonmarine
saline deposits in the Wilkins Peak Member of the
Eocene Green River Formation, southwestern Wyom-
ing, and four other companies are actively exploring
or developing property in the area. The deposits have
been studied by W. C. Culbertson (p. B159-B161)°
who estimates that beds in the area contain 67 billion
tons of trona in 24 beds more than 3 feet thick, and
36 billion tons of mixed trona and halite in 14 beds
more than 3 feet thick.

Saline facies rocks recognized within oil shales of
Colorado

Core-hole data from the Piceance Creek basin of
northwest Colorado have disclosed a well-developed
saline facies within the rich oil shales in the lower part
of the Parachute Creek Member of the Eocene Green
River Formation. Studies by J. R. Dyni and R. J.
Hite show that cyclic units of nahcolite and halite are
interbedded with oil shale in a zone at least 900 feet
thick in the depositional center of the basin. The
mineral dawsonite is disseminated through the oil
shale of this zone. Minor accessory saline minerals
include northupite, searlesite, shortite, trona( ), and
wegscheiderite. Soda ash from the nahcolite and alu-
minum from the dawsonite are of potential economic

5 See note opposite page Al explaining system used for bibliographic
references to other chapters of Professional Paper 550.
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value, perhaps as byproducts from spent shale of
shale-oil retorts.

Nahcolite (NaHCO;) occurs throughout the saline
facies in bedded units as much as 11 feet thick, in layers
of a honeycomblike intergrowth of oil shale and nahco-
lite, and in nonbedded discrete crystalline masses or
pods. Nahcolite, which is water soluble, contains 63
percent soda ash by weight. Select intervals of rich
oil shale as much as 230 feet thick may average as
much as 18 percent nahcolite.

Dawsonite [NaAl(CO;) (OH).] has been found in
only a few localities in the world, and its abundance in
the Piceance Creek basin attests to the unique nature of
the geologic environment. The solubility of dawsonite
in dilute acid encourages the hope that aluminum can be
extracted from it economically. A select section of
dawsonitic oil shale, nearly 300 feet thick, averages 12.3
percent dawsonite. The full thickness and areal extent
of the dawsonitic oil shale are unknown, but indications
are that the size is large in comparison with the small
bauxite reserves of the United States. Furthermore,
the existence of dawsonite in this locality opens up the
possibility that it can also be found in other oil-shale
basins containing saline minerals, such as the Uinta
basin of Utah and the Green River basin of Wyoming.

PHOSPHATE

Miocene-age phosphate in southwestern Florida

J. B. Cathcart has noted that recent drilling in
Hardee, Manatee, and De Soto Counties, to the south of
Florida’s main land-pebble district, indicates that the
phosphate is mostly in the Miocene Hawthorn Forma-
tion. The rocks in this area are characteristically low
in P,Os content, and the principal diluent is a carbo-
nate mineral. In the western part of this area,in Mana-
tee County, the lower phosphorite unit of the Pliocene
Bone Valley Formation is generally missing, probably
because it was not deposited. In the southern part, in
southern Hardee County, there is a facies change, and
the phosphate rocks grade into a southward-thickening
shell bed of possible late Miocene age. Aluminum phos-
phate minerals characterize part of the phosphate zone
over much of this part of Florida, but X-ray diffraction
studies show that they are missing in southern Hardee
County, apparently because leaching by acid ground
water did not take place.

Geologic features of phosphate deposits in northern
Florida and southern Georgia
Phosphate deposits similar in some ways to those of
southern Florida, occur in northern Florida and
southern Georgia. Here the deposits consist chiefly
of carbonate fluorapatite, and are partly of residual
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origin (as in rocks of the Hawthorn Formation) and
partly of reworked origin (as in rocks of post-Haw-
thorn age). They also have a leached zone that is
characterized by aluminum phosphate minerals al-
though preliminary study by J. B. Cathcart indicates
that this leached zone is not as widespread or well
developed in the north Florida—south Georgia area as
it is in the main land-pebble district of south Florida.
The north Florida-south Georgia deposits differ from
the south Florida deposits in that they generally lie in
basins on the flanks of small anticlines or domes and
are composed of finer grained (less than 1 mm) phos-
phatic material. According to preliminary work they
have quartz as the principal diluent, although an iron
oxide mineral and pyrite are present also in the brown
and black phosphate nodules.

Phosphate deposits of possible economic importance in
lowa

C. E. Brown has sampled the phosphate-bearing basal
beds of the Maquoketa Shale, of Late Ordovician age,
in northeastern Towa and found them to contain distinct
beds of silty, friable phosphorite of possible economic
importance (p. B152-B158). Near Dubuque, the phos-
phorites average about 2 feet in thickness and contain
about 15 percent P;O;. Preliminary estimates indicate
that nearly 5,000 tons of this phosphate rock peracre are
present here. In Clayton County, to the northwest,
phosphorites at this horizon are 1 to 2 feet thick and
contain 20 to 25 percent P;0;. Associated with the
phosphorite is fluorite, the first found in the upper
Mississippi Valley lead-zine district; the fluorite is in
crystal-lined vugs, where it is associated with caleite,
pyrite, and sphalerite.

Precambrian phosphorite in Montana and Tennessee

Precambrian phosphorites are relatively rare, but two
occurrences have been recently reported. One of these,
a thin bed of phosphorite found by R. A. Gulbrandsen
(p- D199-D202) in rocks of the Belt Series near Wolf
Creek, Mont., may contain fossils; a structure observed
in thin section is strikingly similar to a sponge spicule.
The second occurrence, reported by Helmuth Wedow,
Jr., R. H. Carpenter, and J. R. Lehr (r2064), is in the
Precambrian Ocoee Series at the East Fork manganese
district, Sevier County, Tenn. It occurs in a zone of
phosphatic arkose and nodular carbonaceous shale at
least 6,000 feet long and as much as 100 feet thick. In-
dividual beds of arkosic phosphorite and phosphate
nodules contain 25 to 85 percent P,0s;. One bed of
arkosic phosphorite is about 1,200 feet long and as much
as 4 feet thick. These discoveries show that environ-
ments favorable for phosphate precipitation existed in
some areas during Precambrian time.
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importance of kaolinite content of Maryland clays
Numerous X-ray diffraction analyses of the fine-
grained fractions of samples from the Miocene Chesa-
peake Group of southern Maryland by M. M. Knechtel
and J. W. Hosterman, show that the clay materials of
the Choptank and Calvert Formations are made up
of montmorillonite and illite in approximately equal
amounts, and the samples from the St. Marys Forma-
tion contain montmorillonite, illite, and kaolinite also
in approximately equal amounts. The absence or near
absence of kaolinite in the samples from the Choptank
and Calvert strata may be largely responsible for their
unsatisfactory firing behavior in bloating tests; the
samples from the St. Marys Formation are more satis-
factory, and not only form products suited to use as
lightweight aggregate, but also appear to be usable
as raw materials for the manufacture of common brick.

Potential source of brick clay in Beltsville area, Maryland

C. F. Withington reports (p. D203-D208) that
bricks have been made in the laboratory from silty
clay tailings in sediment catchment ponds of gravel-
washing plants near Beltsville, Md. The composition
of this tailings-pond clay compares favorably with
raw material now being used commercially for com-
mon brick. Additional tests are needed, however, to
prove the commercial feasibility of this waste clay as
a raw-material resource for brick manufacture.

Geologic setting and mineralogy of clays in Pennsylvania
studied

In Pennsylvania, the geologic setting and miner-
alogy of four white kaolin clay deposits of residual
origin are being studied by J. W. Hosterman. The
Toland clay, in Cumberland County, south-central
Pennsylvania, is derived from phyllite present near
the contact of the Antietam Quartzite of Cambrian
age. The clay, composed of well-crystallized kaolinite,
1s being mined for use in cement, but beneficiation
would probably make it suitable as a paper filler or
paper coater. The Kunkletown clay, from Monroe
County, in the eastern part of the State, is derived
from Willard’s Buttermilk Falls Limestone and the
Keyser Limestone, of Devonian and Silurian ages.
This clay, used in making white cement, is highly
siliceous but does contain well-crystallized kaolinite.
The Stormstown and Oreminea deposits, Centre and
Blair Counties, central Pennsylvania, are derived from
the Gatesburg Formation of Cambrian age. The clay
in both deposits, used in making refractory clay prod-
ucts, is highly siliceous but contains a large amount of
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well-crystallized kaolinite that could be used as a
paper filler if beneficiated.

Early uses of sand and clay in North Carolina

A byproduct of clay studies in the southeastern
United States was the confirmation by S. H. Patter-
son that fragments of brick and “mortar” provided by
the National Park Service from the Fort Raleigh,
N.C., archaeological excavations were made from
nearby deposits of sand and clay. This material was
manufactured in 1585 or 1586 by the first English-
speaking settlers in North America. Fragments of
tile from the same site were found to be composed of
different material.

BERYLLIUM

Modal analyses of Colorado beryllium-bearing
pegmatites

As part of a study of beryl in pegmatites, visually
estimated modes published by Staatz and Trites ¢ and
by Thurston 7 of 3,104 pegmatites of the Quartz Creek
and Crystal Mountain pegmatite districts, Gunnison
and Larimer Counties, Colo., were compiled by J. J.
Norton ® on ternary diagrams representing the contents
of quartz, plagioclase (mostly An, to An), and perthite.
The modes of homogeneous pegmatites of the Crystal
Mountain district have a well-defined maximum at 20
percent quartz, 30 percent plagioclase, and 50 percent
perthite. Homogeneous pegmatites of the Quartz Creek
district also ordinarily have about 20 percent quartz but
a wide range in the amounts of plagioclase and perthite;
layered pegmatites in this district have similar bulk
compositions, but the plagioclase of these pegmatites is
concentrated in footwall layers and the perthite in
hanging-wall layers.

Beryllium minerdlization evaluated in Arizona, New
Mexico, and Utah

Large areas characterized by fluorspar deposits and
beryllium- and fluorine-rich igneous rocks in south-
eastern Arizona and southwestern New Mexico are
thought by D. R. Shawe to be favorable for the oc-
currence of beryllium deposits of the Spor Mountain
type. Two such areas are described by Shawe (p.
C206-C213) ; a third, recognized later, is in south-
western Utah. Tt lies about 100 miles south of the
Spor Mountain deposit and extends from the southern

sM. H. Staatz and A. F. Trites, Jr., 1955, Geology of the Quartz
Creek pegmatite district, Gunnison County, Colo.: U.S. Geol. Survey
Prof. Paper 265, 111 p.

7W. R. Thurston, 1955, Pegmatites of the Crystal Mountain district,
Larimer County, Colorado: U.S. Geol. Survey Bull. 1011, 185 p.

8J. J. Norton, in press, Ternary diagrams of the quartz-feldspar
content of pegmatite in Colorado : U.S. Geol. Survey Bull. 1241-D.
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Wah Wah Mountains east-northeast to the vicinity of
Marysvale, Utah. The area is characterized by silicic
volcanic rocks with unusually high beryllium content
(10-50 ppm of Be), topaz-bearing rhyolite associated
with thick sections of volcanic rocks, and numerous
fluorspar deposits; actual known occurrences of beryl-
lium minerals, though, are sparse.

Vertical tectonics control localization of hydrothermal
beryllium deposits in western North America

Studies of the regional distribution of minor ele-
ments by W. R. Griffitts, on which D. R. Shawe’s con-
clusions (above) were partly based, have lead Griffitts
to conclude that, in western North America, hydro-
thermal beryllium deposits are largely restricted to
areas in which vertical tectonic movements have been
dominant. Most such deposits are in the Basin and
Range province, but beryllium minerals are also found
in some of the volcanic fields that outline the southern
half of the Colorado Plateaus province and near
grabens in the central and northern Rocky Mountains.

MICA

Fracture control of mica pegmatite emplacement in
North Carolina

Mapping by F. G. Lesure in the southern half of
the Franklin quadrangle, Macon County, N.C., has
shown that numerous small mica pegmatite bodies
occur in fractures and shears along the margins or
within larger lenticular masses of hornblende-feldspar
gneiss. During the last period of regional meta-
morphism, hornblende gneiss apparently fractured
more readily than the adjacent quartz-feldspar and
garnet-biotite-sillimanite gneisses. The hornblendic
rocks form sills and possibly dikes in the other meta-
morphic rocks. Semiquantitative analyses of fresh
hornblende gneiss and saprolite derived from horn-
blende gneiss show a range in Ni content of 30-2000
parts per million, and in Cr content of 200-1500 ppm.
Such high values suggest a mafic or even ultramafic
igneous origin for the hornblende gneiss in this area.

RADIOACTIVE MINERALS
URANIUM

Concentric zonation in uranium-vanadium deposits of
San Juan County, Utah
The largest and most productive uranium-vanadium
deposits of the Montezuma Canyon area, San Juan
County, Utah, are in middle Montezuma Canyon (L.
C. Huft and F. G. Lesure, r1542). They are in the
Salt Wash Sandstone Member of the Morrison For-
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mation of Jurassic age, and generally occur near the
edges of a prominent sinuous and asymmetric com-
pound lens of light-gray to white sandstone nearly a
mile wide. Many individual deposits in the area
normally are concentrically zoned. The zones (most
easily recognized in small deposits) consist of (1) an
inner zone of brown, iron-stained nonmineralized rock,
(2) an intermediate zone of olive-gray mineralized
rock ranging from % to 2 feet in thickness, and (3) an
enveloping gray, carbonate-cemented outer zone, which
grades into barren country rock. Where the zones cut
across the beds at the margins of the deposits they
form the characteristic ore rolls of the Colorado Pla-
teau.

Uranium deposits in lignite of North and South Dakota

The results of a comprehensive study of the geo-
logic setting of uranium-bearing lignite in the south-
western part of the Williston basin, North and South
Dakota, by N. M. Denson and J. R. Gill ® show that
deposits containing at least 0.1 percent U;O; are con-
fined to the Fort Union Formation of Paleocene age.
They occur in a northerly trending belt of deposits 150
miles long that is generally alined with the structurally
lowest part of the basin. The rocks containing the
deposits are characteristically lenticular. The prin-
cipal structural and stratigraphic controls for the
deposits are shallow troughs superimposed on the
flanks of the basin by late Tertiary tectonic movements
and the proximity to the pre-Oligocene erosion sur-
face. Uranium, along with arsenic, molybdenum, se-
lenium, and vanadium have been introduced into lig-
nite and other carbonaceous rocks by ground water
from Miocene time to the present.

The stratigraphic distribution and characteristics
of uranium deposits in lignite and carbonaceous silt-
stone in the Cave Hills area, Harding County, S. Dak.,
were described by G. N. Pipiringos, W. A. Chisholm,
and R. C. Kepferle.® A close coincidence is shown
between uranium deposits and the principal aquifers
in this region. The study indicates that the uranium
content of the coaly rocks decreases progressively
downward in the stratigraphic section.

Localization of uranium-bearing veins in Western United
States

The structural setting of uranium-bearing veins is

reviewed by F. W. Osterwald ** in the last report of a

9N. M. Denson and J. R. Gill, 1965, Uranium-bearing lignite and
carbonaceous shale in the southwestern part of the Williston basin—
a reélonal study : U.S. Geol. Survey Prof. Paper 463, 75 p.

10 G, N. Pipiringos, W. A. Chisholm, and R. C. Kepferle, 1965, Geol-
ogy and uranium deposits in the Cave Hills area, Harding County,
South Dakota: U.S. Geol. Survey Prof. Paper 476-A, p. A1-A64.

1 F. W. Osterwald, 1965, Structural control of uranium-bearing vein
deposits and districts in the conterminous United States: U.S. Geol.
Survey Prof. Paper 455-G, p. G121-G146.
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series summarizing characteristics of such deposits.
Although no one kind of structure is particularly fav-
orable, most deposits in veins are in places where
small- to intermediate-scale faults, joints, and folds
were formed adjacent to large- to intermediate-scale
faults (Taft-McKittrick area, California), anticlines
(Front Range, Colo.), and intrusive bodies, or be-
tween two intermediate- to large-scale faults (Co-
chetopa district, Colorado, and Marysvale, Utah).

