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FOREWORD

“Geological Survey Research 1974”7 is the 15th annual review high-
lighting and summarizing U.S. Geological Survey programs and their re-
sults. From 1960 to 1972 comparable reviews constituted the first or A
chapters of multichaptered series. The short scientific and technical
papers, counterparts of those previously presented in the other chapters,
have been published since January 1973 in the bimonthly subscription
periodical “Journal of Research of the U.S. Geological Survey.”

The Geological Survey continues to direct its research activities toward
solving the multitude of problems that relate to the Earth’s natural proc-
esses, history, and physical resources, including land, fuels, minerals, and
water. These studies are expanding and diversifying to respond to urgent
needs for better information about resources; to help develop new tech-
nologies, such as remote sensing from satellites and aircraft, applicable to
the assessment of Earth resources and land-use analysis; to explore new
domains such as underground space, the Moon and other celestial bodies,
and subsea resources; to reduce the hazards from floods, earthquakes, and
voleanic eruptions by developing a predictive capability; and to under-
stand the natural processes and natural baselines necessary to preserve a
satisfying environment. In the aggregate, these studies are providing a
basis for intelligent planning and decisionmaking in the use of the land
and its resources and in meeting the needs of the future.

This volume provides a synoptic review of many of these undertakings.

O € el

V. E. McKelvey, 7
Director.
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cubic feet per cubic
mile (ft3/mi3)

barrels per cubic mile
(bbl/mi3)
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w
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.0001450
0002390
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Any use of trade names and trademarks in this publication is for descriptive purposes only and does

not constitute endorsement by the U.S. Geological Survey.
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MINERAL-RESOURCE AND MINERAL-FUELS INVESTIGATIONS

BASE, FERROUS, AND PRECIOUS METALS

In his continuing analysis of the distribution of
metallogenic provinces, P. W. Guild (unpub. data,
1974) concluded that some types of ore deposits
which occur within continental parts of plates and
which have no relationship to subduction may also
be accounted for in global tectonic terms. Crustal
uplift, fracturing, and the initiation of plate sepa-
ration along rifts have been attributed to thermal
plumes rising from deep within the mantle (Wilson
and Burke, 1973; Dewey and Burke, 1973) ; other
fractures not suitably oriented for rifting are loci
of transcurrent stress, increased geothermal gradi-
ent, and minor magmatic activity which may be
episodic and repeated (Macintyre, 1973).

Guild proposed that heat from plumes rising
under sialic (continental) plate interiors can provide
the energy to mobilize elements dispersed in rocks
and fluids and concentrate them into ore deposits.
Prime examples of deposits that may owe their
genesis to this cause are the various ores of the Mis-
sissippi Valley type that occur on or around low
domes transected by extensive lineaments marked
by, among other features, cryptoexplosion struc-
tures, alkalic to alkalic-mafic intrusions, diatremes,
and kimberlites (Snyder, 1970; Heyl, 1972) The

nraagannaa af aavhanatasa nladfass ancense  2eaaloo PR
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older basement rocks favors the genesis of these tele-
thermal deposits, but other deposits that seem to
have a more direct relationship to magmatic activity
may also be due primarily to energy from thermal
plumes.

Hydrothermal biotite, fluid inclusions, and sericitic alteration
at porphyry copper deposit in Utah

W. J. Moore and J. T. Nash (1974) have deter-
mined from studies of many samples from the

porphyry copper ore body at Bingham, Utah, that
the distribution limits for hydrothermal biotite and
high-salinity fiuid inclusions generally follow the
crudely triangular form of the disseminated copper
ore zone. Extensive sericitic alteration of plagioclase
is confined to rocks in the northern one-third of the
Bingham stock; the generalized southern limit of
sericitic alteration trends northeasterly and nearly
bisects the copper ore zone. Moore and Nagh believe
that hydrothermal mineralization and alteration
were accompanied by repeated boiling of fluids in
the temperature range from 600°C to 400°C. Serici-
tic alteration was apparently superimposed on the
earlier assemblage as the hydrothermal system
cooled; cooling was promoted by progressive intro-
duction of meteoric waters along a broad zone of
northeast-trending fractures.

Fluid mclusnon petrography of quartz from a porphyry copper

Lone lll I'UEIIU I‘IbU

Through a study of thin sections, J. T. Nash and
D. P. Cox reported that a zone of halite-bearing
fluid inclusions in quartz coincides with areas of
higher grade disseminated copper mineralization
at Sapo Alegre, Puerto Rico. The halite-bearing
inclusions are most abundant in a biotite-chlorite
zone of alteration in quartz diorite porphyry. Later-
itic weathering hampers recognition of the original
uouCuOg_'y' and uYux‘Ol,hE:l mal alteration in most ar €as,
but fluid inclusions can be readily studied in residual
quartz in soils. In Puerto Rico, a study of residual
quartz may lead to recognition of disseminated cop-
per ore bodies not detectable at the surface by
standard geologic and geochemical methods.

Environment of ore deposition and geochronology of
mineralization

P. M. Bethke and P. B. Barton, Jr., in collabora-
tion with R. O. Rye have completed reconnaissance

1



2 GEOLOGICAL SURVEY RESEARCH 1974

studies of light stable isotopes in base-metal deposits
at Creede, Colo. The sulfur isotopic compositions of
both sulfide minerals and barite are ambiguous with
respect to the origin of the sulfur. The sulfide data
show little variation even though the oxidation state
of the ore fluid fluctuated rapidly over a range of at
least five orders of magnitude. This suggests that
equilibrium between aqueous sulfide and sulfate
species did not obtain.

M. A. Lanphere, Bethke, and Barton have dated
the mineralization at Creede at 24.8-+0.6 m.y. B.P.
Vein-filling adularia formed early in the mineraliza-
tion history yielded an age of 24.4+0.6 m.y., as de-
termined by K-Ar methods. Three samples of seri-
cite produced by wall-rock alteration during the
later stages of mineralization yielded ages of 25.0,
24.8, and 24.6 m.y., all 0.6 m.y. Lanphere, Bethke,
and Barton’s age determination is consistent with
the geologic relations previously determined by T. A.
Steven and J. C. Ratte, supported by K-Ar deter-
minations by H. H. Mehnert and J. D. Obradovich.

Mineralogic interpretations of the lead-silver ores, Wood River
district, Idaho
The Wood River lead-silver deposits, near Belle-
vue in southcentral Idaho, occur as veins in sheared

zones in contact-metamorphic siliceous and limey

argillites of Devonian age, near contacts with quartz

diorite. W. E. Hall and G. K. Czamanske (1972) re-
ported that galena in purified mineral separates from
these ores contained from 2,100 to 5,000 ppm Ag
and from 3,100 to 4,700 ppm Sb (atomic propor-
tions of silver and antimony are approximately 1:1).
Electron-probe analyses show that slightly less than
one-half of the antimony and silver are in solid
solution in the galena. The remainder is present in
minute inclusions of five distinct compositions. all
rich in both silver and antimony. The Wood River
ores are thought to have been deposited over a tem-
perature range from greater than 350°C in the early

Prognp sono

stages to less than 280°C during the late stages.

Geochemical anomalies in the Edna Mountain area, Nevada

Detailed geologic and geochemical mapping by R.
L. Erickson and S. P. Marsh (1974 a, b, c, d, e), in
the Brooks Spring 714-min quadrangle, Humboldt
County, Nev., has revealed numerous areas that
contain anomalous amounts of a variety of metals.
Copper-molybdenum-bismuth-silver anomalies occur
in and along the contacts with a quartz monzonite
intrusive which cuts the rocks of the Havaliah For-
mation in the upper plate of the Golconda thrust
fault. Rocks throughout the area are altered, and

abundant secondary copper minerals occur along
faults and fractures. The main mass of the intrusive
is covered by gravels.

A lead-silver-bismuth anomaly occurs peripheral
to the copper-molybdenum-bismuth-silver anomaly
and is especially pronounced in an area of silicified

upper plate rocks west of the intrusive.
A gold anomaly, apparently only in narrow north-
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northwest—strlklng gilicified shear zones and quartz
veins, occurs on the southwestern flank of Buffalo
Mountain and is associated with mercury, arsenic,
antimony, and tungsten anomalies. This suite of
volatile elements was probably emplaced by hot-
spring activity. The area is faulted on the southeast
by a northeast-trending Basin and Range fault.

Hemlock Formation exploration area extended

Geologic mapping and geophysical surveys in the
Witch Lake 15-min quadrangle, Michigan, by W. F.
Cannon has extended the known areal extent of the
Hemlock Formation by direct tracing of the unit
and by inferences from ground-magnetic traverses.
The Hemlock Formation, consisting mostly of mafic
flows with some intermediate and felsic flows and
pyroclastic rocks, is now known to be at the surface
but mostly beneath thick drift cover in a belt en-
circling the Smith Creek uplift (northeast of the
Amasa uplift) where it crops out sporadically. Be-
cause of its distinct magnetic pattern, it is inferred
to encircle the Wilson Creek uplift (north of the

A 3iAd ~f <4 o
Amasa uphft) which is devoid of QUTCIrops.

During the past few years, exploration interest

for metallic sulfide deposits in the Hemlock For-
mation hag increased sharply. The extension of its

known outcrop belt increases the target area for
exploration for sulfides.

Gold in the Black Hills, South Dakota

On the basis of a review of existing reports
bearing on gold in the Rlack Hills, J. J. Norton
(1974) suggested that exploration for deposits con-
cealed in the subsurface in that area is likely to be
fruitful. Most of the gold is in metamorphosed iron-
formation such as occurs in the famous Homestake
mine at Lead which produced about 91 percent of
the almost 1 million kg of gold obtained in the Black
Hills. Gold production has also been from replace-
ment deposits in the Deadwood Formation of Late
Cambrian age and in the igneous intrusions of Ter-
tiary age within 8 km of Lead. Other deposits of
various kinds have been minor sources.

Isotope studies by D. M. Rye (Yale Univ.) and
R. O. Rye (USGS) (1974) have indicated that the
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gold at Homestake was an original constituent of
the iron-formation and was concentrated into the
ore bodies during Precambrian metamorphism.
Placer gold in basal conglomerate of the Deadwood
Formation is an indirect sign that gold is from
nearby Precambrian rocks. Replacement deposits in
Paleozoic and Tertiary rocks are a consequence of
Tertiary hydrothermal activity. The gold of Ter-
tiary hydrothermal deposits is most plausibly inter-
preted as having been transported from underlying
Precambrian concentrations.

Indications from the literature suggest that suit-
able target areas to search for buried Precambrian
gold deposits are 6 km or more north-northwest of
Lead, 6 km southwest of Lead, and near Rockerville
in the southern Black Hills.

Gold and copper in fault zones in the Albany quadrangle,
wyommg

Several fault zones containing copper and gold
have been mapped by M. E. McCallum in the west-
ern portion of the Albany quadrangle in the Medi-
cine Bow Mountains, Wyo. Most of the mineralized
faults trend northwest and are comparable to those
in the adjacent Keystone quadrangle. Host rocks
are predominantly quartzofeldspathic and Dbiotite-
rich metasediments and foliated phases of the Key-
stone quartz diorite pluton. Metal concentrations
are generally low, although locally several percent
copper and up to 100 ppm Au have been detected.
Gold is apparently present in pyrrhotite and to a
lesser extent in pyrite. Copper occurs predominantly
as chalcopyrite and in numerous secondary minerals.
Studies of polished sections and X-ray analyses have
been used to identify the mineral components and
the following general paragenetic sequence:
pyrrhotite - pyrite-chalcopyrite - sphalerite (minor)-
bornite(?) - covellite - malachite - chrysocolla - shat-
tuckite-azurite-antierite-chalcanthite.

Sampling for gold, bismuth, and arsenic in Catawba County,

North Carolina

Two hundred and eighty samples of topsoil near
the mine and of saprolite from the walls of the mine
pit of the Shuford gold mine in Catawba County,
N.C., were collected for geochemical analysis by
J. W. Whitlow and J. F. Windolph, Jr. Only 2 sam-
ples of the saprolite and 26 samples of the topsoil
contained detectable gold. The amounts found were
low, ranging up to 850 ppb. Bismuth and arsenic
were detected in only a few samples of the topsoil
but were slightly more abundant in the saprolite.
iron and rare-earth resources, Mineviiie, New York

Harry Klemic studied samples of iron ore contain-
ing rare-earth-bearing apatite from the deepest

levels of a commercial iron mine at Mineville, Essex
County, N.Y., and from holes drilled by the mining
company into deep extensions of the Old Bed ore
body. These studies indicate that the grade and
mineralogy of the ore at depth are comparable to
those of ore previously mined. The drilling also dis-
closed that a complex fold in the ore body mined in
several levels of workings extended beyond the deep-
est production level. The trend of the ore body as
determined in the mine was found to persist at
greater depths.

Petroleum as a potential source of much vanadium
According to R. P. Fischer (1978), petroleum is a

nossible economic source of vanadium., Although
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present in only trace amounts in crude oils, vana-
dium accumulates in residual refinery products
which are commonly used as fuel oils. In cases in
which fuel oils are being processed for the removal
of sulfur to reduce air pollution, it may be possible
to recover vanadium profitably.

There is incentive to develop new sources of vana-
dium because the amount of that metal available in
presently productive deposits is only about 91,000 t,
whereas the expected cumulative domestic require-
ment for vanadium between the present and the year
2000 is in the range of 363,000 to 544,000 t.

Titaniferous iron-rich sands on periar beaches

In the course of geochemlcal sampling in the
Michigan part of the Sault Ste. Marie 2° quadrangle,
J. W, Whitlow and J. F. Windolph, Jr., found dark-
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gray to black sand in a bed or beds as thlck as 30 cm.
Samples of the sand contained as much as 11 percent
titanium dioxide, 0.2 percent vanadium, and more
than 20 percent iron.

Geochemically selected target area for zinc in southwestern
Wisconsin
Geochemical data obtained from analyses of

stream sediments collected in the Hurricane quad-
rangle, Wiscongin, have been interpreted by W, S,
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West as indicating a promising area for prospecting
for zinc and lead. The area defined by West is in
secs. 28, 29, 32, and 33, T. 4 N,, R. 4 W., and over-
laps a favorable area for prospecting which De
Geoffroy (1969) described on the basis of studies
of the zinc content of spring waters. The zone of
overlap is in the northeastern part of the area en-
closed by the 0.30 ppm zinc-isopleth contour as
drawn by De Geoffroy.

Two-stage dolomite in East Tennessee zine district

Much of the coarse-grained recrystalline dolomite
(altered limestone) of the upper part of the Kings-
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port Formation in the East Tennessee zinc districts
was formed in two stages. Petrographic studies of
selected mine samples by Helmuth Wedow, Jr.,
showed that many of the coarse dolomite rhombs
have cloudy cores and clear, oriented overgrowths.
The cloudy cores include a part of the original in-
soluble fraction of the limestone and apparently
formed by dolomitization of part of the primary
carbonate in the original permeable rock. The clear,
oriented overgrowths were precipitated later in pore
space formed by solution of previously unreplaced
limestone. These overgrowths thus are essentially
of the same stage or stages of dolomite formation
as the coarsely crystalline white dolomite gangue
which filis the fractures of related crackle breccias
and the authigenic dolomite which cements the
graded, clastic, laminated breccia matrix lower in
the ore structures. The volume of the overgrowth
dolomite gives an estimate of the porosity of the

rock in which the sphalerite of the zinc-bearing
ares was nrnn1n|+a+nrl
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LIGHT METALS AND INDUSTRIAL MINERALS

Increase in potential resources of alumina in Colombia

E. F. Overstreet and H. M. Nakagawa found that
gibbsite (Al,0;-8 H,0) and amorphous alumina in
aluminous laterite near Cajibio, Colombia, extend
well below the horizons that contain visible gibbsitic
masses. X-ray and chemical analyses show that some
of the material without visible gibbsite actually con-
tains more gibbsite and alumina than does the mate-
rial containing visible gibbsite. This discovery not
only alters current ideas about the genesis of the
material but increases the potential resources of
alumina in Colombia.
New age determinations for clays in Georgia

Pollen studies by R. H. Tschudy on organic-rich
peaty clay samples collected by S. H. Patterson have
resulted in new age determinations for some sedi-
mentary units in the kaolin belt of Georgia. Some
deposits are now assigned a Late Cretaceous age,
and others are as young as Claiborne (Eocene).
Samples of material enclosed by sand units were
found to be Paleocene in age. This first recognition
of Paleocene beds in central Georgia will help in
understanding the geology of the Atlantic Coastal
Plain.

Fluorite study should aid search for new deposits
Study of the fluorite deposits of the United States

L. T Y YrIY

by R. G. Worl, R. E. Van Alstine, and A. V. Heyl,
Jr., should prove helpful in selecting new areas to

search for commercial deposits of fluorspar. The
study assigns deposits or districts to size categories
on the basis of a combination of past production and
estimated reserves. Deposits in the Illinois-Kentucky
district have accounted for about 80 percent of the
approximately 14 million t of domestic fluorspar

shipments recorded between .1880 and 1974. This

finished fluorspar represents more than 30 million t
of crude fluorspar ore.

Of the more than 450 fluorite localities in the 48
conterminous States and Alaska, 100 have yielded
significant quantities of commercial fluorspar for the
steel, aluminum, chemical, and ceramic industries.
About 83 percent of these productive deposits or dis-
tricts are veins; 6 percent are mantos; 5 percent are
stockworks or pipes; 5 percent are pegmatites or car-
bonatites; and 1 percent are skarns or greisens. No
disseminated-fiuorite deposit was of sufficient grade
to have been profitably mined in the United States.
As most of the larger and higher grade ﬂuorspar
veins appcucuu_y have mzcauy been discovered and
worked, future efforts probably will be concen-
trated upon the search for fluorspar in deposits
other than veins. Many of these types of deposits
are larger, though lower in grade, than the veins
worked.

Of the wallrocks at the 100 productive fluorite
localities, about 30 percent are Paleozoic or Meso-
zoic limestones and dolomites; 30 percent are Pre-
cambrian, Mesozoic, or Tertiary silicic intrusive
rocks; 20 percent are Tertiary voleanic rocks; 15
percent are Precambrian or Paleozoic metamorphic
rocks; 3 percent are Paleozoic or Tertiary sand-
stones; and 2 percent are Paleozoic, Mesozoic, or
Tertiary shales.

Sedimentary petrology helpful in prospecting for high-calcium
limestone

H. A. Hubbard discovered that many economically
important high-calcium limestones are calcarenites
that were deposited in agitated water. Some calcar-
enites with sufficient impurities of fine-sand, silt, or
clay size to make them unsuitable as high-calcium
limestones were deposited in less turbulent water.
Therefore, paleogeographic models of environmental
reconstructions that distinguish areas of deposition
in relatively turbulent water from areas of deposi-
tion in relatively quiet water can aid in prospecting
for economic deposits of high-calcium limestone.

Self-sufficiency in lightweight aggregates

Most countries are faced with an energy shortage
and need to place more emphasis on the use of
energy-conservative natural materials, according to
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A. L. Bush. In the fields of construction, heating, and
cooling, wider use of expanded lightweight materials
(argillaceous rocks, perlite, vermiculite, and others)
provides very significant savings in energy consump-
tion. Most countries have sufficient resources of at
least one of two usable lightweight materials. The
United States, for example, is totally self-sufficient
in nearly all types, whereas some other countries
may have to depend only on expanded clay. Al
countries apparently have some lightweight aggre-
gates, but only a fraction of the benefits available

v |
from fhtnr wider use is genera uuy realized.

Resources and geochemistry of peat deposits, eastern Maine

In Washington County, Maine, C. C. Cameron
mapped a deposit estimated to contain 1,320,000 t
of air-dried moss peat. The deposit covers 306 ha
and is among the largest deposits in eastern Maine.

The use of peat-bog stratigraphy was found to
be valuable for estimating the kind and amount of
peat resources, for sampling and geochemical pros-
pecting for peat, and for finding where and how
elements concentrate in the bog. Study of the strati-
graphic relationships of 29 elements in 39 peat de-
posits in Washington County shows that Cu, Zn,
Pb, Mg, Ni, and B are not only most abundant in
the convex upper moss layer, but their distribution
roughly coincides with elevation contours; this sug-
gests that these elements have been extracted from
ground water by moss-type flora during the build-
ing of bog convexity. In contrast, molybdenum and
gadolinium appear in greatest abundance beneath
the bog dome in material deposited in marsh and
pond environments. Vanadium and niobium are most
abundant in the lowest part of the deposits where
inorganic and water-borne organic sediments are
most abundant. Tin and silver have wide distribution
vertically through moss, marsh, and pond sediments
of the peat deposits.
Origin of lithium pegmatites in the southern Black Hills,

South Dakota

Investigation of the Harney Peak Granite by J. J.
Norton and R. J. McLaughlin has caused doubt that
it can be the parent of the lithium pegmatites of the
southern Black Hills (U.S. Geol. Survey, 1973, p. 7).
An alternative possibility is that partial melting of
lithium-bearing schists gave rise to the magma that
formed these pegmatites.

In a test of this view, reconnaissance sampling of
diverse kinds of metamorphic rocks northeast of the
granite has shown that their lithium content is ap-

proximatelvy the same as that in the oranite Mica
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schists, which predominate in the area, contain the

most lithium. In 16 samples of such schists, ranging
from very micaceous to quartzose, the largest lithium
content is 150 ppm; the average, 66 ppm, is similar
to, or somewhat greater than, that in the granite and
is in accord with analyses of clay minerals in un-
metamorphosed argillaceous rocks (Tardy and
others, 1972).

Samples from the garnet zone of metamorphism,
collected from localities as much as 11 km apa.u,
in the granite, tend to have the lowest amounts of

lithium, and samples taken through the staurolite
"'hn
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granite show generally increasing amounts of lith-
ium. Observations in New Hampshire by D. M.
Shaw (1954) were similar.

The apparent metamorphic control over the
abundance of lithium can mean that emanations
from the granite carried lithium into the country
rock or that somehow lithium migrated to higher
grade rocks during metamorphism. In order to
choose between these possibilities, sampling is re-
quired across the same metamorphic zone in an area
remote from the granite. An area of very micaceous
rocks west and northwest of the granite is now be-
ing tested. Near where these rocks cross the silli-
manite isograd, there are several small lithium
pegmatites. If some of the schist attains high con-
centrations of lithium, these rocks may well be the
source of the lithium in the pegmatites.

NUCLEAR FUELS

Expioration guides in the Crooks Gap uranium district,

Wyoming

Geologic mapping in and near the Crooks Gap
uranium district, Wyoming, has permitted a clearer
definition of the favored stratigraphic position of
the uranium deposits and their localization relative
to masses of altered rock, according to L. J. Schmitt,
Jr. These relations should be useful guides in explor-
ation. All known deposits in the area are in the
upper half of the lower part of the Battle Spring
Formation and below a sequence of conspicuous
boulder-conglomerate beds in the upper part of the
formation. Three types of alteration are recognized
in the ore-bearing part of the formation: (1) bleach-
ing or whitish reductive alteration, (2) yellow limo-
nitic oxidative alteration, and (3) red hematitic
oxidative alteration. The bleached rock contains
pyrite and organic carbon below the zone of surfi-
cial oxidation and is believed to have acted as a re-
ducing environment. Uranium deposits were local-
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ment. The ore-bearing solutions altered the rock by
oxidation, leaving limonitic and hematitic stains.

Lenses of uranium-bearing beach sandstone bodies lack

seaward continuity

Detailed correlation of members of the Whitsett
Formation in Karnes and McMullen Counties, Tex.,
and study of its environments of deposition indicate
to K. A. Dickinson that many of the sandstone
bodies which form members of the Whitsett Forma-
tion are transgressive-regressive beach units that
have a very limited extent, perhaps less than 2 km,
downdip to the southeast. The beach sandstone
bodies are long and narrow, having been confined to

the ancient shoreline, but coincidence of the deposi-

tional and geologic strike gives the false impression
that a unit may continue for great distances into
the subsurface. In the offshore or downdip direction,
the beach sandstone grades into shoreface sandstone
that is finer grained and less permeable. In the updip
or onshore direction, the deposits grade into swamp
or lagoon mudstone. The beach units were deposited
on mainland shores or on barrier islands, and lagoon
or swamp deposits at the surface indicate a beach
unit downdip in the subsurface. The previously ac-
cepted stratigraphic concept has been based on the
continuity of these beds in a downdip direction.
These misinterpretations may have led to explora-
tory errors in the search for uranium and petroleum
or to misconceptions about the movement of ore-
bearing solutions or petroleum.

Exploration guides to new uranium districts and belts
Uranium deposits in sandstone are widespread,

and they occur in many different stratigraphic units
and in areas having different geologic settings and
histories. Nevertheless, significant geologic relations
among the m.‘«'nm" districts and belts of uranium

da

posits were similar at the time of ore formation, and
these relations may be useful as guides in selecting
new areas and beds most likely to contain major
uranium deposits, according to R. P. Fischer.

Host rocks favorable for large uranium deposits
are sandstone lenses interbedded with mudstone;
these mudstone beds or some overlying beds com-
monly contain volcanic ash. Sedimentation on a low-
lying terrane with a high water table, yielding non-
oxidizing conditions of water-saturated beds, is indi-
cated by the presence of coalified plants in almost
all host beds. During ore formation the host beds
dipped gently because of initial stream gradient or
slight tectonic tilting. The ore-forming solutions
were ground waters that moved downward by grav-

ity. The ore formed slowly under stable conditions,

at shallow to moderate depths, in zones several kilo-
metres to several tens of kilometres from the depo-
sitional or erosional edges of the host beds, at places
where adequate reducing conditions were encoun-
tered. The reducing agents were obscure and per-
haps varied. Roll-type deposits, like those in Wyo-
ming, seem to have formed relatively late after the
accumulation of the host beds, whereas tabular
deposits, like those on the Colorado Plateau, may
have formed relatively soon after sedimentation.

el A=

Low-grade disseminated uranium occurrences in igneous rocks

If adequate high-grade uranium deposits cannot
be found to satisfy future requirements of nuclear
reactors for generating electricity, considerable
uranium might be obtainable from low-grade dis-
seminated deposits in large masses of granitic
rocks; such deposits may exist and a search for
them should be made, according to F. C. Armstrong.
Such deposits might be somewhat analogous to
porphyry-type copper deposits.

In a erystallizing magma, uranium is concentrated
in the late magmatic fluids. If it does not escape
from the magma, uranium is found in the late
differentiates, such as biotite quartz monzonite, alas-
kite, granite, and similar rocks and their associated
granitic pegmatites. In these rocks, most of the
uranium is occluded in rock-forming minerals or
occurs in intergranular films or in its own minerals.

The Rossing deposit (vonBackstrom, 1970) in
South-West Africa, which is in granitic rocks and is
reported to be a large deposit of about 0.04 percent
U;0s, might be an example of this type of deposit;
it is currently under development. Other possible
examplies are: Chariebois Lake area, Saskatchewan,
Canada (Mawdsley, 1952); Crocker’s Well, South
Australia, Australia (Campana and King, 1958) ;
Bear Valley County, Idaho (Mackin
and Schmidt, 1956) ; and various places in north-

eastern Washington and the adajacent part of Brit-
ish Columbia
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Occurrence of disseminated uraninite in Wheeler Basin,
Colorado

A small but interesting occurrence of dissem-
inated uraninite has been found by E. J. Young and
P. L. Hauff (1975) in Precambrian rocks in Wheeler
Basin, Grand County, Colo. The host rocks are
gneiss, migmatite, and pegmatite that contain
scattered masses of biotite-rich rock, commonly
about 1 m across. The uraninite occurs in minute
grains and is most abundantly concentrated in the
biotite-rich patches; one grab sample was analyzed
as 0.73 percent U. The biotite-rich patches are com-
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posed of the following minerals, listed in decreasing
order of abundance: biotite, sillimanite, quartz,
pyrite, muscovite, monazite, hematite, uraninite,
zircon, molybdenite, chalcopyrite, and fluorite.

Lead isotope studies by K. R. Ludwig on the
uraninite indicate an age of 1890+60 m.y. This is
also the approximate age of the Silver Plume Gran-
ite, which is common in this part of Colorado and
a body of which lies within 120 m of this uraninite

occurrence. Although this occurrence of uraninite
is judged to have little or no resource significance,
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proximity to an intrusive body of this granite sug-
gest that the uranium mineralization might be
genetically related to the Silver Plume Granite, and

that other occurrences of uranium might be found
in other places of similar geologic setting.
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Naduon 107 unacqummluul pdu-
samples of uranium-bearing sandstone

In many uranium deposits in sandstone, the
uranium (U or U,0;) content reported by chemical
analyses is commonly higher than equivalent
uranium (eU or eU,Os) reported by radiometric
analyses for samples containing more than about 0.1
percent uranium, whereas chemical U (or U,0,) is
commonly reported to be lower than eU (or eU,0s)
in samples containing less than about 0.1 percent
uranium. In order to determine if this pattern is
real and not the result of faulty analytical techniques
for one or both types of samples, a high-grade sam-
ple in which the chemical U (0.75 percent) was re-
than eU (0.49 percent) was split
into several samples. Each split was diluted with
different amounts of barren sandstone so that the

calculated grade of the splits ranged from 0.37 to

0.0015 percent U. Analysis showed that the chemical
U was higher in each split than eU, and in about
the same ratio as in the original sample, suggesting
that the standard analytical techniques are not
faulty. According to E. S. Santos, the most plausible
explanation for this pattern of disequilibrium be-
tween high- and low-grade samples is to assume
that the amount of daughter products lost is propor-
tional to the grade of the uranium present, and that
most or all of the daughter products is then rede-
posited uniformly in and near the deposit. There is
thus a net gain of eU in low-grade material near the
ore and a net loss in ore.

COAL

Reinhardt Thiessen collection established at Columbus, Chio

Thin sections showine inherent microsconie char-
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acteristics of coal studied by Thiessen have been as-
sembled al the USGS Coal Geology Laboratory in
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Columbus, Ohio. Thiessen began his coal studies
with the Geological Survey in 1907 and continued
his work with the USBM from 1912 until his death,
late in 1937. These and subsequent studies have pro-
duced this series of unique reference preparations
which represent virtually all important American
commercial coal beds and which provide a detailed
visual basis for examining the botanical composition
UJ. AITIEI 1can LUd,l DUIIlt} bELLIOIlb are lI'OIIl mlneu-oun
coal beds that were known to have unusual proper-

ties; others are from beds that have not been de-

al hada qgfindiand
veloped. Thin sections of western coal beds studied

since 1950 at the Coal Geology Laboratory have been
added to this collection, making a total of more than
13,000 thin sections. The collection is arranged by
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coal bed and geographic region for easy reference.

Coal bed discovered in New Mexico

A potentially commercial coal bed was located in
the Raton coal field during field-checking operations
by C. L. Pillmore. The bed, named Rattlesnake coal
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only 30 to 76 m below the crest of a high ridge be-
tween Spring and Gonzales Canyons, about 5 km
northwest of Vermejo Park, N. Mex. It is 2.1 m
thick and contains 1.4 m of coal in two main benches,
0.5 and 0.9 m thick, separated by a parting of car-
bonaceous shale.