Distribution of selenium in some uranium deposits

Uranium, vanadium, and selenium have a zonal dis-
tribution in and near some roll and tabular uranium-
vanadium ore bodies in sandstone on the Colorado Pla-
teau (D. R. Shawe, p. B169-B175). The zones are
concentric with the curved surfaces of the roll bodies
and parallel to the boundaries of tabular bodies. The
zonal arrangement is particularly clear for selenium,
which tends to be most concentrated in a thin shell or
zone at the interior margin of uranium-vanadium ore.

A similar zonal arrangement of selenium with respect
to uranium is also characteristic of roll-form bodies of
uranium ore in Tertiary rocks in the Shirley basin,
Wyoming, as reported by E. N. Harshman (p. C167~
C173) and as found by A. P. Butler from sampling a
similar deposit in the Powder River basin, Wyoming.
(See also “Geochemistry of Ore Deposits.”)

Some, and perhaps most, of the selenium in unweath-
ered parts of uraninum deposits in the Powder River
and Shirley basins occurs as ferroselite (FeSe,), the
selenium analog of marcasite, which was first identified
in a Powder River basin deposit by H. C. Granger (p.
C133-C137).

THORIUM

Rare earths and thorium in carbonate veins, Fremont
County, Colo.

In the northern Wet Mountains, Fremont County,
Colo., M. H. Staatz and N. M. Conklin (p. B130-B134)
report carbonate veins containing four rare-earth-bear-
ing minerals—monazite, bastnaesite, thorite, and fer-
gusonite—along a northeast-trending shear zone 1,560
feet long. The shear zone is 1.4 miles west of the
large alkalic intrusive complex centered around Me-
Clure Mountain. In contrast to the siliceous, thor-
lum-bearing veins southeast of the alkalic complex,
the veins west of the complex are characterized by
carbonate gangue and a content of rare earths exceed-
ing that of thorium. They probably should be classed
as carbonatites.
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MINOR ELEMENTS

Distribution and concentration of minor elements in black
shale statistically evaluated

A study by J. D. Vine of correlation statistics from
a number of sets of black-shale samples suggests that
different environments of black-shale deposition pro-
vide a wide variety of characteristic minor elements.
The minor elements can be grouped in each set by a
positive or negative correlation with the characteristic
major elements, Thus it is possible to distinguish
minor elements that are characteristically associated
with the detrital mineral fraction, the organic matter,
or the chemically precipitated fraction of the rock.
The detritial fraction is generally characterized by
Ti, Zr, and Ga, but may also include B, Ba, Be, Sc,
and Sr; it may even include Cr and V if the rock is
not enriched in these elements. The organic-matter
fraction is generally characterized by Cu, Ni, and Mo,
even though these elements may be present only in
very small amounts. In metal-rich rocks, the organic
matter is normally characterized, in addition, by V
and Cr and by one or more elements of a group that
includes Ag, B, Co, Pb, Se, U, and Zn. ;Where car-
bonate minerals predominate in the chemically pre-
cipitated fraction, Sr and Mn are present; where phos-
phate minerals predominate, La, Y, and other rare-
earth elements may be included; where silicate
minerals predominate, the Ba or Ti content may be
high ; where sulfide minerals are abundant, Ni, Co, and
T1 may be characteristic trace elements; and if saline
minerals are present, B enrichment is common.

ORGANIC FUELS

U.S. Geological Survey research pertaining to or-
ganic fuels is directed toward evaluating geologic en-
vironments favorable for fuel accumulations, establish-
ing resource estimates, and studying the geochemistry
and origin of fossil fuels. Results of stratigraphic,
structural, and areal geologic studies related to work
on organic fuels are summarized in results of regional
investigations; only findings concerning fuel resources
and organic geochemistry are reported below.

'COAL

Coking coal resources in Western United States

In a recent summary of coking-coal deposits in the
Western United States, Paul Averitt (r0324) has de-
scribed the geology and coal resources in 21 localities
in 8 States. Three of the localities, the Raton Mesa
region, Colorado-New Mexico, the Carbondale field,
Colorado, and the Sunnyside-Castlegate field, Utah,
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are important sources for metallurgical coke used by
the western steel industry. Other areas yield coal
suitable for manufacture of lower grade coke. Some
areas still are undeveloped. Most of the areas have
been mapped and described by the U.S. Geological
Survey.

Revised estimates of coal resources in Arkansas

Estimates of original coal resources in the Coal Hill,
Hartman, and Clarksville quadrangles, Johnson
County and vicinity, Arkansas, have been revised up-
ward by E. A. Merewether and B. R. Haley on the
basis of detailed geologic mapping and additional
coal-thickness data. Original resources are now esti-
mated to be 45 million short tons of low-volatile bitu-
minous coal and 336 million short tons of semianthra-
cite, representing increases of 180 percent and 24
percent, respectively, over previous estimates made by
Haley.*

Coal beds of economic importance in northern New
Mexico

Detailed geologic mapping by C. L. Pillmore in the
Catskill NW and Casa Grande quadrangles, northern
Colfax County, N.M., has delineated several coal beds
of economic importance near the base and in the upper
part of the Raton Formation of Late Cretaceous and
Paleocene age, and in the Vermejo Formation of Late
Cretaceous age. Two beds of high-quality bituminous
coal near the base of the Raton Formation range in
thickness from 36 to 56 inches for the lower bed and
from 63 to 81 inches for the upper bed. Resources
of about 184 million short tons are estimated for
the beds under less than 1,000 feet of cover. One coal
bed at the top of the formation is as much as 55 inches
thick and extends over an area of 40 square miles in
the Casa Grande quadrangle. Calculated resources
in this bed total 78.5 million short tons.

Coal beds near the base and top of the Vermejo
Formation are as much as 10 feet thick at Vermejo
Park dome; the beds are lenticular over a distance of
2 to 3 miles in an east-west direction, but are more
continuous in a north-south direction. Establishment
of a new raithead and coal-preparation plant 4 miles
east of Vermejo Park increases the commercial poten-
tial of the Vermejo coals.

New estimate of bituminous coal resources in Texas

W. J. Mapel estimates that bituminous coal re-
sources within Texas in beds more than 14 inches
thick and under less than 3,000 feet of cover total
6,100 million short tons. This figure is about 25 per-

12 B, Hale; g 1960, Coal resources of Arkansas, 1954: U.S. Geol.
Survey Bull 1072-P, p. 795-831.

All

cent less than the estimate of 8,000 million short tons
made by Campbell and Parker in 1909.2* The new
estimate includes 5,400 million short tons of coal of
Pennsylvanian and Early Permian age in north-cen-
tral Texas, and 665 million short tons of coal of Cre-
taceous or early Tertiary age in the Kagle Pass,
Santo Thomas, and San Carlos districts. About 65
million tons of coal of Cretaceous age is estimated to
be present in the poorly explored parts of Brewster
and Presidio Counties.

PETROLEUM AND NATURAL GAS

Estimates of -original world resources of petroleum and
natural gas

In a recently completed study, T. A. Hendricks
(r1698) estimates that the amount of crude oil origi-
nally in place in the world amounted to slightly less
than 10,000 billion barrels, of which approximately
1,600 billion barrels was in the United States. Na-
tural gas originally in place in the world is estimated
at more than 80,000 trillion cubic feet, of which about
4,000 trillion cubic feet was in the United States.
Liquids originally contained in the natural gas of the
world are estimated at more than 800 billion barrels,
of which about 120 billion barrels was in the United
States.

OIL SHALE AND HUMATES

World resources of oil shale evaluatd

According to a recent study by D. C. Duncan and
V. E. Swanson (r1673) organic-rich shale deposits of
the world land areas, including the United States,
contain approximately 900 trillion tons of organic
matter which has an energy potential of about 24,000
Q (10 Btu). These deposits have an alternative
potential yield of more than 2 quadrllhon barrels of
oil. Deposits of organic-rich shale in the United
States are estimated to contain an order of magnitude
of 72 trillion tons of organic matter.

Yields from oil shale in northern Alaska summarized
A report by H. A. Tourtelot and I. L. Tailleur
(r0125) summarizes the oil yield and semiquantita-
tive spectrographic analyses of oil-shale samples from
the central and western Brooks Range, Alaska.
Yields of 3 to 144 gallons of oil per ton are reported
for samples from the central Brooks Range, and maxi-
mum yields of 24 gallons per ton from the western
Brooks Range. Anomalously large amounts of minor
elements, including mercury, silver, and gold, occur
in oil shale of the central Brooks Range. The oil

18 M. Campbell and E. W, Parker, 1909, Coal fields of the United
States: US Geol. Survey Buil. 394, D. 7-26.
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shale is present in several different stratigraphic se-
quences that may be of several different ages in the
span of early Middle Jurassic to middle Early Cre-
taceous. The deposits are generally thin and have
been strongly folded and faulted; but the great areal
extent indicates that large amounts of the rock are,
or were, present.

Oil content of Antrim Shale in Michigan basin

In a summary of the geologic history of the Michi-
gan basin, G. V. Cohee (r0070) reports that the An-
trim Shale, an organic-rich black shale of Late De-
vonian age, locally contains as much as 17 gallons of
oil per ton of shale. The Antrim ranges in thickness
from 150 feet along the eastern and northern margin
of the basin to 700 feet in the central part of the basin.
A resource of 20 trillion tons of organic-rich shale,
containing 1 to 2 trillion tons of organic matter, is
represented by the shale.

Humate deposits of northwestern Florida

Four deposits of humate, which may be of future
economic significance, have been delineated by V. E.
Swanson from outcrop information in the Florida
panhandle. The largest deposit, in southeastern Wal-
ton County, contains an estimated 2 million tons of
extractable humate. A deposit in south-central Gulf
County contains on the order of 250,000 tons of hu-
mate; and two smaller deposits, one in southwestern
Franklin County and the other in south-central Oka-
loosa County, each contain about 50,000 tons of ex-
tractable humate. Because of its metal sorptive prop-
erties, large tonnages, and thin overburden in coastal
dune sands, the Florida humate may find use in the
chemical and fertilizer industries (V. E. Swanson and
others, p. C174-C177).

MINERAL INVESTIGATIONS RELATED TO THE
WILDERNESS ACT

The Wilderness Act and the Conference Report on
Senate Bill 4, 88th Congress, direct the U. S. Geo-
logical Survey and the U. S. Bureau of Mines to
make mineral surveys of wilderness and primitive
areas. Areas officially designated as “wilderness,”
“wild,” or “canoe,” when the act was passed, were
incorporated into the National Wilderness Preserva-
tion System. Areas classed as “primitive” were not
included into the Wilderness System, but the act
provided that each primitive area should be studied
for its suitability for incorporation into the Wilder-
ness System. Mineral surveys constitute one aspect
of such suitability studies. Field studies on the min-
eral resources of 9 primitive areas were completed by
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the Geological Survey and Bureau of Mines during
fiscal year 1966, and studies on 2 other primitive areas
are continuing. Several additional primitive areas
are scheduled for study in the coming year.

San Rafael primitive area, California

A mineral-resource study of the San Rafael primi-
tive area, near the coast in south-central California,
has been made by H. D. Gower and others (r2016).
There is no known mineral production from this prim-
itive area nor were deposits approaching ore grade
recognized here. Limestone in the southeast part of
the area meets specifications for some commercial uses,
but it is unfavorably located with respect to similar,
more accessible deposits. The formerly productive
Cachuma quicksilver district adjoins the primitive
area on its southwest side, but a careful search for
visual evidence of mercury in the southwest part of the
San Rafael primitive did not turn up any evidence for
such mineralization here. Geochemical sampling
identified anomalous concentrations of mercury in Sul-
phur Spring Canyon, but the likelihood of near-
surface mercury ore bodies is low, and the possibility
of discovering such ore bodies by deep exploration is
economically unattractive. Although deposits of
phosphate, diatomite, and gypsum occur in nearby
areas, the host rocks for these deposits are not present
within the San Rafael primitive area.

Stratified primitive area, Wyoming

A small part of the Stratified primitive area, total-
ing about 10 square miles in northwestern Wyoming,
is mineralized sporadically, according to K. B. Ketner
and others (r0079). The area adjoins, and is south-
east of, the Kirwin mining district. Scattered patches
of altered rocks in the primitive area contain lead,
zine, copper, silver, and molybdenum in quantities
several times the normal content for rocks in the rest
of the primitive area. The mineralized part of the
area, which has a potential for concealed deposits and
is worthy of further exploration, has mining claims,
some of them patented.

Coal, bentonite, and phosphate may underlie parts
of the primitive area but at depths such that explora-
tion and mining of them would be prohibitively ex-
pensive. Intrusive rocks that penetrate possible oil-
and gas-bearing formations in all parts of the primi-
tive area greatly reduce the chances of finding oil and
gas here.

Mount Jefferson primitive area, Oregon

G. W. Walker and others (r0325) describe the
Mount Jefferson primitive area, in west-central Ore-
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gon, as being part of an elongate volcanic plateau with
several large extinct or possibly dormant volcanoes.
The geologic environment is not favorable for the
occurrence of valuable mineral deposits. Several lo-
calities, chiefly near extinct volcanic vents, contain
alunite and native sulfur, but neither of these is
present in sufficient quantity to be of commercial im-
portance. Rock samples and panned concentrates of
stream sediments lack concentrations of potentially
valuable metallic minerals. Cinders usable as con-
struction material occur in cones and in discontinuous
layers; they are widely distributed within the primi-
tive area but are not considered economically exploit-
able because of the abundance of more favorably
located cinder deposits elsewhere in Oregon.

Flat Tops primitive area, Colorado

Much of the Flat Tops primitive area of north-
western Colorado is capped by extensive basalt flows
of Tertiary age that form a broad, fairly level plateau
according to W. W. Mallory and others.® Within
the primitive area and elsewhere in Colorado these
Tertiary basalts generally are barren of mineral de-
posits. The Leadville Limestone, of Mississippian age,
immediately underlies the basalt over a wide part
of the primitive area, and elsewhere is a favorable
host rock for mineral deposits. Consequently, hun-
dreds of stream and soil samples were collected from
canyons and gullies peripheral to the basalt caprock
and analyzed by chemical and spectrographic methods.
A few localities were found to contain metallic concen-
trations somewhat higher than the low values common
for the area, but no significant evidence of ore deposits
was discovered. The presence of commercial quanti-
ties of oil and gas within the area is highly improb-
able, as are the prospects for coal.

Spanish Peaks primitive area, Montana
Reconnaissance geologic mapping and semiquantita-
tive spectrographic and chemical analyses of nearly 300
stream-sediment and bedrock samples did not indicate
that any potentially economic mineral deposits are pres-
ent within the Spanish Peaks primitive area, in south-
western Montana according to G. E. Becraft and others
(r0392). Asbestos (anthophyllite) occurs in a few
places in the eastern part of the primitive area. The
largest prospect is on Table Mountain, but the veins are
too small and the material is too low in grade to be of
economic interest. Metamorphosed Precambrian host
rocks of the Table Mountain asbestos deposit also con-
tain chromite, averaging about 11 percent Cr.O,, but
182 W, W. Mallory, E. V. Post, P. J. Ruane, and W. L. Lembeck, 1966,

Mineral resources of the Flat Tops imitive Q. 10. o8
Geol. Survey Bull. 1230-C, p, C1-c30, D o ive area, Colorado: U.S.
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this grade is too low and the deposit is too small to be
mined. Large altered zones were found along the Span-
ish Peaks fault and the Deer Creek shear zone, but
neither visual examination nor analyses of samples indi-
cates the presence of any mineral deposits. There has
been no mineral production from the Spanish Peaks
primitive area.