Wyodak-Anderson coal bed in the Gillette area, Wyoming

A study by N. M. Denson and W. R. Keefer (1974)
of sonic-density, gamma-ray, and electric logs from
numerous oil and gas tests and from recent coal
drill-hole data in the Powder River basin indicates
that the Wyodak-Anderson coal bed in the vicinity
of Gillette has a maximum thickness of about 38 m
and occurs at depths of 61 m or less in a strip 72 m
long and covering approximately 30,000 ha. On the
the
Wyodak-Anderson coal bed in this area contains an
estimated 6.4 billion t of coal resources. The coal
is subbituminous in rank, and available analyses
indicate that its sulfur content averages less than
1 percent, ash content averages 6.3 percent, and

heat value averages 21 million J /kg.
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Coal resources in the Nenana coal field, Alaska

An open-file report on coal resources in Nenana
coal field (Wahrhaftig, 1973) indicates the presence
of 3.75 billion t of coal resources with less than
305 m of overburden, nearly all in beds more than
1.5 m thick. An additional 1.7 billion t of coal re-

soureces occur in beds more than 1.5 m thick in

measured, indicated, and inferred categories with
305 to 914 m of overburden.
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OIL AND GAS

Significant petroleum accumulations possible beneath Atlantic

Continental Shelf

In their regional geological and geophysical
studies, R. Q. Foote, R. E. Mattick, and J. C. Beh-
rendt (1974) have identified a considerably thicker
section of sedimentary rocks (more than 10 km in
the Baltimore Canyon area and 8 km on Georges
Bank) than has been previously recognized beneath
parts of the shelf. Two major deltaic sequences that
are observed under the emerged Coastal Plain should
extend under the shelf and should have marine sands
agsociated with them. Also, carbonate rocks have
been identified interfingering with clastic rocks. Po-
tential hydrocarbon source beds are present along
the coast in subsurface rocks of Cretaceous age. Po-
tential reservoir sandstone beds are abundant in this
sequence. For these reasons, it appears that beneath
the Continental Shelf there are thick sedimentary
sections and structural traps favorable for the ac-
cumulation of significant amounts of petroleum in
Cretaceous and older strata.

Conodont color—a key to the thermal history of the host rock

A. G. Epstein, J. B. Epstein, and L. D. Harris are
studying the use of the color of conodont elements as
an index of the thermal maturity of the host rock.
Collections of conodonts have been assembled from
several traverses across the Appalachian basin and
for several intervals of Paleozoic time. Only cono-
donts of similar age and, wherever possible, only ele-
ments of similar form and size are used for color
comparison; five or six color groups have been
distinguished.

Conodonts ranging in age from Ordovician
through Devonian vary gradationally from pale am-
ber, along the western edge of the Appalachian basin
{Nashville dome to the F Findiay arch), to dark brown
or black, along the eastern edge of the Valley and
Ridge province.

Al
Conodont color chang

es generally follow trends of
isocarbs based upon ﬁxed-carbon ratios of Carboni-
ferous plant material, so that conodonts are medium
amber or lighter in areas where ratios are less than
60, medium to dark brown in areas where ratios are
between 60 and 90, and black in areas with ratios
greater than 90.

Long-term heating experiments are continuing.
Colors of all conodonts observed in field collections
have been duplicated in the laboratory but at rather
elevated temperatures. Color changes of conodont
elements are time dependent and temperature de-
pendent so that changes achieved rapidly at elevated

temperatures have also been reproduced over a peri-
od of several weeks at significantly lower tempera-
tures. All heating experiments were made at 1 atm
and under oxidizing conditions.

Sourwood Mountain anticline, southwestern Virginia
Geologic mapping in the Duty quadrangle, Vir-
ginia, by C. R. Meissner, Jr., indicates that the Sour-
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wood Mountain anticline is a potential trap for oil

and gas. The unique north-south orientation of this
structure is in contrast to the northeasterly trend of
the folded Appalachian Highlands. The anticline is
11 km long, 6 to 8 km wide, and has an amplitude of
about 150 m.

Cil aind gas possibilities in southe:

eastern Kentucky
Paleozoic strata in a 155,000-ha area in south-

eastern Kentucky may be potential sources of eco-

il and oag aponardine +6 an intan_
nomic quantltles of oil and gas, aCCoraing o an inter

pretation by A. J. Froelich (1973), who used data
derived largely from geologic mapping by the USGS,
in cooperation with the Kentucky Geological Survey.
The area, which is in the Pine Mountain overthrust
block, is underlain by more than 4,500 m of Paleozoic
rocks. The attitudes of strata at the surface suggest
a structural pattern that may reflect structural or
paleogeomorphic alinements beneath the overthrust
block.
Organic-rich zone defined by conodonts in Pilot Shale

An organic-rich zone comprising detrital clastic
rocks that average more than 2 percent residual or-
ganic carbon has been found by C. A. Sandberg and
F. G. Poole in the lower part of the Pilot Shale, of
early Late Devonian (early Famennian) age, in
western Utah and eastern Nevada. Its age has been
defined by Sandberg on the basis of contained cono-
dont faunas. In the Confusion Range, Utah, the zone
is 93 m thick and ranges from the Lower Palmato-
lepis crepida or Upper P. triangularis Zone at the
base, to the Lower P. marginifera Zone at the top. It
thickens basinward to 183 m in the Red Hills, Nev.,
where the ages of the top and base are the same. The
organic-rich zone abruptly changes facies in the
South Burbank Hills, 85 km southwest of the Con-
fusion Range, where the lower part, from the Upper
P. crepida Zone downward, becomes the shallow-
water West Range Limestone, whereas the upper
part still tops in the Lower P. marginifera Zone but
has reduced organic-carbon values that average
about 1 percent. This finding suggests that deposition
of possible petroleum source rocks occurred in a
widespread, moderately deep marine environment
that had an abrupt boundary with a less favorable
shallower marine environment.



MINERAL-RESOURCE AND MINERAL-FUELS INVESTIGATIONS 9

Petroleum source-rock studies, Permian System

Black shale beds in the Phosphoria Formation are
probable source rocks of oil and gas and occur ex-
tensively in the States of Idaho, Montana, Utah, and
Wyoming. These beds have long been known to be
petroliferous and are low-grade oil shale locally in
Montana, where they have yielded as much as 87.5
litres of oil per tonne of shale (Condit, 1919, p. 24,
25). The black shale beds are more than 100 m thick
at localities in northern Utah and south-central
Idaho, but eastward the strata thin and are absent
in central Montana, central Wyoming, and eastern-
most Utah. Samples from these shale beds have been
gathered from 25 localities in the 4 States and have
been analyzed for organic-carbon content as an indi-
cator of the degree of their original potential hydro-
carbon yield. These shale beds commonly contain as
much as 4 percent organic carbon although some beds

analyzed contain more, and one bed contains 30
percent.

The Permian black-shale beds could have gen-
erated oil and gas for accumulation in natural reser-
voirs throughout the northern cordilleran region.
Probably, not much oil has accumulated within this
region because of extensive faulting and fracturing
which would have allowed most oil to escape; how-
ever, eastward migration and acecumulation in favor-
able reservoirs in eastern Montana, Wyoming, and
Colorado has been postulated (Sheldon, 1967). By
identifying preferred-migration routes from these
source beds in the northern cordilleran region to
favorable trapping beds, it may be possible to differ-
entiate areas of greater potential and to assist in
more efficient exploration.

Disconformities in Cenomanian and Turonian (Cretaceous)

rocks, Wyoming and Colorado

Two major disconformities and a local discon-
formity have been traced by E. A. Merewether, G. A.
Izett, and W. A. Cobban (1974) in rocks of Ceno-
manian and Turonian age across southern Wyoming
and northern Colorado. The lower major discon-
formity is at the base of the Wall Creek Sandstone
Member of the Frontier Formation. Its magnitude
decreases from central Wyoming to northern Colo-
rado. A local disconformity, representing part of lat-
est Cenomanian and earliest Turonian time, is pres-
ent locally in south-central Wyoming beneath the
lower major disconformity. A second major, stra-
tigraphically higher, disconformity at the base of
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spread across Wyoming and northern Colorado.
Close faunal control above and below this second dis-

conformity demonstrates that its magnitude in-
creases from north-central Wyoming, where the
Turonian succession is nearly complete, to northern
Colorado, where as many as eight mollusk zones are
absent beneath the disconformity. Understanding of
the relationships of these disconformities may lead
to delineation of possible stratigraphic traps for oil
and gas.

Late Cretaceous delta-front sedimentation, central Wyoming

Upper Cretaceous rocks of the Mesaverde Forma-
tion, exposed between Hudson and Muskrat Creek on
the south flank of the Wind River Basin, accumulated
in an ascending succession of delta-front, tidal-flat,
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traced rocks of the lower two environments from
Alkali Butte eastward 15 km; they grade into rocks

deposited in an offshore marine environment. Rocks

of the delta-front facies are characterized by recur-
ring sequences that grade from siltstone upward into
sandstone beds; the lower sandstone beds of each
sequence contain structures produced by slump and
mass flow of sediments on the delta-front slope. The
upper sandstone beds of each sequence accumulated
in a variety of littoral-marine, beach-dune, and estu-
arine-channel environments. Deposition trends of
sandstone units strike about N. 8° W. to N. 30° E.
into the Wind River Basin, and Reynolds postulated
that the beds may be reservoirs for petroleum on the
downthrown (north) sides of east-trending faults in
the basin.

Stratigraphic terminology of the Dakota Sandstone and Mancos

Shale, west-central New Mexico

The generally transgressive rock sequence that
constitutes the lower part of the Cretaceous System
in west-central New Mexico—the intertongued Da-
kota Sandstone and Mancos Shale—has been divided
into named formal and informal rock units of region-
al significance by E. R. Landis, C. H. Dane, and W.
A. Cobban (1973). The formally named rock units
are developed best in the Laguna area. They are, in
descending order, the Twowells Sandstone Tongue
of the Dakota Sandstone, the Whitewater Arroyo
Shale Tongue of the Mancos Shale, the Paguate
Sandstone Tongue (new) of the Dakota Sandstone,
the Clay Mesa Shale Tongue (new) of the Mancos
Shale, the Cubero Sandstone Tongue (new) of the
Dakota Sandstone, and the Oak Canyon Member
(new) of the Dakota Sandstone, which can be in-

formally divided into distinctive upper and lower
narts. Eastward and southward from L aguna, most
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of the sequence is mapped as the marine Mancos
Shale. Westward and northwestward from Laguna,
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most of the sequence is mapped in the fluviatile and
paralic Dakota Sandstone.

Geochemical anomalies in surface rocks may help find oil
Anomalous concentrations of manganese, vanadi-
um, nickel, and iron as well as peculiar 0®#/0' ra-
tios, have been found by T. J. Donovan (1974) in
carbonate-cemented rocks overlying known petrole-
um deposits in the midcontinent and Rocky Moun-
tain regions of the United States. The concentrations
and ratios vary systematically and appear to coincide
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accumulatlons. Although the geologic and chemical

processes behind these anomalies are not yet well
understood, they appear to be related to the bast
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movement of subsurface brines and hydrocarbons
focused through anticlinal roofs. The anomalies may
provide the basis for new geochemical tools for
petroleum exploration.

Porosity studies, Pennsylvania sandstones in Wyoming

R. F. Mast studied porosity in Pennsylvanian
sandstones in the Green River Basin, Wyo., using
neutron, sonic, and density logs. Regression analysis
of porosity and depth data showed a correlation co-
efficient of 0.70. Estimates of in-place permeability
based on plots of core porosity and permeability indi-
cate that natural or hydraulically induced fracturing
may be I‘PGHlY‘Pd fmr' r’nmmnvnw:\'l p“nduct}uu of Ul}.
below 4,600 m.

Trace elements in crude oil

Published data for uranium, copper, vanadium,
and nickel in crude oil have been evaluated in an at-
tempt to correlate the occurrence of these elements
with the strata that served as the source beds in
which the oil formed. It was hoped that unusual con-
centrations of the elements could be related to their
geochemistries in shales and limestones, the two
most likely rock types in which petroleum will form.
Preliminary evaluation has led to the conclusion that
uranium is not a normal constituent of crude oil, and
that distributions of vanadium and copper are not
particularly significant. The content of nickel, how-
ever, is variable and may reflect the composition of
various source beds. Vanadium-nickel ratios, when
plotted for all oils without regard to sources or his-
tories, seem to fall into two significant ranges of
values that may be related to two types of source
beds.

Transformation of algal sediment to oil shale
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Motoaki Sato {(USGS) and W. H. Bradley (Mil-
bridge, Maine) have shown that the high oxygen

content of algal sediment, such as the one found in
Mud Lake, Fla., could be reduced to the level of the
organic matter of oil shale by spontaneous decar-
bonation and dehydration. This finding has removed
the difficulty Bradley (1966, 1970) pointed out in
hypothesizing the algal origin of the rich oil shale in
the Green River Formation. The study also indicated
that the direct products of photosynthesis, such as
carbohydrates, probably are the highest energy in-
put in the process of separation of oxygen from car-
bon and hydrogen. Further oxygen separation to
form hydrocarbons and other compounds richer in
carbon or hydrogen would proceed spontaneously
with evolution of some carbon dioxide and water, and
with a fraction of the stored energy. Sato and Brad-
ley concluded that the crucial factor for the forma-
tion of fossil fuels is the initial protection of the
plant matter from aerobic oxidation. Blue-green al-
gae provide such a protection themselves by the
production of lauric acid which is a lethal inhibitor
for aerobic mucilaginous
sheaths which make the algae adhere and hinder
aeration.
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CHEMICAL RESOURCES

Potential shale-oil resources of units above the Mahogany
zone, Green River Formation, Piceance Creek basin, Colorado

About 17 billion t of oil are contained in oil-shale
units that average 45 to 76 1/t. According to J. K.
Pitman and J. R. Donnell (1973), these units overlie

4 1. il.chal gy
the Mahogany zone, the uppermost rich oil-shale zone

in the Piceance Crezk basin, and heretofore had
been considered overburden, probably to be wasted in
a surface-mining operation. Some of these units
underlie the prototype oil-shale lease tract C—a and
could be stockpiled and later blended with the rich,
stratigraphically lower oil shales in what is tenta-
tively projected to be at least a 100,000-t/d open-pit
operation.

l"veviwy‘ rt:u.!gllueu marker beds in the Parachuie Creek Memner,
Green River Formation

Stratigraphic studies by R. B. O’Sullivan along at
least 16 km of outcrop in the eastern part of Pice-
ance Creek basin, Colorado, revealed several key
marker beds of dolomite in the Parachute Creek
Member of the Green River Formation. The marker
beds are very light tan and commonly form ledges in
the generally smooth, gray slopes of the Parachute
Creek Member. At many places, dark-brown solid
hydrocarbons occur as very thin streaks or void fill-
ings and give the marker beds a thinly banded or
mottled appearance. Dawsonite (NaAl(OH),CO.)
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was detected in some of these beds by X-ray diffrac-
tion analysis. The marker beds are conspicuous and
facilitate correlation of subdivisions of the Para-
chute Creek Member in the eastern part of the Pice-
ance Creek basin.

Possible economic uses of trona-leonardite mixtures
Experiments by V. E. Swanson and T. G. Ging,

Jr., (1972) indicated that the simple addition of
water to mixtures of untreated trona and otherwise

insoluble leonardite yields a rich, black, slightly alka-
1ihatanraa
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Prices of both trona (Na.CO.-NaHCO;-2H.0) from

Wyoming and leonardite (naturally oxidized coal)
fraom South Dakota and Wyoming are similar, rang-
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ing from $10 to $30 per tonne. The dissolved mlxture
could be used as a liquid soil conditioner, a leaf
spray-micronutrient fertilizer (with the desired
chelate elements added), or a leach solution for sec-
ondary recovery of ore metals or for capture of toxic
metals from industrial wastes.
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Processes of lithium concentration in sedimentary deposits

The compilation by J. D. Vine and E. B. Tourtelot
of geological and geochemical data on the distribu-
tion of nonpegmatitic lithium deposits indicates an
association with Basin and Range structure in the
Southwest. The climate of this desert area favors
concentration of lithium brines and salts by evapo-
ration at or near the surface. The occurrence of
lithium deposits in this region, however, probably
has genetic significance for other reasons as well. For
example, deep-seated faults may provide pathways
for deep circulation of ground water; volcanic ac-
tivity provides a source of heat to drive ground-
water convection cells; and block faulting interrupts
drainage, forming local basins that serve as hydro-
logic sinks from which the soluble constituents of
surface and ground water cannot escape. Together,
these processes serve to concentrate and trap lithium
in near-surface sedimentary deposits where the lithi-
um can most easily be discovered.

Zeolites and potassium feldspar of diagenetic origin in the
Big Sandy Formation, Arizona

The Big Sandy Formation of Pliocene age covers
an area of about 78 km: in southeastern Mohave
County and consists chiefly of nearly flat lying la-
custrine rocks that have a maximum exposed thick-
ness of about 756 m. Lacustrine rocks are mainly mud-
stone with interbedded tuff and limestone. According
to R. A. Sheppard and A. J. Gude, 3d (1973), tuffs
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graphic section, and they are from 0.01 to 1.02 m

thick. All the originally vitric material in the tuff-
aceous rocks is completely altered. Zeolites, mono-
clinic potassium feldspar, clay minerals, and silica
minerals now compose the altered tuffs. The zeolites
are mainly analcime, clinoptilolite, erionite, and
chabazite. Phillipsite, mordenite, and harmotome (a
rare barium zeolite) are much less abundant. Mono-
mineralic beds of zeolites and potassium feldspar
were recognized, but most zeolitic tuff consists of
two or more zeolites. Some beds of zeolite and potas-
sium feldspar have economic potential. Analcime is
associated with each of the other zeolites, and po-
tassium feldspar is associated with analcime and
most of the other zeolites. Textural evidence indi-
cates that the zeolites, except analcime, formed di-
rectly from the silicic glass by a solution-precipita-
tion mechanism. Neither analcime nor potassium
foldanar seems to have formed directly from the
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silicic glags. Analcime formed from the early zeolite
precursors, and potassium feldspar formed from
analcime as well as from the other zeolites.

GEOTHERMAL RESOURCES

Determination of geothermal-reservoir temperature from
chemical analysis of large-discharge warm springs

The waters of some high-discharge warm springs
are mixtures of cold, dilute, near-surface ground
water and hot more concentrated geothermal water
that has ascended from depth. R. O. Fournier and
A. H. Truesdell (1974) have devised a method of
estimating the temperature and the proportion of
the geothermal component. The method is based on
the fact that the solubility of quartz in water is not
linear with temperature, and it requires knowledge
of the temperature and silica content of both the
warm-spring water and the cold ground water of the
region. This method may yield greatly improved
estimates of subsurface temperatures in many geo-
thermal areas and thus may prove to be an important
exploration tool.

Long Valley, California

Geologic mapping by R. A. Bailey has confirmed
that most of the thermal springs in the Long Valley
caldera, Mono County, Calif., are located on or near
north- to northwest-trending faults that are exten-
sions of the Hilton Creek fault, one of the main
active faults along the eastern margin of the Sierra
Nevada. In addition, the thermal springs are general-
ly distributed in an arcuate zone peripheral to the

central resurgent complex of the caldera, suggesting
that a+ danth +ha tharmal watare are controlled hv
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the caldera ring-fracture system or are localized in
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reservoirs in the thick sedimentary fill of the caldera
moat zone. Control of thermal waters at depth by
the caldera structures is also indicated by the ap-
parent lack of any leakage of thermal waters along
the Hilton Creek or other north-south faults outside
the caldera even though the Hilton Creek fault is a
deep and recently active structure.

Bipole-dipole techniques were used by W. D. Stan-
ley, D. B. Jackson, and A. A. R. Zohdy (1973a, b) to
produce an electrical resistivity map of the Long
Valley caldera. The three major resistivity lows were
discovered and then evaluated by 49 d-c resistivity
soundings and 13 transient electromagnetic sound-
ings. The resistivity low centered on the Cashbough
Ranch, the largest in areal extent, is due primarily
to a conductive layer as thick as 500 m, the top of
which is at a depth of 50 to 300 m. A test hole 300 m
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layer to consist of zeolitized rhyo-
litic tuffs and ashes at only 73° C. The second major
resistivity low is due to a conductive zone at 600 to
1,400 m depth. It appears to be related to a splinter
of the Hilton Creek fault and is coincident with a
near-surface thermal anomaly. The third resistivity
low is coincident with an aeromagnetic low at Casa
Diablo Hot Springs and may be caused by extensive

alteration of volcanic rocks to clays and zeolites.

The resistivity map and the sounding interpreta-
tions correlate with the geology and suggest that
much of the hydrothermal activity has been confined
to faults related to the Sierra frontal system, par-
ticularly the Hilton Creek fault. A geothermal reser-
voir probably exists only at depths greater than 1
km, and the most promising area for deep drilling
appears to be at the intersection of two splinters of
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the Hiiton Creek fault near Whitmore Hot Springs.

Using discharge measurements and chemical
analyses of springs, R. E. Lewis calculated that the
total surface discharge of geothermal water in Long
Valley is about 250 1/s. Seventy-eight percent of this
is discharged along a 2-km section of Hot Creek
{
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percent, by a group of springs in the vi-
cinity of the fish hatchery; and 6 percent, by Whit-
more Springs and the springs at the head of Little
Hot Creek. Using the above discharge value and an
estimated reservoir temperature of 180°C, the mini-
mum heat flux from the Long Valley geothermal sys-
tem is calculated to be 4.4 X107 cal/s. This value is a
minimum because it does not include conductive
heat flow or heat accompanying unseen discharge of
hot water below the ground surface.

Al Aasmliseo 2. T
Temperatures measured by A. H. Lachenbruch, R.

E. Lewis, and J. H. Sass (1973) in 20 shallow holes
(<30 m deep) in the Long Valley caldera indicate a
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variable pattern of the heat flow that can be at-
tributed to movement of water within superficial
sedimentary and volcanic rocks. Preliminary deter-
mination of conductive heat flow by Sass, Lachen-
bruch, and R. J. Munroe (1974) in granitic rocks
north, south, and east of the caldera show no evi-
dence of anomalous heat as little as 6 km from the
rim. One measurement 3 km west of the caldera rim
does, however, indicate excess heat. These heat-flow
data suggest that the thermal anomaly of the Long
Valley region is confined largely to the caldera. Al-
though the caldera is likely to be underlain by a cool-
ing pluton, the heat-flow data do not suggest appre-
ciable volumes of molten material within 10 km of
the surface.

A seismic-noise survey in Long Valley revealed a
noise-amplitude anomaly with a predominant fre-
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Hz, which is 5 to 10 times higher than
the regional background level. The noise anomaly is
outside the region of surficial hydrothermal phe-

nomena and may be due in pa

part to amplification of
regional background noise by the underlying 1 to 2
km of sediments. However, analysis of earthquakes
recorded both on these sediments and on bedrock out-
side the area of anomalous noise shows that this is

not the complete explanation.

The Geysers-Clear Lake area, California

Geologic mapping by R. J. McLaughlin in The
Geysers steam field near Cloverdale, Calif., has de-
lineated structural features in the complex Francis-
can Formation of late Mesozoic age, that may have
considerable bearing on interpretations of the geo-
thermal system in that area. The dominant structural
features in the Franciscan are a major system of
northeast-dipping imbricate thrust faults cut by a
system of nearly vertical northwest- to east-west-
trending strike-slip faults that may be active. Ther-
mal springs and zones of hydrothermal alteration
along both of these fault systems indicate that the
migration and localization of steam and thermal
fluid is probably partly controlled by these features.
Large serpentinite bodies and broad zones of per-
vasively sheared rock (mélange) along the north-
east-dipping thrust faults form relatively impervi-
ous barriers along which lateral migration of steam
might occur. The vertical movement of steam is part-
ly controlled by high-angle faults that cut the thrust
sheets and by related high-angle fracture zones in
shattered rocks between the thrusts. Other structur-
al features that could affect the localization of steam
in The Geysers area are tight, southeast-plunging
folds and probable broad, southeast-plunging region-
al warps.
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Geologic mapping by B. C. Hearn, Jr., (USGS)
and J. M. Donnelly (Univ. California, Berkeley),
magnetic polarity determinations by C. S. Grommé,
and K-Ar dates by Donnelly, G. B. Dalrymple, and
M. A. Lanphere suggest that the central part of the
Clear Lake volcanic field is younger than 0.5 m.y.,
whereas the southern part is older than 0.7 m.y. and
thus overlaps part of the Sonoma Volecanics. Potassi-
um-argon dates of less than 100,000 yr on obsidian
from Borax Lake and olivine andesite from Mount
Konocti suggest that the voleanic field is still active

and may be underlain hv a maoma chamha
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Geothermal systems of Nevada

Studies by R. K. Hose have shown that most hot
springs in Nevada occur along Basin and Range
faults (late Miocene to Holocene) on the flanks of
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temperatures range from slightly above ambient to
boiling ; some are superheated. Calculated minimum
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mostly less than 190°C, although a few are higher
(up to 252°C). Flows range from a trickle up to
several hundred litres per minute.

The Nevada geothermal systems differ from the
power-producing system at The Geysers and from
those areas with a high potential for power produc-
tion (for example, Jemez Mtns., N. Mex.; Long Val-
ley, Calif.; Salton Sea, Calif.). These latter systems
are associated with Quaternary felsic voleanic rocks,
and probably derive their heat from cooling magma
high in the crust. Northern Nevada, however, lacks
felsic extrusive volcanic rocks younger than 10 m.y.,
and modern magmatic heat sources are therefore
probably absent.

Northern Nevada is part of a large area of anoma-
lously high heat flow and conductive geothermal
gradients, probably resulting from a thin crust and a
high-temperature upper mantle. Accordingly, Hose
suggested that the geothermal systems in northern
Nevada can be explained by deep circulation of me-
teoric waters along Basin and Range faults, without
any reference to hidden bodies of magma.

Surveys by D. L. Peterson indicated that at least
three hot-spring groups in Nevada are associated
with intrabasin gravity highs. Gravity highs at Buf-
falo Valley and Leach Hot Springs are possibly
caused by induration of basin sediments along fault
zones. The gravity high at Hot Pot can be traced 8
km southward to an outcrop of Paleozoic sedimen-

tary rock that is interpreted to reflect an uplifted
ry rocx tnat 1s Interpreteq U0 retiect an upliited

Paleozoic block. Steep gravity gradients along the
highs at Leach and Hot Pot probably reflect faults.

Geothermal systems of Idaho

A reconnaissance audiofrequency magnetotelluric
(AMT) survey by D. B. Hoover outlined a major
electrical-resistivity anomaly over more than 135
km? of the Grandview area of Owyhee County, Idaho.
Subsequent d-c electrical-resistivity soundings were
made by D. B. Jackson to determine the true resis-
tivities and extent of the conductive zone at depths
greater than those reached in the AMT survey. The
soundings confirmed a conductive layer with a re-
sistivity of about 5 ohm-m and a thickness of about
1.6 km in the area of the main AMT anomaly. The
anomaly extends with reduced thickness at least as
far east as Hammet.
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the area of the anomaly suggest that the conductive

layer is related to hot formation water and asso-
ciated hydrothermal alteration. H. W. Young and
R. L. Whitehead estimated that ground-water tem-
peratures at depth, based on several geochemical
thermometers, are at least 150°C. Salinities of
spring and well waters range from 181 to 1,100
mg/l. The elevated temperatures, good water qual-
ity, and immense indicated reservoir size suggest
strongly that the Grandview area should be con-
sidered as a site for an experimental low-tempera-
ture geothermal powerplant.

Two areas near Weiser, Idaho, also are considered
to have significant geothermal potential. H. W.
Young and R. L. Whitehead reported that minimum
reservoir temperatures based on geochemical ther-
mometers are 150°C for Weiser Hot Springs and
170°C for Crane Creek Hot Springs. Estimated tem-
peratures at depth, assuming that the sampled wa-
ters are a mixture of geothermal water and shallow
ground water (Fournier and Truesdell, 1974), range
from 200°C to 248°C for Weiser Hot Springs and
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preliminary AMT survey by D. B. Hoover shows
conductive zones at depth in both areas.

EXPLORATION TECHNIQUES
AREAL GEOCHEMICAL STUDIES

Gold Basin-lLost Basin district, Arizona

Analyses by J. C. Antweiler and E. L. Mosier of
gold concentrates from more than 100 small quartz
veins and prospects in the Gold Basin-Lost Basin
area, Mohave County, Ariz., suggest the possibility

of a mineralized zone containing disseminated molyb-
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denum. Molybdenum is present in many gold sam-
ples, and tin and tungsten are present in a few.
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Silver and copper are found in widely divergent con-
centrations in all samples. Lead, bismuth, and mer-
cury are found in most samples; zine, tellurium, and
antimony are present in a few samples. Spectro-
graphic analyses by J. C. Hamilton of the rock and
ore samples that were hosts for the gold detected
many of the same elements but in generally lower
concentrations than those found in the correspond-
ing gold concentrates. The analyses suggest a min-
eralized zone that may contain a disseminated moly-
bdenum and (or) copper deposit.

Mineral Butte district, Arizona

A geobotanical survey made by M. A. Chaffee and
C. W. Gale III, in the vicinity of the Mineral Butte
porphyry copper deposit in Pinal County, Ariz., re-
vealed a very close correlation between the areal
extent and density of specimens of the California
poppy (E'schscholtzia mexicana) and the areal ex-
tent of the copper in the residual-soil anomaly asso-
ciated with the known copper deposit. This relation-
ship between poppy populations and copper deposits
has been noted by many workers in other parts of
Arizona. Unfortunately, this poppy does not seem to
grow around all Arizona copper deposits; conse-
quently, its value as a geobotanical indicator plant
is limited.

Montezuma district, Colorado

In their investigation of the Montezuma mining
district, G. J. Neuerburg, Theodore Botinelly, and
J. R. Watterson have found that this part of the
Colorado mineral belt is defined by an assemblage
of certain rock and alteration types and ore-mineral
species, all of which originated during the venting
of a Tertiary batholith through weak structures in
Precambrian host rocks. The ore consists of silver-
lead-zinc veins clustered on the propylitic fringe of
a geometrically complex system of altered rocks,
which are located at the intersection of the Oligo-
cene Montezuma stock with the Montezuma shear
zone of Precambrian ancestry. The alteration pat-
tern conforms to the standard porphyry-metal
model, but the pattern is developed around several
small intrusives strung out along the shear zone
and is therefore not expressed as the usual thick
concentric zones centered on one large plug. The
distribution of trace amounts of molybdenum sug-
gests the possibility of molybdenum deposits in the
district, but the alteration pattern suggests that
any deposits would probably be small, scattered,
and very deep. Disseminated molybdenite is essen-
tially coextensive with altered rock and increases
slightly in quantity toward the inner alteration

zones. Two areas of vein molybdenite are associated
with phyllic and potassic alteration and represent
possible diffuse halos of molybdenite deposits. One
group of veins resembles the Climax and Henderson
deposits; however, this veining is only present in a
small and isolated group of outcrops. The second
group of molybdenite veins is in a bismuth-rich
part of the Montezuma stock and underlies an area
of bismuth veins; this group records the passage
of contact-metasomatic ore fluids. Another bismuth-
rich area is in the southeast corner of the stock in
a region of bismuth veins and may indicate a third
group of molybdenite veins.