MINERAL RESOURCES OF APPALACHIA

As part of the overall effort to stimulate the lagging
economy of Appalachia, available information on the
mineral resources of the region is being summarized
in a current study. This work shows that the produc-
tion of mineral resources could be considerably ex-
panded, for use both within and outside of Appala-
chia. One of the best hopes for accelerating the re-
gional economy lies in greater local utilization of the
very large fuel resources of the region. The coal as
well as oil and gas resources of the region have fueled
the industrial growth of the eastern United States.
Coal resources are available in about 40 percent of
the area, and to date have provided about $28 billion
worth of production. More than 300 billion tons of
bituminous coal resources are now known in the re-
gion, the minable portion of which is sufficient to sup-
port 440 years of production at the 1964 mining rate
(about 850 million tons per year). Up to now, ex-
ploration for oil and gas has probed only the shal-
lower stratigraphic zones. Recent discoveries in east-
ern Ohio and eastern Kentucky suggest that more
intensive exploration at greater depths may add to
the known large oil and gas resources of the region.

In addition, Appalachia’s abundant resources of
salt, glass sand, and other high-purity silica products,
clays, high-purity limestone, dolomite, and feldspar,
are the raw materials of a growing number of prod-
ucts vital to industry. Building-material resources
also are abundant and are being used extensively ; they
represent another segment of Appalachia’s raw-ma-
terials base that has a capacity for further develop-
ment. Particularly, the cement, crushed stone, and
lightweight-aggregate raw materials are of major
significance in contributing to the further economic
growth of the region.

Reserves of zine, discovered in eastern Tennessee
during recent years, have been developed to the point
where Tennessee leads all other States in production
of this metal, a position Tennessee is expected to main-
tain for an indefinite period. The possibilities of
discovering new zinc deposits in Appalachia are con-
sidered excellent.
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Pathfinder elements in geochemical prospecting

The study of primary dispersion patterns in bed-
rock related to hypogene mineralization has been the
subject of intensive study. Recent work indicates
that some of the volatile elements, such as tellurium
and mercury, are useful pathfinders in prospecting for
concealed deposits of base and precious metals. The
greater mobility of these volatile constituents appar-
ently permits the formation of a primary leakage halo
above deposits containing less mobile metals such as
gold, copper, and lead. The recent development of
very sensitive analytical methods for the determina-
tion of tellurium, mercury, silver, and gold has now
made it possible to study the geochemical distribution
and abundance of these pathfinder elements.

In the Ruth porphyry copper deposit in Nevada,
geochemical investigations by G. B. Gott and J. H.
McCarthy, Jr., have revealed a strong metal zoning
that may lead to the discovery of additional concealed
porphyry copper deposits. The central part of the
district, wherein copper, iron, bismuth, and molyb-
denum are concentrated, is surrounded by a broad
peripheral zone in which zine, lead, antimony, mer-
cury, silver, and tellurium are concentrated. Because
of the enormous enrichment of tellurium compared to
its crustal abundance—&- to 10-million-fold enrich-
ment in this district—it is probable that tellurium is
one of the best indicator elements that can be used
for prospecting in the Egan Range.

Gott and McCarthy also report that the gold tellu-
ride deposits in the Cripple Creek district in Teller
County, Colo., have small quantities of mercury that
correlate closely with the distribution of the gold in
the exposed rocks. Although tellurium is also spa-
tially closely associated with the gold, its distribution
in the oxidized surface rocks is much more extensive
than is the distribution of either gold or mercury.
Anomalous amounts of tellurium and silver occur in
the entire district, but anomalous amounts of gold and
mercury are largely restricted to the areas where gold
has been mined.

Another example of hypogene zoning related to an
intrusive center is reported by W. J. Moore and others
(p. C197-C205), who made a study of metal distribu-
tion in bedrock and oxidized surficial material in the
Stockton district in northeastern Utah. Largely co-
extensive areas of locally high bismuth-copper-molyb-
denum content define a central zone ; lead-zinc areas of
greater lateral extent partially overlap the central
zone; and locally high arsenic-antimony (and boron?)
content characterizes the outer zone, with boron ex-
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tending beyond the limits of significant known min-
eralization. Silver is erratically distributed in the
area studied. (See also the section “Utah” under
“Regional Geology.”)

T. G. Lovering, H. W. Lakin, and J. H. McCarthy,
Jr. (p. B138-B141), have studied the mercury and
tellurium content of 93 jasperoid samples from 22
areas, including 14 mining districts. The samples
were classified on the basis of their field. relations,
composition, and other characteristics as either “favor-
able type” (commonly associated with ore), or “un-
favorable type” (not commonly associated with ore).
The tellurium content of these samples ranged from
200 parts per million to <0.1 ppm, and the mercury
content ranged from 90 ppm to 0.02 ppm. They
found tellurium content of more than 1 ppm and
mercury content of more than 5 ppm to be character-
istic of jasperoid of the favorable type.

Present techniques, such as spectrographic analysis
and vapor absorption, for determining the small
amounts of mercury in hypogene zoning patterns
require elaborate and expensive instrumentation, and
this has tended to reduce the potential usefulness of
mercury surveys in geochemical prospecting. Accord-
ingly, a simple chemical colorimetric procedure has
been devised by Margaret Hinkle, Kam Wo Leong,
and F. N. Ward (p. B135-B137) to offset the limita-
tions imposed by the costly instrumentation. The
method is based on the catalytic effect of mercury on
the reaction of ferrocyanide with nitrosobenzene to
produce a violet-colored compound. The mercury is
released by heating a sample of soil or crushed rock
to about 650°C. As little as 30 nanograms (3X10~%)
of mercury can be detected. The reliability of the
method is adequate to permit its use in geochemical
surveys that utilize mercury as a pathfinder element.

Use of bryophytes in geochemical studies

Studies of the element content of bryophytes (mos-
ses and liverworts) by H. T. Shacklette (r1607) that
were growing on various substrates in Wisconsin, Mis-
souri, and Kentucky revealed that these plants absorb
a greater number of elements than do the flowering
plants from the same regions. Bryophytes were
found to concentrate 27 elements to higher levels in
their tissues than those levels found in the substrates
on which they grew. Of 43 elements that occur in
the tissues of bryophytes, only beryllium, lanthanum,
titanium, and zircon were found in greater quantities
in the substrates than in the ash derived from bryo-
phytes that grew on these substrates. Very high per-
centages of barium (5.0), copper (0.2), lead (2.0),
strontium (0.15) and zinc (2.0).-were found in the
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ash of certain samples. Of all groups of the plant
kingdom, only bryophytes contained niobium and
scandium. On the other hand, cadmium, lithium, and
rhenium were found in flowering plants but not in
bryophytes. Bryophytes may be useful in regional
geochemical evaluations because of their pronounced
ability to concentrate the rare-earth elements that may
not be detected in other sampling media.

Stream-sediment and soil-sampling results

In the field of reconnaissance for mineral deposits
based on the sampling and analysis of stream sedi-
ments, cobalt is reported by F. C. Canney and L. A.
Wing (r2008) to be a very useful element, especially
as a pathfinder for nickel-copper-cobalt deposits as-
sociated with mafic rocks. Their data strongly indi-
cate that cobalt is normally a highly mobile element
in the supergene environment, certainly more so than
copper and nickel, and they suggest that this high
mobility is a property that should be exploited more
fully in reconnaissance prospecting surveys based on
stream-water or stream-sediment analysis:

High concentrations of copper, lead, and zinc
were found locally in soils in Marquette County, Mich.
by Kenneth Segerstrom and W. H. Raymond (p.
D186-D189). Most of these base-metal concentra-
tions are locally derived, and their migration and
local concentrations are largely postglacial.

Data of interest to those concerned with geochemical
prospecting for concealed ore deposits in glaciated
areas are contained in a report by F. C. Canney
(r1487), who made geochemical prospecting studies in
the copper belt of Orange County, Vt. Canney found
that anomalous patterns of copper are present in the
soils over and adjacent to suboutcropping pyrrhotitic
copper deposits concealed by a thin mantle of basal
till and that the total copper content of B-Zone soil
samples can be used as a guide in the search for
anomalous areas.

Precise borehole gravimeter developed

A precise borehole gravimeter that shows great
promise as a tool for petroleum exploration and de-
velopment and for geologic research, has been tested
successfully. The instrument was designed at the
suggestion of T. H. McCulloh (r0748), of the U.S.
Geological Survey, and developed as a result of close
cooperation between Geological Survey geologists and
representatives of the industrial firm of LaCoste and
Romberg, Inc. The gravimeter, a specially con-
structed modification of the patented LaCoste and
Romberg geodetic gravity meter, was designed to
measure gravity in wells cased with 7-inch or larger
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casing and at temperatures below 100°C. Initial tests
to depths of 4,150 feet in a well at Santa Fe Springs
oil field, California, indicated that the precision of the
instrument is 0,015 milligal; the precision may be
improved to =0.005 mgal with some instrument re-
finement and further operational experience. The
tests suggest that the borehole gravimeter is of poten-
tial commercial value for measuring rock density and
porosity in situ underground, for constructing sub-
surface gravity maps to be used in exploration for
undiscovered petroleum reservoirs in already explored
areas, and for investigations of known reservoirs that
are incompletely developed.

OFFICE OF MINERALS EXPLORATION

The functions of the Office of Minerals Exploration
(OME) were transferred to the U.S. Geological Sur-
vey in July 1965. The OME, like its predecessor
agency, the Defense Minerals Exploration Administra-
tion (DMEA), has as its prime objective the stimula-
tion of mineral exploration and the expansion of the
mineral resource base of the United States.

Under the OME program financial assistance is ex-
tended to mine operators for exploration of certain
eligible minerals and mineral products. Applicants
for financial assistance are requested to describe fully
the proposed exploration; they must include evidence
that funds for the exploration work are unavailable
on reasonable terms from commercial sources, and they
must certify that they would not normally undertake
the exploration at their sole expense under current
conditions or circumstances. All applications are
evaluated by OME on the basis of the following cri-
teria:

(1) Geologic probability of a significant discovery
being made.

(2) Estimated cost of the exploration in relation
to the size and grade of the potential deposit.

(3) Plan and method of conducting the exploration.

(4) Accessibility of the project area.

(5) Background and operating experience of the
applicant,

(6) Applicant’s title or right to possession of the
property.

If an application is approved, the Government may
enter into an exploration contract with the applicant,
under terms and conditions set forth in a contract
form. The Government will contribute not more than
50 percent of the total allowable costs of the explora-
tion specified in the contract, for all minerals except
silver, for which the Government will contribute up to
75 percent of allowable costs, The Government’s
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share of exploration costs is paid monthly, only after
the work for which the costs accrued has been com-
pleted. If the work results in a discovery the Govern-
ment is repaid with interest at the rate of 5 percent
royalty on production from the property. If there
is no production, no repayment is required.

Under the Geological Survey, the OME administra-
tive office is headquartered in Washington, D.C. Four
Survey field offices are maintained, one at S. 157
Howard Street, Spokane, Washington, which services
the states of Idaho, Montana, Oregon, and Washing-
ton. A second field office is at 345 Middlefield Road,
Menlo Park, California, for Alaska, California, Ha-
waii, and Nevada. A third office is at the Denver
Federal Center, Denver, Colorado, for Arizona, Colo-
rado, Kansas, Nebraska, New Mexico, North Dakota,
Oklahoma, South Dakota, Texas, Utah, and Wyoming.
All other states are served through the Survey office
in the Post Office Building, Knoxville, Tennessee.
Application forms and information pertaining to the
program may be obtained at these offices.

During the period July 1, 1965 to June 1, 1966, 87
applications for exploration assistance were received
by OME, 73 of which were primarily for silver, and
the rest for other eligible metals. A total of 13 ex-
ploration contracts were awarded, the Government’s
approved participation in which amounted to $504,495.
Ore was discovered in 3 exploration projects, bringing
to 18 the number of projects that have been certified
as discoveries since the OME program began in 1959.
At current market prices, the ore discovered in these
18 projects is estimated to have a recoverable value in
excess of $18,000,000.

WATER RESOURCES

The U.S. Geological Survey investigates the occur-
rence, availability, and quality of surface and under-
ground waters and the sediment discharge of streams.
A hydrologic-data network which extends throughout
the country provides continuing series of several types
of basic data. During 1966, discharge and water-level
data for surface waters were collected at about 8,300
stream-gaging stations and about 1,130 lake- and
reservoir-level stations. Continuous or periodic meas-
urements of ground-water levels were made in about
16,000 observation wells. The quality of surface
waters was monitored at about 1,960 stations; chemi-
cal, temperature, and sediment data were collected.

Included among these observation stations are about
40 hydrologic bench marks which had been established
by the end of the fiscal year. Each of these is a small
basin, as yet unaffected or little affected by man’s
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activities, in which long-term hydrologic observations
will be made. At present, one stream gage has been
established in each basin, and water samples are being
collected for analysis. These observations will pro-
vide a basis for understanding hydrologic changes
which may occur in nearby basins as a result of man’s
influence, and will document natural long-term hydro-
logic changes.

The Geological Survey is taking part in the Inter-
national Hydrological Decade, a 10-year effort of co-
operative international studies in scientific hydrology.
A principal goal of the Decade is the determination of
a global balance of water and waterborne materials.
As part of its activity in the Decade program the
Geological Survey is observing a 49-station hydrologic
network; the stream-discharge, chemical-quality, and
sediment data obtained will provide a general index
of the discharge of water and of dissolved and sus-
pended material from the continent to the seas. Data
from the hydrologic bench marks will show natural
hydrologic conditions. Measurements of the tritium
content in water in the 20 principal rivers in the
United States, and in precipitation at 16 localities, will
be used to evaluate the role of precipitation in deter-
mining the chemical characteristics of inland waters.
As its part in glaciological studies, which will also
play an important role in the determination of the
global water balance, the Survey is monitoring repre-
sentative glaciers in Alaska and the Western States.
These glaciers are part of an observational chain
which extends along the Pacific Ocean from the Arctic
to the Antarctic regions. Geomorphological studies
are also being made as a means of monitoring hydro-
logic processes (see discussion of the Vigil Network,
in the section “Geomorphology”).

Basic hydrologic data collected by the Geological
Survey are published in the following Water-Supply
Paper series of the Geological Survey:

“Surface Water Supply of the United States,”

“Ground-Water Levels in the United States,”

“Quality of Surface Waters of the United States,”
and

“Quality of Surface Waters for Irrigation, West-
ern United States.”

The Surface Water Supply series, formerly pub-
lished annually, is to be published at 5-year intervals
beginning with the period 1961-65. Each report is in
16 parts: 14, determined by drainage basins, for the
48 conterminous States, and one each for Alaska and
Hawaii. Interim annual reports by States are being
published. The reports on water quality are pub-
lished annually, but conversion to summary publica-
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Prepumpage piezometric maps constructed from
water-level measurements made around 1900 indicate
two major flow systems in the Potomac-Raritan-Ma-
gothy aquifer system. The first flow system is char-
acterized by a major recharge area where the forma-
tion crops out at greatest elevations in Mercer and
Middlesex Counties, in north-central New Jersey.
This flow system discharges into Raritan Bay to the
north and into the Delaware River, near Trenton, to
the south. The second flow system is recharged along
the Delaware River in the outcrop areas of the Poto-
mac and Magothy Formations from south of Trenton
to Salem County in southern New Jersey. Geochem-
ical measurements in this area indicate that the an-
cestral Delaware River was probably the source of
recharge, during the Pleistocene, for the water pres-
ently being withdrawn from the Potomac-Magothy
aquifer system.

The Potomac-Magothy aquifer system displays pro-
nounced directional permeability parallel to the long
axes of buried southeast-trending stream channels
south of Trenton. Detailed measurements of pH,
temperature, and concentrations of such chemical
species as bicarbonate, ferrous iron, calcium, and mag-
nesium have shown pronounced migration of ground
water up the channels to the northwest since pumpage
began around 1910.

Calculations based on the chemical analyses indicate
that the solubilities of limonite and siderite exert a
strong control on concentrations of dissolved ferrous
iron in the ground water. These conclusions are sup-
ported by laboratory solubility measurements on sider-
ite oolites which have been separated from cores from
the Raritan Formation.

Ground-water resources of the Susquehanna River basin

Studies by P. R, Seaber and E. F. Hollyday, made
in cooperation with the U.S. Army Corps of En-
gineers, indicate that in the Susquehanna River basin
in New York State, wells in Pleistocene sand and
gravel are potentially 40 times more productive than
wells in Devonian bedrock. Fine-grained lacustrine
deposits are predominant in the Pleistocene section in
much of the upper reaches of the Susquehanna River
valley and valleys of its tributaries above Bingham-
ton, and in the Canisteo River valley. However, 10
to 40 feet of highly productive water-bearing sand
and gravel is Jocated in the following areas: The
entire Cohocton River valley between Cohocton and
Corning, at least four-fifths of the Chemung River
valley between Corning and Waverly, at least four-
fifths of the Susquehanna River valley between Kirk-
wood and Waverly, at least two-thirds of the reaches
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of the Chenango and Tioughnioga River valleys, and
at least half of the valley reaches of the Susquehanna
River basin above Susquehanna, in northeastern Penn-
sylvania.

NEW ENGLAND

Ground-water conditions in the central Boston area

Subsurface hydrology is of special concern in plan-
ning the route of the proposed Inner Belt Highway,
the construction of which will involve considerable
excavation in the central Boston area, because decline
of ground-water levels during highway construction
might lead to rotting of the wooden foundation pilings
present beneath most of the older buildings. The com-
plexity of subsurface conditions is shown by a study
in progress by J. E. Cotton, which concerns such prob-
lems as old and new foundations and retaining walls;
watertight subways; leaky sewers (some recharging
and some draining); and a local base level (the
Charles River Dam), outside which the ground-water
level fluctuates with the tide. An overall generaliza-
tion of the ground-water hydrology of Boston seems
impracticable, and further study will be limited to the
immediate vicinity of the highway.

Water resources of the Millers River basin, Massachusefts
A study being made in the Millers River basin, in
north-central Massachusetts, by R. M. Collins and
D. R. Wiesnet shows that glaciofluvial deposits in the
Orange and Athol areas, the valleys of Trout Brook,
North Pond Brook, and Otter River, and in the
Lake Denison area are good prospects for developing
wells capable of producing 0.1 million gallons per day.
Yields as high as 2 mgd may be possible in a few
places. The ground water is generally of good quality
but locally may contain excessive amounts of iron.
Very little use is made of surface water for water
supply. The main stem of the Millers River is highly
polluted for about three-quarters of its length. How-
ever, water in most of its tributaries is of good quality.

Ground water in the Potowomut-Wickford area, Rhode
Island

The transmissibility of the sand and gravel aquifer
underlying the Potowomut-Wickford area ranges
from less than 10,000 to more than 300,000 gallons
per day per foot. J. S. Rosenshein, J. B. Gonthier,
and W. B. Allen have found that three small drainage
basins contain four areas in which the aquifers are of
sufficient permeability and saturated thickness to sus-
tain a total withdrawal of 18 million gallons per day
during exceptional dry years such as 1963. Part of
this withdrawal would be obtained from stream infil-
tration, and as a result of it some streams might have
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no flow for as long as 160 days during exceptionally
dry years.
NEW YORK

Hydrology of Flint Creek basin

Studies by D. E, Vaupel in the upper Flint Creek
basin, in Steuben and Yates Counties in western New
York, show that in an average year over two-thirds
of the precipitation, or approximately 1,250 acre-feet
per square mile, is returned to the atmosphere by
evapotranspiration. During periods of high evapo-
transpiration more than three-fourths of the ground-
water discharge to upper Flint Creek is supplied by a
terminal-moraine deposit located at the headwaters of
the creek, even though this deposit contains only one-
tenth of the drainage area of the basin.

Water resources of the western Oswego River basin

More than half the surface drainage of the area,
including the discharge from Seneca and Cayuga
Lakes, passes through Lock No. 1, or Mud Lock, on
the Cayuga-Seneca Canal east of Seneca Falls. W. J.
Shampine, L. J. Crain, and J. B. Hood, Jr., report
that the rating equation which has been used to com-
pute discharges for the important control structures
at Mud Lock required reevaluation to assure that ac-
curate flow data are available for assessing the causes
and effects of changes in the levels of Cayuga and
Seneca Lakes. Discharges computed from the old
equation may differ from measured values by as much
as 25 to 30 percent. A new equation based upon dis-
charge measurements has been devised, and 45 years of
available records have been recomputed. The new
equation accounts for previously unreported leakage
through the lock and gate structures.

Study of the chemical quality of precipitation indi-
cates that there is no significant widespread mineral
contamination of the air in this area. The average
specific conductance of the water is 45 micromhos.

Geohydrology of Queens County

Studies by Julian Soren indicate that reduction in
natural recharge to the aquifers of Queens County,
resulting from rapid urbanization since about 1920,
together with continued pumping, has been accom-
panied by the development of a deep still-growing
cone of depression in the water table, and by greatly
reduced storage in the ground-water reservoir.
Ground water has been pumped at about the rate of
60 million gallons per day, but conspicuous spread of
the area of drawdown apparently did not begin until
the 1920’s. Sea water is slowly being drawn into the
cone of depression in the central part of the county,
causing increases in hardness and chloride in the
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ground water. However, the overall quality of
ground water, as of 1961, was still suitable for public
supply and industrial use.

NEW JERSEY

Drought severity in New Jersey

The 1965 water year was the fourth consecutive year
of below-average flow in all gaged rivers in northern
New Jersey, and the fifth year in some of them. The
drought extends generally from New England to
Virginia east of the Appalachian Mountains, but pre-
liminary appraisal by J. E. McCall indicates that the
greatest severity has been in northern New Jersey and
southeastern New York. The drought intensified in
1965, and new record lows for monthly and annual
streamflow and ground-water levels were observed at
many locations in northern New Jersey. For ex-
ample, the 1965 runoff in the Pequest River basin was
5.76 inches, about one-third of the long-term average
and nearly 4 inches less than the previous yearly
minimum in 1932. The runoff for the 4-year period
of drought was only 55 percent of the long-term aver-
age in the Pequest basin.

Salt-water encroachment in Salem County

Salt-water encroachment has occurred in the princi-
pal aquifer in the vicinity of Salem, in the Atlantic
Coastal Plain in southwestern New Jersey, adjacent to
the lower Delaware River and its tidal tributaries.
According to J. G. Rooney, the aquifer affected is in
the Mount Laurel and Wenonah Formations of Creta-
ceous age, and the encroachment is in deposits 50 to
180 feet below the land surface. The aquifer is an
important source of water for the public-supply sys-
tem of the city of Salem, serving an estimated popu-
lation of about 9,700, and is also the source of supply
for several large industrial plants, the Salem County
hospital, and many private homes not served by the
city system. Chemical analyses of water samples
collected semiannually from one Salem public-supply
well show that chloride concentrations have increased
from 16 parts per million in 1962 to 291 ppm in No-
vember 1964. Continuous pumping of this well dur-
ing the spring, summer, and fall of 1965 yielded water
having an average chloride concentration of about
110 ppm. Chloride concentrations in samples col-
lected during 1965 from other wells tapping this aqui-
fer in the area ranged from 4.0 to 430 ppm.

Sediment yield, Passaic River basin
The annual average sediment yield has been esti-
mated by W. G. Shope, Jr., for three locations in the
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Passaic River basin in northeastern New Jersey. The
largest yield is in the Passaic River at Little Falls,
the most downstream station sampled, where the dis-
charge is 171 tons of sediment per square mile. The
Ramapo River near Mahwah carries 55 tons per
square mile; and the Passaic near Chatham, 149 tons
per square mile.

Evapotranspiration in the New Jersey Pine Barrens

E. C. Rhodehamel reports that the average yearly
transpiration of water by the native oak-pine forest
in the New Jersey Pine Barrens is a little less than
16 inches. Inasmuch as the total evapotranspiration
averages 22.5 inches, average annual interception and
evaporation losses are about 6.5 inches,

PENNSYLVANIA

Hydrology of valley fill

J. R. Hollowell has found shallow sand and gravel
deposits capable of yielding 100 gallons per minute
or more along the Susquehanna River in Luzerne
County, in eastern Pennsylvania. The deposits are in
a part of the valley deepened by Pleistocene glaciers
to depths as great as 300 feet. The valley fill con-
sists of early ice-contact deposits, overlain by lacus-
trine sediment which is overlain in turn by coarse
fluvial deposits. The coarse materials comprise the
best aquifer, and wells tapping them yield up to 400
gallons per minute. Thick deltaic deposits, originat-
ing from tributary streams, locally cross the valley
and replace the lacustrine deposits. Ground-water
supplies may not be found everywhere along the val-
ley, however, because coal mines beneath it have
drained the deposits in many places.

Ground water in Paleozoic sedimentary rocks

H. E. Johnson and S. F. Talian have studied data
from about 60 drilled wells in the 450-square-mile area
of the Valley and Ridge physiographic province in the
Mifflintown and Loysville quadrangles, in south-central
Pennsylvania. The major water-yielding rock units
are the Tonoloway Limestone and the calcareous Wills
Creek Shale, both of which are of Silurian age and
consistently produce hard water. The median hard-
ness of water from the Wills Creek Shale is about 175
parts per million and that from the Tonoloway Lime-
stone is greater than 220 ppm. Several wells drilled
in shale and sandstone units yield water that is high in
iron and manganese content. The highest concentra-
tions are in water from sandstone in the Devonian
Marcellus Shale.

230-568 O-67—3

A21

Cussewago Sandstone productive agquifer in Mercer
County

G. E. Kimmel has found, in studying the geology
and hydrology of Mercer County, that the most con-
sistently productive aquifer in the northwestern part
of the county is the Cussewago Sandstone of Missis-
sippian age. It is about 60 feet thick and yields as
much as 75 gallons per minute. In most of the area it
is overlain by the Bedford Shale, which is about 20
feet thick, and by younger shales and sandstones of
Mississippian and Pennsylvanian ages. In some val-
leys the Cussewago is directly overlain by unconsoli-
dated Pleistocene deposits consisting of till, sand,
gravel, and clay.

Water from the Cussewago is soft, and water from
the overlying rocks is generally hard to very hard.
However, field conductivity readings indicate that the
water in the Cussewago is more highly mineralized
than the water in the overlying rocks. With the ex-
ception of local areas of brackish water, conductivity
of water from the Cussewago ranges from 400 to about
900 micromhos. Conductivity of water from wells
in the overlying rocks generally ranges from about 200
to 400 micromhos. An analysis of water from the
Cussewago indicates that it is of the sodium bicarbo-
nate type. The water in the overlying rocks is of the
calcium bicarbonate type.

MARYLAND

Flow in the Patuxent River estuary

Deric O’Bryan and J. W. Crooks report that meas-
urements and computations of flow in the Patuxent
River estuary for one tidal cycle, made during the
early part of the wane of a lunar cycle, showed that
about 5.4 billion gallons of water flooded upstream
past the Benedict Bridge and returned seaward on
the ebbing tide. The fresh-water runoff during the
period of measurement, about 67 million gallons, was
only a small fraction of the water that moved seaward
past Benedict.

Large potential ground-water supplies on Eastern Shore
peninsula

According to F. K. Mack, R. A. Gardner, and W. E.
Webb, the drilling of 3 deep test holes (maximum
depth 1,500 feet) has revealed the existence of 2 hith-
erto unexplored aquifers, in the depth range of 1,300
to 1,500 feet, in the Cambridge-Easton area on the
Eastern Shore peninsula of Maryland. These ground-
water reservoirs, in strata of Cretaceous age, may be
an important source of water for future requirements
in the developing area. Several shallower wells,
drilled to depths of about 100 to 150 feet in north-
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eastern Dorchester County, showed that Pleistocene
deposits there are as thick as 120 feet. These deposits
constitute a relatively extensive aquifer, and po-
tentially, a highly productive one. On the basis of
specific-capacity tests it is concluded that individual
wells could be constructed which would yield water
supplies of the order of several million gallons per
day.

Water in the Salisbury area

Appraisal of the water resources of about 90 square
miles of the Salisbury area by D. H. Boggess, R. A.
Gardner, and S, G. Heidel shows that the perennial
yield from the principal aquifer, the deposits of
Pleistocene age, may average about 45 million gallons
per day. Withdrawals of water for all uses in the
area have recently averaged less than 9 mgd. Several
tests conducted to define the relationship between the
aquifer and Beaverdam Creek at the Salisbury muni-
cipal well field demonstrated that the aquifer receives
less recharge from the stream than was previously
thought. The advantage of near-stream development
of wells, derived from conditions favorable for in-
duced recharge, is now thought to have been over-
emphasized.

Chemical quality of Maryland surface water

A statewide chemical-quality reconnaissance of sur-
face water by J. D. Thomas has shown the water to be
satisfactory for most uses. The water in a large pro-
portion of streams is of the calcium bicarbonate type.
Streams on the Eastern Shore above tidewater, con-
tain less than 100 parts per million of total dissolved
solids. Piedmont streams generally contain higher
dissolved-solids concentrations than do the Eastern
Shore streams. The North Branch Potomac River, in
westernmost Maryland, is polluted by mine drainage
from both active and abandoned mines from its head-
waters down to Savage River, where mildly alkaline
water of good chemical character helps to neutralize
the acidic water of the main stem. Below Luke, in
Allegany County, the North Branch receives alkaline
mill waste and the water commonly has a pH of 8.0.
From Point of Rocks to the head of tidewater at
Washington, D.C., water in the Potomac River, which
provides the public supply for Washington and much
of its surrounding urban area, is mostly of the calcium
bicarbonate type.

WEST VIRGINIA

Use of water in the Monongahela River basin

A recent study by B. M. Wilmoth, E. A. Friel, and
J. W. Wark reveals that the total quantity of water
used in the Monongahela River basin in West Virginia
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is about 554 million gallons per day, which is about 11
percent of the 4,800 mgd that flows from the basin into
Pennsylvania. Of the amount used, almost 90 per-
cent (492 mgd) is for cooling and hydropower, and
most of it is therefore available for reuse. The water
available is sufficient to meet most of the requirements
for the present and for many years to come.

GEORGIA

Logging reveals structural feature of aquifer

Gamma-ray logging confirms the presence of a
troughlike depression in the top of the principal ar-
tesian aquifer in the area of the estuary between Jekyll
Island and the Brunswick Peninsula, in southeastern
Georgia. According to D. O. Gregg, preliminary evi-
dence shows that the trough may have been forming
almost continuously from late Eocene through Miocene
times. This depression may be related to a hydraulic
discontinuity previously found between the Brunswick
Peninsula and Jekyll Island.

Salt-water encroachment in Brunswick area

The bottom parts of several high-capacity industrial
wells in Brunswick were plugged because the wells
penetrated a confining unit and obtained salty water
from the underlying limestones. D. O. Gregg reports
that the plugging reduced the chloride content from
about 800 parts per million to about 35 ppm, but that
it also reduced the specific capacity by 9 to 78 percent.
The chloride content of water from unplugged wells
nearby has increased, indicating that the salty water
moves into the lower water-bearing zone of the prin-
cipal artesian aquifer, through other openings, at an
accelerated rate. As a result of the plugging, with-
drawal from the upper zone has been increased, and
drawdown is greater in the upper zone than in the
lower zone. Measurements in nearby observation wells
show that the water level in the upper zone declined
more than 7 feet between December 1964 and December
1965, while in the lower zone it declined less than 2
feet. At a distance from these wells, water-level de-
clines in the upper zone amount to only half a foot on
the west side of the county and to about a foot on
Jekyll Island for this same period.