Coeur d’Alene district, Idaho
Recent evaluation by G. B. Gott, J. M. Botbol, and

J. B. Cathrall of geochemical data pertaining to the

part of the Coeur d’Alene district adjacent to the

Gem and Dago Peak monzonite stocks has resulted

in the following conclusions:

1. Dispersion halos of lead, lead-zine, copper-zine,
and tellurium-silver suggest that the known
and exploited mineral belts in the northern
part of the district extend northwest into a
30 km ? area occupied by the syncline between
the Dobson Pass and Carpenter Gulch faults.
A thick sequence of Belt Supergroup rocks,
some of which have been proved to be hos-
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pitable to the formation of lead-zinec-silver re-

placement veins, fill the syncline. The geochem-
ical halos listed above appear to define the ex-
tension of the mineral belts.

2. Monzonite intrusive stocks in this area are trun-
cated and offset by the Dobson Pass fault. Heat
derived from the intrusive rocks has appar-
ently remobilized and redistributed sulfur,
tellurium, and cadmium relative to zinc to
form halos of these volatile elements concen-
trically around the monzonite stocks. These
halos are offset by the Dobson Pass fault in a
manner similar to that of the intrusive rocks.
The suifur, tellurium, and cadmium halos are
arranged normal to the trend of the mineral
belts. This relation between the most volatile
elements and the mineral belts containing
lead-zinc-silver deposits suggests that the in-
trusives were at an elevated temperature after
the mineral belts were formed.

Robinson district and vicinity, Nevada

In the Robinson mining district and Rowe Canyon
area of White Pine County, Nev., Keith Robinson,
G. B. Gott, A. E. Hubert, and G. L. Crenshaw have

| found that thallium and indium exhibit zoning pat-
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terns and geochemical disiribution halos similar to
those of other metals that are present, such as lead,
zine, and silver. All of these elements form aureoles
or halos around the central copper- and iron-rich
core. The distributions of thallium or indium do not
appear to be related to the lithology of the Paleozoic
or Tertiary host rocks. In the zone of hydrothermal
alteration anomalies of both elements cluster adja-
cent to the intrusive Cretaceous stocks and to the
major fault zones. Thus, it appears that the intrusive

stocks are responsible for the introduction of thal-
lium and indium into the surrounding host rocks,
with the faults serving as conduits. On the basis of
its wider areal distribution, thallium is apparently
more mobile than indium. A correlation analysis
indicates no relationship between the distribution of
the two elements. A cluster analysis involving all
elements suggests that the distribution of thallium
is closely associated with that of the volatile ele-
ments, cobalt and mercury, and the distribution of
indium is associated with the distribution of gallium
and tin. Using the exposed Robinson mining district
as a model, the restricted distribution of thallium
in the Rowe Canyon area and the almost complete
absence of detectable indium suggest that minerali-
zation may occur at depth with only the tip of the
geochemical halo being exposed at the surface. Thus,
the potential of thallium, in conjunction with in-

dium, for use as a sensitive indication of economic
mineral deposits is considerably enhanced, particu-
larly in the search for concealed mineralization.

Hillsboro district, New Mexico

According to T. G. Lovering, representative sam-
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silicified Paleozoic carbonate rocks about 8 km east
of Hillsboro, N. Mex. contain >10 percent Pb, 70
to 100 ppm Ag, 300 ppm Cu, 30 ppm Mo, 70 ppm Sn,
and 0.1 to 0.2 percent Zn. There are no mines in this
area, which is south of the gold-mining district and
immediately south of the outcrop area of a small
quartz monzonite stock containing copper minerals.

The samples, collected by A. V. Heyl, Jr., and
C. H. Maxwell, consist of silicified gossan containing
cerrusite and descloizite. They are very similar in
minor-element content to supergene jasperoid sam-
ples from the Leadville district in Colorado. The
silicified area represented by these samples is at
least 100 m wide and 0.5 km long at the surface and
is adjacent to a highway at its northern end. Field
relations suggest that the copper-bearing quartz
monzoniite stock may underlie the silicified carbonate
rocks here at shallow depth.

Hamme district, North Carolina

In the Hamme tungsten district, North Carolina,
J. E. Gair and J. F. Windolph, Jr., have found that
semiquantitative spectrographic data from soil sam-
ples indicate a favorable but limited method of
search for tungsten occurrences in geologically fa-
vorable areas in the Piedmont, specifically in the
border zones of granitic plutons. Soil samples taken
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above, or within several hundred metres downslope

from, known huebnerite-bearing quartz veins com-
monly contain from 50 ppm (lower limit of detec-
tion) to several hundred parts per million tungsten,
whereas samples that are not near veins generally
contain less than detectable concentrations of tung-
sten. Near veins, tungsten values are distributed
sporadically, with the highest values not necessarily
directly over a vein. Huebnerite is not very soluble
during weathering ; thus, tungsten probably is irreg-
ularly dispersed in the soil in particles of huebnerite.
Therefore, tungsten concentrations of 50 ppm or
more in soil, derived from huebnerite or other mem-
bers of the wolframite series, are likely to be found
only where normally lenticular mineralized veins
are near enough to the surface to be subject to
mechanical weathering and where vein-quartz float
is present.

Keg Mountain district, Utah

R-mode factor analysis was used by D. A. Lindsey
to develop and test a model relating mineralogy to
trace-element content of water-laid tuff in the Keg
Mountains of Utah. Interpretation of the factor
analysis indicates that five processes are responsible
for a major part of the observed variation in min-
eralogy and trace-element content. These processes
are: (1) local concentration of major detrital min-
erals, including iron oxides, (2) concentration of
accessory detrital sphene and zircon in the eastern
part of the K neg Mountams, \u; zeolitization of vol-
canic glass, (4) feldspathization, and (5) slight

concentration of lead, gallium, and beryllium in the
parent rhyolite magma
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The concentration of detrital minerals derived
from older volecanic rocks has a strong effect on the
distribution of trace elements in the unmineralized
water-laid tuff. The elements Ba, Fe, Cu, Mn, Ti, and
V are associated with the concentrations of major
detrital minerals. The elements lanthanum, niobium,
yttrium, and zirconium are associated with the con-
centration of sphene and zircon. It is evident that
any geochemical exploration for heavy metals or
rare earths that utilizes trace elements in clastic
deposits most consider the effects of sedimentation
on trace-element variation.
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TOPICAL GEOCHEMICAL STUDIES

Thallium and indium in manganese nodules

Thallium concentrations ranging into the hun-
dreds of parts per million have been detected by
Keith Robinson, G. L. Crenshaw, and A. E. Hubert
in both marine and nonmarine manganese nodules.
Indium concentrations are generally very low or
below the limits of detection. These observations,
together with the fact that there are anomalous
thallium concentrations in mineralized areas, par-
ticularly those rich in the base metals, suggest that
thallium analyses of secondary manganese oxides
could be used effectively in mineral exploration
programs.

Scavenging of silver by manganese oxides

A number of heavy metals can be scavenged by
the hydrous manganese and iron oxides in sediments
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and soils in the weathering zone. One additional
metal, silver, has been found by T. T. Chao and B.
J. Anderson to be strongly scavenged by manganese
oxides. Stream sediments containing anomalous
amounts of silver were collected near Montezuma
and Ouray, Colo. These samples were immersed
in nitric acid of different molarities (1-10 M). Sil-
ver, manganese, and iron that simultaneously dis-
solved at each acid concentration were determined
by atomic absorption. The relationship between
silver dissolution and the dissolution of manganese
and (or) iron was evaluated by linear and multiple-
regression analyses The results indicate that man-
ganese meca, rather than iron OXIueb, are the ma-
jor control on the scavenging of silver in these
stream sediments.

Luminescence properties of selected natural materials
Previous success with a prototype Fraunhofer
Line Discriminator (FLD), an optical-mechanical
device for the detection of solar-stimulated lumines-
cence, indicates that an FLD could prove to be a
very useful instrument in many types of remote
sensing surveys. In order to determine the required
sensitivity and optimum Fraunhofer lines for opera-
tion of a FLD of an advanced design, measurements
of luminescence as a function of wavelength were
made of selected materials (with rhodamine WT as
a standard), using a Perkin-Elmer MPF-3 fluores-
cence spectrometer with a correction attachment
that adjusts for variation with wavelength of the
detector sensitivity and source intensity (Watson
and others, 1973). Resulting spectra were also cor-
rected for the wavelength dependence of the inten-
sity of direct sunlight and diffuse skylight. The
luminescence spectra of 56 petroleum samples dem-

onstrate that crude oil luminesces at the 518.4-nm
Fraunhofer line at intensities equivalent to as high
as 1,600 pg/l1 rhodamine WT, while refined oils
luminesce at the 486.1-nm Fraunhofer line with
intensities as high as 8,000 ng/l. Similar measure-
ments on nine efluent samples collected from surface
drainage adjacent to phosphate processing plants in
central Florida confirm that luminescence at the
486.1-nm Fraunhofer line with an equivalent intensi-
ty as high as 80 ug/1 rhodamine WT dye. The lumi-
nescence of needles of Pinus ponderosa growing in a
copper-rich soil near the Malachite mine, Jefferson
County, Colo., was compared with the luminescence

of needles from trees growing in soil of background
copper content. Results indicate that the lumines-

cence of anomalous and background trees at the
656.3 Fraunhofer line ranges between rhodamine
WT dye equivalent intensities of 5 pg/1 and 19 ng/1.
There does appear to be a short-term diurnal effect,
however, with the maximum difference between
background and anomalous trees occurring in the
early afternoon. It should be noted that lumines-
cence measured in the laboratory was found to be
from 43 to 48 times more intense than would be
measured with an FLD because of a difference in
measurement techniques. Even with this correction,
resulting luminescence intensities appear to be
within the sensitivity limits of an advanced FLD
currently being developed. These findings suggest
that luminescence surveys of forested areas with an
airborne FLD might possibly be useful in mineral

exploration. In addition to suggesting the use of the

FLD for the detection of the materials discussed
above, these data represent the first effort to quan-
tify and compare luminescence of materials in terms
of a standard, rhodamine WT, the luminescence
properties of which are well known.

NEW ANALYTICAL TECHNIQUES
Fluorimetric determination of selenium
A sensitive and rapid method for the determina—

1 1 1
tion of selenium Gccurrlng in ge(‘uﬁgxc materials in

concentrations less than crustal abundances has been
developed by G. L. Crenshaw and H. W. Lakin
(1974). The method involves the formation of 4,5-
benzopiazelenol for the fluorimetric estimation of
selenium with a lower detection limit for a 0.5-g
sample of 0.04 ppm Se.

Gas detector for mercury and radon

An experimental instrument ensemble developed
by W. W. Vaughn will allow simultaneous quanti-
tative measurements of mercury and radon in the
volume of gas to a level of sensitivity below the
crustal abundance for both gases. Reliable and re-
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producible determinations of these constituents in
soil gases should be useful in mineral exploration
surveys and in environmental studies.

RESOURCE ANALYSIS

Resource data bases

Interest in the Computerized Resource Informa-
tion Bank (CRIR) of the USGS (described by
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Calkins, Kays, and Keefer, 1973) increased mark-
edly during 1973 as CRIB activities moved from a
principal emphasis on development to one focusing
on operations, data management, and extended ap-
plications, such as map plots, which expanded the
utility and availability of CRIB to a larger user
community. The file tripled in size during 1973 (to
32,000 records). A major part of the addition was
approximately 10,000 records on mineral deposits
and occurrences in Alaska. The CRIB file is presently
being actively used, and contributed to, by the Ten-
nessee Valley Authority, the Bureau of Land Man-
agement, the National Museum, Geological Surveys
of Alabama and Idaho, and personnel within the
USGS.

Parallel with the growing interest in CRIB, there
was an increasing interest, domestically and inter-
nationally, in the creation of other geologically re-

data.

J. M. Botbol and R. W. Bowen have developed a
Geologic Retrieval and Storage Program (GRASP)
for interactive processing of oil- and gas-pool data
which has (1) complete system portability, (2) im-
mediate data access, (8) simplicity of operation, and
(4) a geoscience orientation. The GRASP system
has been specifically applied to the Oil and Gas
Data Bank at the University of Oklahoma, where
there are 400 variables for each pool and also a
graphics file containing each pool’s boundary sec-
tors. The textral file and graphics file for each pool
are linked by a unique identification number. The
interactive nature of GRASP, coupled with the ease
of operation, provides the user with immediate
access to large amounts of data for purposes of se-
lective retrievals, data manipulation, and graphical
display.

The Office of Resource Analysis of the USGS has
recently purchased the MANIFILE (Laznicka,
1973) from the University of Manitoba. The file
contains just under 4,000 records, each record being
a distinct mineral deposit or area. Associated with
each record are 132 items, the most important being

assured content, estimated content, and grade of
Au, Ag, Cu, Zn, Pb, Cr, W, Mo, Sh, and Hg. Some
of the other items associated with each deposit in-
clude references, geological ages, geotectonic in-
formation, ore-body shape, and minerals. A part of
the file is interactively retrievable with the GRASP
system. On the basis of selected conditions, rapid
retrieval of any part of the file can be obtained.

Resource estimates

N. J Page and J. C. Dohrenwend (1973) reported
that the Stillwater Complex contains the largest po-
tential chromite and platinum metal resources and
the second largest potential nickel resource in the
United States. The ultramafic zone has produced
about 900,000 t of chromite concentrate and con-
tains unmined potential resources of 8,200,000 ¢
of Cr,0;. Nickel and copper sulfide minerals that
occur in the basal zone and adjacent metasedimen-
tary rocks represent one of the largest potentials
of nickel in the United States—a known reserve of
165 million t of 0.25 percent Ni, 0.25 percent Cu,
and a potential resource of 2 to 10 times as much.
The complex has been estimated to contain the
largest potential source of platinum metals in the
United States—possibly over 4.2 million kg. In
addition, the anorthosites in the Banded and Upper
zones represent alumina resource of about 16.9
billion t. An iron-formation also iz pregent in the
adjacent Precambrian metasedimentary rocks, and
a coal bed is present in the nearby Eagle Sandstone,
of Cretaceous age, which contains about 33.5 million
t of B and C bituminous coal at 50-percent recovery.
The eventual utilization of these resources depends
on the availability of large quantities of energy, and
for this reason, they may not be recovered unless
new sources of energy or new recovery techniques
are developed.

Resource model studies

L. J. Drew (1974a, b) used a simulation model
and statistical-analysis technique in two studies to
analyze the process of exploring for petroleum de-
posits in the Powder River Basin. In the first study,
a simulation model was used to determine the effects
of resource-base exhaustion upon various scales of
exploration activity. The exhaustion of the resource
base of petroleum deposits was shown to force the
larger exploration operators out of the basin early
in the exhaustion sequence. Smaller operators were
found to be able to make an acceptable rate of return
even when 75 percent of the resource base was ex-
hausted. This result from the model study correlates
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closely with the actual behavior of the exploration
companies that were active in the study area. An-
other result obtained from the model study was the
indication that a large deposit which remained
undiscovered until 1969 would have almost cer-
tainly been discovered much earlier if a random-
drilling strategy had been employed.

The second study involved analysis of the effec-
tiveness of exploring for deposits during periods
when exploration plays were active (cyclical wild-
cat drilling), as compared with the effectiveness of
exploring for deposits on the basis of long-range
regional-exploration data (ambient wildcat drill-
ing). The efficiency factor for exploring during am-
bient phases of the exploration process was shown
to be 2.8 times greater than that for exploring dur-
ing the cyclical phases. During the 1950-71 period,
3,691 wildcat wells were drilled in the basin. Of this
total, 1,146 wells were drilled during ambient
phases, resulting in the discovery of 40 deposits. The
average wildcat well drilled during ambient periods
discovered 43,380 t of petroleum. During the cyclical
phases of exploration of the basin, 2,545 wildcat
wells were drilled, and 120 deposits were discovered.
The average wildcat well drilled during cyclical pe-
riods discovered 15,726 t of petroleum.

Although the average quantity of petroleum dis-
covered per wildcat well was nearly three times
lower during periods when exploration plays were
active, the practice of following exploration plays
rather than drilling regional prospects was not
without its reward. The risk of failure was found
to be substantially higher during the ambient
phase, with only 314 chances of success per 100 wild-
cat wells drilled. During the cyclical periods, the
chance of success rose to 5 wells per 100 drilled. The
acceptance of a nearly three to one reduction in ex-
pected returns in order to reduce the risk of failure
by about 43 percent shows that the average operator
in the basin has an aversion to risk. This aversion
is so strong that it forced the average operator to
accept and drill prospects during exploration plays
which returned on the average only about 51 percent
of that which was gained by drilling prospects based
upon long-range regional evaluations.

Another result of this study was the construction
of a statistical model that was used successfully to
predict the magnitude and duration of exploration
plays in various parts of the Powder River Basin.
This model was based only upon the size and depth
of the suite of deposits discovered during the dura-
tion of the various plays which developed within
the time period studied.

MINERAL INVESTIGATIONS RELATED TO
THE WILDERNESS ACT

The Wilderness Act of 1964 directs the Secretary
of Agriculture and the Secretary of the Interior to
review the suitability of lands being considered for
inclusion in the National Wilderness Preservation
System. To aid in evaluating suitability for wilder-
ness inclusion, the USGS and USBM are making
mineral surveys of primitive and other areas of the
national forests, as well as of wilderness areas estab-
lished by the Act.

PRIMITIVE AREAS
Mineral surveys have been completed on all 34

puuuuv‘t: areas, LULdullg about 2.9 million ha. Re-
ports on 31 of the areas have been published as

USGS bulletins, and reports on the remaining 3

were placed in open file during 1973; they will be

printed during 1974 and 1975. The primitive-area
report that was published in fiscal year 1974 is
summarized as follows:

Idaho Primitive Area, Lemhi and Valley Counties, Idaho

The primitive area is underlain by rocks ranging
in age from Precambrian to Cenozoic. Older Pre-
cambrian rocks are intensively metamorphosed
schist and gneiss that crop out mostly in the north-
western part of the area.

mhwm w»anlra awn
Younger Precambrian rocks ar

o
U
Jos
-
.
o
o
[
s
L
=
[~

®

&
1

morphosed sediments that have been intruded by
complex bodies of gabbro and syenite of late Pre-
cambrian age; these rocks are exposed mainly in a
belt across the central part of the area. Granitic
rocks of the Idaho batholith of Cretaceous age un-
derlie much of the northern part and some of the
southern part of the area. A thick pile of Eocene
volcanic rocks covers much of the central part of
the primitive area, and these volcanic rocks have
been intruded by a small granitic batholith, also of
Eocene age. All the rocks have been subjected to
several periods of deformation.

The mineral survey of the primitive area and
vicinity by F. W. Cater, D. M. Pinckney, W. B. Ham-
ilton, and R. L. Parker (USGS), and R. D. Weldin,
T. J. Close, and N. T. Zilka (USBM) included the
originally designated primitive area of about 4,960
km* and adjoining areas that aggregate about 705
km?.

The study area is surrounded by highly mineral-
ized terrain. Mining districts within and contiguous
to the primitive area have yielded more than $95
million worth of Au, Ag, Cu, Pb, Zn, W, Sb, Co, Ni,
and Hg ore, of which about $1,671,500 worth of
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Au, Ag, Cu, Pb, Zn, and W ore has been extracted
from deposits inside the study area. County records
show that about 5,400 mining claims have been
located in the area.

The appraisal of the mineral-resource potential of
the study area involved reconnaissance geologic
mapping, extensive sampling of rocks and stream
sediments, and studies of all known mineral occur-
rences and areas considered favorable for mineral
deposits. An aeromagnetic survey of the area was
also made to help evaluate geologic environments
favorable for ore deposits.

The area is informally divided into 11 districts;
the 4 adjacent areas are designated as additions. Six
districts and one addition have a record of mineral
production, and they have a smali-to-modest mineral
resource potential. These districts and the additions
are along the west and south sides of the primitive
area. The Thunder Mountain district, judging from
its past production and potential resources, is the

most important gold-silver district in the primitive
area. It hag produced more than er;nn 000 in gold
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and silver, mostly from two mines, the Dewey and
the Sunnyside. Reserves blocked out by mine work-
ings and drilling total a few million tonnes of
mineralized rock of marginal grade. The geology of
the area of these and three other mines indicate a
potential for additional resources of moderate ton-
nage of low-grade mineralized rock. Many thermal
springs are in the primitive area, especially in the
southern part, but data on the geology indicates
they have a moderately low potential for geothermal
energy. (See F. W. Cater and others, 1973.)

WILDERNESS AREAS

Mineral surveys have been completed on 13 of the

54 wilderness areas that were established before or

by the Wilderness Act of 1964. A report on the
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and four others may be printed during 1974. A re-
port on the Pasayten Wilderness Area, Washing-
ton. which was established after 1964, was published
in 1971. '

Chiricahua Wilderness, Cochise County, Arizona

The Chiricahua Wilderness encompasses about
72 km?® of the rugged central part of the Chiricahua
Mountains near the southeast corner of Arizona.
The mountains are a fault block typical of many
ranges in southeastern Arizona. The rocks in the
wilderness are mainly weakly deformed middle
Tertiary volcanic and intrusive rocks—chiefly rhyo-
lite and monzonite—and shale and sandstone of
Cretaceous age.
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The mineral survey was conducted by Harold
Drewes (USGS) and F. E. Williams (USBM), and
they found the wilderness area to have a low mineral
potential. The area is mostly covered by volcanic
rocks younger than the period of major mineraliza-
tion in the region, which is Late Cretaceous or early
Tertiary in age. Furthermore, Cretaceous and older
rocks exposed within a few kilometres of the wilder-
ness are only weakly mineralized. One area, about
9 km to the north, is moderately mineralized. Thus,
although the occurrence of similarly mineralized
rock beneath a thick cover of unmineralized vol-
canic rocks is conceivable, finding such deposits
would be difficult, and recovering the metals in them
would not be economically attractive. (See Harold
Drewes and F. E. Williams, 1973.)
Bob Marshall Wilderness Area, Lewis and Clark and Flathead

Counties, Montana

Geologic mapping by M. R. Mudge and R. L.
Earhart in the Bob Marshall Wilderness and adja-
cent areas, northwestern Montana, has demonstrated
that the Lewis thrust fault at Glacier Park extends
approximately 125 km farther south than had been
previously supposed. The southern extension of the
Lewis fault was called the West Fork thrust zone
by Mudge (1966, 1972) in the western part of the
Sun River area. Prior to the present investigation,
the fault was known to extend only 21 km south of
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geologic maps, disagreed on the southern extension
of the Lewis fault.

The Lewis fault is the westernmost and youngest
thrust fault in the disturbed belt in north and cen-
tral parts of the area, whereas a thrust fault slightly
younger than the Lewis is mapped a short distance
west of the Lewis in the southern part. The average
strike of the Lewis trace is about N. 15° W., and the
dip of the fault plane ranges from 17° to 43° W.;
dips of 17° to 20° are most common. In places, the
Lewis thrust overrides related but slightly older
thrust plates to the east. At the south end of Glacier
Park, the fault trace can be observed for about 19.3
km in an east-west section. Here, Precambrian Y
rocks of the Belt Supergroup are in thrust contact
on thrust-faulted and folded Cretaceous rocks.

In the northern part of the study area, Belt rocks
of Precambrian Y age are thrust over Mississippian
rocks and, in places, Cretaceous rocks. At Glacier
Park, the horizontal displacement on the fault is
probably more than 38 km, and the amount of dis-
placement diminishes southward to a hinge point
that appears to be in Dearborn Canyon, about 125
km south of the park. In the upper part of Dear-
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born Canyon, the Lewis fault has thrust Mississip-
pian rocks over Mississippian rocks.

Galiuro Wilderness, Graham County, Arizona

The Galiuro Wilderness Area covers about 260
km?, but the study area necessary for an adequate
mineral evaluation covers at least 520 km:®. The
Copper Creek mining district, which in 1972 con-
tained one operating copper mine and where two
extensive programs of porphyry copper exploration
were underway, is contiguous to the northwestern
corner of the wilderness area.

The geologic setting of the porphyry copper de-
posits comprises a basement of Laramide and older
potential host rocks overlain by postore Tertiary
andesites and ash-flow tuffs. Geologic mapping of
fresh and altered rocks in the vicinity of Copper
Creek along the boundary of the wilderness area has
revealed that older rocks favorable for porphyry de-
posits lie within the wilderness area beneath the Ter-
tiary volcanics. Some claims have been staked within
the wilderness area, but recent drilling so far has
been outside the wilderness boundary.

South Warner Wilderness, Modoc County, California

The South Warner Wilderness encompasses about
280 km? of rugged terrain in the Warner Mountains
of northeast California. The crest of this north-
trending range bisects the area and reaches a maxi-
mum elevation of nearly 3,050 m. According to
studies by W. A. Duffield, the Warner Mountains
are a fault-bounded block of the Basin and Range
province that has been upfaulted between 1,500 and
3,000 m. The bedrock in this horst consists of 1,700
m of coarse clastic sedimentary rocks of Oligocene
age that are overlain by about 1,700 m of rhyolitic,
andesitic, and basaltic volecanic rocks of Miocene
age. Mafic sills are common in the Oligocene sec-
tion, and abundant, steeply dipping mafic dikes
penetrate the top of the range. The entire bedrock
section is conformable and dips about 25° to the

west. Uplift and tilting began no sooner than about

13 m.y. ago, which is the K-Ar age of the uppermost
rocks.

Jarbidge Wilderness, Elko County, Nevada

R. R. Coats, R. C. Greene, and L. D. Cress, evalu-
ating the mineral resources of the Jarbidge Wilder-
ness and adjacent areas, found numerous barite oc-
currences, some of which were previously known.
One deposit in the adjacent study area is estimated
by L. Y. Marks (USBM) to contain about 80 billion
t of barite accessible by surface mining. Most larger
occurrences are vein deposits in Ordovician lime-

stone and chert, or in upper Paleozoic limestones
and quartzite. Minor occurrences are known in lower
or middle Tertiary volcanic rocks. Most of the veins
fill steeply dipping fractures.

STUDY AREAS

Mineral surveys of 54 of the 291 areas being
studied by the Forest Service for the Wilderness
System have been completed. Investigations of 13 of
the completed study areas are included in reports
on primitive and wilderness areas. Nineteen areas
are discussed in i1 open-file reports. Results from
some of the areas are given below.

Granite Fiords area. Alaska

Fieldwork for the mineral-resource evaluation of
the Granite Fiords study area was completed during
the summer of 1973, by H. C. RBerg, R. L. Elliott, J.
G. Smith, and Andrew Griscom (USGS), and T. L.
Pitman and A. L. Kimball (USBM). The 2,600-km?
area is in the remote and unpopulated Coast Moun-
tains near the southern tip of the southeastern
Alaska panhandle.

The area is underlain by Mesozoic and Cenozoic
plutonic and metamorphic rocks collectively known
as the Coast Range batholithic complex. Preliminary
K-Ar dating studies show that several of the less
foliated plutons are about 45 to 50 m.y. old, and that
a gabbro just south of the area is about 23 m.y. old.

A zone postulated to be one of large-scale over-
thrusting was discovered in the northeastern part
of the area. This is the first thrust fault to be I‘ﬁ&ppéu
in the region, and it offsets the rock units that con-
tain the most significant mineral deposits.

Indian Peaks study area, Boulder and Grand Counties, Colorado

Geologic mapping by R. C. Pearson, in connection
with the mineral-resource study of the area, has re-
vealed that the Arapaho Pass route, long proposed
for a highway across the Continental Divide, has
serious geologic problems. A large fault extends
through Arapaho Pass and Caribou Pass and paral-
lels the best highway route for several miles. The
amount of deformed rock along the fault is com-
parable to that of the Berthoud Pass fault, to the
south, which has caused many engineering prob-
lems in highway and tunnel construction.

Cougar Lakes-Mount Aix study area, Yakima and Lewis

Counties, Washington

Reconnaissance geologic mapping conducted duir-
ing the mineral survey of the study area by G. C.
Simmons and A. P. Pierce has confirmed much of
unpublished work of A. T. Abbott and added new
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data pertinent to the geologic history of this little
known area east of Mount Rainier National Park.

The oldest rocks are argillite, graywacke, and
metabasalt that were folded, slightly metamor-
phosed, and eroded prior to the deposition of the
Puget Group of Eocene and Oligocene rocks. The
Puget Group consists of shale, arkose, and carbona-

ceous shale which interfingers with the upper part of
the Qhananecosh Formation af Olicacana aocn Mha
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Ohanapecosh consists of tuff, breccia, and flows of
andesitic composition. All rocks were slightly folded
and successively intruded by granitic rocks and
rhyodacite. Slight mineralization accompanied the
intrusions.

After a period of erosion, dikes, and sills of ande-
site porphyry were intruded. The rocks are con-
sidered to be hypabyssal equivalents of the Fifes
Peak Formation, an Oligocene or Miocene unit which
unconformably overlies the older rocks.

During the Miocene, while the Yakima Basalt was
overlapping the Fifes Peak Formation to the east,
the Fifes Peak was eroded. Andesite flows were ex-
truded from several centers, probably during the
Pliocene. After the present drainage was well de-
veloped, basalt of probable Pleistocene age accumu-
lated along the crest of the Cascade Range and
flowed into adjacent valleys. The glaciated basalt

plateau is capped by an unglaciated Holocene basalt
cinder cone.

Tracy Arm-Fords Terror study area, Alaska

Reconnaissance geologic mapping and extensive
geochemical sampling in the Tracy Arm-Fords Ter-
ror study area, in southeastern Alaska, has been

concentrated along a transect at the southwestern

arralanwd
and southern boundaries. Low-grade metavolcanic,

metacarbonate, and metadetrital clastic rocks of
late Paleozoic and early Mesozoic(?) age have com-
plex structures and lie to the southwest of higher
grade metavolcanic rocks that are adjacent to gneiss
and a Tertiary(?) granitic intrusive complex of the
high part of the Coast Range. The studies by D. A.
Brew, Béla Csejtey, Jr., A. B. Ford, and D. A. Gry-
beck indicate a varied petrogenetic history for the
gneiss in the complex and suggest that there was
emplacement of a much greater volume of Ter-
tiary (?) granitic rocks than was hitherto suspected.

Laramie Peak study area, Wyoming

Mineral-resource studies in the Laramie Peak
area, southeastern Wyoming, by Kenneth Seger-
strom, noted that the highest part of the granitic
Laramie uplift appears to be a northeast-striking
horst about 30 km long and 5 to 10 km wide. The
horst is bounded on the southeast side by a shear

zone with minor copper and nickel mineralization,
and on the northwest side by a broad fracture zone
in which a swarm of mafic dikes has been emplaced.
The dikes of Precambrian age are commonly sheared
at their borders and, less commonly, throughout
their entire width. Most, if not all, of the shearing
and fault-block displacement probably took place in
post-White River (Oligocene) and pre-Ogallala (Mio-
nana) +
Ceney

ima
1k vime.

OFFICE OF MINERALS EXPLORATION

MINERALS DISCOVERY LOAN PROGRAM

The USGS, through its Office of Minerals Ex-
ploration (OME) under Public Law 85-701, ap-
proved August 21, 1958, offers a program of finan-
cial assistance on a participating basis to private
industry to explore deposits of certain minerals. To
receive assistance, individuals or private firms must
meet the eligibility requirements of the program.
An approved application must indicate a reasonable
geologic probability that a significant discovery of
ore may be made on a property by the proposed ex-
ploration work. Contracts for exploration work are
prepared for approved applications. Repayment of
Government funds expended on a contract plus sim-
ple interest is made through a royalty of 5 percent
on the value of mineral production from the prop-
erty. If the

iqqiiaa o
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certification of
possible production based on favorable results of
work on completion of a contract, the obligation for
royalty payments on production continues for not
less than 10 yr, or until the principal and interest
are repaid in full, whichever occurs first. No repay-
ment is required if there is no production. The Gov-
ernment is not obligated to purchase any minerals
produced.

At present, the following 27 minerals or metals
are eligible for Government participation at 50

percent of the allowable costs of exploration:

Asbestos Manganese
Bauxite Mica (strategic)
Beryllium Molybdenum
Cadmium Monazite
Chromite Nickel

Cobalt Quartz crystal
Columbium (piezoelectric)
Copper Rare earths
Corundum Selenium
Diamond (industrial) Sulfur
Fluorspar Talc (block steatite)
Graphite (crucible flake) Tellurium

Iron ore Thorium
Kyanite (strategic) Uranium
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The following nine minerals or metals are eligible
for Government financial assistance of 75 percent
of the allowable costs of exploration:

Antimony Rutile
Bismuth Silver
Gold Tantalum
Mercury Tin

Platinum-group metals

Combinations of the minerals or m
the 50- and 75-percent assistance groups may be
eligible for Government financial assistance of 62.5
percent of the allowable costs of exploration.

Activity on the OME program in calendar year
1973 and totals for the program through December
31, 1973, were as follows:

Program totals,

Calendar year 1958 through

978 1973
Applications:
In process of review
Jan, 1, 1973 _._______ 13 (revised)
Received . __ . _____ 18 1940
Denied _ oo ____._______ 2 386
Withdrawn or inactive __16 337
Approved ______________ 3 207
In process of review
December 31, 1973 ____10
Contracts:
Executed . _________ 3 207
Total value ___ . _______ 2$110,306 $13,067,746
Government share —______ * $82,729 $7,548,733

Program totals,
Calendar year 1958 through

Contracts—Continued

1973 1978

Disbursements __________ $156,249 $4,636,284
Repaid to Government

through royalties on

production ___________ $8,010 $404,937
Estimated recoverable

value of reserves at

metal prices as of mid-

July 1973 ____________ $2 million $163 million

’IIIBEVised total. Total estimated cost of proposed exploration—$89.7
million.

# Includes value added to existing contract by amendment.

Silver and gold exploration projects accounted
for about 66 percent of the total value of contacts
conducted on the program from 1958 through 1973
as shown:

Percent-
Total age
Number value of

of of total

Commodity contracts contracts value

Silver . ____________________ 73 $5,472,000 42

Gold ___ . 84 3,145 000 24

Mercury oo 17 1,162,000 9

Copper ____________________ 14 858,000 7

Lead-zine __________________ 7 682,000 5

Lead-zinc-copper —___________ 11 488,000 4

Molybdenum - ___..________ 3 384,600 3

Iron oo 3 200,000 1

Berylliuom __________________ 3 127,000 1
All others (cobalt, fluorspar,

mica, nickel, platinum,
uranium e 12 550,000 4
Total (15 commodities) 207 $13,068,000 100
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NEW ENGLAND

USE OF REMOTE-SENSING DATA IN GEOLOGIC
MAPPING

Seismic surveys show saturated deposits in Rhode Island

The Rhode Island Board of Water Resources has
outlined three potential ground-water reservoirs in
Washington County, R.I. (loc. 1, index map).
Seismic-refraction surveys conducted by C. R
Tuttle and J. H. Peck within the broadly defined
limits of the three areas confirm that large volumes
of water-saturated surficial deposits occupy what
are probably pre-Pleistocene valleys in the bedrock
surface. Seismic velocity of the saturated material
in all three basins is nearly uniform, averaging
1.62 km/sec. Although the texture and hydrologic
characteristics of the water-bearing deposits can-
not be determined by seismic methods, the remark-
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ably uniform velocity seems to indicate that the
materials do not have wide variations in geologic
character and probably range in size from silt to
fine gravel. Of 127 seismic shot points which were
fairly unevenly distributed among the 3 basins, 68
(53 percent) had calculated thicknesses of water-
saturated material of more than 15 m. Twenty-

+than 20 of
eight percent of the points had more than 30 m of

saturated sediments. Test borings and pumping
tests are required to fully evaluate the reservoir
characteristics, but all three bagins appear to have

a good potential for development of large supplies
of ground water for municipal or commercial use.
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A positive magnetic anomaly in the town of Ster-
ling, Mass. (loc. 2), is a prominent feature on the
west side of the aeromagnetic map of the Clinton
quadrangle (U.S. Geol. Survey, 1970). Geologic map-
ping of the area by J. H. Peck and study of the
surface rocks show that there is no magnetite-bear-
ing rock at the surface which could cause the
anomaly. Analysis of the anomaly indicates a depth
to the top of the magnetic rock of about 76 m below
ground surface. The anomaly is interpreted to be
caused by a small (about 328x1,830 m) gabbroic
plug that has a thin (probably less than 33 m wide)
basic dike trending northeasterly away from the
plug. The anomaly is similar in intensity to those re-
corded over Triassic diabase dikes in central Massa-
chusetts. It seems probable, therefore, that the plug
is Triassic in age and is a feeder for a smali diabase
dike in the subsurface.

STRUCTURAL AND STRATIGRAPHIC STUDIES

Ordovician igneous activity in south-central Maine

Muscovite- and garnet-bearing granitic plutons
have been recognized by D. R. Wones in south-
central Maine (loc. 3). Preliminary Pb207/Ph20s
dating of zircon by R. E. Zartman yields an age
of about 430 m.y. These plutons comprise part of a
migmatized terrane known as the Passagassawakeag
Gneiss. [The Passagassawakeag Gneiss of Bickel
(1971) is herein adopted for usage by the USGS.]
The gneiss contains evidence of three deformations

23
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prior to the Ordovician intrusions and is most prob-
ably of Precambrian age. The geologic block con-
taining these Ordovician intrusions is bounded to
the northwest by a N. 55° E.-trending strike-slip
fault and to the southeast by a steeply dipping fault
of unknown motion. The motion of the fault on the
southeast is pre-Middle Devonian, but the fault on
the northwest was active after Middle Devonian

plutonism.

Dating of metamorphic and tectonic overprinting in western
Maine
Previous bedrock mapping by R. H. Moench

(1971) and by C. T. Hildreth and Moench in west-
ern Mame ”0(‘ 4‘ QHQ‘O'PQfQ that sedimentarv and
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structural features characteristic of the central
Maine slate belt to the northeast once extended the
full length of the Merrimack synclinorium but were
blurred to the southwest by intense superposed de-
formation and high-grade metamorphism. These
superposed features evidently are directly related
to the emplacement of subhorizontal sheetlike bodies
of granitic magmas at depths in the crust of about
13 km. The exposed part of the Mooselookmeguntic
pluton appears to be the broadly arched part of one
great sheet that extends beneath a cover of metamor-
phic rocks. To the northeast, it is interpreted to join
a subhorizontal sheetlike extension of the Lexington
pluton, inferred by Kane and Bromery (1968) from
gravity data. Cupolas and isolated granitic bodies

above the principal sheet (or sheets) form the
smaller plutons in the recion
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Samples from the

Mooselookmeguntlc pluton and related bodies have
yielded a 379+6 m.y. isochron age (9 points,
rubidium-strontium whole-rock method, by R. E.
Zartman). Samples of pegmatite obtalned from
drill cores show some scatter from the isochron
but yield an average age, assuming the same initial
Sr®7/Sr® ratio, that is consistent with the 379-+6
m.y. isochron age (Moench and Zartman, 1974).
This radiometric age effectively dates the youngest
high-grade metamorphism and superposed deforma-
tion in western Maine.

Relict obduction and hinge zones in central western Maine

Rocks in central western Maine are assigned by
E. L. Boudette to four major tectono-stratigraphic
successions: (I) A Precambrian sialic basement
massif that has an isotope age between 955 and
1,510 m.y.; (II) Upper Cambrian(?) to Lower

Ordovician(?) coupled ophiolite and flysch se-
quences; (ITT) Middle Ordovician(?) flysch;
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(IV) Sllurlan-Devonlan molasse gradlng to ﬁysch.
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A hinge zone and a probable Late Cambrian or
Early Ordovician obduction zone comprise the fun-
damental tectonic boundaries in the region. Both
zones trend northeast on regional strike. The hinge
zone is defined in space and time by the unconform-
able northwestward transgression of rocks of IV
over older rocks near the end of the Late Cambrian
or Early Ordovician orogeny. The obduction zone
separates rocks of I and II and is probably a Late
Cambrian or Early Ordovician synkinematic relict.
The transition between ultramafic plutonic rocks at
the base of the ophiolite sequence (II) and rocks in
the upper part of the Chain Lakes massif (I) can
be observed in classic exposures in the Jim Pond

quadrangle (loc. 5). Here, rocks of I have been con-

tact metamorphosed, and cataclastic features have
been found in succession I rocks and in the base of
succession II. These criteria indicate northwestward
thrust dislocation of hot oceanic crust against the
Precambrian.

The ophiolite sequence (II) is relatively thin (8
km thick), and a sheeted dike zone is not found
associated with it. Apparently this ophiolite repre-
sents an emplacement that was distal to a spread-
ing zone probably in close proximity to a continental
rise or island-arc trench floored by succession I
rocks.

Origin of the slaty cleavage in the Taconic allochthon and age
of metamorphism

In a recent work, Powell (197 3) proposed that the
laty cleavage in the slate belt of western Vermont,

part of the Taconic allochthon, resulted initially

from dewatering according to the hypothesis of
Mqv't'x'ro" {1089)
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tic dikes in these rocks from Doran quarry near
Castleton, Vt., (loc. 6) as evidence. According to
E-an Zen, some of these clastic dikes, upon close
examination, prove to be tectonically transposed
silty beds. Others appear to be real clastic dikes, but
some of these intersect the slaty cleavage at right
angles, and therefore their genetic relation seems
doubtful. Thin-section study of one dike illustrated
by Powell shows that it had been fractured, and the
fracture healed by a metamorphic mineral assem-
blage; superimposed on the assemblage is the slaty
cleavage. The observable slaty cleavage apparently
is postmetamorphie, probably Taconic, as an age
of 416+4 m.y. was obtained from another nearby
quarry in the same rock and same structure by M.
A. Lanphere by the argon-fusion method; if t

At

and Powell cited conformable clas-

cloavaca it 15 no
was an earlier soft-rock slaty cleavage, it is no

observable.
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Characteristics and probable extensions of the Bloody Bluff
fault, eastern Massachusetts

The Bloody Bluff fault, which crosses the Concord,
Framingham, and Marlborough quadrangles (loc. 7),
is one of the principal faults in eastern Massachu-
setts, according to A. E. Nelson. It appears to be
the principal fault on the northwest side of a cata-
clastic rock zone that is locally 1.2 km wide. This
zone of cataclastic rocks extends a minimum of 27
km in eastern Massachusetts. Intensity of deforma-
tion within the zone is variable; in some places, the
rocks are only slightly deformed, whereas in expo-
sures near the fault the rocks are completely crushed
and milled to mylonites and ultramylonites. Other
exposures have crystallized to blastomylonites. Some
of the rocks are polycataclastic. Generally, the in-
tensity of deformation gradually diminishes away
from the trace of the Bloody Bluff fault.

The Lake Char-Honey Hill fault system in Con-
necticut, which probably joins the Bloody Bluff
fault (Skehan, 1967), also has a wide zone of cata-
clastic rock associated with it (Lundgren and
Ebblin, 1972). The Fundy cataclastic zone (Ruiten-
berg and others, 1973) in New Brunswick, Canada,
is also on strike, across the Gulf of Maine, with the
projection of the Bloody Bluff fault. If the Fundy,
Bloody Bluff, and Honey Hill cataclastic zones are
part of the same fault, it represents, in New England
and New Brunswick, a structural feature that is of
the same magnitude as the Brevard zone in the
Southeastern United States.

New Precambrian to early Paleozoic? nomenclature in eastern
Massachusetts

Three formations have been defined by A. E.

Nelgson in a 2.500-m-thick section of sadimentarv
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and volcanic rocks of Precambrian to early Paleo-
zoic (?) age in the Natick quadrangle, Massachusetts
(loc. 8). In ascending order, they are the Rice
Gneiss and the Cherry Brook and Claypit Hill For-
mations. These, along with other formations, are
tentatively correlated with formations of the Black-
stone Series in Rhode Island and with the Plain-
field, Quinebaug, and Mamacoke Formations in
Connecticut.

Right-lateral movement in southeastern New England

Analysis of mapping in the southwest portion of
the Webster quadrangle, Massachusetts-Connecticut
(loc. 9), by P. J. Barosh indicates an apparent right-
lateral offset of 5.6 km along the northeast-trending
Eastford fault. The southeast side of the Eastford
fault in the Eastford quadrangle (Pease, 1972) is
formed of the Eastford Gneiss bordered to the east

and west by the Hebron Formation. A similar in-
trusive gneiss flanked by the Hebron Formation
occurs on the other side of the fault to the northeast
in the Webster quadrangle and indicates the amount
of apparent displacement.

This evidence together with indications of one to
several kilometres of right-lateral displacement
along a number of northeast-trending faults and

munnhahla fanléa nat otk mannad in datail in cactarn
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Massachusetts and Rhode Island suggest a general

right-lateral displacement across southeastern New
England.

Silurian and Devonian rocks exposed in the Hampden
quadrangle, Massachusetts-Connecticut

an Tndssrann +lhAa
Rocks in the vicinity of the contact between the

Silurian-Devonian and the Ordovician are well e
posed at several localities in the Ludlow and Hamp—

den guadrancles. Massachusetts and Connecticut
uciL \luuux QLLE 1V ATACUD DGV LL UV VUL (22 28V A NiviiiaTvvivayy

south of U.S. Route 20. J. D. Peper reported that the

rock sequence of probable Silurian and Devonian

age in the Hampden quadrangle (loc. 10) can be
interpreted as follows:

1. The thick sequence of gray quartz-plagioclase-
biotite granulite and muscovite schist is
best correlated with the Erving Formation
(Thompson and others, 1968) rather than with
the Littleton Formation.

2. Two discontinuous lenses of felsic and mafic
metavolcanic gneiss, 45 to 60 m thick, occur
near and locally at the base of the Erving.
The northernmost lens overlies 3 to 6 m of
gray granofels that forms the base of the
Erving. The southern lens extends for a dis-
tance of at least 6 km and variously overlies
gray granofels at the base of the Erving,
amphibolite of the Ammonoosuc Volcanics,
and quartzite. According to Peter Robinson

(Univ. of Massachusetts) and G. W. Leo

(USGS) (oral commun., 1973), similar con-

clusions were drawn from observations in the

adjoining Ludlow quadrangle (loc. 11).

Radiometric age determination for Precambrian and Cambrian
rocks on the east edge of the Berkshire massif

Preliminary rubidium-strontium whole-rock iso-
chron work by D. G. Brookins and S. A. Norton
indicate that the rocks which are intercalated along
the Middlefield thrust zone in the Becket quadrangle,
Massachusetts (loc. 12), at the east edge of the
Berkshire massif are Lower Cambrian schists
(Hoosac Formation) and Precambrian gneisses
(approximately 1,000 m.y.). According to R. W.
Schnabel, however, studies resulting from mapping
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in the Tolland Center, Otis, and West Granville
quadrangles, Massachusetts and Connecticut (loc.
13), suggest that continuous deposition may have
occurred in a sequence of rocks that have been de-
scribed as ranging in age from Precambrian to Cam-
brian. Preliminary age determinations on rocks
called Precambrian indicate these rocks may be very
young Precambrian. A sequence of samples across
these rocks on the east flank of the Berkshire massif
has been collected for zircon age determinations that
may lend more insight to this problem.

Petrography and cataclasis in the Jewett City quadrangle,
Connecticut

Preliminary petrographic examinations of the
rocks of the Jewett City quadrangle, Connecticut
(loc. 14), by H. R. Dixon indicate a zone of felsic
rocks overlying the Preston Gabbro. The rocks are

composed of quartz, a

sodic plagicclase (An

10-20), and minor amounts of biotite or hornblende.
They are compositionally similar to the trondhjemite
dikes that cut the gabbro and the adjacent Quine-
baug Formation as described by Sclar (1958), and
to the oligoclase granite of Loughlin (1912). The
felsic rocks are not well exposed and may not be
continuous across the top of the gabbro. Where best
exposed, they have a maximum width of about 150
m. All samples observed have a cataclastic fabric,
but where least cataclastically deformed, the rocks
are massive and unfoliated, are clearly related to
the gabbro, and are not a part of the older, meta-
morphic rock sequence.

Also, detailed surficial mapping in the Jewett
City quadrangle by B. D. Stone has revealed a pre-

viously unreported outcrop of cataclastic rock along

the eastern edge of Pachaug Pond. This outcrop

conclusively establishes the trace of the Lake Char
thrust zone in that area.

very

Lake Char and Honey Hiii fauits near the Preston Gabbro,
Connecticut

A zone containing northwest-dipping mylonite has
been mapped by Richard Goldsmith along the south-
east side of the composite Preston Gabbro in the Old
Mystic quadrangle, New London County, Conn. (loc.
15). The zone is continuous with a zone of mylonite
marking the easternmost strand of the Lake Char
fault mapped by H. R. Dixon in the adjacent Jewett
City quadrangle to the north. In the Old Mystic
quadrangle, the zone truncates at a small angle
northwest-dipping rocks of the Quinebaug and
Plainfield Formations and granitic gneiss of the
Sterling Plutonic Group lying to the south. North-
west of the zone, gabbro and related rocks, as well
as rocks of the host Quinebaug Formation, are

greatly contorted and differentially sheared. The
discontinuous and almost chaotic distribution of
rock types in the upper plate contrasts greatly with
the fairly uniform distribution of rock types in the
lower plate. Some of this irregularity is attributed
to the predeformation intrusion of the Preston
Gabbro, but narrow zones of mylonite and sheared
rock of differing orientations are found over a wide
area in the upper plate for at least the width of the
composite gabbro mass. Near the south end of the
gabbro, the zone appears to split around a south-
western mass of coarse-grained gabbro; the northern
strand trending northwestward, although highly
contorted, and the southern strand trending south-
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locality on Connecticut Route 2, north of Lantern
Hill. The southern strand then appears to travel
westward and northwestward to tie in with the
southern strand of the Honey Hill fault. The con-
nection of the northern strand with the Honey Hill
fault is more complex. It appears to intersect the
northern strand of the Honey Hill fault which
trends northeastward through or west of the com-
posite gabbro mass. An imbricate pattern is thus
indicated. Northwest-trending tear faults complicate
the pattern west of the gabbro.

The mylonites and upper- and lower-plate rocks
are offset by a zone of north-south-trending high-
angie fauits. The Lantern Hill silexite mass and sev-
eral small silexite masses to the north and northeast
of it lie in this zone. Relative displacement in this
zone appears to be up to the east or left lateral. This
is in contrast to displacements along similar high-
angle faults to the east which have an opposite sense.

PLEISTOCENE GEOLOGY

The morphologic-sequence concept as applied to southern

New England

The morphologic-sequence concept has been classi-
fied by Carl Koteff into eight basic types of chrono-
logic groups of forms composed mostly of melt-water
deposits. Sequences are distinguished according to
differences in depositional environment such as flu-
vial, lacustrine, or marine, and by the presence or
absence of an ice-contact head of outwash. The con-
struction of profiles to show depositional gradients
enhances the mapping and interpretation of se-
quences.

Because of the relative absence of morainal fea-
tures in southern New England, the distribution of
morphologic sequences provides the best means of
recognizing retreat positions of the last ice sheet.
The distribution and physical features of sequences



GEOLOGICAL, GEOPHYSICAL, AND MINERAL-RESOURCE INVESTIGATIONS 27

strongly support the view that ice recession was
characterized by stagnation-zone retreat, influenced
strongly by topography. The width of the stagnant
zone, crudely measured by length of eskers or ice-
channel fillings, was at least 2.5 km. The major
source of melt-water deposits that make up the mor-
phologic sequences is suggested as having been a
shear zone at the interface between live ice and
stagnant ice. Debris from this area was carried by
melt water from the surface of the live ice and
deposited as outwash in, but chiefly beyond, the stag-
nant zone. Blocks of stagnant ice appear to have con-
tributed only minor sediments to the mass of melt-
water deposits in southern New England.

Moraines record additional deglaciation stages in the Triassic
lowland border, Massachusetts

In mapping the southern part of the Westhamp-
ton quadrangle, Massachusetts (loc. 16), C. R. War-
ren has found evidence for an even more complex
deglaciation history than the 18 stages he had al-
ready recognized (U.S. Geol. Survey, 1973, p. 33).
He now subdivides the events of the Wisconsin de-
glaciation into 25 numbered stages, of which sev-
eral are known to be multiple, although most of the
evidence lies beyond the area he has studied. Sev-
eral of the stages are recorded by small lateral
moraines marginal to the Connecticut Valley ice
tongue.

Abundant potter’s clay in Housatonic River Lowlands

Further investigation by W. S. Newman of Falls
Village proglacial lake (Holmes and Newman,
1971) confirms that it extended north from Great

Falls in Connecticut for about 30 km to the village
of Housatonic, near Great Barrincton. Mass

Ao
much as about 33 m of clayey silt underlie the Hou-
satonic River lowlands along this reach of the valley,
and this material is currently being used locally in
the making of pottery (loc. 17). Considerable re-
serves of the lacustrine clayey silt are found at
shallow depths in this area of southwestern Mass-

achusetts and northwestern Connecticut.

Oldest postglacial date yet obtained from northwestern
Connecticut

A sample collected for palynological study from
a fen in the Housatonic Highlands in the west-
central part of the Ellsworth quadrangle, Connecti-
cut (loc. 18), yielded a radiocarbon date of 12,750+
230 yr B.P. The dated sample was collected at a
depth of approximately 6 m and consisted of partly
decomposed peat material immediately overlying 1.5
m of organic-rich lacustrine siits and clays. Analysis

deposits indicates a significant but undetermined
time duration of postglacial, cool-climate deposition.
Analysis of pollen in the overlying peaty materials
indicates vegetation and climatic changes commensu-
rate with changes reported for other areas in west-
ern Conecticut.

According to W. S. Newman, this is the oldest
postglacial date yet obtained from northwestern
Connecticut. The pollen from this site and from
three other sites in the Sharon and South Canaan
quadrangles, Connecticut (loc. 19), are boreal pollen
at the base of the sections. By extrapolation, it is
assumed that the area was probably free of glaciers
by 13,000 radiocarbon years B.P.

Glacial deposits in the Colchester quadrangle, Connecticut

Further work in the Colchester quadrangle, Con-
necticut (loc. 20), by R. M. Barker has delineated
the sequence of deglaciation in detail. Three con-
secutive south-trending sequences of stratified drift
were deposited in the Lake Hayward-Nelkin Brook
valley before a lower outlet opened toward the west
via Meadow Brook and the southwest-flowing
Jeremy-Salmon River system. Additional northward
retreat of ice over the high ground west-northwest
of the town of Colchester terminated deposition of
these sequences, and younger sequences of stratified
drift in the northwest quadrant of the area were
graded westward toward the south-flowing Jeremy
River.

The east half of the Colchester quadrangle fol-
lowed a different degiaciation pattern. There, melt-
water sequences graded to a glacial lake in the
Gardner Lake area while the ice retreated north a
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considerable distance. Later sequences were

inde-
pendently graded to tributaries of the east-flowing
Yantic River. Outwash bodies are generally smaller
and coarser grained in the east half of the quad-
rangle than in the west because the eastern topo-
graphy is more uneven and the eastern valleys are

mostly narrow, fingertip tributary valleys.

Outwash from the Triassic in the Marlborough quadrangle,
Connecticut

Pink outwash, derived from Triassic source rocks,
has been traced by D. W. O’Leary in kame terraces
in Connecticut from the mouth of the Salmon River
in the Deep River quadrangle, north through the
Moodus quadrangle, and into the Marlborough
quadrangle. This pink outwash is located east of the
Great Hill drainage divide; hence its presence in
the Moodus and Marlborough quadrangles is ano-
malous according to ordinary stream-flow mechan-

of pollen extracted from the underlying lacustrine | isms. In the Marlborough quadrangle (loc. 21), the
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pink outwash is sparse and is more mixed with local
components than it is farther south. It thus seems
unlikely that pink sediment was transported by melt
water originating from gaps west of the divide.
Large terraces of pink sand and gravel high on the
west slope of the divide in the Marlborough quad-
rangle are unrelated to drainage east of the divide,
although friable till derived from Triassic compo-
nents is also present on the west slope. This suggests
that the source material for the pink outwash in the
Moodus and Marlborough quadrangles was brought
over the divide by moving ice, was subsequently
sorted and transported by melt-water streams, and
was deposited some distance to the south. In the
Mariborough quadrangie, the lower till contains a
noticeable volume of Triassic detritus; it is possible
that some of the outwash of Triassic material may
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Use of geologic and derivative maps in land planning

J. S. Pomeroy reported that geologic and de

tive maps for the Warren quadrangle (loc. 22) have
been in demand by various local and regional or-
ganizations in Massachusetts. The Conservation
Commission and Planning Board of Warren plan
to use the information in preparing an Earth mate-
rials inventory and establishing local land-use policy.
The Central Massachusetts Regional Planning Com-
mission (Worcester) is formulating a master plan
for this area and has used the open file and miscel-
laneous field studies maps (Pomeroy, 1973a—c;
Londquist, 1973) already released. The Southern
Worcester County Conservation District (SCS) at
Holden anticipates that maps showing unconsoli-
dated materials and uuu,u‘)ps of thin drift will be
useful not only in a soils mapping program for the
town of Warren but also in the preparation of Nat-
ural Resource Thveni-nvy rnp(]\vﬁ'c 'hy the SCS for
adjacent towns in the Quaboag Valley. Further use
of the maps can be expected if HUD grants a loan
guarantee to a developer for a proposed mini-city
of 20,000 which would be completely contained
within the quadrangle.
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APPALACHIAN HIGHLANDS

APPALACHIAN PLATEAU

Sources and petrography of the “Pittsburgh Sandstone’”

J. B. Roen reported that the sandstone above the
Pittsburgh coal bed occurs in at least three separate,
major, north- to northwest-trending deltaic-fluvial
systems. Owing to erosion, the interrelationship of
these systems is unknown up the paleoslope to the

south and southeast. Whether they represent one
river system draining the same source, or three sys-
tems originating from separate sources. cannot be
inferred from the distribution patterns. Preliminary
results from petrographic studies, however, suggest
that more than one source is represented. On the
basis of the relatively higher amounts of plagioclase,
the detritus forming a sandstone lobe in Belmont
County, Ohio, may have been derived from a differ-
ent source than that which supplied the material for
two lobes in southwestern Pennsylvania. A more
significant compositional variation within the study
area is that of fluvial sandstone that forms isolated
and discontinuous bodies in western Maryland and
nearby areas. Relative to other lobes, this sandstone
contains considerably more monocrystalline quartz,
is much cleaner, and contains little if any feldspar.
1nese COHIpOSlElODd]. Vd.I'ldUOIlb buggeSt, me pOSSlUlu-
ty of perhaps three sources for the sandstone lobes
overlying the Pittsburgh coal bed.

The petrography suggests that there
direct relationship between the occurrence of siderite
and pyrite. In most thin sections in which siderite
was detected, pyrite also occurred in relatively sig-
nificant amounts. The lack of siderite, attributable to
either its absence or nondetection, does not preclude
the presence of pyrite although the latter appears to
be more prevalent. Undoubtedly, some pyrite may be
detrital rather than authigenic in origin. The pyrite
occurs as subhedral to euhedral cubes, octahedrons,
and pyritohedrons, or as anhedral masses. The small
crystals and clusters range from 0.004 mm to 0.1 mm
in diameter and generally occur in close proximity to
the carbonate. In one section, the pyrite has partially
to completely replaced small spheres of siderite. The
evidence is not conclusive, but it does suggest that
the presence of pyrite in the “Pittsburgh Sandstone”
{of former and local usage) could be controlled by
the occurrence of siderite.
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Triassic and related rocks in the Culpeper basin, northern

Virginia

The Culpeper basin of northern Virginia is a
wedge-shaped trough bordering the eastern front of
the Appalachian Mountains and filled chiefly with
Triassic clastic sediments derived from adjoining
highlands. K. Y. Lee reported that volecanic rocks oc-
cur in the upper part of the sedimentary sequences
that were deposited in fluvial and lacustrine environ-
ments. Following deposition of these rocks, the basin
was uplifted in the north and downwarped in the
south. This movement was accompanied by border
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faulting in the southwest and in part of the west, and
by large-scale intrusion of diabase, by block faulting,
and by westerly and northwesterly tilting of Triassic
strata within the basin. In the north, the volcanic
rocks associated with red beds have since been re-
moved by erosion. The Triassic rocks were extensive-
ly metamorphosed into hornfels, During cooling of
the diabase, pegmatites and coarser diabase were
formed by magmatic differentiation, fullowed by hy-
drothermal sulfide mineralization and zeolitization in
fracture zones of host rocks.

BLUE RIDGE AND PIEDMONT

Glauconite-related aeroradiornetric anomalies

North-trending linear aeromagnetic anomalies
over the Coastal Plain in the eastern part of the
Stafford quadrangle, StafTord County, northeastern
Virginia, are apparently related to glauconite-rich
and locally muscovitic sediments. Ground-checking
with the aid of a Mount Sopris seintillometer by
Louis Pavlides and K. A. Sylvester (Pavlides and
others, 1974) indicates that the glauconitic Aquia
Formation is the unit primarily responsible for these
anomalies. According to R. B. Mixon (U.S. Geol.
Survey, 1970, p. A28-A29), glauconite is more abun-
dant in that part of the Aquia Formation deposited
farther offshore than in the part deposited closer to
the shore. The absence of any radiometric anemalies
over patches of Aquia Formation near the Coastal
Plain-Piedmont contact may reflect this facies dis-
tribution of glauconite.