FLORIDA

Water in Everglades National Park

C. A. Appel and Howard Klein have analyzed data
from test drilling and pumping along the northern
boundary of the Everglades National Park in southern
Florida, and find that the transmissibility of the Bis-
cayne aquifer there is less than 50,000 gallons per day
per foot as compared with 1 to 2 million gpd/ft farther
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east toward Miami. It may therefore not be feasible
to establish an infiltration gallery and pumping station
along the northern Park boundary, as has been pro-
posed, to furnish water at a rate of 100 cubic feet per
second in an attempt to sustain ecology in the Park
during droughts. The proposed pumping station may
be feasible along the eastern Park boundary, 13 miles
to the south, where shallow limestones are thicker and
more permeable. It was determined there that a gal-
lery at least 20,000 feet long would be required to yield
the specified 100 cfs.

F. W. Meyer and M. C. Kolipinski are investigating
the feasibility of using water from the Floridan ar-
tesian aquifer during periods of drought in Everglades
National Park. An artesian well has been drilled near
Taylor Slough, in the park, to supply mineralized
water from the Floridan aquifer to an experimental
plot where the effects of fresh-water biota are being
examined. The chloride content of water from the
test well ranges from 2,500 to 3,000 parts per million.
If no material changes in the ecology are noted, con-
sideration can be given to the use of the artesian water
in drought-stricken areas of the Park.

A study by J. H. Hartwell of historical overland
flows across the north boundary into the Everglades
National Park showed that the period October 1952
to September 1962 was one of near-average rainfall.
Monthly mean flows varied from no flow to 4,200 cfs.
Median monthly flows, which varied from 21 cfs in
May to 1,020 cfs in October, reflect the average, sea-
sonal fluctuation. The average yearly flow was found
to be about 250,000 acre-feet.

Potential use of saline artesian water for desalination

F. W. Meyer and Howard Klein are evaluating the
potential of saline artesian water as a possible source
of water supply in the Florida Keys. A deep ex-
ploratory well was recently completed at Pennekamp
State Park on Key Largo, about 10 miles from the
Florida mainland, to explore the quality and avail-
ability of brackish artesian water for desalination.
The exploratory well, 1,333 feet deep, was completed
in the Eocene Avon Park Limestone, a highly per-
meable unit of the artesian Floridan aquifer. The
well flowed at a rate of 580 gallons per minute, and
the shut-in pressure head (static water level) was 38
feet above mean sea level or 35 feet above the land
surface. The chloride content of the water has ranged
from 2,300 to 2,400 parts per million during a 9-
month period.

A plant for desalting sea water has been authorized
at Key West. The water from the Floridan aquifer is
considerably less salty than sea water (2,400 vs 19,000
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ppm), and consequently the desalination should be
considerably less costly for the artesian water than for
sea water. The fact that the wells will flow is also
significant because of the potential saving on pumping
costs.

Recharge area found in southwestern Florida

Test drilling in the Myakka River basin in south-
western Florida has revealed the presence of a fairly
extensive area of ground-water recharge in the north-
eastern part of the basin. B, F. Joyner, Horace Sut-
cliffe, and H. N. Flippo report that recharge occurs
principally where the land surface is 25 to 50 feet
above sea level or higher. The aquifers recharged
are in the Hawthorn and Tampa Formations, which
in this area contain the water of best quality for do-
mestic use.

Coastal canals and water management

From study of stream-discharge records C. B. Sher-
wood and Howard Klein conclude that the develop-
ment of facilities to minimize the loss of water from
coastal areas to the sea, through canals, will be a key
factor 'in future water management in southeastern
Florida. Records for the primary canals, available
in the near-average year of 1964, indicate a mean
annual discharge of more than 1.5 billion gallons
daily. Much of this water could be salvaged by the
addition of pumping facilities to move excess water
from the coastal area into the inland water-conserva-
tion areas for release during the dry season. Studies
of major well fields, which derive water from canals
by induced infiltration, were made during recent
drought periods. These studies indicate that water
supplies for the entire population will be almost com-
pletely dependent on improved water-management
practices in the near future.

CARIBBEAN REGION

Ground water in alluvial-fan deposits in Puerto Rico

A couple of hundred square miles of alluvium be-
neath the southern coastal plain of Puerto Rico, in
places underlain by water-bearing limestone, yields
the bulk of the more than 250 million gallons per day
of ground water pumped in Puerto Rico. N. E, Mec-
Clymonds and P. E. Ward (p. C231-C234), in studies
designed to enable estimation of maximum practical
rates of withdrawal in various segments of the plain,
have made an intensive study of the alluvial fan of the
Rio Nigua (Rio Salinas). The most permeable de-
posits were found to occupy two major troughs sep-
arated by a buried bedrock ridge. The study lead to
preparation of a map showing the best areas for
additional withdrawal.
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Ground-water resources of southern Puerto Rico

Yields of water wells in the Tallaboa-Guayanilla-
Yauco area of southern Puerto Rico locally exceed
1,000 gallons per minute, and I. G. Grossman (r2065)
believes that moderate to large supplies are yet un-
tapped. The chief aquifers are unconsolidated allu-
vium, but the widespread middle Tertiary Ponce Lime-
stone, the only permeable bedrock aquifer in the re-
gion, also is productive, especially in valleys where
solution has enlarged faults, joints, and bedding sur-
faces and where recharge is facilitated by overlying
alluvium.

MIDCONTINENT AREA

Irregular distribution in time and space of the
abundant water resources of the midcontinent area
continues to be one of the principal water problems.
Water-resources investigations, therefore, are directed
not only to appraising the available water supplies
but also to a better understanding of hydrologic sys-
tems and of the relationships of surface water and
ground water that afford improved means of conserv-
ing, developing, and managing this resource. In addi-
tion many investigations are problem oriented in that
they represent a response to an increasing list of
critical problems such as salt-water encroachment,
flooding, declining water levels, dilution of industrial
and municipal wastes, and deterioration of chemical
quality.

The discovery of previously unknown sources of
water supply is a prime objective of water-resources
appraisal studies, Undeveloped aquifers have been
identified by test drilling in Harrison County, Miss.,
to a depth of 2,500 feet below sea level, where the
previous deepest known source was 1,450 feet. New
aquifers were discovered also in Jefferson Davis
County, Miss., near Hibbing, Minn. ; the Joplin area of
Missouri; and the Jackson Purchase region of Ken-
tucky.

Studies have revealed favorable conditions for arti-
ficially recharging ground-water aquifers in the Minn-
eapolis-St. Paul area, Minnesota, and the Lansing
area, Michigan. Induced recharge from streams to
ground-water aquifers by properly located well fields
is also hydrologically feasible in parts of the Great
Miami and Scioto River basins, Ohio.

Rainfall-runoff relations, base-flow characteristics
of streams, and draft-storage requirements of surface-
water reservoirs are of increasing importance in over-
all management of the water resources. Segments of
the programs in each of the midcontinent area States
are directed to providing improved quality and quan-
tity of basic hydrologic data and to their interpreta-
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tion and analysis for development of water-storage
and flood-control facilities and for coordinated use
of ground- and surface-water resources.

Significant results of these and other current studies
are reported below.

INTERSTATE STUDIES

Relationship of runoff to rainfall

Unit hydrographs developed by V. B. Sauer for 17
stream-gaging stations in southeastern Louisiana and
southwestern Mississippi have been successfully re-
gionalized into dimensionless terms so that synthetic
unit hydrographs can be estimated for ungaged sites.
Drainage-area size and lag time are the two para-
meters necessary. The more critical factor, lag time,
can be estimated from formulas developed from the
station data,

MINNESOTA

Agquifers in glacial deposits

Studies by G. F. Lindholm in the vicinity of Hib-
bing have revealed a buried valley entrenched in
Cretaceous and Precambrian formations and filled
with glaciofluvial sand and gravel deposits. The town
of Hibbing obtains its water supply from some of
these deposits, and subsurface mapping indicates other
areas that are favorable for ground-water develop-
ment.

L. H. Ropes has mapped deposits of glacial outwash
sand and gravel near St. James that are potential
sources of municipal water supply. Water from these
deposits is of a better quality than that currently being
developed from the deeper Cretaceous aquifer.

Bedrock aquifers in Twin Cities area

Previous and current studies in the Minneapolis-St.
Paul area have identified problems related to concen-
trated pumping from wells, lowering of ground-water
levels, and interaquifer movement of ground water.
H. O. Reeder reports that an electric-analog model
is now being built to aid in (1) prediction of future
results of pumping, (2) determination of relations
between surface water and ground water, and between
aquifers, that influence natural recharge to aquifers,
and (3) determination of the hydrologic feasibility
of artificial recharge by means of recharge ponds and
injection wells.

Hydrologic parameters for recreational use of streams
L. H. Ropes and Duane Wheat have discovered
significant changes in the chemical quality of stream
water as it enters impoundments on Minnesota streams,
The significance of such changes on recreational use
of streams is in their effect on variety and abundance
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of aquatic life in the lakes and streams. River pro-
files, flow velocities, and water depths are also useful
for evaluating a stream’s recreation potential. The
study is designed to aid State conservation and recrea-
tion agencies in official classification of selected “wild
rivers” as to their potential for various types of rec-
reation.
WISCONSIN

Water loss and water quality, Root River Canal

R. D. Hutchinson is studying stream discharge and
water quality in the Root River Canal, in Racine and
Kenosha Counties in southeastern Wisconsin. Analy-
sis of records for November 1963 shows that a 5-mile
reach of the canal lost about 150,000 gallons per day
to the ground-water reservoir. The canal carries a
relatively heavy load of municipal and industrial
wastes. The current study is also attacking the prob-
lem of potential pollution of the ground water as a
result of this leakage from the canal.

Base-flow studies

Base-flow measurements of streams in the Fox
River-Wolf River basin by P. G. Olcott show yields
of 0.3 to 0.8 cubic feet per square mile from glacial
outwash in the northern and western parts of the
basin. By contrast, yields of less than 0.1 cfsm are
contributed to streamflow by glacial-lake and ground-

moraine deposits in the central and southeastern parts
of the basin.

‘MICHIGAN

Potential for artificial recharge near Lansing

The increasing demand for water in the Lansing
area has resulted in a progressive decline of water
levels in the Pennsylvanian Saginaw Formation, the
principal source of ground water in the area. Test
drilling in the central and southeast part of the area
revealed the presence of unsaturated permeable sand
and gravel overlying unsaturated beds of sandstone
which had been dewatered as a result of withdrawal
of water from the Saginaw Formation. According to
K. E. Vanlier and M. L. Wheeler the presence of un-
saturated permeable material in contact with the sand-
stone indicates that artificial recharge of the sandstone
may be possible through recharge pits. Surface water
suitable for recharging is available for about 8 months
of the year,

OHIO

Induced fiow from Scioto River
S. E. Norris and R. E. Fidler report that wells com-

pleted in alluvial deposits of the Scioto River valley
near Piketon, in south-central Ohio, are capable of
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yielding 10 million gallons per day of water from
underground flow induced from the Scioto River.
Development of this large ground-water supply, neces-
sitated by deterioration of the surface-water quality,
is expected to spur future additional development of
this important water-course aquifer.

Ground-water potential in Miami River valley

A. M. Spieker reports that glacial outwash sand and
gravel aquifers in the valley of the Great Miami River
south of Dayton, in southwestern Ohio, can probably
sustain from 2 to 3 times the present withdrawal rate
of 100 million gallons per day, provided that future
development is favorably located with respect to
sources of recharge and away from the present centers
of pumping (which are near Chautauqua, Franklin,
Middletown, New Miami, Hamilton, Fairfield, and
Ross). The most favorable areas for future develop-
ment are near the major rivers in the vicinity of Tren-
ton, between Fairfield and Ross, and in the lower
Whitewater River valley south of Harrison, The only
area of local overdraft is about 2 miles southeast of
Middletown.

INDIANA

Ground water in southern Indiana

Studies by L. W. Cable and R. J. Wolf in Vander-
burgh County and by T. M. Robison in Posey County
indicate that unconsolidated sand and gravel deposits
in the Ohio River valley are capable of yielding large
volumes of ground water for industrial and municipal
use. An underlying sandstone aquifer yields from 5
to 25 gallons per minute to wells, but is not capable of
producing adequate supplies for large-scale use. J. D.
Hunn reports that limestone aquifers yield only small
supplies (5 to 20 gpm) in most of Harrison County.
Small areas of alluvium exist along the Ohio River,
but their potential for ground-water development has
not yet been determined.

IOWA

Ground water in Muscatine Island area

Large quantities of water are available from the
alluvial deposits in the Muscatine Island area of Mus-
catine County, in southeastern Iowa. R. E. Hansen
reports that although pumpage from this 80-square-
mile area (principally for municipal and industrial
use) averages 34,5 million gallons per day, the amount
of water in storage in the aquifer is estimated to be
nearly 1385 billion gallons. Wells located within 1
mile of the bordering Mississippi River obtain up to
70 percent of their water by induced infiltration. The
quality of the water generally is very good, but iron
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does occur in objectionable quantities at several loca-
tions.
MISSOURI

Storage requirements for sustained reservoir outflow

John Skelton reports that the storage required to
sustain a given draft rate varies markedly among the
physiographic regions of Missouri. Draft rates that
can be maintained by within-year storage range from
0.01-0.05 cubic feet per square mile in the plains area
to 0.1-0.5 cfsm in the plateaus and southeast lowland.
Analysis shows that for streams of comparable drain-
age area and 7-day annual minimum flow, about 20
percent more storage is required to sustain a given
draft rate on a stream in the plains, during a drought
of 20-year recurrence interval, than on streams in the
other regions.

Ground water in Joplin area

Gerald Feder has found that considerably more
water is available from Mississippian limestone in
mineralized areas, both mined and unmined, than in
surrounding areas of massive limestone known locally
as “lime bars.” The mineralized areas are those where
solution has commonly removed much of the limestone,
leaving a cemented chert breccia that has higher per-
meability than that of the massive limestone. The
mineralized areas include both those rich and those
poor in zine. Yields of 1 to 10 gallons per minute
may be expected from the massive limestone unless
solution cavities along bedding planes or joints are
found, whereas there is good probability of obtaining
50 to 100 gpm from wells in the unmined mineralized
areas. Sustained pumping from individual mines for
industrial use ranges from 100 to 1,000 gpm.

Large springs

A spring of first-order magnitude (average dis-
charge more than 100 cubic feet per second), known
to local residents but never before measured, was dis-
covered to be one of the largest in the State, accord-
ing to John Skelton. During a drought with a recur-
rence interval of 5 to 10 years the discharge was 68
cfs, as compared with 47 ¢fs from Double Spring, 500
feet distant, on the same day. The average discharge
of Double Spring is 155 cfs; it seems likely that the
average discharge of the new spring is higher. The
importance of spring discharge to the streamflow is
shown by a 150-percent increase in the flow of North
Fork River in a reach of 500 feet, owing to the dis-
charge of these two springs.

E. J. Harvey reports that springs issuing from Mis-
sissippian limestone on the Springfield Plateau in
southwestern Missouri have higher nitrate content
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than springs on the Salem Plateau of central and
eastern Missouri whose sources are in Ordovician and
Cambrian dolomite and sandstone. Analysis of 390
samples shows that about 50 percent of the springs on
the Springfield Plateau have more than 10 parts per
million of nitrate, whereas only 8 percent of the
springs on the Salem Plateau have more than 10 ppm
of nitrate. The predominance of the higher nitrate
content in spring water on the Springfield Plateau is
believed due to the highly developed agricultural econ-
omy, where stock and dairy herds are more common
and the use of fertilizer more widespread than on the
more rugged terrain of the Salem Plateau.