Geochemical anomalies northwest of the Haile gold mine

Northwest of the Haile gold mine in southern Lan-
caster County, 8.C., areas anomalous in gold, copper,
and tin havc been found by Henry Bell III, using
heavy-mineral concentrates and fine-grained alluvi-
um. The geochemical anomalies oceur where mag-
netic data from ground and airborne surveys and
geologic mapping show abundant Triassic diabase
dikes intruded into a possible shear zone. A small
pogitive gravity anomaly in this same area may be
caused by a porphyritic diorite body known only
from float and saprolite.

ATLANTIC COASTAL PLAIN

Geology of Coastat Plain is partial indicator of geology of
Continental Sheif sediment wedge

New information on the possible great thickness
of the sediment wedge beneath the Continental Shelf
from Cape Hatteras to Georges Bank and on the com-
plex structures apparently present there enhances
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the value of detailed geologic mapping in the
emerged Coastal Plain, the most readily accessible
and best known part of the province. Recent studies
by J. P. Minard suggest the presence of broad strue-
tures in many areas of the Coastal Plain. Detailed
lithologic studies in the emerged plain make it easier
to predict the lithologies that probably are present
under the shelf. The knowledge that there are strue-
tures under the shelf gives more importance to the
structures in the emerged plain and, until drill holes
are put down in the shelf, allows more confidence in
projecting shore features seaward,

Age dating of Coastal Plain sediments

According to R. B. Mixon, uraniunm-series dating
on shells by B, J. Szabo from the Cape Charles, Va.,
part of the Delmarva Peninsula, indicates that two
barrier-back barrier sequences are present: the older
(90 to 120,000 yr) is the higher in elevation (about
12 m) and the younger (about 60,000 yr) i3 near sea
level. Only the higher sequence is present north of
Chincoteague, Va., suggesting removal of the lower
sequenee by & still younger marginal-marine
sequence,

CENTRAL REGION AND GREAT PLAINS

Trace elements useful in distinguishing certain rock types

On the basis of preliminary whole-rock trace-
clement analyses by J. L. Harris, A. V. Heyl reported
that alkalic ultramafic igneous rocks, which intrude
the craton between New York and Kansas, contain
several elements in anomalous amounts that aid in
distinguishing these rocks from Alpine ultramafic
intrusive rocks and from cryptoexplosion breccias of
unknown genesis such as those from Serpent Mound,
Ohio, and Kentland, Tnd.

Lanthanum in amounts of 50 to 500 ppm, niobium
in amounts of 5 to 100 ppm, and scandium in
amounts of 5 to 20 ppm were found in all alkalic
ultramafie igneous rocks. Molybdenum was present
in 13 of 19 samples in amounts of 3 to 30 ppm;
cerium, in 14 of 19 samples in amounts of 200 to 500
ppm. Scandium was the only one of these elements
found in the Alpine ultramafies, and none were found
in the eryptoexplosion breccias with the exception
of molybdenum, of which 15 ppm was reported in 1
(Decaturville, Mo.) of 6 samples analyzed.

ARKANSAS

Basal contact of Atoka Formation in northern Arkansas
previously misidentified

Asg part of a cooperative program between the
Arkansas Geological Commigsion and the USGS, D.
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STATES IN CENTRAL REGION
AND GREAT PLAINS

L. Zachry and B. R. Haley (1978) (Univ. of Arkan- |

sas and USGS, respectively) have traced the basal
contact of the Atoka Formation (Pennsylvanian)
across northern Arkansas (loc. 1, index map). Haley
observed that the eontact, as shown con the geologic
map of Arkansas (Arkansas Geol. Survey, 1929}, is
incorrectly located in an area extending over a dis-
tance of more than 200 km between Washington
County and the Mississippi embayment in White
County. In this area, earlier workers had placed the
contact at the base of a massively bedded continuous
sandstone above the Breniwood Limestone Member
of the Bloyd Shale (Pennsylvanian) and as a result
had included the upper part of the Bloyd in the
Atoka Formation. Presumably, because they did not
find fossils typical of the upper Bleyd above the sand-
stone, the early workers assumed that the upper
Bloyd strata were missing owing to erosion, and they
postulated a major regional unconformity at the base
of the sandstone. Investigations by Zachry and Haley
failed to find lithologic evidence to indicate an uncon-
formity at the true contact between the Bloyd and
Atoka; therefore, the postulation of an unconformity
at the base of the Atoka seems untenable.

ILLINOIS AND KENTUCKY
Potential sites of ore occurrence in the llinois-Kentucky
fluorspar district

A regional geologic map of the Illinois-Kentucky
fluorspar distriet (loc. 2) compiled by D. M. Pinck-
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ney shows the major structures of the district to be
a broad arch and numerous grabens. The arch trends
northwesterly and terminates at Hicks dome at the
southern margin of the Illinois basin. Eleven major
northeasterly to easterly trending grabens as much
as 65 km long and 5 km wide are defined. Mineraliza-
tion, chiefly of fluorspar, zine, and lead, tends to be
localized where certain strata are intersected by
fissures. These strata are exposed in an area of about
1,500 km? at the crest and on the flanks of the arch;
they are extensive over an equivalent area in the sub-
surface at depths less than 500 m. Most known min-
eral deposits have been discovered by near-surface
exploration. By extending exploration tco greater
depths, the target area for mineralization and the
potential for discovery of new ore bodies would be
greatly increascd.

KENTUCKY

Geologic mapping of State

A cooperative project with Kentucky, begun in
1960, was mere than 80 percent completed by May 1,
1974, when 471 geologic maps had been printed (fig.
1), another 51 maps had been approved for publica-
tion, and an additional 50 were undergoing editorial
review. Geologic mapping was in progress in more
than 80 quadrangles. About 710 maps will be pub-
lished to cover the 763 7l4-min guadrangles that are

| wholly or partly within the State. The geologic maps

are printed on recent editions of topographic base
maps of quadrangles, at 1:24,000 seale, and are pub-
lished in the geologic quadrangle map series.

FIcuRe 1.—Published geclogie guadrangle maps (patterned
area) of Kentucky as of May 1, 1974; small squares are
T-minute quadrangles.

MICHIGAN
Archean greenstones, Wakefield area, Michigan
W. C. Prinz has succeeded in splitting out several
mappable units in the Archean (Precambrian W)

greenstone belt of the Wakefield 714-min quadrangle,
Gogebic County {loc. 8). The oldest exposed unit
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consists of metamorphosed tuff, graywacke, and vol- [
canic breccia. It is overlain by three flow units, each
300 m to 750 m thick, composed of metamorphosed
basalt, andesite, and dacite that commonly show
amygdaloidal and ellipsvidal structures. These are
separated by thin and poorly exposed rhyolite units.
The Archean rocks form a gently warped, steeply
south-dipping monocline, as opposed to the north-
dipping monocline formed by the overlying iron-
bearing rocks of Precambrian X age. Tops of strata
in the Archean rocks face south, whereas thoge in the
Precambrian X rocks face north. The Archean rocks,
therefore, must have been overturned to the north
when the Precambrian X rocks were deposited and
must have been subsequently rotated back to their
present right-side-up position when the Precambrian
X rocks were tilted to the north.,

MINNESOTA

Faulting during early Precambrian in northeastern Minnesota

Three regional steeply inclined fault hitherto
unrecognized, have been delineated in the Vermilion
Distriet (loc. 4) by P. K. Sims (USGS) and J. C.
Green, G. B. Morey, and R. W. Ojakangas (Minne-
sota Geological Survey). The faults are younger than
the granitic rocks of early Precambrian (W) age
that intrude a folded eastward-striking sequence of
interbedded voleanic and sedimentary rocks, also of
early I'recambrian (W) age. Fault traces are marked
by topographic and acromagnetic lineaments and by
mylonitized rock.

The oldest faults are dip-slip faunlts of diverse
trends that at the margins of large plutons of
granitic rocks as a result of buoyant uplift of the
granite relative to the denser volcanic and sedimen-
tary sequence. Differences in assemblages of meta-
morphic minerals in rocks on opposite sides of one of
the faults suggest a vertical digplacement of at least
3,000 m. Strike-slip faults with northeasterly trends,
transverse or diagonal to the trend of the voleanic
and sedimentary strata, and with left-lateral dis-
placements of as much as 6.5 km, are abundant in the
central part of the district. They formed contem-
poraneously with, or perhaps prior to, eastward-
trending longitudinal strike-slip faults. The princi-
pal longitudinal strike-slip fault, the combined Ver-
milion-Wolf Lake-North Kawishiwi fault, has a
right-lateral displacement of about 22 km. It and
subsidiary right-lateral faults have superposed a
shingled effect on the mass of voleanic and sedimen-
tary rocks, converting the shape of this mass from
an cagt-tronding thick lens to a northeast-trending
tenuous body.
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SOUTH DAKOTA

Erosional in Badlands National Mohurnent area
related to structure

Geologic mapping of the Badlands National Monu-
ment area (loc. 5) by R. U. King and W. H. Ray-
mond reveals that the most striking erosional fea-
tures are related to subtle post-Oligocene folding and
faulting that trend northwesterly in the vicinity of
the “Badland land wall” in the northeastern part of
the area. Exposed formations include marine shale
of Late Cretaceous age and continental deposits of
sand and bentonitic clay of Oligocene and Miocene
age. These older rocks are partly covered by alluvial
and eolian deposgits.

NORTHERN ROCKY MOUNTAINS

MINERAL-RESOURCE STUDIES

Copper, silver, and zinc in the Nugget Sandstone and older

Triassic red beds, Wyoming

According to J. D. Love, copper, silver, and zine
occur in a bleached zone at or near the top of the
normally pink Nugget Sandstone (Triassic? and
Jurassic?) along a 105km-long segment of the
thrust belt of western Wyoming (loc. 1, index map).
Copper also occurs in a bleached zone at the base of
the normally pink Crow Mountain Sandstone of the
Chugwater Group (Triassic) 120 km east of the
thrust belt, on the Circle Ridge dome in west-central
Wyoming. Maximum values for elements in the Nug-
get Sandstone, in ppm, are: Cu, 67,000; Ag, 1,200;
Zn, 32,000; As, 7,000; Ba, 5,000; Pb, 5,000; Co, 700;
Mo, 150; and Zr, 1,000. In contrast, the Crow Moun-
tain Sandstone a maximum of only 4,400
ppm Cu, 87 ppm Zn, and normal amounts of the
other elements. Preliminary data on some of these
localities have been described by J. D. Love and J. C.
Antweiler (1978).

'
MONTANA '

WYOMING

NORTHERN ROCKY MOUNTAIN STATES
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At the 10 study areas in the Nugget Sandstone,
there is oil staining, either in the mineralized sand-
gtone or directly above it in Jurassic rocks. The Crow
Mountain Sandstone is likewise stained by oil, possi-
bly from underlying Permian rocks. If copper and
other elements are genetically related to oil at these
localities, as they seem to be, the different patterns of
concentration in these two rock sequences of differ-
ent ages, in arcas 120 km apart, may have been gov-
erned by the original tracc-element content of the
oils, one Permian and the other Jurassic. Evidence,
admittedly incomplete, suggests that oil can be both
a source and a mechanism for concentrating minerals
in some bleached red-bed host rocks. Bleaching and
oil staining of red-beds may thus suggest explora-
tion sites for Cu, Ag, Zn, Co, Mo, Pb, and possibly
other mineral deposits.

Another place to look for Belt stratabound copper?

J. E. Harrison’s reconnaissance geologic mapping
of Belt Supergroup rocks near the Idaho-Montana
line southwest of Superior, Mont. (loc. 2), has identi-
fied a series of previously unmapped thrust sheets
that bring up lower Belt rocks in an area that had
previously been mapped as middle Belt carbonate
(Wallace Formation). Rocks of the middle Belt car-
bonate have been poor in anomalous copper through-
out the Belt basin, whereas some rocks in the thrust
sheets (Ravalli Group) have been relatively rich in
anomalous copper. The presence of Ravalli rocks in
an area previously thought to be all Wallace Forma-
tion provides a new place to search for stratahound
copper.

Ages of intrusives and ore deposits

Ages were determined for several mineral sepa-
rates from rocks collected by J. E. Ellioit near Cooke
City, Mont. (loc. 3). Fission-track ages were meas-
ured on zircon and sphene by C. W. Naeser, and K-
Ar ages were determined on biotite and adularia by
C. E. Hedge. The results indicate two major periods
of igneous activity and two ages of mineralization.
In the northern part of the area, near Goose Lake,
intrusion and mineralization of Late Cretaceous age
is indicated, An age of 84.6+11.2 m.y. is assigned to
a syenite stock. Potassium alteration associated with
copper mineralization in the syenite stock has an age
of 73.620.9 m.y. In the central part of the area,
igheous activity occurred from late Paleocene to late
Focene or early Oligocene. An equigranular diorite
stock has been dated at 55.3+0.7 m.y. Two radio-
metric ages from dacite porphyry bodies are
44.0+4.1 m.y. and 40.6:3.5 m.y. Further intrusion
produced breccias and postmineral dikes. A major |
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phase of alteration and mineralization occurred after
the 40.6-m.y.-o0ld dacite porphyry.

Paleczoic stratigraphy near the Hecla mining area

Mapping by E-an Zen of Paleozoic sedimentary
rocks south of Hecla, Mont. (loc. 4), has strongly
revised local stratigraphy and structure. A dome,
possibly expressing a cupola of the Pioneer batho-
lith, eaused local metamorphism and mineralization
in Cambrian and Devonian dolostones. Rocks to the
south, previously mapped ag Cambrian and in a
north-facing sequence, are now recognized as the
Madison Group (Mississippian) in a south-facing
and nearly vertical sequence. Because the Madison
of the Pioneer Mountains is barren of mineraliza-
tion, this discovery could guide future prospecting.
Contact metamorphism led to extremely coarse
grained marbles (about 8x20 cm, possibly as large
ag several metres across) and large crystals of skarn
minerals: early grossularite, diopside, epidote, horn-
blende, tremolite, and late serpentine.

IGNEOUS ROCKS

Swan Valley graben and

Swan Valley, in southeastern Idaho (lec. 5}, is
part of a long, narrow complex graben that extends
from Palisades Reservoir northwest to the Snake
River Plain, where it disappears beneath young
basalts. Studies by H. J. Prostka show that ash-flow
tuffs dated at 4.5 m.y. that lap high onto the flanks
of the Caribou and Snake River Ranges, are dropped
more than 300 m into the graben. Younger basalts,
sediments, and an ash-flow tuff that partially fill the
oraben have been extensively warped and faulted by
renewed movements. Continuing deformation is sug-
gested by drainage anovmalies and abundant seis-
micity in the area.

The basalts erupted within the graben are part of
a chain of basaltic volecanoes that extends more than
100 km northwestward across the Snake River Plain.
The chain indicates the presence of a major rift zone,
similar to the Great Rift near Craters of the Moon.
Three of the five major geothermal features in the
northeasternmost part of the plain are along this
zone: Heise Hot Springs, Lidy Hot Springs, and
Warm Springs Creek.

vent chain

Linear concentrations of basaltic vents, Snake River Plain

G. T. Stone (Univ. of Oklahoma) and P. J. Iagmin
{(USGS), working north of Prostka, also found that
the Great Rift is not the only fissure zone that pro-
duced epizodic, basaltic voleanism during the Pleisto-
cene in the eastern Snake River Plain. Almost as
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spectacular is a concentration of nearly 100 eruptive
centers in a zone approximately 48 km long and 11
km wide. It lies in the northeastern part of the plain
from the Island Park caldera westward to an area
just south of Spencer, Idaho (loc. 6). Lineations are
expressed by fissures and associated spatter ram-
parts, alinement of various eruptive centers, and
minor faulting. Prominent tensional cracks like those
of the Great Rift have not been found.

Two older and narrower belts of fissures extend
southeastward to the central axis of the Snake River
Plain from extensions of range-front faults of the
Lost River and Lemhi Ranges. Both belts seem to
end at young basaltic vents, one near the east side of
Big Southern Butte and the other at Hell’s Half
Acre lava field west of Idaho Falls. These narrow
volcanic zones, thought to lie along rifts, are all per-
pendicular to the central axis of the plain, where
volcanic activity was concentrated during Pliocene
and Pleistocene time.

Ash-flow tuffs of eastern Snake Rive

A sequence of five ash flows is exposed on the
eastern Snake River Plain, near Hiese Hot Springs
(loc. 7). H. J. Prostka and P. L. Williams reported
that some of these sheets have been traced in recon-
naissance throughout the eastern Snake River Plain,
and their approximate age and distribution are now
known.

The uppermost sheet (informally, Willow Creek
A) is the distal facies of the Huckleberry Ridge Tuff,
2 m.y. old, erupted from the Yellowstone Park area.
This welded tuff caps much of the Rexburg and Wil-
low Creek Benches. The tuff crossed the Big Hole and
Snake River Ranges from the south end of Teton
Valley into Swan Valley, where it now forms part of
the deformed graben fill along with interlayered
basalts and fine-grained sediments of the Pine Creek
Bench sequence and conglomerates of the Long
Spring Formation of Merritt (1956).

The next oldest tuff (informally, Heise C) is a
thick, compound-cooling unit that is lithologically
very distinctive and extremely widespread. It is the
thick unit in which Teton Canyon is incised, and it
correlates with the tuff of Boone Creek east and west
of the Teton Range (R. L. Christiansen, oral com-
mun., 1973). It is present in the Juniper Hills in the
center of the Snake River Plain; it flanks the south-
ern margin of the western Centennial Range and
Beaverhead Range; and it may correlate with the
Edie School Rhyolites of Scholten and others (1955).
It caps much of the northwestern end of the Caribou
Range and Willow Creek Bench as far southwest as

the Blackfoot Range. A sample of this tuff from the
quarry near Ammon has been dated at 4.5 m.y. (R.
L. Armstrong, written commun., 1972). In Swan
Valley, it is present as far southeast as Palisades
Dam, where it overlies a sequence of vitric tuffs and
terrigenous sediments of the Salt Lake or Teewinot
Formation. The Palisades Dam Andesite of Savage
(1961) is a thick lava flow interlayered with the up-
per part of this tuffaceous sequence.

The next two oldest tuffs (informally, Heise B and
Nave tuff) were found only in the Rexburg Bench-
Willow Creek area. The lowermost tuff (informally,
Heise A) is very widespread along the southern mar-
gin of the Snake River Plain from Heise to the
Blackfoot Mountains and south to the Caribou
Range. The age of this tuff is unknown. It rests
mainly on a surface of prevolcanic rocks with high
relief; hence its thickness is variable.

All of the sheets except the youngest are interbed-
ded with a variety of air-fall and water-laid tuffs,
and in the Kelly Mountains are associated with rhyo-
lite flows. The relations of these sheets to those in
the Yellowstone-Island Park area are now reason-
ably well known, but their relations to those in
the Blackfoot-Pocatello area have not yet been
established.

Potassium-argon dating of intrusive rocks in the Pioneer
batholith

Three pairg of coexisting hornblende and biotite
samples and two single biotite samples from five
petrographically and geographically distinct intru-
sive rocks collected by E-an Zen (loc. 4) were ana-
lyzed for their radiogenic Ar* by R. F. Marvin and
H. H. Mehnert. The rocks are (1) a quartz diorite,
(2) a porphyritic granodiorite, (8) a granite (petro-
graphically equivalent to the Butte Quartz Monzonite
of the Boulder batholith), (4) a tonalite, and (5)
another porphyritic granodiorite. Cross-cutting rela-
tions show that 1 is older than 2, and 3 is the young-
est. The calculated ages range from 68.0 to 71.0 m.y.,
except for a hornblende from 1, which is 76.5 m.y.
and couid mean an original age for this rock whose
biotite age was modified by later intrusions. The
initial Ar: plot shows an average isochron age of
about 70.0 m.y., and the scatter is small even though
both hornblende and biotite are plotted. Either the
initial Ar+*® content is negligible, or its isotopic com-
position is essentially modern. Two high-grade meta-
morphic gneisses from the area of samples also have
70-m.y.-old biotite megacrysts. These ages are about
the same or slightly younger than those of similar
rocks in the Boulder batholith and the Philipsburg
batholith.
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The five intrusive rocks from the Pioneer batho-
lith (loc. 4) submitted for K-Ar dating were studied
petrographically by E-an Zen, and were chemieally
analyzed. Each rock is distinct in texture or in min-
eralogy. Compared with the Boulder batholith, they
are termed “sodic” in the sense of R. I. Tilling
(1973) in plots involving K,0O against Si0,; in a
Na,0-Si0; plot, they conform to his so-called “main
series.” In chemistry and mineralogy, the rocks seem
to be intermediate between the two series proposed
by Tilling and resemble the Burton Park pluton in
the Boulder batholith.

GEOLOGIC AND STRATIGRAPHIC STUDIES

Analvsis of fans relates hot wel

Studies by K. L. Pierce and P. W. Schmidt (Wil-

. an
liams and others, 1974) of the surficial geology of

the Raft River geothermal area (loc. 8) show that an

important geothermal well there lies on the trend of
a Pleistocene fault. The fault cuts fan gravels de-
posited about six pluvial episodes ago (middle(? ?)

j28350 1053

Pleistocene) but does not cut adjacent fans dep031ted
about three pluvial episodes ago (late? Pleistocene).
The Bridge hot well is on the projected trace of this
fault; young fan gravels conceal the fault in the
area of the well.

The time of fault movement was determined by
comparing the amount of loess mantle and soil de-
velopment on the successively older fans. Fan gravels
of the last pluvial (latest Pleistocene) are mantled
by loess about 0.5 m thick bearing a weakly de-
veloped soil, as are the roughly correlative gravel
deposits of the last glaciation and of pluvial Lake
Bonneville. Gravel deposits of increasingly older
pluvial episodes are mantled by increasingly thicker
loess containing buried soils every half metre or so.

Ro;akshresembling Roberts Mountains Formation in central
aho

The lower part of the Silurian section in the Lone
Pine Peak 15-min quadrangle (loc. 9), south of
Chaliis, Idaho, consists of roughly 800 m of dark,
mainly slabby, impure dolomite and limestone, ac-
cording to W. H. Hays. It overlies the Saturday
Mountain Formation of Ordovician and Silurian (?)
(Llandoverian?) age and underlies light-gray, non-
fossiliferous sugary Laketown (?) Dolomite of prob-
able younger Silurian age. Its lithology resembles
much of the Roberts Mountains Formation (Silurian
and Lower Devonian) of central Nevada, and it indi-
cates that during part of Silurian time, the Roberts
Mountains depositional environment extended from

Nevada far north into eentral Idaho.

Antler flysch in central ldaho

Flysch deposits of Mississippian and possibly De-
vonian age were studied by F. G. Poole (unpub. data,
1974) in the Pioneer Mountains and Lost River
Range (loc. 10), Custer, Blaine, and Butte Coun-
ties, central Idaho. These strata represent a north-
ward extension of the Antler flysch sequence of

Nevada and western Utah. As much as 4,500 m of
well-bedded neritic and bathval marine, flvechlike
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mudstone, siltstone, sandstone, conglomerate, and
subordinate impure limestone was deposited in a
subsiding, elongate foreland basin on the continent-
al shelf (cordilleran miogeosyncline) east of the
Antler orogenic belt and west of the cratonic plat-
form. The major source of siliceous flysch sediments
in the foreland trough was terrigenous detritus de-
rived from a rising cordillera to the west, composed
of strongly deformed Devonian and older rocks. In
latest Devonian time, during the Antler orogeny of
Late Devonian and Mississippian age, these rocks
were deformed and subsequently thrust eastward as
the Roberts Mountains allochthon onto the outer
carbonate shelf. Most of the flysch sediment within
the foreland basin was deposited in a relatively deep-
water trough by sediment gravity flows originat-
ing in relatively shallow water. Proximal and distal
turbidites, debris-flow deposits, and hemipelagic de-
posits are recognized in the Antler flysch; these
facies and their associations in the flysch trough in-
dicate a complex system of submarine environments
including slope, fan, and basin floor. Much of the
fine-grained flysech is organic rich and may have
been important in late Paleozoic petroleum genera-
tion.

Copper Basin allochthaon in central Idaha

Mapping by B. A. Skipp in the southern Pioneer
Mountains (loc. 10), central Idaho, indicates that
the Copper Basin Formation of Carboniferous age
is a gently folded and faulted allochthon approxi-
mately 19 km wide. The sequence, faulted at both
the base and top, consists of more than 4,900 m of
interbedded argillite, conglomerate, sandstone, and
impure limestone and is thought to be a part of the
siliceous Antler Flysch of F. G. Poole (1974). The
allochthon overrides Devonian and older carbonate
rocks of both miogeosyneclinal and transitional facies
near Fish Creek Reservoir (Skipp and Sandberg,
1972) along its western margin, and miogeosynclinal
limestone, shale, and siltstone of Late Mississippian
age along its eastern margin in exposures north of
Craters of the Moon National Monument. To the

west, the Copper Basin allochthon is overridden by
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rocks of the Wood River Formation (Permian and
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Pennsylvanian) along a folded and faulted thrust
at Fish Creek Reservoir. Present traces of the
thrusts both above and below the Copper Basin
Formation trend generally north-northwest into the
central Pioneer Mountains.

Trilobites in type section of Copper Basin Group

B. A. Skipp found two partial trilobites in the here-
tofore nonfossiliferous type section of the Iron Bog
Creek Formation of Paull and others (1972) near
the top of the Copper Basin Group, as used by Paull
and others (1972), at Brockie Lake in the Muldoon
Canyon quadrangle (loc. 11). A. R. Ormiston
(Amoco Research Center) identified them as Arche-
gonus (Phillibole) (Richter and Richter, 1937).

Ormiston reported that the subgenus has a range of

Famennian (Late Devonian) through Visean (Late

Mississippian). The Idaho forms most closely re-
semble a species from the Lower Mississippian of
Kentucky and Tennessee. The trilobites were found
in dark, fine-grained quartzite 60 to 90 m above the
base of the Iron Bog Creek Formation, and about
4,900 m above the lowest exposed beds of the Copper
Basin Group. The Iron Bog Creek Formation was
considered by Paull and others (1972) to be of Penn-
sylvanian age on indirect evidence.

Clastic dikes furnish rock emplacement data

Some 30 localities in the upper Clarks’ Fork of
the Yellowstone River area in northwest Wyoming
(loc. 12) have been found where clastic carbonate
dikes composed of Heart Mountain fault breccia have
been injected as much as 15 m into the volcanic
rocks immediately overlying the fault. Pieces of
fragmented, but not brecciated, carbonized wood
found in one of them by W. G. Pierce indicate that
the fault breccia lay exposed on the fault surface
at the time the wood was introduced. The fault
breccia and wood fragments were injected in dikes
apparently as the weight of about 60 m of volcanic
rocks shifted, causing lateral flow along the base of

the volcanic rocks toward the dikes. In some of
t+tha Ailrna +ha
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uii€ QIKES, e 10WEerinost volcanic rock also appar-
ently flowed laterally toward the dike and then

moved upward along with the flow of carbonate dike
material.

Paleontologic dating of shale-siltstone sequence at the base of
the Paleozoic rocks

A unit of about 100 m of interbedded quartzose
siltstone, calcareous siltstone, dark quartzose shale,
and iron-rich, banded siltstone—below massive
dolostone of the Hasmark Formation of Cambrian
age and above a thick sequence of sandstone and
conglomerate of uncertain age—provided fossils on

the north slope of Sheep Mountain in the northwest
part of Vipond Park quadrangle (loc. 4). The fossils,
collected by E-an Zen and J. T. Dutro, Jr., consist
mainly of trace fossils but include echinoderm frag-
ments. The unit is definitely early Paleozoic—prob-
ably Cambrian and possibly Middle Cambrian; it
thus correlates with the Silver Hill Formation of
the Philipsburg area and the Wolsey Shale of the
platform sequence. Dating of this unit is important
because of the possible paraconformable relation
with the underlying clastic sequence and because
the shale is locally deformed and metamorphosed
enough to suggest a Precambrian age. The fossils
are the first of their kind in this unit in the Pioneer
Mountains.

STRUCTURAL STUDIES

Large fold near Hope fault, northwest Montana

Mapping by A. B. Griggs in the western half of
the Wallace 2° quadrangle (loc. 13) outlined a third
large overturned fold just north of the Lewis and
Clark line. Like the other two folds, it trends north,
is overturned to the east, and has the western limb
thrust over the eastern one. The eastern limb is ex-
posed for almost 12 km along Prospect Creek, which
empties into the Clark Fork at Thompson Falls,
Mont. There, rocks extending from the lower Prich-
ard Formation into the lower part of the Snowslip
Formation (nearly 10,000 m of section) have dips
ranging from near vertical to overturned as much
as 45° to the west. This section represents much of
the Belt Supergroup of Precambrian metasedimen-
tary rocks exposed in this area. Unlike the other
two folds, this fold lies just west, rather than just

east, of the Hope fault system. The eastern side
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of thlS fold ends abruptly against the most west-
erly strand of the Hope fault system, which here
trends northwest. The eastern limbs of the other
two folds also end abruptly against northerly
trending, steep-dipping faults. Right-lateral displace-
ment of many kilometres along the Osburn fault
(within the Lewis and Clark line) has been fairly
well demonstrated just to the west in the Coeur
d’Alene district. These sharp overturned folds give
the same sense of eastern translation in the upper
crustal rocks in the block north of the Osburn fault.

Thrust faulting in south-central Idaho

W. E. Hall and J. N. Batchelder recognized at
least four thrust sheets near Hailey, Idaho (loc.
14). Thrusting is from southwest to northeast and
juxtaposes deep-water oceanie, transitional, and
miogeosynclinal facies. The Paleozoic formations
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there, the Wood River and Milligen Formations, are
both allochthonous. The thrusts were traced for at
least 90 km from north of Ketchum, Idaho, south-
east to the Fish Creek Reservoir, where they were
first recognized and mapped by B. A. Skipp.

Neogene block faulting in Laramie uplift

According to Kenneth Segerstrom, the highest
part of the granitic Laramie uplift, southeastern
Wyoming, appears to be a northeast-striking horst
about 30 km long and 5 to 10 km wide. The horst
(loc. 15) is bounded on the southeast side by a
shear zone with minor copper and nickel mineraliza-
tion, and on the northwest side by a broad fracture
zone intruded by a swarm of mafic Precambrian
dikes. The dikes are commonly sheared at their
borders with less shearing throughout. Most, if not
all, of the shearing and faulting probably took place
in post-White River and pre-Ogaliaia
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(Pliocene) time.