KENTUCKY

Flushing out of saline ground water

Study by H. T. Hopkins of the interface between
fresh water and saline water in the “salt sands” of the
Lee Formation, in eastern Kentucky, suggests that
brines have been flushed out. The original brines in
parts of the region appear to have been flushed from
the sands by fresh water moving downdip from the
outcrop area toward zones of discharge that are along
faults to the east and southeast.

Gravel aquifer discovered in Jackson Purchase region

Geologic and hydrologic studies by R. W. Davis,
T. W. Lambert, and A. J. Hansen, Jr., in the Jackson
Purchase region at the northern end of the Mississippi
Embayment show that gravel deposits of Pliocene(?)
and Pleistocene age, west of Paducah and extending
several miles south of the Ohio River, are as thick as
93 feet and commonly contain ground water in the
lower 30 to 40 feet. The gravels are a significant
aquifer in this area, and properly constructed wells
may yield as much as 1,000 gallons per minute for
industrial or irrigation use.

ARKANSAS

Ground-water withdrawal from the Sparta Sand

D. R. Albin and others report that analysis of water
levels in wells screened in the Sparta Sand of Eocene
age, measured in southern Arkansas during the spring
of 1965, indicates that (1) the cone of depression in
the piezometric surface, caused by industrial pumpage
at Pine Bluff, should stabilize by the year 1970 if cur-
rent pumpage rates are not increased; and (2) cones
of depression in the piezometric surface at El Dorado
and Magnolia, originally well above the top of the
aquifer, have declined nearly to the top of the aquifer.
If continued decline should lead to partial dewatering
of the Sparta Sand at El Dorado and Magnolia, in-
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creased rates of decline of well yields and a rise in
pumping costs would result.

TENNESSEE

Quality of ground water at Memphis

Water in the “500-foot sand” in the Memphis area
generally is soft and low in dissolved-solids content,
but it is relatively high in iron and free carbon di-
oxide, and locally tends to be corrosive. In the south-
eastern part of the area the ground water has about
32 parts per million of dissolved solids and a hardness
of 10 ppm; in the major center of pumping, 20 miles
downgradient, dissolved solids amount to about 90
ppm and hardness 60 ppm. Water is migrating to-
ward the centers of pumping at the rate of about 2
miles in 50 years, and the artesian head is declining 1
to 2 feet annually. E. A. Bell and D. J. Nyman con-
clude that the chemical quality of water will not
change substantially within the next few decades, al-
though slight variations in quality will result from
changes in the direction and velocity of flow as the
rates of pumping continue to increase and as new well
fields are installed.

Water supply for Great Smoky Mountains National Park

The Precambrian metamorphic rocks in the vicinity
of Great Smoky Mountains National Park head-
quarters generally cannot be expected to yield more
than 10 gallons per minute to wells. In response to
an increasing water demand, for which previously
used springs were inadequate, studies were begun in
December 1965 to locate additional supplies of ground
water. W. M, McMaster reports that test drilling in
the Gatlinburg fault zone has revealed a potential for
greater yields from wells in the fault zone than in
the adjacent rocks. A well, drilled to a depth of 150
feet, penetrated about 80 feet of the fault zone and
yielded 70 gpm with drawdown of water level of about
30 feet.

ALABAMA

Saline ground water

K. D. Wahl has found an anomalous occurrence of
saline ground water in Greene County, in west-central
Alabama. The water has a hardness of 568 parts
per million and contains as much as 8700 ppm of
chloride. The mineralized ground water occurs in a
southwestward-trending belt across the southern part
of the county that is parallel to the trend of major
folds and faults in Paleozoic rocks to the northeast.
Data from adjacent counties indicate that this belt
of mineralized water is 1 to 10 miles wide and can be
traced a distance of about 60 miles, from central Tus-
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caloosa County southwestward across Hale and Greene
Counties into Sumter County, where it merges with
mineralized ground water associated with the Liv-
ingston fault zone.

MISSISSIPPI

Conversion of saline estuary to fresh-water reservoir
Studies by C. P. Humphreys, Jr., and W. L. Brous-
sard reveal that a fresh-water reservoir is hydro-
logically feasible on the lower reaches of Old Fort
Bayou, a saline estuary of Back Bay of Biloxi near
Ocean Springs. Inflow is sufficient to maintain a con-
servation pool at the 5-foot elevation during a severe
drought of 6-month duration. A consumptive draft
of 2 million gallons per day, in addition to small-craft
lockage, may be realized during a drought of this mag-
nitude by drawing the reservoir down 1 foot; a 4-mgd
supply may be obtained by drawing the reservoir down
2 feet. It is expected that a supply of about 8 mgd
would be available in a normal year. Three to six
months would be required during a normal year to .
freshen the reservoir to a chloride concentration of 250
parts per million, but as long as 18 to 24 months would
be required during an extended drought. Freshening
of water in the reservoir would be accompanied by
changes in biota, partly as a result of the lowering
of salt content of the water, and partly as a result of
the increase in turbidity, which would affect light
penetration and hence the growth of aquatic plants.

New aquifers discovered

Test drilling in Harrison County, along the Gulf
coast in Mississippi, has revealed fresh-water aquifers
at depths as great as 2,500 feet below sea level. Ac-
cording to D. E. Shattles the depth decreases to the
north, west, and east of Gulfport but is less than 1,750
feet below sea level only in the extreme northeast
corner of Harrison County. Prior to the test drilling
the deepest known fresh-water aquifer was at 1450
feet.

Test wells drilled in the Gulfport and Pass Chris-
tian areas resulted in the discovery of at least three
major untapped aquifers capable of yielding several
million gallons per day of water suitable for most
industrial or municipal requirements. Each of the
aquifers is more than 100 feet thick and each has suffi-
cient pressure to force the water as high as 105 feet
above the surface. The temperature of the water
ranges from 92°F at 1,700 feet to 100°F at 2,500 feet.
Chemical analyses indicate dissolved-solids concentra-
tions of 716 parts per million for the deepest aquifer
and 256 ppm for the shallowest.
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R. E. Taylor reports that drilling at Carson, in
Jefferson Davis County in south-central Mississippi,
has revealed the presence of a new and potentially im-
portant aquifer. Further work is needed to determine
its areal extent. The well taps coarse sand and gravel
of Miocene age 260 feet below land surface, and an
electric log indicates that the aquifer had not been
completely penetrated when drilling ceased at a depth
of 420 feet. An aquifer test indicated the transmissi-
bility to be 480,000 gallons per day per foot. The
specific capacity of the well is 70 gallons per minute
per foot of drawdown. The presence of an aquifer
having such characteristics was unsuspected prior to
the drilling at Carson, for the transmissibility deter-
mined in the test is many times that ordinarily meas-
ured in the region.

Hydraulic efficiency at bridges

B. L. Neely, Jr., has studied flow characteristics at a
bridge whose waterway area had been increased con-
siderably by excavating between the highway right-of-
way lines, and has concluded that excavation under the
bridge increased the hydraulic efficiency of the chan-
nel. Comparison of measurements prior to and after
excavation reveals increased discharge and reduced
energy head required to pass the discharge. The study
indicates that the maximum “effective” cross-sectional
area of the excavation is approximately equal to the
cross-sectional area around the lip of the excavation.

LOUISIANA

Structural control of salt-water encroachment

Test drilling in the Baton Rouge area, to locate
salt-water fronts in the fresh-water aquifers that fur-
nish public-supply and industrial water supplies, has
resulted in identification of a fault that is limiting the
northward migration of salt water. J. R. Rollo re-
ports that the fault has displaced the “2,000-foot” sand
as much as 350 feet downward, and that the hydraulic
isolation of the aquifer south of the fault is confirmed
by a head difference of 150 feet in a lateral distance
of only 0.8 mile. However, the amount of offset di-
minishes upward and there is little or no displacement
of the shallow aquifers (the “400-” and “600-foot”
sands, principally), so that water in those aquifers is
free to move northward toward pumping centers.
Test drilling is continuing in order to establish the
east-west extent of the faulting and to locate salt-
water fronts in the shallow aquifers.

Saline ground water in southwestern Lovisiana
Analysis of piezometric maps and water-quality data

indicates that salt water in the Chicot aquifer, in the

southern part of southwestern Louisiana, is moving
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northward towards areas of heavy pumping at rates
that are generally much less than 100 feet per year.
A. H. Harder, Chabot Kilburn, and S. M. Rogers con-
clude, as a result of this slow rate of movement, that
the salt water presents no imminent danger to the
fresh ground-water resources of southwestern Loui-
siana.

Scavenger-well system

R. A. Long (r0803) describes a successful test of a
scavenger-well system in Ascension Parish, in south-
eastern Louisiana. The system, which recovers fresh
water from the upper part of an aquifer that contains
saline water in its basal part, consists of two wells:
a shallower well, from which fresh water is pumped,
and the deeper scavenger well which yields salty
water. Pumping from the scavenger well prevents or
retards flow of saline water upward through the
aquifer to the shallow well. The chloride content of
the water pumped from the shallow well can be con-
trolled, within reasonable limits, by modification of
the relative pumping rates of the two wells. A chief
problem in use of the system is disposal of the saline
water pumped from the scavenger well.

ROCKY MOUNTAIN AREA

Water studies being made in the Rocky Mountain
area illustrate the diversity of water problems and the
increasing variety of methods being employed by the
U.S. Geological Survey in providing information for
solution of these problems.

The source and character of the base flow and other
low-flow features of streams become increasingly im-
portant, even in the more humid parts of the area,
as water use increases. Keeping track of the effects
of man’s activities on water resources is still a signifi-
cant part of the work, but forecasting the effects of
possible alternate manipulations of the water resources
constitutes a larger part of the work. Sources of
salinity and other contaminants of streams, lakes, and
ground waters must be found before they can be re-
duced or eliminated. Advances are continually being
made in methods of investigation and analysis, such
as use of digital computers, analog models, subsurface
geophysical techniques, neutron moisture meters, and
others. In addition, new sources of ground water,
suitable in quality and sufficient in quantity for irriga-
tion and municipal supply, continue to be discovered
by the use of surface and subsurface geologic studies
of traditional type.

The following discussion gives some idea of the
studies now in progress in each of the 12 States in the
area.
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MONTANA

Deterioration in ground-water quality in parts of Glacier
and Toole Counties

Studies by Everett Zimmerman in Glacier and Toole
Counties, in northwestern Montana, indicate that
ground water in the Virgelle Sandstone moves radially
from a high outcrop area west of Sunburst toward
points of natural discharge along the Virgelle escarp-
ment, the canyon of Cut Bank Creek, and in Alberta,
Canada. Changes in the quality of the water from
several wells during the last 3 or 4 years suggest that
drought and changing patterns of pumping have al-
tered the direction of ground-water movement so that
water of inferior quality from downdip or from zones
of usually poor circulation enters some wells. The
deterioration of water quality is temporary in some
wells but may be permanent in others.

Ground water available in East Bench Irrigation Unit

A reconnaissance in parts of Beaverhead and Madi-
son Counties, in southwestern Montana, by R. G. Mec-
Murtrey indicates that adequate ground water of suit-
able quality is available for domestic and stock-water
supplies on new farm units in the East Bench Irriga-
tion Unit. Depths of wells will range from 100 to 400
feet, depending on location and subsurface geology.
Water adequate for irrigation use is available locally
from the sediments underlying the flood plain of the
Beaverhead River.

Ground water abundant in Kalispell Valley

R. L. Konizeski, Alex Brietkrietz, and R. G. Me-
Murtrey have found, in a study of Kalispell Valley,
in Flathead County in northwestern Montana, that a
large quantity of ground water is available for mu-
nicipal, irrigation, and industrial use. Some water-
table wells yield as much as 2,000 gallons per minute.
Extensive artesian aquifers are recharged by infiltra-
tion along the base of the marginal highlands. Most
of the ground water is of good quality, although some
shallow aquifers and the three principal streams drain-
ing the valley are subject to pollution.

NORTH DAKOTA

Electric-analog model predicts 1980 water levels in
Minot area

Studies by W. A. Pettyjohn in the Minot area, in
north-central North Dakota, reveal that about 56,000
acre-feet of ground water remains in storage and that
at least 28,000 acre-feet has been removed. The Minot
aquifer will provide only about 3 million gallons per
day to wells without substantial water-level declines,
but the city requires at least 4 mgd. Tt was suggested
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that artificial recharge would allow greater ground-
water withdrawals. Computations by means of an
electric-analog model of the aquifer indicate that
under natural recharge conditions the predicted in-
creases in municipal withdrawals will cause the water
level to decline as much as 200 feet below land surface
by 1980, but that the addition of 4.5 mgd of artificial
recharge will raise the water to a level about 40 feet
below land surface by the same date.

Ground-water storage in Divide County

C. A. Armstrong reports that 5 aquifers in parts of
Divide County, in northwestern North Dakota, are
capable of sustained yields ranging from 50 to more
than 500 gallons per minute. The amounts of water
stored in these aquifers are estimated (in acre feet)
as follows: The Buried Yellowstone Channel aquifer,
more than 800,000; the Skjermo Lake aquifer, more
than 100,000; the Wildrose aquifer, about 190,000; and
the West Wildrose aquifer, about 5,700. The Grenora
aquifer probably contains as much water as the Buried
Yellowstone Channel aquifer, but the Grenora aquifer
extends beyond Divide County and much of the stored
water underlies parts of northwestern Williams
County and northeastern Montana.

Newly discovered buried channel

According to C. A, Armstrong, a buried former
stream channel tentatively termed the Ray channel
has been discovered in northwestern North Dakota.
The channel, in eastern Williams County, is about 2
miles wide near Ray and widens to more than 3 miles
southwest of Appam, where it joins the buried Yellow-
stone River valley. The altitude and trend of the Ray
channel suggest that it may have been an ancient
course of the Little Missouri River. The channel con-
tains an aquifer that ranges in thickness from about
20 to 116 feet. In selected areas the aquifer may yield
moderate quantities of water to properly constructed
irrigation wells.

Glacial aquifers in Ward and Renville Counties

Test drilling and geologic studies in north-central
North Dakota by W. A. Pettyjohn indicate that a con-
siderable quantity of water is available in buried chan-
nels and outwash deposits in southern Ward County.
The quality of the water ranges from very good to
briny. A test hole in northwestern Renville County
penetrated 705 feet of glacial drift, which is the thick-
est known glacial deposit in North Dakota.

Five major aquifers in Cass County
Geologic mapping and test drilling in Cass County,
in southeastern North Dakota, have enabled R. L.
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Klausing to delimit five major aquifers. The Fargo,
West Fargo, and Page aquifers are buried outwash
deposits capable of yielding 250 to 1,000 gallons per
minute per well. Water levels in the West Fargo
aquifer continue to decline; from November 1964 to
November 1965 the maximum decline was 2.6 feet,
The sand and silt deposits of the Sheyenne River
delta probably are capable of yielding 200 to 500 gpm
per well. The Dakota Sandstone, which wunderlies
about three-fourths of the county at depths ranging
from 400 to more than 900 feet, yields more than 600
million gallons of water per year for domestic, stock,
and municipal use.

Four buried-valley aquifers in Wells County

Preliminary test drilling in Wells County, in the
central part of the State, indicates four buried-valley
aquifers, according to F. J. Buturla. Three of the
aquifers in the southern half of the county trend gen-
erally northeastward, and contain from 20 to 100 feet
of coarse sand and fine gravel. The aquifer in the
northern half of the county trends generally north-
westward, and contains from 100 to 140 feet of coarse
sand and gravel.