Recurrent Laramlde structural movements, south flank of the
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Recurrent movement during Late Cretaceous and
early Tertiary time on the northern extension of the
Emigrant Trail thrust fault in the Wind River Basin
was documented by M. W. Reynolds from mapping in
the Sand Draw and Alkali Butte areas, Wyoming
(loc. 16). Unconformities of Campanian and Mae-
strichtian (Late Cretaceous) age, two unconformi-
ties of Paleocene age, and another of Eocene age
truncate older rocks along or near the trace of the
fault. Facies of lower Eocene rocks east of the
fault are dominantly piedmont, whereas those west
of the fault are dominantly flood-plain and lacus-
trine. Rocks as young as late Eocene are folded and
displaced along the fault trace. Thus, the history
of movement of the fault in the Wind River Basin
corroborates the history of the fault as deduced from
structural and stratigraphic relations along the
northern margin of the Great Divide basin (M. W.
Reynolds, 1966; unpub. data, 1974). Erosion ac-
companying successive episodes of movement in the
Wind River Basin destroyed potential reservoirs
for petroleum in Upper Cretaceous and Paleocene
rocks from Alkali Butte to Muskrat Creek.

Postconsolidation tilting of Lake Owens mafic complex,
Wyoming

Studies of the magnetic properties of the Lake
Owens mafic complex of the southeastern Medicine
Bow Mountains of Wyoming (loc. 17) by P. N. Shive
and J. A. Morel (Univ. of Wyoming) support a con-
clusion based on geologic study by R. S. Houston

(USGS) that this complex has been tilted some 60°

northeast after consolidation. The initial geomag-
netic pole for the body in its present attitude does
not fall near any established Precambrian pole from
North America. If the igneous foliations are rotated
into an approximately horizontal position, however,
the virtual geomagnetic pole (lat 20° N., long 145°
W.) plots near the trend in the equatorial Pacific
established for North American rocks of this ap-
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proximate age (Larson and others, 1973, and Spall,

1971). The Stillwater Complex of Montana, located
some 600 km northwest of the Lake Owens complex,
also shows a north to northeast tilt, but Jones and
others (1960) suggested that only 35° of the tilt
could have been Precambrian. Whether tilting of
these complexes is local or regional is not known,
but it should be considered in interpretations that
suggest Precambrian ancestry for Laramide struc-
ture.

GEOPHYSICAL STUDIES

Gravity and magnetic anomalies in western Snake River Plain

D. R. Mabey and D. L. Peterson reported that
large gravity and magnetic highs occur over the
western Snake River Plain, Idaho, (loc. 18) and ex-
tend over extensive exposures of Columbia River
Basalt. At the northwest end of the plain, major
features of the gravity and magnetic anomalies sug-
gest that the plain is underlain by a thick layer of
material that is more dense and more magnetic than
the enclosing rocks. The geophysical data are inter-
preted as suggesting that the western half of the
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Snake River Plain is underlain by a layer of basalt

1 to 3 km below the surface and 2 to 4 km thick.
Depressions on the surface of the basalt layer are
filled with lower density sedimentary rock and silicie
volcanic rock.

ENVIRONMENTAL-GEOLOGIC STUDIES

Environmental aspects of southern Beaverhead Range, Idaho
The absence of reported epicenters during this
century and, apparently, of geomorphically fresh
fault scarps suggests that the east flank of the
Beaverhead Range and adjoining Crooked Creek Val-
ley, Idaho (loc. 19), are now seismically quiet. D. L.
Schleicher reported that range-front faults along the
east flank of the range are mantled by welded tuffs
interbedded with cemented tuffaceous fan gravels
(correlatives of the Salt Lake Formation?), suggest-
ing that the faults there are at least a few million
years old. The area has geothermal potential that is
developed at Lidy Hot Springs, undeveloped at the

springs feeding Warm Creek, and only implied near
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a hltherto unrecognized intrusive plug at the south
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tip of the range. Silty soils in at least two drain-
ages may be arable, especially if water can be found
in adjacent alluvial-fan gravels.

Centennial fault, Idaho-Montana

Southwestern Montana and the adjacent parts of
southeastern Idaho are dominated by northwest-
trending basin-and-range structures. The east-trend-
ing Centennial Range-Centennial Valley structural
pair cuts sharply across this nor -thwest-trending
structural pattern. The valley is downthrown along
the high-angle Centennial fault, which dips valley-
ward (nnrfhwmﬂ\ Rnﬂ for the most "‘31"-.7 delineates
the north face of the range.

The Centennial Range (centered at loc. 20) forms
a major part of the northern margin of the eastern-
most Snake River Plain, and sedimentary units that
make up the range dip southward and probably pass
below the mafic and felsic volcanic rocks that floor
the plain.

Current field mapping by I. J. Witkind has con-
centrated on the Centennial fault. Its length is un-
known, but it extends at least 64 km from its ap-
parent western end near Monida, Mont., to its ap-
parent eastern end near Henrys Lake, Idaho.

The fault can be divided into three parts. In the
western sector which is about 43 km long, the fault
appears mostly as an impressive north-facing scarp.

The scarp ranges in height from 11 to 12 m, and
can be traced for about 27 km. For the most part,
Lower Cretaceous strata (Aspen? Formation) on
the upthrown block are juxtaposed against surficial
deposits on the downthrown block. In at least three
places along the fault, stratigraphic units on the
downthrown block are similar to comparable units
on the upthrown block, suggesting vertical displace-
ment of several thousand metres. Although many
old alluvial fans are offset by the fault, it is partly
concealed by younger small alluvial fans and earth-
flows.

The central 11 km of the fault cuts bedrock. Here,
the fault apparently has split to form a 6-km-wide
zone of northwest-trending en echelon breaks offset
to the north.

The eastern segment of the fault reaches at least
into the western end of the Henrys Lake basin, but
how much farther east it extends is not known. The
fault here is essentially a single break largely con-
cealed by surficial deposits. In one locality, however,
it offsets a moraine of Pinedale age.

Local residents report that their homes are
shaken repeatedly by minor earth tremors. This is
yet another example of continuing movement along
a large fault in the intermountain seismic belt.

Resource and land information applied to environmental
protection in the Gillette area, Wyoming

Geologic, hydrologic, and related studies in the
Gillette area of central Campbell County, Wyo. (loc.
21), contain estimates of the potential effects of sur-
face mining the thick coal deposits of the area (N.
M. Denson, W. R. Keefer, and G. H. Horn, 1973; W.
R. Keefer and P, W. Schmidt, 1973; L. M. Shown,
1973; U.S. Geol. Survey, 1973). W. R. Keefer re-
ported that detailed geologic mapping by USGS
geologists, supplemented by drill data, has delineated
6 billion t of low-sulfur, subbituminous coal within
60 m of the ground surface in a belt 75 km long and
3 to 5 km wide. The thickness of the strippable coal
(Wyodak-Anderson bed) averages from 15 to 30 m
in large sections of this beit. A study of the ground-
water conditions in the area shows that the extrac-
tion of the coal would markedly disrupt the shallow
ground-water aquifer system, which might, however,
be partially restored by reclamation of the land sur-
face.

SOUTHERN ROCKY MOUNTAINS
MINERAL-RESOURCE STUDIES

Multiple ages of mineralization in the western San Juan
Mountains, Colorado

Most of the economic mineralization in the west-
ern San Juan Mountains is localized by structures
of the Silverton caldera (and the related San Juan
and Uncompahgre calderas) previously thought to
have formed during the waning stages of this caldera
cycle about 28 m.y. ago. However, recent studies in
the Lake City area (loc. 1, index map) by P. W.
Lipman demonstrated several distinet periods of
mineralization, extending over about 15 m.y. in late
Tertiary time.

In the Lake City area, scattered mineralization,
thus far of limited economic significance, occurs in
the intrusive cores of intermediate-composition
stratovolcanoes that were active about 35 to 30 m.y.
ago, before the occurrence of any of the ash-flow
eruptions which resuited in caldera collapses. Sig-
nificant vein and disseminated mineralization oc-
curred in the northern parts of the Uncompahgre
caldera after it collapsed about 28 m.y. ago but be-
fore the Lake City caldera collapsed during erup-
tion of the Sunshine Peak Tuff 22.5 m.y. ago, since
fragments of mineralized rock occur in landslide
debris in adjacent parts of the Lake City caldera
fill. Additional vein and disseminated mineralization
occurs in and near the Lake City caldera and is
therefore younger than 22.5 m.y. old.

Major veins, which follow faults of the Eureka
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graben between the Lake City and Silverton cal-
deras, also seem to have formed after collapse of
the Lake City caldera, even though the graben faults
existed as pre-Lake City structures. The following
field relations suggest this: (1) Altered rocks and
vein quartz seem to be absent in landslide breccias
within adjacent parts of the Lake City caldera, al-
though the Eureka graben veins and mineralized
rocks extend to the structural margin of the cal-
dera. (2) At Engineer Pass on the northwest side
of the Eureka graben, silicic quartz porphyry in-
trusions, which cut the Sunshine Peak Tuff erupted
from Lake City caldera, occur at a focal area where
alteration zones converge with a gilicified breccia
pipe and mineralized veins. These silicie quartz
porphyry intrusives are part of a well-defined north-
east-trending belt, which extends about 40 km from
northwest of Silverton to north of Lake City and
ranges in composition from quartz latite to silicic
rhyolite and granite. They are petrologically distinct
from dated intrusions of the main ash-flow caldera-
forming cycle at about 28 m.y., but they have dis-
tinct petrographic affinities to magmas of the 22.5-
m.y. Lake City cycle and are tentatively considered
to be similar in age.

A similar association of intense alteration and
breccia-pipe mineralization with silicic quartz
porphyry intrusions in the productive Red Moun-
tain district, on the west side of the Silverton cal-
dera, suggests that mineralization in this area may
also be younger than 22.5 m.y. The age of the major
vein systems southeast and northwest of the Silver-
ton caldera is even less certain, but at least some of
the major veins southeast of Silverton cut quartz
porphyry intrusions similar to those in the Engineer

gilicified bhreeceia

Pass and Red Mountain areas. Thus, at least some
of the productive mineralization structurally associ-
ated with the Silverton caldera appears to be 6 to
10 m.y. younger than the formation of the caldera
28 m.y. ago. The caldera appears to have acted
mainly as a structural control as much of the
mineralization is genetically associated with quartz
porphyry intrusions that are petrologically distinet
rocks erupted during the caldera-forming
process.
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Compllatlon of detalled geologlc mapping and

widespread field reconnaissance in the eastern
qguarter of the Leadville 2° sheet Colorads (loe. 2)

juarter the Leadville 2° sheet, Colorado (loc. 2),
by Ogden Tweto has provided an up-to-date geologic
framework of one of the most important segments
of the Colorado mineral belt, including the major
mining districts of Breckenridge, Fairplay, Gilman,
Climax, and Leadville. Although the geology of each
of these districts had been studied in detail, no
modern geologic overview of the entire region
existed. This mapping provides a basis for analyzing
the influence of Precambrian, Laramide, and post-
Laramide tectonics and Laramide and post-Laramide
igneous activity on ore deposition. Reconnaissance
mapping of about 1,500 km 2 of previously unstudied
Precambrian rocks in the northern Sawatch Range
by J. C. Reed, Jr., and R. H. Moench has established
the general structure of the Precambrian terrane
and the distribution of 1.4- and 1.8-b.y.-old granitic
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Distribution of lead and zinc
C. S. Bromfield and R. B. Hall have studied the

geographic and geologic distribution of lead and zine
production in the Southern Rocky Mountains, using
regional mining-district production. Approximately
90 percent of the production has come from the
Colorado mineral belt; about 65 percent from its
central part, 30 percent from its southwest part, and
only a few percent from its northeast part. Ten dis-
tricts have produced nearly 90 percent of the total,
and two districts, Leadville and Gilman (loc. 2),
have produced over half.

In the Southern Rocky Mountains, lead and zinc
were deposited in four metallogenetic epochs—Pre-
cambrian, Laramide, middle Tertiary, and late
Tertiary. About 65 percent of production comes
from Laramide deposits, 30 percent from middle
Tertiary deposits, 5 percent from Precambrian de-
posits, and very little from upper Tertiary deposits

Replacements, chiefly in carbonate rocks, are the
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most important deposits and have yielded about 60
percent of the total production; 25 percent from
veins in volcanic rocks, 8 percent from veins in other
rocks, and 5 percent from massive sulfide deposits
in Precambrian rocks.

IGNEOUS ROCKS

Calderas in the San Juan Mountains of Luorado

Studies by T. A. Steven and P. W. Lipman have
shown that the late Oligocene calderas in the San
Juan volcanic field (loc. 1) in southwestern Colorado
formed in response to recurrent large-volume ash-
flow eruptions. Eighteen major ash-flow sheets have
been identified; 14 calderas are known, 3 are postu-
lated, and another possibly remains to be discovered.

Development of the calderas is believed to chron-
icle the emplacement of successive segments of an
underlying shallow batholith whose presence is also
indicated by a major gravity low. Early calderas
(30 to 29 m.y. old) formed in areas of clustered
andesitic volcanoes and are not clearly associated
with the main gravity low. These probably formed
above local high-level magma chambers before the
rise of the main body of the batholith. Five calderas
in a western caldera complex formed between 29
and 27 m.y. ago in an area of clustered andesitic
volcanoes. These are above the western part of the
batholith indicated by gravity data and indicate
final upward movement of magma in the underlying
segment. A central San Juan caldera complex
formed between 28 and 26 m.y. ago. During this
period, eight major ash-flow sheets were deposited,
and at least seven calderas formed. The calderas
are above the main eastern segment of the gravity
low, and they are believed to mark the culminating
magmatic activity in this part of the batholith.
Contrasting lithologies of sequential ash-flow sheets
derived from overiapping caldera sources in both the
central and western complexes require rapid develop-
ment of successive cupolas above the batholith, and
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New Colorado magnetic gabbros and peridotites

A previously unmapped mafic and ultramafic Pre-
cambrian intrusive body covering an entire 71%4-min
quadrangle has been discovered by G. L. Snyder in
the northern Park Range of Colorado (loc. 3) just
south of the Wyoming line. Most of the body is a
uniform medium-grained diabasic gabbro, but a
variant exposed over several square kilometres in the
northeastern part of the body consists of coarse-
grained coronaed-olivine gabbro and norite with in-
clusions of harzburgite and amphibole lherzolite.

Anomalous platinum-group elements occur in the
more mafic phases of the body. The age of the various
gabbros and peridotites is unknown except that they
are cut by small pegmatite and quartz monzonite
dikes of possible Boulder Creek (1.7 b.y.) affinity.

A new USGS aeromagnetic survey of the west side
of the Park Range shows a positive anomaly of more
than 500 gammas over the gabbro body and indi-
cates as much gabbro westward beneath Tertiary
cover as is presently exposed. A previous aeromag-
netic survey had mislocated this anomaly by more
than 8 km, and the anomaly was thought to be caused
solely by intrusive Tertiary rocks.

Volcanic and intrusive rocks in West Flk Mountains, Colorado

South and west of the West Elk Wilderness Area
(loc 4), D. L. Gaskill reported that the volcanic rocks
are dominantly high-angle, near-vent, cone facies.
The volcanic rocks are cut by a west-trending zone of
faults and dikes, associated with areas of argillized,
propylitized rock and explosion breccias, along the
northern perimeter of the volcanic field.

Some 24 asymmetrical to cylindrical, granodioritic
laccoliths and many sills are emplaced at various
horizons throughout a 2,400-m-thick sequence of
Jurassic, Cretaceous, and Tertiary strata. No clear
evidence was found of laccolithic bodies intruding
the volcanic rocks. At least two bysmalithic bodies
bulged in Jurassic rocks at or near the Precambrian
contact. Most of the laccoliths are in the Mancos
Shale, but the largest are floored in the Mesaverde
Formation and younger strata.

Several small rhyolite plugs and altered rhyolitic

sills are exposed in and adjacent to the volcanic
rockg
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GEOLOGIC AND STRATIGRAPHIC STUDIES
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an Brachiopoda of New Mexico

The geologic history of the Devonian of New Mexi-

co was developed by G. A. Cooper (Smithsonian In-
atitntian) and T T Dtra Jr (TIQIQN fyram analv_

stitution) and J. T. Dutro, Jr., (USGS) from analy-
sis of the strata and fossils. Devonian rocks are wide-
spread in the south-central and southwestern parts
of the State (loc. 5), especially in the Sacramento,
San Andres, Franklin, and Caballo Mountains. De-
tailed stratigraphic sections and biostratigraphic
data clarify correlations, facies distributions, and
paleogeographic patterns. A faunal zonation, based
primarily on brachiopods, is supplemented by the
distributions of conodonts, corals, and cephalopods.
The Onate Formation is late Middle Devonian in
age and lies unconformably on Silurian and Ordo-
vician strata. The overlying Sly Gap Formation is
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entirely of Frasnian Age (early Late Devonian).
[The Onate and Sly Gap Formations of Stevenson
(1945) are hereby adopted as redefined by Flower
(1965) for usage by the USGS.] The Percha Shale
is of early and middle Famennian Age (late Late
Devonian) and is everywhere younger than the Sly
Gap. A sandy facies of the lower Percha rests on the
Sly Gap in the San Andres Mountains. The so-called
Percha of southeastern New Mexico is a southern
facies of the Onate Formation. The Devonian se-
quence is overlain unconformably by either Missis-
sippian or Pennsylvanian rocks.

Pediment surfaces in central Rio Grande trough

The relation of basalt lows and Cenozoic faulting
to pediment surfaces in the Rio Grande Valley be-
tween Albuquerque and Socorro, N. Mex. (loc. 6),
was studied by G. O. Bachman. Pedogenic caliche
deposits that cap some of these surfaces are promi-
nent markers and valid map units. Caliche began to
accumulate on the oldest of these surfaces, the Liano
de Albuquerque, soon after the Los Lunas basaltic
volcano became dormant. R. F. Marvin, H. H. Mehn-
ert, and V. M. Merritt suggest a tentative age of
1.0£0.1 m.y. for the Los Lunas basalt. This indicates
a maximum age for the Llano de Albuquerque
surface.

Rico Formation in the southeast end of Gypsum Valley

anticline, Colorado

The Rico Formation exposed in steeply dipping
beds in the southeastern end of the Gypsum Valley
anticline in the Dawson Draw quadrangle (loc. 7) is
568 m thick. It is underlain conformably by the lime-
stone-bearing upper member of the Hermosa For-
mation and is overlain unconformably by formations
ranging from the Chinle (Triassic) to the Summer-

Mawrd doannihad +ha D3 aa
Ward described the Rico as

reddish-brown siltstone and shale; massive lenticular
beds of sandstone that are feldspathic to arkosic,
micaceous, and conelomeratic: and sharse, compara-
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tively thin limestone and calcareous shale beds that
are persistent and fossiliferous. Eighteen of these
calcareous units occur scattered through the forma-
tion. Fossils—mostly mollusks, brachiopods, and
gastropods—from three beds in the upper third of
the formation were assigned a late Pennsylvanian
age by E. L. Yochelson.

w
VlllC \d uLa.sm\,; .lJ. a.

Uncommon deposit beneath Rocky Flats Alluvium
Approximately 8 km north of Sterling, Colo. (loc.

8), 4. A. Sharps found that the Rocky Flats Alluvi-

um is underlain by silt (probably wind deposited), in

contrast to other areas of Colorado where the Rocky
Flats is generally underlain by bedrock. The silt de-
posit is of interest because it may contain fossils by
which the maximum age of the overlying Rocky Flats
Alluvium might be determined.

GEOPHYSICAL AND STRUCTURAL STUDIES

Crustai structure of the Southern Rocky Mountains

Claus Prodehl (Geophysicalisches Institut der
Universitat Fridericiana, Karlsruhe, West Ger-
many) and L. C. Pakiser, Jr., (USGS) completed an
interpretation of a seismic study of the crustal struc-
ture of the Southern Rocky Mountains. The results
indicate that the crust is about 45 km thick along a
north-trending line extending across the San Juan
Mountains (loc. 1), the Sawatch Range, the Park
Range (loc. 8), and the Sierra Madre Mountains,
and 52 to 54 km thick in the Front Range. Along the
San Juan Mountains-Sierra Madre Mountains line,
the crust includes a low-velocity zone in the upper
20 km and is not distinctly layered, but in the Front
Range, it is distinctly layered. The transition from
lower crust to upper mantle is gradual throughout
the Southern Rocky Mountains, and the upper-
mantle velocity, not well determined, is in the range
7.7 to 7.9 km/s.

g in tl
D. J. Gable found that large northeast-trending

folds dominate the structure of the Ward 7l4-min
anadrancla (Iae 0) and have the same trend ag folds
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mapped near Central City, 16 km to the south. The
largest fold, an anticline, extends across the southern
half of the Ward quadrangle from the adjoining
Nederland quadrangle; a large syncline extends into
the northwest corner of the Ward quadrangle from
the Monarch Lake quadrangle. Earlier and smaller
northwest-trending folds occur on the east limb of
the large northeast-trending anticline.

BASIN AND RANGE REGION
MINERAL-RESOURCE STUDIES

Occurrences and composition of alunite at Goldfield, Nevada

R. P. Ashley and W. J. Keith (1973) found that
alunite shows at least five distinctly different modes
of occurrence in hydrothermally altered rocks and
ores in the Goldfield mining district (loc. 1, index
map), Esmeralda and Nye Counties, Nev. Hypogene
alunite shows four modes of occurrence; it replaces
constituents of silicified voleanic rocks, is intergrown
with quartz near the margins of ore-bearing veins,
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forms veins in unoxidized silicified rocks, and forms
coarse-grained breccia fillings in silicified zones along
with jarosite. Supergene alunite forms fine-grained
veins that cut across both silicified and argillized
rocks in the zone of oxidation. Standard semiquanti-
tative spectrographic analyses and additional spec-
trographic and X-ray fluorescence data for lithium,
different for the various types of hypogene alunite,
or for hypogene versus supergene alunite, although

. .
some hypogene alunite samples are relatively en-

riched in lead. Flame-photometric sodium and potas-
sium analyses, when compared with X-ray diffrac-
tion data, show that many alunite samples, regard-
less of mode of occurrence, consist of at least two
phases: one relatively potassium rich, and one rela-
tively sodium rich. The two phases are not distin-
guishable optically; comparison of the compositions
of coexisting alunites indicates that they are not
solvus phases. Relations between coexisting phases
are not yet understood, and the possibility that indi-
vidual alunite crystals are zoned is being investi-
gated. Alunite samples apparently containing both
potassium and sodium alunites occur in other dis-
tricts with alunitic alteration; for example, Marys-
vale, Utah, and the Comstock Lode, Nev.

Precious-metal placer deposits

Under the direction of F. J. Kleinhampl, recon-
naissance investigations in northern Mono Basin,
Calif. and Nev., by geologists and geophysicists of
the USGS and the California Division of Mines and
Geology, indicate an area of possible precious-metal

placer deposits northwest of Aurora (loc. 2), Miner-
al County, Nev., buried beneath Quaternary gravels.
The deposits are localized along a structural linea-
ment believed to have channeled major stream drain-
age out of Aurora. The best potential site for placer
deposits lies at the junction of the lineament with an
inferred presently buried topographic high of vol-
canic rocks that could have acted as a barrier to the
stream flow.

Cambrian bedded sulfides in north-central Nevada
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laminae of pyrite intercalated with bedded barite

and mudstone in the Preble Formation (Cambrian)
north of Goleonda Summit (laoe 2) in ganutheactorn
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Humboldt County, Nev. Both the pyrite laminae and
associated high-grade barite beds are believed to be
sedimentary in origin. Coexistent sedimentary barite
and sulfides occur in eugeosynclinal strata in many
parts of the world, but this occurrence in Nevada is
the first reported in the Basin and Range province.
The discovery of bedded pyrite in Nevada suggests
that high-grade sedimentary sulfide deposits may
occur in eugeosynclinal strata in the Western United
States.

East-west patterns of Tertiary volcanism and mineral deposits,

Nevada and Utah

Outcrops of calc-alkaline andesite and dacite and
associated intrusive rocks define two broad east-
west belts of major Tertiary volcanism in Nevada
and Utah. A synthesis by J. H. Stewart and W. J.
Moore indicates that the northern belt, which con-
tains rocks generally ranging in age from 30 to 40
m.y., extends from near the Wasatch Mountains
between about lat 3°30’ and 40°40’ N. in Utah west-
ward and a little south to central western Nevada.
In parts of Nevada, this northern belt is poorly de-
fined and is difficuit to separate from a major region
of calc-alkaline volcanic rocks in northeastern
Nevada. The southern belt, which contains rocks
generally ranging in age from 20 to 30 m.y., is well
defined and extends from the High Plateaus of Utah
westward to the Tonopah-Goldfield area of western
Nevada. In westernmost Nevada, the two belts
merge in an area of extensive early to middle Mio-
cene (about 10-20 m.y., time scale of Berggren,
1972) cale-alkaline volcanic rocks along the north-
west trend of the Walker Lane. Voluminous ande-
sitic volcanism in the Reno-Carson City region within
the Walker Lane is on line with the northern belt
and may indicate a recurrence of volcanic activity
along the same structural trend as the northern
belt.
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Mineral deposits in Utah are clearly related to
these east-west volcanic belts, and over 95 percent
of the production of Cu, Pb, Ag, Au, and Zn has
come from three east-west mineral belts lying within
the broad volcanic belts described here. In Nevada
the relationship is less clear, but many ore deposits
occur within the voleanic belts, and most of the large
Tertiary epithermal gold-silver deposits, for ex-
ample, Goldfield, Tonopah, Aurora, and the Com-
stock, are located within andesitic volcanic fields in
the Walker Lane region in line with the two volcanic
belts described here. The ore deposits are contem-
poraneous or nearly so with their andesitic host
rocks, implying a genetic relationship.

Possible buried caldera in west-central Utah

Detailed geologic mapping and volcano-strati-
gxapuu, studies b:y' H. T. Morris \1973) in the south-
central East Tintic Mountains, Utah (loc. 4), in con-

junction with earlier geophysical and regional geo-
]no‘m qfnr:hnq }“r D. R. Mqhnv and H. ’T‘_ ™ jq
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(1967), and dlamond drilling by several mining com-
panies, disclosed the possible presence of a buried
caldera of large dimensions. This inferred caldera is
centered on Buckhorn Peak 11.5 km south-southeast
of Eureka, Utah. A circular, lava-filled area sur-
rounded by scattered exposures of sedimentary
rocks, and a magnetic anomaly essentially coincident
with it, indicate a diameter of about 13.6 km. Data
from a number of diamond drill holes in its north-
western quadrant indicate a depth of more than 900
m. Areas where the northern wall of the caldera is
cut by mineralized veins may be underlain by con-
cealed ore bodies.

Potential for copper, Nogales 2° quadrangle, Arizona

Southeast Arizona is one of the world’s richest
copper provinces, and it currently faces mounting
confrontations involving industrial and mining

growth, urbanization, and environmental considera-

tions. As part of the USGS effort to provide State

and local planners with understandable and factual
data to be used in making decisions related to land
use, a map was prepared by a USGS team under the
direction of T. G. Theodore and S. C. Creasey (U.S.
Geol. Survey, 1973) showing the potential for cop-
per deposits in the eastern three-fourths of the
Nogales 2° quadrangle (loc. 5). About one-third of
this quadrangle is underlain by rocks with a rela-
tively high potential for hosting major copper de-
posits. One of these high-potential areas includes five
producing mines that together yielded about one-
sixth of the nation’s primary copper in 1973. But

most importantly, the study revealed broad zones
where the alluvial deposits are less than about 300 m
thick in the areas of high potential.

These alluvial deposits may cover some major un-
discovered metal concentrations whose exploitation
under strict environmental controls should be eco-
nomically feasible with existing technology. Planners
in future zoning decisions should carefully consider
the metal potential of the undeveloped alluviated val-
leys because these are the areas most likely to be
used for relief of population pressure.

Middle Tertiary mineralization in the Mimbres Range, New

Mexico

Mapping by D. C. Hedlund in the Hillsboro and
San Lorenzo 15-min quadrangles (loc. 6) along the
Mimbres Range in Sierra and Grant Counties, N.
Mex., indicates that the region is underlain by sev-
eral thousand metres of Paleozoic sedimentary strata
and Tertiary volcanic rocks. North- to north-north-
west-trending high-angle extensional faults of Ter-
tiary age tilt the section 15° to 85° eastward in the
Hillsboro quadrangle, whereas in the San Lorenzo
quadrangle and near the summit of the range, the
faults tilt the section westward and have formed a
graben along its western margin. The graben is sepa-
rated from the Santa Rita horst, the western boun-
dary of the mapped area, by the Mimbregs fault which
has a vertical displacement of more than 3,000 m.
The fault is a possible source of geothermal energy
gince several hot springs are present along its pro-
jected trace.

There are essentially two types of target areas for
mineral exploration in the region:

Tertiary intrusions of copper-bearing quartz mon-
zonite and quartz diorite—The quartz monzonite
stock of Copper Flat in the Animas mining district
has an outcrop area of 1 km? of which 0.25 km? is
mineralized. Drill-hole data indicate that the stock
expands with depth. The quartz monzonite stock of
Warm Springs Canyon has a marginal facies of
quartz monzodiorite which probably represents a
slightly older magmatic differentiate that crystallized
out along the limestone walls of the chamber. The
quartz diorite of the Tank Canyon area intrudes El
Paso Limestone; tactites are locally developed along
the contacts. Anomalous concentrations of tungsten
have been reported for stream sediments in the
vicinity of the quartz diorite intrusion (H. V. Al-
minas and K. C. Watts, Jr., oral commun., 1973).

Major north-striking normal faults that have pro-
vided access for rhyolitic intrusions and associated
stlver-bearing ore fluid.—These faults are com-
monly loci for fissure veins of zinc, lead, and copper
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with trace amounts of silver. Approximately half of
the 74 mineralized occurrences examined along or
adjacent to faults were fissure veins localized in
dolomite beds of the Fusselman and Montoya Dolo-
mites. The remainder were localized along fault
breccias or occur as bedding replacements in lime-
stone.

Along the Pierce Canyon fault, the fissure veins
in dolomite commonly have a talc alteration zone
which is cut by sulfide-bearing quartz veins. In the
Kingston district, replacement of dolomite by rhodo-
chrosite and rhodonite occurs adjacent to faults and
fractures that contain sphalerite, pyrite, galena,
chalcopyrite, albandite, and argentite Along the
Grandview fault, San Lorenzo quadrangle, bedding
replacement by sulfides is a common feature within
the upper chert-bearing limestone beds of the El

Pago Limegtone. The chert-hearino limestone ig lo
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cally thermally metamorphosed to scarn mineralogy,
and the sulfide replacement bodies are nearly con-
temporaneous with the thermal metamorphic effects.
Although no intrusive body is present in the imme-
diate area of the principal mines (Royal John, Patsy,
Columbia, and Grandview) rhyolite porphyry stocks
are alined along the fault to the north of the min-
eralized area. Since these stocks predate the Kneel-
ing Nun Tuff (33.4+1.0 m.y., McDowell, 1971 ; Elston
and others, 1973) and intrude the Rubio Peak For-
mation of Oligocene age, the mineralization appears
to be of early to middle Tertiary age.