Thick glacial deposits in eastern Grand Forks County

Test drilling has indicated to T. E. Kelly that much
of eastern Grand Forks County is underlain by thick
glacial deposits that lie directly on Paleozoic rocks.
In most other parts of the county the Dakota Sand-
stone and Upper Cretaceous shales separate the Pa-
leozoic strata from the glacial deposits. Deltaic de-
posits related to glacial Lake Agassiz, which are as
much as 70 feet thick near the center of the delta,
traverse the western part of the county from north
to south. Chemical analyses of water indicate that
many of the surficial aquifers have been contaminated
by more highly mineralized water from the underly-
ing Dakota Sandstone and Paleozoic rocks.

Buried outwash aquifer in northeastern Eddy County

Henry Trapp, Jr., reports that test drilling and well
records reveal a southeast-trending buried channel con-
taining one or more outwash aquifers. The channel
extends from the vicinity of Hamar southeastward
into Nelson County; it may be tributary to the Spirit-
wood channel, which has been traced northward from
Barnes and Stutsman Counties to northwestern Griggs
County. A water sample from a well in the channel
southeast of Hamar contained only 883 parts per mil-
lion of total solids, which is unusually low for water
in buried outwash in this area. The aquifer may re-
ceive recharge nearby, either from the Sheyenne River
or from surficial outwash.
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Sheyenne delta a potential aquifer

The Sheyenne delta of glacial Lake Agassiz is one of
the largest and potentially most productive shallow
aquifers in Richland County, in southeastern Dakota,
according to C. H. Baker, Jr. The delta covers an area
of about 750 square miles, has an average thickness of
more than 50 feet, and is estimated to contain more than
5 million acre-feet of recoverable water. The quality
of the water is better than that in most shallow aquifers
in the area; the total amount of dissolved solids aver-
ages about 500 parts per million. The average annual
recharge may amount to more than half a million acre-
feet. Present development of ground water from this
aquifer is negligible.

Extent of aquifer in Traill County

According to H. M. Jensen test drilling of the aquifer
that supplies the city of Hillsboro, in eastern North
Dakota, reveals that it extends 10 miles north and 10
miles south of the city wells, and extends from the sur-
face to a maximum known depth of 163 feet. The
aquifer is U-shaped in cross section, consists mainly of
fine to coarse sand, has a basal layer of pebbles and
cobbles, and is bounded by till and lacustrine sediments.

WYOMING

Ground water in Wind River basin

Reconnaissance of the Wind River basin in west-
central Wyoming by H. A. Whitcomb and M. E.
Lowry reveals that supplies of stock and domestic
water generally can be obtained from wells 100 to 300
feet deep drilled in Tertiary deposits (Wind River
and Arikaree Formations) exposed over much of the
basin, which has an area of about 10,000 square miles.
Municipal and industrial supplies have been developed
from wells 500 to 600 feet deep that yield 300 to 400
gallons per minute in some areas. Water in the Wind
River Formation normally is under artesian pressure,
but artesian heads generally are low and few wells
flow. The chemical quality of water differs greatly
throughout the area; the concentration of dissolved
solids ranges from 500 to 4,500 parts per million.
Water-table conditions prevail in the Arikaree, and
depths to water are governed by the altitude of the
land surface. Yields of wells are less than 100 gpm
but are believed to be potentially greater. Water from
the Arikaree generally contains less than 500 ppm of
dissolved solids.

Supplies of water exceeding 400 gpm probably can
be developed from the Tensleep Sandstone and the
Madison Limestone, in or near areas of outcrop (prin-
cipally along the western margin of the basin), and
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from alluvial deposits of major stream valleys. These
sources remain largely untapped because supplies
ample for current needs generally are available from
shallower aquifers and perennial streams.

Piping in White River Formation

M. E. Lowry (p. D217-D222) presents evidence
that high secondary permeability found locally in the
Oligocene White River Formation is due to openings
formed by piping. The openings in the formation,
which is composed largely of siltstone, have previously
been thought to be fractures. Many wells thought to
tap the White River Formation probably obtain water
from the overlying materials.

Streamfiow in Pinedale area

Analysis by L. A. Wiard of streamflow data for the
Pinedale area, in western Wyoming, for the 25-year
period ending September 30, 1964, indicates that run-
off volumes decrease sharply as streams from areas
underlain by granite flow across the sediments and
glacial deposits at the foot of the Wind River Range.
Average annual yields of the adjacent drainage basins
of Pine Creek, above Fremont Lake, and Pole Creek
above the gaging station near Pinedale, were approxi-
mately 1,600 and 880 acre-feet per square mile, re-
spectively. All the drainage basin of Pine Creek
above Fremont Lake, and 75 percent of that of Pole
Creek above the gaging station, are underlain by
granite. Likewise, mean annual runoff to New Fork
River from gaged headwater areas and tributaries
(combined drainage area 237 square miles) was 265,000
acre-feet, as compared to 276,000 acre-feet for New
Fork River above Boulder Creek (drainage area 552
square miles). Granite underlies approximately 75
percent of the combined tributary drainage basins,
and about 40 percent of the New Fork River basin
above Boulder Creek. Only part of the reduction in
yield can be attributed to irrigation.

SOUTH .DAKOTA

Water levels in South Dakota

D. G. Adolphson reports that 6 months to 314 years
of recorder records on 4 wells in pre-Cretaceous rocks
in the Black Hills area show that there has been no
continuing decrease or increase in artesian head, but
that the head fluctuates with seasonal variations of
precipitation and pumping for irrigation. Over the
rest of the State, except in the southeastern part where
the water level has remained fairly constant, there has
been a slight decrease in the water level of wells in
the Dakota Sandstone during the last 6 years.
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Extensive aquifer in Clay County

An aquifer composed of outwash and alluvium un-
derlies 80 percent of Clay County, in southeastern
South Dakota. The aquifer has an average thickness
of 100 feet, an average permeability of about 2,000
gallons per day per square foot, and supplies nearly
75 percent of the water used in the county, according
to J. C. Stephens. The aquifer in the underlying
Cretaceous Dakota Sandstone is a major source of re-
charge to the outwash-alluvial aquifer. The two
aquifers are in contact in the bottom of a deep buried
valley, where both aquifers contain water of nearly
the same chemical composition. Movement of water
into the overlying aquifer reduces the artesian head in
the Dakota Sandstone and accounts for the absence of
flowing wells on the Missouri River flood plain in
southeastern Clay County.

Alluvium thin in Todd County

According to M. J. Ellis and D. G. Adolphson, test
drilling in the Little White River valley and its tribu-
taries indicates that the alluvium generally is thin,
averaging about 25 feet in thickness. It consists of
silty sand and sand in the southern part and clayey
and silty sand in the northern part of the country.

Two main aquifers in Campbell County

N. C. Koch has found two main aquifers in Camp-
bell County. A buried valley 200 to 400 feet deep,
containing as much as 80 feet of sand and gravel, ex-
tends from the OQahe Reservoir westward to Pollock,
east-southeastward to Herreid, and then southward
east of Mound City. Water levels range from 30 to
60 feet below land surface. Water-level data indicate
that the aquifer discharges water into the Oahe Reser-
voir. The city of Pollock has a well in this artesian
aquifer that yields 250 gallons per minute. A shallow
aquifer underlies Herreid and extends west and north
of Spring Creek. Water levels in this aquifer, at
Herreid, are within 6 feet of land surface.

Six aquifers in Bon Homme County

Studies by D. G. Jorgensen indicate six aquifers of
economic importance in Bon Homme County in south-
eastern South Dakota. Outwash deposits along Cho-
teau and Beaver Creeks and partly buried outwash
which roughly parallels the course of Emanuel Creek
comprise the three unconfined aquifers. The under-
lying Niobrara Formation, Codell Sandstone Member
of Carlisle Shale, and Dakota Sandstone are artesian
aquifers.

Bedrock aquifers recharged from Pleistocene drift
Preliminary analysis of data from east-central
South Dakota by Lewis Howells indicates that aquifers
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in four Cretaceous units (Niobrara Formation, Codell
Sandstone Member of the Carlisle Shale, Greenhorn
Limestone, and Dakota Formation) and in the Pre-
cambrian Sioux Quartzite locally receive recharge from
one or more aquifers in Pleistocene drift. The re-
charge, of water different in chemical character from
that commonly found in the bedrock aquifers, prob-
ably has been induced by the great decline of artesian
head in the bedrock, which amounts to 200 feet or
more in the Dakota Formation.

Mixing of water types in Dakota Formation

E. F. LeRoux has found evidence of mixing of two
types of water in the Dakota Formation north of the
Sioux Ridge in southeastern South Dakota, Calcium
sulfate water is found almost exclusively west and
southwest of the Sioux Ridge, indicating a common
source for recharge in these areas. Both sodium sul-
fate and sodium calcium sulfate waters occur in the
area north of the Sioux Ridge. The sodium sulfate
water is obtained from shallower wells in the Dakota;
the mixed sodium calcium sulfate water generally is
found in the deeper wells in the Dakota. This dual
occurrence probably indicates a mixing of the calcium
sulfate water from the west with sodium sulfate water
from another source.

NEBRASKA

Productive Quaternary deposits in eastern Saunders
County

According to V. L. Souders, Quaternary sand and
gravel deposits in Todd Valley, in eastern Nebraska,
contain an estimated 3.5 million acre-feet of water.
The underlying Cretaceous Dakota Sandstone is hy-
draulically connected with the younger deposits in
some places, and it may contain an additional 1.5
million acre-feet of water. The Quaternary deposits
furnish water to nearly all the irrigation and munici-
pal wells. Annual pumpage for irrigation has ranged
from about 2,500 acre-feet in the wet year 1962 to
about 6,000 acre-feet in the drought year 1957,

Effects of irrigation return on quality of streamfiow

G. V. Gordon (p. C244-C250) reports that irrigation
return flow probably was the main source of a 27-
percent increase in the dissolved-solids content of water
in the North Platte River during a period of low flow
in the 60-mile reach between the Wyoming-Nebraski
State line and Bridgeport. The effects of irrigation
return were most apparent between the State line
and Mitchell because stream flow was least in that part
of the reach. Irrigation return from south of the
river generally was of poorer quality than that from
north of the river,
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UTAH

Green River Formation a potential source of water in
Uinta basin
According to R. D. Feltis, the Green River Forma-
tion contains fresh and slightly saline ground water
on the south flank of the Uinta basin, and is a po-
tential source of water for use in the development of
oil shale and bituminous sandstone in that area.

Thick sediments underlie Skull Valley

J. W. Hood reports that Skull Valley, a structural
depression directly tributary to the Great Salt Lake,
is underlain by Iacustrine and alluvial sediments of
Tertiary and Quaternary age, probably several thou-
sand feet thick. Of about half a million acre-feet of
precipitation that falls on the valley annually, an
estimated 80,000-50,000 acre-feet enters the ground-
water reservoir. Most of the remaining water returns
to the atmosphere, but a small amount may reach
Great Salt Lake. Ground water in the upper end and
edges of the valley is fresh to slightly saline; that in
the center and lower end of the valley is slightly
saline to briny. The poor quality may be due to the
flushing of salts from the lacustrine sediments.

Artificial recharge possible in Juab Valley

L. J. Bjorklund reports that water levels in the
northern Juab Valley have declined during the last
decade because of the pumping of about 14,000 acre-
feet annually from highly permeable alluvial fans
along the east side of the valley. Canals to be con-
structed across these fans for importing water from
the Central Utah Project could be used to recharge
the aquifer, when water is available; ground-water
levels generally lie more than 75 feet below the sur-
face, and are about 150 feet below the surface near
Nephi. Such recharge would increase the artesian
head in the lower parts of the valley, thus increasing
the discharge of springs and flowing wells, but water-
logging and drainage problems in the rest of the valley
could be minimized by continued heavy pumping for
irrigation.

COLORADO

Ground water in Piceance Creek basin

Test drilling along the major drainages of the
Piceance Creek basin in Rio Blanco and Garfield
Counties indicates that the alluvium is as much as 130
feet thick and that the saturated thickness may be as
much as 100 feet. According to D, L. Coffin and
F. A. Welder, the measured transmissibility ranges
from 40,000 to 155,000 gallons per day per foot, and
the storage coefficient ranges from 0.002 to 0.20. Max-
imum well yields are estimated to be as much as 1,000
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gallons per minute. Aquifer tests of the Parachute
Creek Member of the Green River Formation indicate
a transmissibility of 2,000 gpd per ft and a storage
coefficient of 10-°. Maximum well yields from this
member are estimated to be as much as 1,000 gpm.
The areal distribution of a fracture zone overlying a
zone of saline minerals within the Parachute Creek
Member has been delimited from electric logs.

Artesian aquifers in Grand Junction area

Studies of the geology and artesian water supply
of the Grand Junction area by S. W. Lohman* re-
vealed that three Mesozoic sandstone aquifers supply
small amounts of water of good quality to flowing
artesian wells. In order of productivity these are the
Upper Jurassic Entrada Sandstone, the Upper Triassic
Wingate Sandstone, and sandstone lenses in the Salt
Wash Member of the Upper Jurassic Morrison Forma-
tion. A few wells obtain water from the Upper Cre-
taceous Dakota Sandstone and sandstones in the Lower
Cretaceous Burro Canyon Formation, but the water
generally is salty. Mutual interference between wells
tapping the Entrada or the Entrada and Wingate re-
duced or stopped flow in many wells, necessitating the
mstallation of pumps. Water was hauled to rural
residents for domestic use until completion of a piped
water system in October 1964, which imports water
to the area from surface sources, The expected re-
duction in withdrawal from artesian wells should
allow gradual recovery in artesian head.

KANSAS

Heavy withdrawal from ground-water storage

According to J. D. Winslow, study of electric-analog
models is providing a better understanding of effects
of the withdrawal of ground water from the thick
Pliocene and Pleistocene aquifer in Grant and Stanton
Counties. Ground-water levels have been declining
there in recent years in response to increasingly heavy
withdrawal of ground water for irrigation. Interpre-
tations of a model of the area indicate that more than
90 percent of the water pumped is withdrawn from
storage. Authorized annual appropriation of ground
water in the two-county area was more than 500,000
acre-feet as of January 1, 1966,

Additional subsurface data in southwestern Kansas
R. C. Prill found, from the results of exploratory
drilling during the summer of 1965 in Haskell and
Stevens Counties, that in places the saturated thick-
1 S. W. Lohman, 1965, Geology and artesian water supply of the

(1}41‘9ang Junctlon area, Colorado: U.S. Geol. Survey Prof. Paper 451,
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ness of unconsolidated Tertiary and Quaternary de-
posits is as much as 100 feet greater than previously
known. This finding adds significantly to the known
volume of the ground-water reservoir, an important
consideration because irrigation with ground water is
increasing in Stevens County, and most of the water
is withdrawn from storage.

Prill also found, by subsurface correlation of radio-
activity logs from oil and gas tests and test drilling
in Kearny, Hamilton, Stanton, and Morton Counties,
that the sandstone previously considered as Triassic is
more likely of Jurassic age.

Neutron moisture meter traces recharge

By using a neutron moisture meter to trace the
downward movement of moisture in dune sand in
western Kansas, R. C. Prill found a relationship be-
tween depth of penetration and type of vegetation.
The downward movement of moisture from 11 inches
of rain that fell during a 36-day period in May and
June 1965, was traced in 3 places having different
vegetative cover. In sage-covered dunes, where roots
reached depths of more than 16 feet, no moisture was
observed to move below the root zone, and the moisture
in the root zone apparently was removed by subsequent
evapotranspiration. In grass-covered dunes, where
roots reached a depth of about 9 feet, 1% to 2 inches
of moisture was observed to move below the root zone,
and become available for ground-water recharge. In
blowouts, virtually devoid of vegetation, about 10
inches of moisture was observed to move deep enough
to recharge the ground-water reservoir.