Oregon-Nevada lineament

A belt of closely spaced, partly en echelon, faults
(the Oregon-Nevada lineament) extending from near
Mount Jefferson in north-central Oregon southeast-
ward to Eureka in central Nevada (loc. 7) has been
recognized by J. H. Stewart, G. H. Walker, and F. J.
Kleinhampl. The lineament is 750 km long and gen-
erally 20 to 40 km wide. In addition to faults, the
lineament is marked by centers of volcanic activity
including voluminous upper Miocene lava flows in
Nevada and by Miocene and younger volcanic rocks
in Oregon. A conspicuous aeromagnetic anomaly is
coextensive with the lineament in Nevada but is
lacking in Oregon. The lineament is considered to
be the surface expression of a deep-seated fracture
zone in which some of the movement can be inter-
preted as right lateral.

Deep-sea origin of Ordovician pillow lavas and associated
sedimentary rocks, north-central Nevada

Pillow basalts interlayered with chert and grap-

tolitic argillaceous rocks of Ordovician age in the
Independence Mountains, the northern Shoshone
Range, and at Battle Mountain, Nev. (locs. 8, 9, and
10), have been investigated by C. T. Wrucke, Jr.,
and Michael Churkin, Jr., to determine environ-
mental conditions at time of emplacement, particu-
larly the depths of the ocean where these lavas
accumulated. Measurements of the size and volume
percent of vesicles in the pillows, using methods
developed by Moore (1965) for modern submarine
flows in Hawaii, indicate that most of the pillows
accumulated at depths of 3 km or more. The Ordo-
vician pillows, like their deep-water modern coun-
terparts, have small, sparsely distributed vesicles
and abundant varioles in their gxassy rims. Pillows
from a small area in the Shoshone Range, however,

have relatively large and abundant vesicles, indica-
tive of an oriecin at a depnth of about 800 m. This
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suggests some type of local high-standing volcanic
structure, perhaps a seamount.

The pillow basalts are from the Valmy Formation
and its equivalents in the western part of a belt of
graptolitic shale and chert of Ordovician age that
extends from Nevada to Alaska. The Valmy Forma-
tion contains much more basalt and less shale than
the Vinini Formation and its equivalents along the
eastern side of the belt. The Vinini Formation grades
eastward into limestone and shale that is transi-
tional into carbonate rock and quartzite of the mio-
geosyncline. These facies changes indicate deposi-
tion in progressively deeper water from east to west,
resembling facies transitions across modern conti-
nental margins. The Vinini Formation has current
and gravity structures indicative of a turbidite ori-
glIl on Dﬂe (.OIIElIleIll,d,l swpe J.Ile del'bll,y UJ. bllese
structures in the Valmy Formation, the abundance
of thin rhythmic beds, and the depth of water indi-
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is a quiet-water pelagic deposit laid down partly on
the continental rise near its distal end and partly
on the abyssal ocean floor.

Stratigraphy and structure of the north end of the House and

Fish Springs Ranges in Utah

Geologic mapping by L. F. Hintze (Brigham
Young Univ.) has shown that dolomite and lime-
stone, ranging from Cambrian through Middle De-
vonian, are exposed in the north end of the House
Range and the Fish Springs Range fault blocks in
Juab and Millard Counties, Utah (loc. 11). The
major normal fault in the House Range is on the
west side of the range, whereas that of the Fish
Springs Range is on the east. These faults nearly
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come together at Sand Pass. Neither range exhibits
much folding, but strata in the Fish Springs Range
have been tectonically reduced in thickness in a
rather random pattern along the strike of the beds.
The adjacent House Range shows no such tectonic
thinning. Alteration is localized along vertical frac-
tures, affecting areas several metres on either side
of the fractures, and is probably related to fluids
generated during emplacement of Tertiary volcanic
rocks found in adjacent areas.
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iorthwestern Utah

Geologic mapping in the Matlin Mountains, Box
Elder County, Utah (loc. 12), by V. R. Todd has
shown that outcrops previously believed to be bed-
rock and an unbroken part of the suprastructure
are a series of thin rootless glide plates which have
moved across, and are intercalated with, fanglom-
erates and tuffaceous sandstones of middle to late
Miocene (= 11 m.y.) age (time scale of Berggren,
1972). Sheets less than 150 m thick of very steeply
dipping brecciated upper Paleozoic carbonate rocks
rest on Tertiary rocks for a distance of 19 km from
north to south along strike in the area. Ages of
rocks in the upper plates appear to reflect gradual
stripping, by thrusting or gravity gliding, of the
western metamorphic terrane. A compressive, rather
than extensional, tectonic regime is suggested by the
presence in both hanging-wall and footwall rocks of
north-northeast-trending folds that are truncated by
the faults. The sheets of upper Paleozoic and Ter-
tiary rocks were folded together on north-northeast
axes subsequent to emplacement. This is the axial
trend of late- and post-metamorphic folds in the
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nearby metamorphic terrane.

Type section of Brigham Quartzite deciphered

Stratigraphic and structural studies by M. D.
Crittenden, Jr., and M. L. Sorensen reveal that rocks
exposed in Box Elder Canyon, immediately east of
Brigham City, Box Elder County, Utah (loc. 13), the
type locality for the Brigham Quartzite, include
units as much as 8,000 m below the base of the fos-
siliferous Cambrian. Beginning at the east end of the
canyon (stratigraphic top), the following units of
Huntsville and Pocatello sequences are recognized :

Thickness

Unit (Metres)
Geertsen Canyon Quartzite __________________ 1,300
Browns Hole Formation (terra cotta quartzite

member) Bedding fault (inferred strati-

graphic separation, 1,500 m) _____________ 60
Caddy Canyon Quartzite (partial section) ____ 200
Papoose Creek Formation __._________________ 70
Kelley Canyon Formation (only top exposed) __ 100

The upper three dominantly quartzitic units, to-
gether with rocks cut out by faulting, constitute
the Brigham Group as now defined. A hornblende
K-Ar date of 570+7 m.y. was obtained by M. A.
Lanphere on volcanics of the Browns Hole Forma-
tion, indicating that a large part of this section is
of Precambrian Z age (570 to 800 m.y.). The Kelley
Canyon is the oldest unit exposed in Box Elder Can-
yon itself, but older units are exposed to the west
in highway cuts in the outskirts of Brigham City.

in the Pikes Peak area, Arizona

Stratigraphy of the iron-formation

Recent mapping by P. M. Blacet of Precambrian
metamorphic rocks exposed in the Hieroglyphic
Mountains (loc. 14), Maricopa and Yavapai Coun-
ties, Ariz., 35 km northwest of Phoenix, indicates
large-scale isoclinal folding of a thick stratigraphic
section of mafic volcanic and volcaniclastic rocks
overlain by a monotonous sequence of graywacke
exhibiting well-preserved graded bedding. A major

the iron. mation 1 tha Pilrag Posl

n tha
resource, iron-formation in the Pikes Pesgk

area, occupies a distinctive stratigraphic zone at the
top of the volcanic unit where steeply dipping lenses
of ferruginous metachert and hematitic schist are
exposed along strike for about 6 km. An extensive
cover of Tertiary rocks conceals this ferruginous
zone in the vicinity of Lake Pleasant, but the per-
sistence of this zone and the scale of folding are
indicated by the discovery of an exposure of massive
iron-formation precisely on strike 16 km to the
northeast. A striking similarity exists between the
Precambrian sequence in the Pikes Peak area and
that marking the stratigraphic break between the
lower and upper units of the Spud Mountain Vol-
canics in the Townsend Butte area 35 km to the
north-northeast (Anderson and Blacet, 1972). Pho-
togeologic reconnaissance along the intervening
schist belt in Black Canyon supports the interpre-
tation that the schists in the Pikes Peak area are
equivalent to the middle part of the well-dated
(1,775+10 m.y.) Big Bug Group of the Yavapai
Series (Anderson and others, 1971). The Pikes
Peak deposits constitute a large undeveloped iron
resource which lies at the edge of the Phoenix met-
ropolitan area, thus having important economic and
environmental implications.

Synthesis of Laramide tectonics of southeastern Arizona

A tectonic synthesis of parts of southeastern
Arizona in Cochise, Pima, and Santa Cruz Counties
(loc. 15), led H. D. Drewes (1974) to conclude that
most of the thrust faults were formed during the
late Late Cretaceous and represent a link in the
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Laramide fault system that extends northward from
central western Arizona at least to Canada and
southward from El Paso, Tex., into Mexico.

The allochthonous terrane in southeastern Ari-
zona forms two northeastward-transported lobes,
each of which is broken into two major thrust
plates. The lobes are distinguished by differences
in trend of the allochthonous front, combined with
differences in their internal style of deformation.
The distal margin of the southeastern lobe strikes
east and is continuous with the distal margin of a
thrust fault identified by Corbitt and Woodward
(1973) in southern New Mexico. The distal margin
of the northwestern lobe trends north toward Supe-

rar Avric whan, annaanae aurino manra wractanles
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to Phoenix and Wickenburg, an area in which post-

orogenic cover is extensive. Near Tucson, the alloch-
thon of the northwestern lobe differs from that of

the southeastern one in that it contains larger sheets
of Precambrian rocks, its lower plate is widely meta-
morphose, and it is associated with probable under-
thrusting.

The northeast-trending tear fault that probably
separated these lobes and permitted them to develop

independently is largely concealed by younger de- | tribution of the alluvium and alluvial fans suggests

posits. Segments of the tear fault are probably also
intruded by late Laramide (Paleocene) stocks and
are offset along northwest-trending left-lateral
strike-slip faults and related minor thrust faults.
Other segments are concealed beneath middle Ter-
tiary glide plates or are obscured by middle Ter-
tiary low-angle normal faults.

Late Plei§t¢_)c‘ene or Holocene structural movement in east-

central Arizona

Mapping by M. E. Cooley of the Salt River chan-
nel and its terraces in Gila County, Ariz. (loc. 16),
using low-altitude aerial photographs (black-and-
white infrared film filtered with Wratten No. 25
filter, approximate scale 1:12,000), has shown that
terrace-gravel deposits are transected by numerous
large joints and that a few deposits are offset
slightly by normal faults. Faulted terrace-gravel
deposits were recognized in at least four places
along the Salt River between the area of confluence
of the Black and White Rivers and Thecdore Roose-
velt Lake. The deposits displaced by faults are within
20 m of river level. The low terraces probably are of

late Pleistocene age, as are similar terraces along
nearby streams; therefore, the structural movements

are late Plelstocene or Holocene in age.

Late Quaternary structure determined from ERTS-1 imagery

According to M. E. Cooley, the distribution of
alluvium and alluvial fans constitutes an aid in the
interpretation of late Cenozoic structure in Arizona.
The alluvial deposits can be easily identified and
mapped on ERTS-1 imagery and, coupled with avail-
able ground data, a map at a scale of 1:1,000,000
showing these alluvial features has been prepared
IOI' Arlzona 1ne upper UEIIOLOIC dlluVlqu covers
large areas in the broad Phoenix basin in south-
central Arizona and in the southwestern part of the
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areas, the alluvium is present only in the central
parts of valleys or in narrow bands along streams.
Alluvial fans are concentrated along the flanks of
the Phoenix basin in the area south of Gila River in
southwestern Arizona and along a trough occupied
by Bouse and Centennial Washes. Alluvial fans are
not common near the Colorado River because in
Arizona the river was downcutting during most of
late Quaternary time. Apparently the Phoenix basin
and Gulf of California embayment were subsiding
during late Quaternary time, which caused a partial
filling of alluvium ; these are the thickest deposits of
upper Quaternary alluvium in the State. The dis-

that an axis of subsidence trended northwestward
across the central part of the State in a line from
near luLbUH. IlUl UlWebdelu Lui‘(‘;ugu Udbd uxauuc,
Maricopa, and Laveen, and along Centennial and

Bouse Washes in the Harquahala-Ranegras Plain

araa toaward the Colorado Rivar
area towara the voioraao niver.

Evolution of Verde Valley
Detailed manning (1 16,000 a

Hackberry Mountain area (loc 17), Cocomno and
Yavapai Counties, Ariz. (southeast Verde Valley),
by D. P. Elston and G. R. Scott has revealed the
existence of a thick (about 800-m) sequence of
interstratified basalt flows, dacitic flows and tuffs,
and associated sedimentary strata. Potassium-argon
age dating by E. H. McKee indicates that the se-
quence was deposited about 13 m.y. to 3 m.y. ago.
Following deposition of basalt flows of Hickey age
(about 10 to 14.5 m.y. ago), dacitic volcanic rocks
erupted in the Hackberry Mountain area; they are
interstratified with broadly contemporaneous basalt
flows that issued from nearby fissure systems. Nor-
mal faulting along the Verde fault appears to have
occurred about the time of the beginning of dacitic

volcanism, initially defining the northeast flank of
the Rlack Hille and the southwest side of the Verde
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Valley. Faulting recurred about 6.5 m.y. ago, marked

nd 1:62,500) in the
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by subsidence and the deposition of lake beds of the
Verde Formation of late Pliocene age in the Verde
Valley, north of the Hackberry Mountain Voleanic
center. Basaltic eruptions along the margin of the
Colorado Plateau northeast of the Verde Valley
and sporadic dacitic eruptions in the Hackberry
Mountains area at the south end of the valley con-
tinued to about 8 m.y. ago, forming a volcanic ramp
and a dam that at least temporarily impounded
drainage from the valley.

FI\ | P Y a Y NP L e Ve T 7. U gy

RUNULUGIU >STUDIES

Age and origin of the Darrough Felsite, Toiyabe Range, Nevada
Reconnaissance mapping by R. C. Speed and E. H

McKee in and near the Darrough Felsite, a large
body of rhyolite in the southern part of the Toiyabe
Range (loc. 18), Nye County, Nev., indicates that
the rock unit consists of a thick pile of rhyolite
ash-flow tuffs and some lava flows. The unit prob-
ably accumulated around and within a caldera
formed at the site of eruption. Potassium-argon
dates suggest a middle Tertiary age, although the
unit has previously been considered to be Permian
and to be a large intrusive body (Ferguson and
Catheart, 1954).

Metamorphic ages of Cambrian phyllite in south-central Nevada

E. H. McKee determined two isotopic ages on
Cambrian phyllite collected by F. G. Poole from
thrust plates in Wall Canyon in southern Toiyabe
Range, northern Nye County, Nev. (loc. 18) The
autochthonous lower plate phyllite (Upper Cam-
brian unit) yielded a whole-rock K-Ar age of 73

m.y. and corresnonds to Cretaceous nlutonie avants

o Lo pAiAs WU LATLALTUUS  paiuvliLl CVLEIWLS

in the southern Toiyabe Range. The allochthonous
upper plate phyllite (Lower Cambrian unit) yielded
a muscovite K-Ar age of 338 m.y. and corresponds
to Mississippian orogenic events during the Antler
orogeny.

Progressive age of iate Cenozoic silicic volcanism in southeastern
Oregon and its implications for geothermal exploration

A geographic age progression of silicic voleanism
in southeastern (loc. 9) Oregon suggested by G. W.
Walker has been confirmed by additional field studies
and K-Ar age determinations in a joint effort by G.
W. Walker, N. S. MacLeod, and E. H. McKee (1974).
Silicic domes, flows, and ash-flow tuffs occur along
two northwest-trending belts. The northern belt ex-
tends from near Duck Butte, southeast of Harney
Basin, to Newberry Volecano; the southern belt ex-
tends from Beatys Butte at least as far as the Cou-
gar Peak-McComb Butte area northwest of Lake-

view. At Duck Butte and Beatys Butte, K-Ar ages
of silicic volcanice rocks are 10 m.y.; silicic domes in
the middle parts of the belts at Horse Mountain,
Drews Range, Cougar Peak, Thomas Peak, Thomas
Creek, Tucker Hill, and McComb, Owen, Palomino,
and Burns Buttes are 6 to 8 m.y.; and domes at the
northwestern end are 5 m.y. at Glass Buttes, 4 m.y.
at Frederick Butte and Cougar Mountain, and 1 m.y.
and younger at Quartz Mountain, East Butte, and
China Hat. Newberry Volcano at the northwestern
end of the northern belt and South Sister along a
further projection of this belt have silicic voleanic
rocks that are less than several thousand years old.
The southern belt projects toward Crater Lake

where gilicic voleaniam oceurred about 8.500 to 7,000
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yvears ago. These age data suggest that shallow
silicic intrusive bodies young enough to have re-
tained sufficient magmatic heat to be exploitable for
geothermal energy are most likely to occur at the
northwest ends of these two belts in the area near
and between Newberry Voleano, South Sister, and
Crater Lake.

PACIFIC COAST REGION
CALIFORNIA

Lower Paleozoic(?) sedimentary rocks in eastern Klamath
Mountains
Geologic mapping by P. E. Hotz in Yreka and the
eastern parts of Fort Jones and Etna quadrangles,
eastern Klamath Mountains, California, has shown

3 v ot Anf A L
that retention of the Duzel Formation, defined by

Wells and others (1959) is no longer tenable. More
detailed mapping of terrane previously considered
to be dominantly phyllitic graywacke characteristic
of the Duzel Formation demonstrated that there are
six lithologic units instead of one. The boundaries
of most units are thrust faults. Fossiliferous strata
have not been found so far in these rocks, and fossil-
iferous Ordovician limestones in eastern Etna quad-
rangle are beneath a thrust plate of rocks previously
considered to be part of the Duzel (Wells and others,
1959). Since the Duzel is no longer a valid forma-
tional unit, it is proposed to abandon the name and
establish new lithologic subdivisions (P. E. Hotz,
unpub. data, 1974). The stratigraphic succession and
age are uncertain, so the new units have been given
informal designations. In northern Yreka and east-
ern Fort Jones and northeastern Etna quadrangles,
these rocks are faulted (thrust?) against amphi-
bolite, adjacent to a belt of serpentinite. M. A. Lan-
phere (personal commun., 1973) obtained ages of
328 m.y. (Mississippian) and 391 m.y. (Devonian)
on two samples from this belt.
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Cucamonga fault zone

Youthful appearing fault features are common
in the easternmost 20 km of the Cucamonga fault
zone, along the base of the eastern San Gabriel
Mountains. Mapping by D. M. Morton of this segment
of the fault zone has documented a number of fault
scarps cutting alluvium, as well as occurrences of
basement rock thrust over alluvium and Pliocene-
Pleistocene(7?) sediments. Most of the recent fault
features are restricted to a zone 0.5 to 1.5 km wide
along the mountain front in a still largely undevel-
oped area. The most youthful appearing scarp is
5 km in length and as much as 7 m in height. If this
scarp originated during a single event, comparison of

thig scarn’s heicht with those documented for shgl
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low onshore thrust faults suggests the associated
earthquake could have been as great as M 8 (Morton
and Yerkes, 1974). Planning for future development
in the general area should consider both the width
over which faulting has occurred and the probable

magnitude of credible future earthquakes.

Tertiary granitic rocks

Pelona Schist of the San Gabriel Mountains and
Orocopia Schist (of Miller, 1944) of the Chocolate
Mountains, both of unknown age, have long been
considered as probable equivalents, offset by the San
Andreas fault. Detailed mapping by D. M. Morton
in the San Gabriel Mountains and by F. K. Miller
in the Chocolate Mountains has revealed granitic
plutons intrusive into both the Orocopia and Pelona
Schists. Potagsium-argon dates from coexisting horn-
blende and biotite from quartz monzonite, intruding
Orocopia Schist, are 21.4 and 21.0 m.y., respectively
{Miller and Morton, 1974) ; a nearby related intru-
sive gave hornblende ages of 23.8 and 21.8 m.y. and
biotite ages of 23.8 and 23.5 m.y. Biotite from a
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gave ages of 14.2, 14.5, and 14.6 m.y.; these are

apparently the youngest plutonic rock ages recorded
in southern California

Early Tertiary history of San Andreas fault

The Butano Sandstone of the Santa Cruz Moun-
tains and the Point of Rocks Sandstone Member of
the Kreyenhagen Formation of the Temblor Range
formed a large deep-sea fan deposited during Eocene
time in a continental borderland basin. The fan was
subsequently offset by right-lateral movements on
the San Andreas fault totaling about 320 km. Re-
construction of the displaced fan segments provides
a well-documented offset that is similar to offsets
determined for Oligocene and lower Miocene strata,

indicating that the San Andreas fault underwent
two stages of active right-lateral slip, one in the
Late Cretaceous to early Tertiary and the other
from early Miocene to present (Clarke and Nilsen,
1973). From at least Eocene to early Miocene time,
the fault was not active. This history is corroborated
by studies of the history of plate movements in the
eastern Pacific ocean floor by Atwater (1970).

Geology and movements on the Calaveras and Hayward faults

Geologic mapping by T. W. Dibblee, Jr., (1974)
the San Andreas fault indicates that the
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Hayward fault is continuous southeastward from
Milpitas as a recently inactive imbrication of faults
along the foothills east of San Jose and eventually
terminates against the Calaveras fault north of
Morgan Hill. Southeastward, the Calaveras fault
extends nearly continuously and is locally recently
active through and far beyond Hollister. Sedimen-
tary formations along both faults and between them
are intensely deformed into tight folds with axes
that trend slightly more westward than do the faults,
suggesting that movements on the faults were pri-
marily right lateral, in accordance with indications
from recent movements.

Chronology of tectonic events in the western Sierra Nevada,
California

A framaowaorlk for na+9h]1ah1‘nm the maior teectonic
A Iramewory 1or estapiisning tne major tecionic

events during the Jurassic and Triassic in the
Mother Lode country of the Sierra Nevada, Calif.,
wag set up as a result of recent geological mapping
by B. A. Morgan III, and with the help of new K-Ar
ages from hornblendes determined by M. A. Lan-
phere. Hornblende from a wehrlite in a large ultra-
mafic complex gives a K-Ar age of 200+6 m.y.
Garnet amphibolite blocks in a melange near the
base of the complex also give a K-Ar age of 200+6
m.y. These older, deep-seated, high-grade rocks
were probably exhumed during a period of later
thrusting. The ultramafic rocks are overlain by a
thick unit of andesite flows and breccias and then
by slates and graywackes; sparse fossils indicate
that these rocks are Oxfordian to Kimmeridgian
(Late Jurassic) in age. Deposition of all rocks was
brought to a close by a period of rapid and multiple
underthrusting to the east along the continental
margin. The ultramafic complex was incorporated
within a series of chaotic slabs of serpentinized
peridotite, volecanics, and slates. Transgression of
the thrust zones by Sierra Nevada plutons dating
since 136 m.y. indicates a westward migration of
tectonic activity toward the Great Valley and the
California Coast Ranges.
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Origin of potassium-poor magmas

It has been recognized for some time that the
potassium content in the Cretaceous plutonic rocks
and Cenozoic volecanic rocks in the cordillera in-
creases toward the continent. This has been related
by Dickinson (1970), to the depth of a magma
chamber above a subducting oceanic plate. However,
in the Feather River area, A. M. Hietanen has shown
that potassium content in the Paleozoic magmas in-
creased notably with time. Similar increase in potas-
sium content has been recently recog'mzed in many
island arcs, where first sodium-rich and later potas-
sium-rich andesitic magmas have erupted. In the

Feather River area, a similar change in chem1stry
took nlam: dl"‘lho‘ the Devonian to Parmian

Al
canism. A possable explanation is the difference in
the stabilities of biotite and hornblende. According
to a recent experimental work by Allen and others
(1972), hornblende decomposes at lower pressures
than biotite. Therefore, it is possible that the early
magmas were formed in the island-arc environment
at shallow depths, where biotite was still stable. Po-
tassium from the biotite was released only later,
after thickening of the crust of the continental plate
above the magma chamber by deposition and de-
formation, as was suggested for the Permian by
Hietanen (1973).

Complex structural succession established; stress or

last folding constant over large area

Field mapping at 1:6,000 scale has been com-
pleted in the Ritter Range pendant, Sierra Nevada,
Calif., by R. S. Fiske and O. T. Tobisch. Suites of
speclmens of the metavolcanic rock have been col-
lected for radiometric age dating by Rb-Sr and
Pb-U methods to establish firmly the age of the
lower nonfossiliferous part of the volcanic section.
Structural analysis of the rocks indicates three
periods of deformation in the Paleozoic sequence
and two periods of deformation (plus penecontem-
poraneous slumping) in the Lower Jurassic sequence

The last period of deformation, found in both rock

sequences in the Ritter Range (and part of the Foot-
hill belt to the west), is characterized by a conju-
gate fold system from which the regional stresses
may be determined. The analysis suggests that the
regional stress regime was statistically constant
over a large part of the central Sierra Nevada dur-
ing the last period of deformation.

ientation of

Nature of rocks underlying the Sierra Nevada batholith,
California

Alkaline basaltic to andesitic

voleanic pipes at

several localities in the western Sierra Nevada,

Calif., have been found by J. P. Lockwood to contain
sparse xenoliths brought up from levels below the
granitic batholith. The most important of these lo-
calities is near the town of Big Creek, in the central
Sierra Nevada near the axis of the Sierra Nevada
batholith. The Big Creek xenoliths are found in an
upper Miocene elliptical trachyandesite pipe about
300 m in maximum dimension. The pipe appears to
be compositionally zoned, with the most alkalic rocks
in the center. Xenoliths in this volcanic pipe range
in composition from garnet lherzolite to granodiorite,

{ and have been torn by ascending magma from vari-

ous levels ranging from the Earth’s upper mantle to
the surface. Mantle rocks are sparse and commonly

are intensely altered.

Mafic rocks from the lower crust constitute the
most abundant xenolith types. These xenoliths all
have strong metamorphic fabrics, and include abun-
dant garnet (almandine) pyroxenites, pyroxene-
amphibole gneisses, and garnet amphibolites. Gab-

broic and o‘rahnhhﬁ n-ncnqq are other common crustal

xenoliths. Partially fused granitic rocks are very
common as large xenoliths, and for the most part
are more calcic than the porphyritic granodiorite
cut by the pipe at the surface. The surrounding
granodiorite has been melted and mixed with vol-
canic lava along contacts.

commaon

Although subbatholith xenoliths are common
only at one locality (Big Creek), enough other sites
have been found to support the coneclusion that the
Earth’s crust underlying the Sierra Nevada batho-
lith, at least to the west, consists of highly diverse,
compositionally heterogeneous metamorphic rocks
of mafic to intermediate composition. The strong
metamorphic fabrics of these rocks reflect complex
tectonic histories; elucidation of these histories will
shed valuable light on the origin of the Sierra Nevada
batholith and the tectonic development of Western
North America.

are

oot of the Sierra Nevada

L. C. Pakiser, Jr., has reconciled the conflicting
interpretations of Dean Carder and J. P. Eaton on
the root of the Sierra Nevada. His analysis supports
Eaton’s conclusions that there is a deep root of high-
velocity material in the lower crust, and that the
total crustal thickness of the Sierra is more than
50 km. The conflict between Carder’s and Eaton’s
interpretations disappears on recognition that Car-
der mapped the upper surface of the high-velocity
rant nf tha Qiawne athan +than +ha Th A nerd St
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root of the Sierra rather than the Mohorovidié dis-

continuity.
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Regional gravity anomalies, Bakersfield 1° by 2° quadrangle

Complete Bouguer gravity data compiled by W. F.
Hanna, H. W. Oliver, R. F. Sikora, and S. L. Robbins
(unpub. data, 1974) for the Bakersfield 1° by 2°
quadrangle, California, indicate that gravity gradi-
ents across the Sierra Nevada and Tehachapi Moun-
tains, negative eastward, are caused by an eastward
thickening of the Earth’s crust at the expense of
underlying higher density and by an eastward vol-
ume increase of granitic rocks relative to heavier
metamorphic rocks within the crust. A northwest-
trending string of negative closures in the Sierra
Nevada foothills is generally caused by local thick-
enings of .sediments overlying faulted basement

rocks, although one closure is attributable to a west-

ward subsurface extension of low-density granitic

rocks forming a lobe of unfaulted basement. The
broad pogitive anomaly along the eastern side of the

San Joaquin Valley, which noses southwestward
along the Bakersfield arch to the Elk Hills Naval
Petroleum Reserve, is probably caused by mafic
basement rocks which also generate a positive mag-
netic anomaly. Gravity lows at the southern and
western margins of the valley are produced by thick
accumulations of sediments. Numerous gravity highs
over the Temblor and Caliente Ranges are associated
with marine Cretaceous rocks having higher densi-
ties than the Tertiary and Quaternary sediments of
the adjacent San Joaquin Valiey and Carrizo Plain.

WASHINGTON

Contact of lower and middle Yakima Basalt in southeast

Washington

D. A. Swanson and T. L. Wright mapped the con-
tact of the lower and middle Yakima Basalt, as de-
fined by Wright and others (1973), along the Snake
River between Walker and Almota, Wash., a dis-
tance of about 80 km. They also traced the contact
high into the Blue Mountains south of Dayton. The

contact, which separates flows of Yakima chemical
{halaw) n-f-' diffarant
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chemistry (generally Frenchman Springs Member),
is recognized in the field by the presence of a reddish
saprolite a few centimetres to several metres in thick-
ness. The saprolite was apparently formed during a
lull in volcanic activity on the Columbia Plateau.
This lull marks the time at which one of the most
profound changes in Columbia River magma compo-
sition took place. Middle Yakima flows, primarily
belonging to the Frenchman Springs Member, pinch
out to the east against the saprolite, indicating that
basining of the Columbia Plateau began at least as
early as the end of early Yakima time.

High-angle faults in the Swauk Formation of the central

Cascade Range, Washington

What appear to be large-scale, chevron-form folds
in the Alpine Lakes study area are inferred to be
high-angle faults. Although dips in flanking Swauk
beds persist into the axial areas and characteristic
fault features such as shear planes, slickensided
surfaces, or fault breccia are not evident, J. L.
Gaultieri and G. C. Simmons early in their study de-
duced that the structures might be faults. The
Swauk in the Alpine Lakes study area is a homo-
competent rock—95-percent thick-
sive-bedded sandstone—a rock unlikely to be de-
formed into chevron-form folds. Subsequent map-
ping along projections of the axial trends revealed
the existence of offsets of the Swauk with older and
younger formations and (or) the presence of igne-
ous dikes emplaced on or near the projected axes.
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Oligocene continental slope beneath Juan de Fuca
Geologic studies by P. D. Snavely, Jr., and N. S.

MacLeod in the northwestern part of the Olympic
Peninsula, Wash., and along southern Vancouver
Island, were conducted jointly with D. L. Tiffin
and Jan Muller (Geological Survey of Canada). Re-
sults of these studies indicated that the Oligocene
sedimentary rocks exposed north and south of the
Strait of Juan de Fuca were deposited in markedly
different depositional environments. On Vancouver,
about 500 m of Oligocene siltstone and sandstone,
which overlie pre-Tertiary metamorphic and igne-
ous rocks west of Port San Juan, contain molluscan
and foraminiferal faunas indicative of a neritic en-
vironment. In contrast, in the northwestern part of
the Olympic Peninsula, more than 2,500 m of Oligo-
cene siitstone and interbedded units of turbidite
sandstone contain a foraminiferal fauna indicative
of bathyal or abyssal depths.