ARIZONA

Ground water in Sacramento and Hualapai Valleys

More than 2,000 square miles of reconnaissance geo-
logic mapping has been completed by J. B. Gillespie
and C. B. Bentley in connection with a water-resources
investigation in Mohave County in northwestern Ari-
zona. More than 90 percent of the ground water in
the area is stored in the alluvium-filled valleys.
Transmissibilities of the alluvial aquifers average
20,000 to 30,000 gallons per day per foot. A recon-
naissance seismic survey—recently completed by Rich-
ard Dodson, of the Branch of Astrogeology—showed
that depths to water and to hard rock underlying the
alluvium in the valleys can be determined by seismic
methods.

Ground-water levels decline in Willcox basin

S. G. Brown and H. H. Schumann report that pump-
ing for irrigation in the Willcox basin, in Graham
and Cochise Counties in southeastern Arizona, exceeds
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recharge by as much as 127,000 acre-feet per year. As
a result, water levels have declined as much as 127 feet
in the 12-year period 1952-64.

Coconino Sandstone most productive where fractured

The Permian Coconino Sandstone is the most im-
portant aquifer in southern Coconino County. Studies
by E. H. McGavock and J. B. Gillespie indicate that
fracturing may be an important factor in the yield
and quality of water obtained from the Coconino. In
the Flagstaff area, the Coconino generally yields less
than 50 gallons per minute, but yields of more than
700 gpm have been obtained near major fault zones.
Some wells penetrating a fracture zone near Winslow
produce more than 1,000 gpm, in contrast to yields of
30 to 300 gpm in less fractured areas. However, the
dissolved-solids content of water in the fractured zones
has increased 50 to 100 percent in the last 8 to 10
years, whereas water quality in adjacent areas has re-
mained unchanged for more than 30 years.

Water losses along East Verde River

E. S. Davidson and H. W. Hjalmarson have con-
cluded that water losses to evapotranspiration and
ground-water storage, from the 43-mile-long East
Verde River in Gila County, will not increase greatly
due to the addition of 30 to 50 cubic feet per second of
water to the river near the headwaters. Their reasons
are as follows: (1) most of the river is on relatively
impermeable bedrock; (2) alluvium underlying reaches
of the river channel and the flood plain probably
is less than 30 feet thick and is usually saturated;
(3) on the average the low flow of the river increases
more than 3 cfs from near the head to the mouth; (4)
the maximum net loss of water was only 0.5 cfs fol-
lowing a 2-month warm, dry period; and (5) evapo-
transpiration losses are fairly constant despite a rather
large variation in streamflow.

Large seepage losses from small reservoirs

B. W. Thomsen found large seepage losses from
two reservoirs that supply water for the city of Wil-
liams. Dogtown and Kaibab Reservoirs, with a com-
bined storage capacity of 2,000 acre-feet, filled and
spilled in April 1965 for the first time since 1952. By
October 1965, seepage losses from the two reservoirs
had amounted to 1,300 acre-feet.

Aquifers in and near delta of Colorado River

Studies by F. H. Olmstead, O. J. Loeltz, and Burdge
Irelan have defined the character of the aquifer and
the quality of ground water in the part of the Colorado
River delta that lies within the United States. The
aquifer underlies a roughly triangular area that has
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its apex at Laguna Dam, 15 miles north of Yuma.
The area varies in width from 5 to 10 miles near the
apex to more than 30 miles at the international bound-
ary, 20 miles south of Yuma, and extends about 25
miles into Mexico. The thickness ranges from about
200 feet at the apex to about 3,000 feet near the inter-
national boundary. The most permeable materials,
mainly alluvial sand and gravel, are in the upper 1,000
feet. The ground water moves southward, but the
amount entering Mexico is believed to be small in re-
lation to present recharge, which is principally from
irrigation in the Colorado River valley and Yuma
Mesa. The quality of ground water in most of the
area is suitable for irrigation.

J. H. Robison has defined the general features of an
extensive deltaic aquifer adjacent to the international
boundary in Imperial County, Calif. It consists
mainly of alluvial sand and gravel, ranges in thickness
from about 600 to more than 2,000 feet, and is re-
charged by seepage from the Colorado River and the
All-American and Coachella Canals.

Lower Colorado River geophysical exploration

D. R. Mabey, F. H. Olmstead, R. E. Mattick, and
A. A. R. Zohdy report that gravity, seismic, magnetic,
and resistivity methods of geophysical exploration
were used to obtain subsurface data in support of
ground-water investigations in the Yuma area. Each
method contributed significant information to the in-
vestigation, and the integrated program of geophysical
exploration substantially reduced the number of test
holes required. Gravity data revealed the general
configuration of the basement rock underlying the
Cenozoic sediments and provided the approximate
thickness of the sediments. Magnetic data indicated
the presence of volecanic rocks interbedded with the
sediments, and locally indicated the depth to basement
and structure in the basement rock. The thickness of
the unconsolidated sediments and locally the - total
thickness of sedimentary rock were determined by seis-
mic-refraction soundings. Resistivity surveys pro-
vided data on the distribution of coarse and fine sedi-
ments and on the depth to basement.

NEW MEXICO

Ground water in Mescalero Apache Indian Reservation

According to C. E. Sloan, a recent well-drilling pro-
gram on the Mescalero Apache Indian Reservation in
the Sacramento Mountains indicated that small to
moderate amounts of water can be obtained from sedi-
mentary rocks of Permian to Late Cretaceous age.
Of 19 wells drilled, 10 yielded more than 100 gallons
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per minute, 5 yielded 10 to 100 gpm, and 4 yielded
less than 10 gpm. Depths of the wells ranged from
120 to 955 feet, and depths to water levels ranged
from 60 to 800 feet. Total concentrations of dissolved
solids ranged from 350 to 2,200 parts per million and
averaged 745 ppm. Fourteen of the wells obtained
moderate amounts of water containing less than 1,000
ppm of total dissolved solids from the Yeso Forma-
tion, the most widespread aquifer on the reservation.
Two of the wells obtained more than 100 gpm of
water containing less than 500 ppm of total dissolved
solids from the San Andres Limestone, which crops
out extensively in the reservation but is saturated only
locally. '

TEXAS

Base flow of Guadalupe River

In a study of the base flow of a 54-mile reach of
the upper Guadalupe River, H. L. Kunze and J. T.
Smith found that streamflow increased from about
0.1 cubic foot per second at the measuring site on
the North Fork to 120 cfs in the main river at Com-
fort. Because of the different water-bearing proper-
ties of the aquifers crossed by the river and its tribu-
taries, many localized gains and losses occurred in the
reach studied. The principal tributary inflow was
contributed by the Edwards Limestone and associated
limestones. The Glen Rose Limestone contributed
little water, and in some reaches water was lost to the
Glen Rose. The dissolved solids in the water in the
reach studied, largely calcium and magnesium bicar-
bonate, have concentrations ranging from 230 to 279
parts per million.

Salinity in upper Brazos River basin

A study by L. S. Hughes and M. W. Flugrath of
sources of natural salinity in the upper Brazos River
basin shows that low flows of most streams generally
are saline but that seven tributaries are the principal
sources of the sodium-chloride brine entering the
Brazos River and degrading the quality of the water
in Possum Kingdom Reservoir. The discharge-
weighted average concentrations of dissolved solids,
chloride, and sulfate in water released from the reser-
voir during the 8-year period 1957-64 were 1,020, 365,
and 266 parts per million, respectively. If control
measures being considered for the principal sources
of salinity had been in effect during the 8-year period,
the weighted averages would have been about 765,
229, and 212 ppm, respectively. This water would
have compared favorably in quality with other sup-
plies being used in western Texas for municipal, in-
dustrial, and agricultural purposes.
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PACIFIC COAST AREA

The States of Alaska, California, Hawaii, Nevada,
Idaho, Oregon, and Washington make up the Pacific
coast area, and the last three constitute the Pacific
Northwest. An area more diverse hydrologically
would be difficult to find. Elevations range from 280
feet below sea level in Death Valley, Calif., to 20,300
feet above sea level on Mount McKinley, Alaska.
Precipitation spans the range from near zero in some
desert areas to more than 400 inches annually in the
mountains of Hawaii. Stream runoff ranges from
periods of zero flow for many rivers in the arid areas
to more than 1 million cubic feet per second in both
the Columbia and Yukon Rivers. Water problems are
giving rise to a growing concern throughout the re-
gion. One of the chief concerns is that people want to
live in areas where the climate is warm and dry the
year round, and it is in these areas that water short-
ages are increasing. Associated problems include in-
crease of dissolved solids because of irrigation return
flows, withdrawal of ground water in excess of re-
charge rates, permafrost, and lack of sufficient water
locally to supply the increased population and indus-
trial expansion.

Basic data on streamflow, ground-water levels,
chemical quality, water temperature, and sediment
transport have been collected for many years, and
some streamflow records are continuous for more than
75 years. Since 1950, surface water used for irriga-
tion has been monitored by a network of chemical-
quality stations to detect long-term changes in quality.
The basic-data program is continually being reviewed,
added to, and changed to meet the needs for water
facts. Key hydrologic bench marks have been estab-
lished in areas, where, during the next 50 years or
more, man’s activity is expected to have little or no
influence on the hydrologic cycle. Data collected at
these bench-mark stations should reflect any significant
long-term natural changes which occur in response to
climatic changes. Studies of the natural hydrologic
changes should assist hydrologists in prediction of
the changes likely to occur when man’s activities are
superimposed upon the natural regimen.

Investigations by the Water Resources Division are
designed both to provide bases for the solution of
water problems and to uncover basic facts that apply
to the hydrologic cycle. These investigations include
study of the low flow of streams, faults as barriers to
the movement of ground water, the quality of estua-
rine waters, the influence of different methods of log-
ging on rates of sediment transport, and the use of
surface water to recharge ground-water aquifers.
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Glaciers are being studied to determine their response
to climate and their influence on streamflow, and to
discover whether they can be managed for man’s bene-
fit. Useless water-consuming plants (phreatophytes)
are being studied to find out how much water they
waste and how this use affects the ground water. Ex-
amples of investigations are given below. In addi-
tion, the reader is referred to the list of water-re-
sources investigations in progress for the States of the
Pacific coast area (p. A251).

INTERSTATE STUDIES

Ground-water quality in the Great Basin

The Great Basin, which includes most of Nevada
and parts of California, Utah, Oregon, Idaho, and
Wyoming, has long been a region of interior drainage
and salt accumulation. In a reconnaissance of the
quality of ground water J. H. Feth (p. D237-D241)
has found, however, that virtually all valleys in the
region produce some potable ground water. The
water suitable for domestic use is commonly of the
calcium magnesium bicarbonate, calcium sodium bi-
carbonate, or sodium bicarbonate types. The highly
mineralized waters, commonly of sodium sulfate and
sodium chloride types, include the brines and other
saline waters for which the region is famous.

ALASKA

Ground water limited on Annette Island

Studies made by M. V. Marcher on Annette Island
in southeastern Alaska indicate that supplies of
ground water are limited. The results of test drilling
in nearly impermeable igneous rocks underlying the
island suggest that thrust-fault breccias are probably
the main water-bearing zones. A well drilled by the
Federal Aviation Agency in the vicinity of the airport
yielded 100 gallons per minute when first completed,
but production was reduced to 25 gpm to prevent salt-
water intrusion.

Water supply in a permafrost region

A. J. Feulner and J. R. Williams report that thaw-
ing as a result of construction activity at Cape Lis-
burne, in northwestern Alaska, modified the thermal
regime of the ground significantly. As a result, a
gallery under Caribou Creek supplied enough water to
meet the needs of a U.S. Air Force installation during
most of the following winter. A cover of soil and
vegetation was stripped from areas near the creek in
connection with road construction. The more effective
heating by the sun thawed gravel, previously peren-
nially frozen, to such an extent that an infiltration
gallery in the creek bottom provided water from the
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time of autumn freezeup of the creek until about Feb-
ruary. During that period the gallery produced
water to meet current needs, and also for storage in
heated tanks that later sufficed to supply the installa-
tion until the spring thaw restored the flow of water
in the creek.

Reports on hydrologic effects of Alaska earthquake

Detailed reports of effects of the 1964 earthquake on
the hydrology of south-central Alaska and on the
Anchorage area have been completed by R. M. Waller.
Widespread changes in water levels in wells followed
the tremors immediately. In some wells the water
surface returned to the prequake level within a few
days to a few months, but in the majority of wells
the water level recovered much more slowly. In many
places where the water table in unconsolidated ma-
terials was near land surface, momentary spouts of
sand and mud developed, typically from linear fis-
sures. Changes in ground-water quality were (1)
temporary turbidity, which was common, and (2)
chemical changes in areas where regional subsidence
allowed sea water to invade lowlying areas. Changes
in the physical structure of some aquifers in the An-
chorage area are suspected but cannot be incontro-
vertibly demonstrated. Regional subsidence, which
amounted to about 2 feet near Anchorage, probably
modified points of discharge of ground water from
aquifers that extend under Cook Inlet. These changes
may have increased the likelihood of sea-water intru-
sion locally.

PACIFIC NORTHWEST

Ground-water levels decline in Raft River basin, Idaho

Studies in progress by E. H. Walker indicate that
pumping of ground water for irrigation in the Raft
River valley of southern Idaho has lowered water
levels 15 feet or more over an area of almost 100
square miles since substantial ground-water develop-
ment began in the early 1950’s, and from 25 feet to
more than 40 feet over 30 square miles. It is esti-
mated that the amount of water in the underground
reservoir has been reduced by 200,000 to 270,000 acre-
feet.

Increasing use of ground water in Snake River Plain

Irrigation with ground water pumped from the
Snake River Plain of southern Idaho has expanded
greatly since the 1940’s. According to E. H. Walker,
the area irrigated with water from wells increased
from about 80,000 acres in 1940 to 330,000 acres in
1960, and probably to about 500,000 acres in 1965. The
consumption of pumped ground water is estimated to
have been about 700,000 acre-feet in 1965, which is
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about 10 percent of the total discharge from the
aquifer by springs before irrigation with ground water
began to expand rapidly. The flow of the springs
will eventually decline by an amount equal to the
consumption of ground water, which will exceed
700,000 acre-feet a year because irrigation with ground
water continues to expand, although at a lesser rate
than before 1960,

Aquifers in buried outwash deposits in Washington

Recent studies by H. W. Anderson, Jr., in the Cou-
lee Dam National Recreation area of northeastern
Washington have revealed that several hundred gal-
lons per minute of water is available from alluvial
fans or glacial outwash buried beneath the Nespelem
Silt, which was deposited in glacial Lake Columbia
during middle Pinedale time. Two test wells drilled
near the shore of Franklin D. Roosevelt Lake, at the
mouths of tributary canyons, each penetrated more
than 100 feet of fine-grained glacial-lake deposits
before entering alluvial sand and gravel. Each well
has a specific capacity of 10 to 15 gallons per minute
per foot of drawdown.

Ground water in Spokane and Stevens Counties, Wash.

D. R. Cline has found a great range in availability
of ground water in a small basin surrounded by moun-
tains in northern Spokane and southeastern Stevens
Counties, in eastern Washington. The granitic rocks,
which have large relief and crop out in many places,
yield small supplies—enough for domestic and stock
use—or none at all. Interbedded sequences of Ya-
kima(?) Basalt flows and lake clay and sand of the
Latah Formation, which overlie the granitic rocks,
generally also yield small amounts of water to wells.
Glacial-lake deposits yield small to moderate amounts
of water—as much as several hundred gallons per
minute. Glacial-stream deposits in the valleys of the
Spokane and lower Little Spokane Rivers yield large
amounts of water—commonly several thousand gallons
per minute with only a few feet of drawdown.

Three chemical types of ground water in Island County,
Wash,

A. S. Van Denburgh reports that the ground water
of Island County, Wash., is of three different chemical
types. Most of the ground water in southern Whid-
bey Island and in the uplands of Camano Island has
less than 300 parts per million of dissolved solids.
In contrast, a more saline ground water characterized
by 300 to more than a 1,000 ppm of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>