A pronounced southward-dipping linear gravity
gradient along the central part of the strait and

parallel to it probably results from a change in crus-
tal thickness across the strait. Thig oravitv oradient
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and the changes in the thickness and depositional
environments of Oligocene sediments suggest that
the western strait may be the site of a former steep
Oligocene continental slope that separated shelf
deposition to the north from deep marginal basin
deposition to the south. Thick and extensive zones
of penecontemporaneously deformed sedimentary
rocks occur in the deep-water Oligocene sequence.
These deposits may have resulted from downslope
slumping of sediments triggered by tectonic activity.

Knowledge of the regional distribution of Oligo-
cene ghelf and deep-water-facies sedimentary rocks
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may provide a key to unraveling the tectonic evolu-
tion of the Olympic Peninsula. Also, the Oligocene
shelf facies is an important target for oil and gas
exploration because encouraging shows have been
encountered in test wells drilled in the northeastern
part of the Olympic Peninsula where it onlaps middle
Eocene basalt highs. The deep-water Oligocene de-
posits may also have petroleum potential, as oil and
gas seeps occur in this sequence in the northeastern
part of the Olympic Peninsula, and some turbidite
sandstones are petroliferous.

Seamounts and subduction in the Olympic Peninsula,
Washington

Field mapping, plus petrologic and structural an-

alysis by W. M. Cady and R. W. Tabor, in the

Olympic Peninsula, Wash., reveal that lower and

middle Eocene submarine basalt, chiefly tholeiite of

oceanic-ridge composition, forms two centers of
accumulation, which were perhaps originally sea-
mounts. They were first involved in thrusting (prob-
ably with subduction of adjacent sea ﬁoor to the
west), which climaxed in the late Oligocene, and were
then involved in complex doming and (or) oroclinal
bending in the middle to late Miocene. A large ac-
cumulation of basalt, 15 km thick, is near the eastern
and southeastern periphery of the peninsula, and a
smaller accumulation, 5 km thick, is near the north-
ern periphery. The presently curving and outward-
dipping volcanic piles each have strike lengths of
about 75 km, which suggests the minimium diamet-
ers of the seamounts. The basalts stratigraphically
overlie and interfinger laterally with Eocene to mid-
dle Miocene clastic marine sedimentary rocks. Thegse

peripheral voleanic and sedimentary rocks are thrust

faulted against Eocene to Miocene marine shales,
turbidites, and minor basalts within the core of the
Olympic Mountains; the rocks in the latter group are
pbenetratively sheared and metamorphosed, and form
fault-bounded, northwest-trending arcuate packets.
The originally east-dipping and low-angle thrust
faults, shear zones, and rock packets now dip steeply
in the complex dome or orocline. Large clasts eroded
from the early Tertiary and older continent to the
east are found in the pyrogenic matrix of the Eocene
tholeiites and in the turbidites. These clasts indi-
cate that the suggested seamounts were close to, or
overlapped from the sea floor onto, the North Ameri-
can plate. Continuing eastward spreading at the sea
floor and westward advance of the continental plate
were responsible for the low-angle thrusts and shears

that apparently mark a subduction zone in the Olym-

pic Peninsula.

Comparison of Anarchist and Covada Groups of north-central

Washington

Separated by about 100 km of volcanic and plutonic
terrane, the Anarchist (west) and Covada (east)
Groups occupy discrete outcrop areas. Both have
been considered to be approximate correlatives of
the Cache Group of southern British Columbia, ex-
posed about 300 km to the northwest, because of
similar eugeosynclinal lithologies, and because the
age of fossils found in Cache Creek (Mississip-
pian(?), Pennsylvanian, and Permian) overlaps
that of the Anarchist (Upper(?) Permian) and

Covada (Pennsylvanian(?)). However, detailed
study of the Anarchist, coupled with field reconnais-

sance of the Covada by F. K. Fox, Jr., and C. D.
Rinehart, indicates that significant lithologic differ-
ences exist between the Anarchist and Covada, and,

1 1 3 3 3 £ 41, T1a44+
judging from published descriptions of the latter,

also between these groups and the Cache Creek.
Rocks of all three groups are composed mainly of

variably metamorphosed, complexly interfingering

deposits of argillite, s11tstone, graywacke, limestone,
and lava. The Cache Creek and Anarchist also con-
tain sharpstone conglomerate and pyroclastic de-
posits, and, in addition, the Cache Creek contains
bedded chert. The most significant difference between
the three groups is in the composition of the coarser
grained clastic deposits—graywacke, sandstone, ar-
kose, and conglomerate. Coarser clastics in the An-

| archist and Cache Creek are mainly from a volcanic

provenance, whereas otherwise comparable rocks of
the Covada are, surprisingly, from a granitic proven-
ance. For example, judging from 11 thin-sectioned
specimens collected from widely spaced outcrops
along the Columbia River between Kettle Falis and
Hunters, Wash., the graywacke of the Covada Group
contains angular to poorly rounded grains of quartz,

alda 2t~
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quartzite, and, rarely, granitic rock. In contrast, the
coarser grained clastic rocks of the Anarchist typi-
cally contain detrital quartz, chert,
volcanic rocks, and plagioclase. However, in the up-
per part of the Anarchist in outcrops nearest to the
Covada, clastic rocks typical of the Anarchist ap-
parently intertongue with weakly metamorphosed,
typical Covada lithologies of graywacke, arkose, and
orthoquartzite; the latter composed of detrital
quartz, plagioclase, and potassium feldspar.

These circumstances suggest that the upper
Paleozoic clastic rocks comprise two facies—a south-
ern and eastern (Covada) facies from a granitic
provenance, and a northern and western (Cache
Creek) facies from a volcanic or eugeosynclinal

glate, giltstone,
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provenance. The Anarchist Group includes elements
of the Cache Creek facies on the north and of the
Covada facies on the south, and thus apparently
straddles the intertonguing contact of the two facies.

ALASKA

Significant new scientific and economic geologic
information has resulted from many field and topical
investigations in Alaska during the past year. Dis-
cussions of the findings are grouped under six sub-
divisions corresponding to six major geographic
regions.
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Northern Alaskan-Canadian boundary reconnaissance

During July 1978, a geologic reconnaissance both
east and west of the northernmost portion of the
Alaskan-Canadian boundary was completed by D. K.
Norris (Geological Survey of Canada) and H. N.

Rajaar (TTQAMAQ)
AVUIDTL Y\ U ).

This work resulted in the extension
into Canada of the major fault separating the belt
of mafic-volcanic and carbonate rocks of Cambrian
age from the underlying rocks to the north. Pre-
viously, this contact was regarded as an unconform-
ity along its eastern portion. Onsite comparisons
were made of the Upper and Lower Cretaceous,
Jurassic, and Triassic sections over a distance in
excess of 300 km. These confirmed the legitimacy
of assigning the formation names of Shublik and
Kingak to at least portions of these respective
Triassic and Jurassic sections in Canada. Coarse
conglomerates mapped as Upper Cretaceous (Moose
Channel equivalent) on lower Trail River in Canada
are Iithologically very similar to an exotic, thick
sequence of unfossiliferous rocks occurring 80 km
west of the boundary on the Jago River, but here
these rocks are regarded as Lower Cretaceous, So
the problem remains to be resolved.

Pennsylvanian beds in Lisburne Group, south-central

Brooks Range

The southernmost exposures of the Lisburne
Group in the central part of the Brooks Range are in
a section about 300 m thick on the North Fork of the
Koyukuk River in the Wiseman quadrangle. These
exposures are about 50 km south of the Lisburne
type area on the Anaktuvuk River where the group
is about 900 m thick and comprises two formations,
the Wachsmuth Limestone (Lower and Upper Mis-
sissippian; Osagean and Meramecian) and the Ala-
pah Limestone (Upper Mississippian; Meramecian
and Chesterian). Foraminifera recently collected by

W. P. Brosgé, H. N. Reiser, and 1. L. Tailleur from
the upper 40 m of the Lisburne on the North Fork
have been identified by A. K. Armstrong (USGS)
and B. L. Mamet (Université de Montréal) as Lower
Pennsylvanian (Morrowan; Mamet zone 20). The
upper Lisburne on the North Fork is therefore
younger than in the type area and is correlative with
the Pennsylvanian (Morrowan and Atokan) Wahoo
Limestone found typically in the upper Lisburne of
the northeast Brooks Range.

Foraminifera from 11 m above the base of the
Lisburne on the North Fork are Upper Mississippian
(Meramecian; Mamet zones 12 or 13), according to
Armstrong. The base of the Lisburne, therefore, is
also probably younger than that of the type area
and is about the same age as the basal Lisburne on
the Marsh Fork of the Canning River in the north-
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Range, the Kayak Shale (Lower Mississippian) be-
neath the Lisburne on the North Fork of the Ko-

vukuk unconformably on

lower Paleozoic

rests unconformably on lower Paleozoic

The Lisburne on the North Fork is overlain lo-
cally by gray, partly calcareous siltstone, from which
brachiopods of Early(?) Permian age have been iden-
tified by J. T. Dutro, Jr.; the sgiltstone is overlain
by carbonaceous shale, siltstone, and limestone of
the Shublik Formation, from which Late and possibly
Middle Triassic pelecypods have been identified by
N. J. Silbering. A north-dipping thrust fault along
the valley of the North Fork separates this Missis-
sippian to Triassic sequence from the typical central
Brooks Range sequence of Upper Devonian to Upper
Mississippian rocks (Endicott and Lisburne Group)
to the north.

Western Brooks Range

pian part of the Lisburne Group from grossly super-
posed tectonic units in which A. K. Armstrong iden-
tified diagnostic fossils. One forms a thin layer
of grainstone and wackestone sporadically exposed at
the base of a folded broad allochthonous sheet on
Cretaceous and older subthrust units. Although the
limestone underlies the detritus-rich Utukok For-
mation, it lithogenetically resembles the Kogruk
Formation gradationally above the Utukok. One
sample locality lies at the foot of a ridge from which
Armstrong (1970) described a 550-m section (62C-
15) of Kogruk. Corals, foraminifers, and algae sug-
gest a Meramecian age, possibly representing B. L.
Mamet’s eno.or,nyr()l(l zones 14-15. Although the
Kogruk has not been thoroughly zoned locally, the

1. L. Tailleur gampled two facies of the Misgiggip-
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fossils seem no older than others from that forma-
tion. The thin layer would thus represent another
broad thrust sheet instead of development of the
Kogruk depositional environment before deposition
of the Utukok Formation.

The other samples with diagnostic fossils repre-
sent the so-called black facies which comprise the
structurally lowest exposures of the Lisburne Group
in the region. Dark-colored packstone interbedded
subordinately with lime mudstone contain Foramin-
ifera and algae indicative of a Late Mississippian
(zone 11-13) age. They are the first faunal evidence
for the age of the facies across the headwaters of
the Wulik River.

Further investigation of remnant mafic and ultra-
mafic ophiolitelike complexes in the western Brooks
Range was limited to a single landing near the apices

of the large gravity and

magnetic anomalies east
of the lower Noatak River (Barnes and Tailleur,
1970). In addition to the serpentinite that had been
observed in the vicinity in 1966, rubble consists of
gabbroic and more mafic phases, as well as frag-
ments of a very coarse grained black amphibole and
white-feldspar pegmatitic phase. These lithologies
confirm Barnes’ inference that the anomalies re-
flect rocks denser than the shallow-scaled mafic
rocks dominant in previous observations of the belt
of igneous rocks across the west plunge of the Baird
Mountains. That the bodies producing the anomalies
could be ultramafic rock is suggested by a chromite
claim in the vicinity, recorded in 1954, and the
presence of similar rock types in ultramafic layers
or sheets which rest synformally upon terrane of
the shallow-seated phases in the Iyikrok Mountain,
Avan River, Misheguk Mountain, and Siniktanneyak
Mountain complexes in the southern De Long Moun-
tains to the west, north, and east .

WEST-CENTRAL ALASKA

Reconnaissance geology of St. Matthew and Hall Islands

Reconnaissance investigations on St. Matthew and
Hall Islands, by W. W. Patton, Jr., T. P. Miller, H.
C. Berg, George Grye, J. M. Hoare, and A. T. Oven-
shine, show that these two central Bering Sea is-
lands are made up almost entirely of calc-alkaline
volcanic rocks that range in composition from rhyo-
lite to high-alumina basalt. Along the northeast
coast to St. Matthew, the volcanic rocks are locally
intruded and thermally altered by small bodies of
granodorite. The volcanic rocks are flat-lying to
mildly are broken by mnorth- and
northeast-trending high-angle faults. Marine geo-

deformed and

physical data and onshore mapping suggest that
these volcanic rocks belong to a Late Cretaceous to
early Tertiary arc that extends across the Bering
Sea shelf from Anadyr Gulf in northeast Siberia
to the Yukon Delta of southwest Alaska.

Newly discovered marine fauna of early Pleistocene age on
Seward Peninsula

A richly fossiliferous marine deposit of so-called
Anvilian (Aftonian, early Pleistocene) age wag dis-
covered on the York Terrace at California River,
southwestern Seward Peningula, The Anvilian trans-
gression was previously known only from fossil-
iferous nearshore deposits encountered in mine
shafts, now caved and inaccessible, near Nome. The
new locality provides, for the first time, a place where
the stratigraphic relationships of the Anvilian trans-
gression can be examined in surface exposures. The
presence of a few specimens of Globorotalia pachy-
derma, all right coiling, suggests that the California
River fauna (and thus the Anvilian transgression)
is older than 0.7 m.y. Fieldwork at California River
was carried out by D. M. Hopkins and R. E. Nelson,
and the paleontologic studies were conducted by R.
W. Rowland (Molluska), R. J. Echols (Foraminifera)
and P. C. Valentine, Jr., (Ostracoda).

Primitive mammoth found in weathered gravel on central

Seward Peninsula

A primitive mammoth molar was discovered by
D. M. Hopkins and R. E. Nelson in weathered gravel
of early or middle Pleistocene age exposed on Kav-
eruk Creek, central Seward Peninsula. According
to C. A. Repenning, the molar was similar to molars
referred to the early Pleistocene Archidiskodon by
studied the fossil mammals of northeastern Siberia.
The find is of great importance because there are
only a few fossil vertebrate finds older than late
Pleistocene in Alaska.

Southeastern Seward Peninsula

Preliminary studies by T. P. Miller on the Darby
pluton in southeastern Seward Peninsula suggest a
possible above-average content of uranium and
thorium (Miller and Grybeck, 1973). Three samples
of quartz monzonite, selected on the basis of 35
modal analyses as representing the range in com-
position of the pluton, were analyzed by C. M.
Bunker using gamma-ray spectrometric methods
and showed a range of 9 to 15 ppm U and 49 to 65
ppm Th. These values are similar to published aver-
ages of 15 ppm U and 56 ppm Th for the uranium-
and thorium-rich Conway Granite of New Hamp-
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shire. Studies are continuing on the distribution of
uranium and thorium in the Darby pluton and ad-
joining bodies using a larger sample size to check
this possible high uranium-thorium background.

New Tertiary basins in interior Alaska

Reconnaissance gravity surveys by D. F. Barnes
are continuing to identify small Tertiary basins be-

hnn+1n O]]I‘I‘Y 11Tm
neath alluvium-covered flats in the Alaska interior.

Traverses along the upper portion of the Kusko-
kwim River drainage have shown a 30-mGal low
with an areal extent of more than 500 km? near the
village of Nikolai where a small outcrop of Tertiary
sedimentary rocks has been reported. Most of the
low lies southeast of the present Kuskokwim River
drainage, so it was crossed primarily by traverses
on tributary rivers, and additional data would be
required to determine its true size.

Preliminary inspection of other data from lower
portions of the Kuskokwim reveals at least one other
gravity low of similar dimensions. Similar gravity
lows were located along the Yukon and Tanana
drainage systems, and all have magnitudes of 30 to
40 mGal, suggesting sedimentary sections of 8 to
10 km and fairly uniform rates of vertical deforma-
tion since the Tertiary.

Kanuti ultramafic belt

The recently mapped (W. W. Patton, Jr., and T.
P. Miller, 1973; W. W. Patton, Jr., 1973) Kanuti
ultramafic belt could provide valuable insight into
the complex and as yet poorly understood tectonic
history of western Alaska. This 125-km-long belt
lies along the contact of two sharply contrasting
geologic assemblages: on the northwest the Creta-
ceous-Tertiary volcanogenic deposits of the Yukon-
Koyukuk provinces, and on the southeast the Pre-
cambrian ( ?)-Paleozoic platform deposits of the Ruby
geanticline. Reconnaissance investigations and map-
ping of this belt were carried out in 1970 by W. W.
Patton, Jr., and T. P. Miller and again in 1973 by
Pattgn M. A. Lanphere, and W. P. Brosgé in an
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effort to determine the age, structural setting, and
mode of emplacement of the ultramafic-mafic com-
plexes. The reconnaissance studies have served to
outline six major ultramafic-mafic complexes rang-
ing in size from less than 2 km? to 60 km?, with a
combined total area of about 150 km?2. The complexes
occur as tabular masses as much as 1,000 m thick
composed of partially serpentinized dunite-harzbur-
gite in the lower part and gabbro in the upper part.
They dip 10° to 60° northwestward beneath the Cre-
taceous and Tertiary volcanic and sedimentary de-
posits of the Yukon-Koyukuk province, and at the

base they are thrust onto volcanic rocks of prob-
able late Paleozoic age and pelitic schist and car-
bonate rocks of Precambrian(?) and early Paleozoic
age. At present, the complexes cannot be dated more
closely than post-Devonian to pre-middle Cretaceous.

EAST-CENTRAL ALASKA
Blue schist found in the Kukon-Tanana Upland

A single outcrop of schist containing abundant
blue amphibole was found associated with a small
body of serpentine in the Seventymile River area of
the Eagle quadrangle by H. L. Foster. This is the
first blue amphibole-bearing schist found in the
Yukon-Tanana Upland and the first locality in the
Tintina fault zone in Alaska.

Platinum found in an ultramafic rock from the Eagle quadrangle
Analyses for platinum-group metals were made of
more than 80 samples of ultramafic rocks from the
Eagle quadrangle. One sample from a biotite pyrox-
enite collected by H. L. Foster in the Eagle C-3
quadrangle contained 0.3 ppm Pt and 0.2 ppm Pd.
The ultramafic rocks at this locality are not ser-
pentinized and occur with coarse-grained horn-
blende-bearing intrusive rocks that range from
hornblende gabbro to hornblende granodiorite.

Alpine-type peridotites recognized in the Eagle quadrangle

Study of the mineralogy of the rocks of more
than 100 ultramafic bodies of the Eagle quadrangle
by T. E. C. Keith and H. L. Foster indicates that
the rocks can be divided into three groups on the
basis of degree of serpentinization: group I, com-
pletely serpentinized; group II, partially serpen-
tinized; and group III, not serpentinized. The rocks
of groups I and II are considered to be alpine-type
peridotites and may be part of a dismembered
ophiolite. They include the Mount Sorenson and
American Creek bodies.

Metamorphic rock sequence between Rampart and Tanana dated

The first collection of fossils from a 1,300-km?
area of metamorphic rocks on the north side of the
Yukon River between the villages of Rampart and
Tanana was made in 1972 by R. M. Chapman. Colo-
nial rugose corals were found in a thin limestone
interbedded with schist and phyllite on Raven Ridge,
about 37 km southwest of Rampart.

The corals are not well preserved, and the critical
features are obscure in thin section. However, W. A.
Oliver, Jr., C. W. Merriam, and A. K. Armstrong
agree that the corals are post-Ordovician, could be
Silurian to Permian, and have some resemblance to
Devonian and Carboniferous genera.
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Dark monazites in Alaska

Using optical and X-ray methods, Samuel Rosen-
blum identified gray-black monazite in Alagkan
stream concentrates from the Tanana, Ruby, and
Livengood quadrangles. Emission spectrographic
analysis by E. L. Mosier shows that these Alaskan
gray-black monazites have chemical compositions
similar to those reported for gray monazites from
Siberia, Taiwan, and France. This is apparently the
first time that the gray-black variety of monazite
has been reported in North America. The monazites
are characterized by low thorium (0.4 to 1 percent)
and high europium (0.3 to 0.7 percent) content.

Ultramafic complex at Pitka Fork may be a ki

nna
nOpps

As a result of rapid reconnaissance of the Beaver
quadrangle in 1971-72, a unit identified as eclogite

and amphibolite was mapped in an area of 25 km?

on the Pitka Fork by W. P. Brosgé, H. N. Reiser, and
W. E. Yeend (1973). Two days’ examination of the

area by Brosgé, Reiger, and M. A. Lanphere in 1973
showed that the Pitka Fork complex consists largely
of banded garnet amphibolite, foliated dunite and
harzburgite with pronounced cleavage, gneissic leu-
cogabbro, and only minor eclogite. These rocks are
interlayered in a crude synform; most of the am-
phibolite is near the base, and most of the gneissic
leucogabbro is at the axis. Massive nonfoliated gab-
bro cuts across the foliation of the ultramafic rocks.
The synform lies within a large area of mafic vol-
canic rocks. The layers in the synform strike north-
west, discordant with the contact with the vol-
canic rocks and with the apparent regional north-
east strike of the volcanic rocks. At the only ex-
posed contact that was found, the amphibolite rests
on about 100 m of fine-grained pelitic and mafic
schist of the amphibolite facies, which in turn rests
erefore, the Pitka Fork

.
on the voleanic rocks. Ther efore,
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complex may be a klippe.

SOUTHWESTERN Al ASKA
Pleistocene study, Amchitka Island

Tilted and faulted lower Pleistocene lake beds
overlain by two interglacial marine deposits are
recognized by L. M. Gard, Jr. as having been pre-
served by downfaulting in a graben at South Bight
on Amchitka Island. During the early Pleistocene,
trees grew on this presently treeless Aleutian Is-
land, and the pollen assemblage suggests that the
average July temperature was several degrees

warmer than at present, according to E. B. Leopold.

The two marine deposits, named by Gard South
Bight T and South Bight II, represent interglacial

marine transgressions which carved broad terraces
on Amchitka Island. The fossiliferous South Bight
IT deposit, previously dated by the uranium-series
method at about 130,000 yr, is now calculated by
B. J. Szabo to be 117,000+ 5,000 yr.

Amchitka Island was covered by ice at least twice
during the Pleistocene. The earlier glaciation, repre-
sented by well-indurated diamictite, appears to have
occurred prior to the South Bight I marine trans-
gression. The later glaciation, which is younger
than the South Bight II transgression, probably cov-
ered the island in late Wisconsin time as soils and
peat older than 10,000 yr have not been found. Sev-
eral thin ice caps probably were present simultane-
ously during the Wisconsin, and distribution of dis-
tinctive erratics indicates that an ice cap at the
east end of the island moved from east to west and
had a source area that could have been no higher

than 73 m above present sea level.

Twenty million cubic metres of silt

Before the March 27, 1964, Alaska earthquake,
Portage was a small roadside settlement at the head
of Turnagain Arm, about 80 km southeast of An-
chorage. Portage was abandoned after the earth-
quake because land subsidence amounting to at least
2.1 m occurred over an area of more than 18 kmz.

The earthquake dropped Portage into the inter-
tidal zone of Turnagain Arm, a 72-km-long estuary
nearly filled with sediment and subject to the second
highest tides (10 m) in North America. Rapid sedi-
mentation ensued. A. T. Ovenshine, D. E. Lawson,
and S. R. Bartsch estimated that 20 miilion m® of
silt have been swept into the Portage area since
1964. The new and still-forming tidal deposit is

arborescent in

depositional areas provided by the five streams that
meet at tidewater in the Portage area. The thick-
ness pattern of the deposit reflects the effects both of
proximity to the source—the intertidal bars in Turn-
again Arm—and the constraint on the floodtide of
a highway embankment that follows the shoreline.
Seaward of the highway, the thickness of the de-
posit averages 1.5 m; landward, 0.9 m.

The environmental consequences of inundation
and sedimentation in the Portage area are more
lasting and perhaps more serious than the direct
effects of the earthquake. Habitations and busi-
nesses, most of which were only damaged by the
earthquake, have been abandoned and partially
buried, and a large area of beautiful forest and
meadow was killed and covered by thick deposits

PV VY 5 M
plan because of the access to the
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of quicksilt that present the most severe founda-
tion problems and may have taken the life of at
least one unwary person.

History of movement on the Denali fault system

Two granodiorite plutons, which have nearly
identical mineralogy and chemistry, are considered

by B. L. Reed and M. A. Lanphere to be parts of a
single igneous mass which has undercone a woht

mass =04 Las unGergone a rignv-

lateral displacement of about 38 km along the Mec-
Kinley segment of the Denali fault system since
this igneous mass crystallized about 38 m.y. ago,
These offset plutons place severe constraints on the
amount and rate of movement along the McKinley
segment since the beginning of the Oligocene. The
38-km displacement indicates an average rate of
0.1 em/yr if movement began immediately after
crystallization in the early Oligocene, or an average
rate of 0.4 em/yr if movement began 10 m.y. ago
in the Miocene. These rates, however, are consider-
ably less than Holocene movement rates measured
along the fault further to the east, which suggests
that the Holocene displacement rate is greater than
the pre-Holocene rate or that right-lateral move-
ment along the fault may diminish to the west.

Plutonism and metamorphism, eastern Alaska Range

Regional mapping by D. H. Richter and radio-
metric dating by M. A. Lanphere on plutonic and
metamorphic rocks indicate three principal plutonic
events and two episodes of complex plutonic meta-
morphic activity in the eastern Alaska Range. The
plutonic rocks, largely granodiorite and quartz mon-
zonite, were emplaced in Late Pennsylvanian time
(282 to 285 m.y.) and during two distinct intervals
in Cretaceous time (105 to 117 m.y. and 89 to 94
m.y.). Development of a large plutonic-metamorphic
complex, consisting of diorite and quartz diorite
intimately associated with amphibolite-grade banded
gneisses and other metamorphic rocks, apparently
occurred during Late Triassic to Middle Jurassic
time (163 to 199 m.y.). A smaller plutonic-meta-
morphic complex is Miocene in age (17 m.y.).

Ultramafic rocks in the schist at Willow Creek, southwestern
Talkeetna Mountains

Detailed mapping of the enigmatic schist block
at Willow Creek by Béla Csejtey, Jr., revealed sev-
eral heretofore unrecognized serpentinite bodies
within the schist. Preliminary petrographic studies
of the schist suggest that it underwent two distinct
periods of regional metamorphism. The present
greenschist-facies metamorphism appears to have
retrograded from a previous higher facies, prob-

ably amphibolite. The uniform petrography of the
schist, the presence of serpentinized ultramafic
bodies, and lack of similar rocks in adjacent regions
suggest that the schist block is a tectonically em-
placed fragment of a larger metamorphic terrane.
Potassium-argon age determinations to decipher the
complex geologic history of the Willow Creek schist
are presently underway by J. G. Smith.

Isotopic age determinations in the Talkeetna Mountains
batholithic complex
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Jr., and M. A. Lanphere of the batholithic com-
plex in the Talkeetna Mountains, approximately
6,500 km? in area, indicate that the bulk of the com-
plex is made up by rocks of Late Cretaceous to early
Tertiary age instead of Jurassic rocks as postulated
by earlier workers. The batholithic complex is com-
posite, mesozonal and epizonal in character, and
ranges in composition from quartz diorite to granite.
Jurassic ages, determined by the K-Ar and Pb-«
methods, were obtained by Grantz and others (1963)
for the Kosina pluton, which forms the easternmost
part of the Talkeetna Mountains batholithic complex.
In contrast, K-Ar age determinations on hornblende
and biotite mineral-pair samples from scattered lo-
calities yielded Late Cretaceous to early Tertiary
concordant ages. As most mineral deposits in south-

Reconnaissance investigations by

ern Alaska are associated with plutons of Late
Cretaceous to early Tertiary age (Reed and Lan-
phere, 1969), the new age determinations make the

western two-thirds of the ]aro'p]y
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keetna Mountains batholithic complex an attractive
target area for mineral exploration.

Structural framework of the McCarthy quadrangle

Project work augmented by investigations in adja-
cent Nebesna and Bering Glacier quadrangles, re-
spectively under the direction of D. H. Richter and
George Plafker, have clarified the structural setting
of the McCarthy quadrangle relative to regional tec-
tonics. Except for its east-central and southwestern
parts, the quadrangle is underlain by the Taku-
Skolai terrane of Berg and others (1973). The oldest
representative of the Taku-Skolai terrane in the
quadrangle, the Skolai Group, is bounded on the
north by the Denali fault (in the Nabesna quadran-
gle) and on the south by the Border Ranges fault.
The southwestern part of the quadrangle, south of
the Border Ranges fault, is underlain largely by
upper Mesozoic flysch of the Valdez Group. A large
area in the east-central part of the quadrangle is
underlain by marble and amphibolite of the middle
Paleozoic Kaskawulsh Group of Kindle (1952), a
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component of the Alexander terrane (Berg and
others, 1973), which is best developed in southeast-
ern Alaska. Although its contacts are incompletely
mapped, the Kaskawulsh is largely separated from
Skolai Group rocks by intervening granitic masses
that include some syenite and monzonite; relation-
ships between the two discrete terranes, the Alex-
ander and the Taku-Skolai, are enigmatic. Possibly
the granitic masses were emplaced along, and healed,
major faults of regional significance, but there is
scant evidence for this premise.

Tha 4anton higéary af +ha o
1Ne& teeuonic nistory o0i wne qu

summarized as follows:
1. Development of the Skolai Group as an island
are on oceanic crust dnrmo' the late pglnnvnm

and its subsequent accretion to the contment
near the close of the Paleozoic or during the
early Mesozoic.

2. The juxtaposition of the Skolai and Kaskawulsh
Groups (Taku-Skolai and Alexander terranes)
in the east-central part of the quadrangle by
undetermined processes.

3. Development, probably during the late Mesozoic,
of a zone of extensive south to north thrusting
in the Taku-Skolai terrane that transcends the
southern part of the quadrangle.

4. The evolvement of the Border Ranges fault,
mainly a high-angle, north-dipping reverse
fault, that separates the Taku-Skolai terrane
from Mesozoic trench deposits, the flysch of
the Valdez Group, to the south. The Border

Rancag fanlt nrahahly avalvad duning +ha lada
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Mesozoic and culminated with the accretion of
the Valdez Group to the continent, probably
during the early Tertiary.

5. Development of steep faults during the Cenozoic.
These faults generally lack major displacement
and include the Totschunda and related north-
west-striking faults in the northeast part of
the quadrangle and faults with diverse strikes
elsewhere.

Sedimentary and volcanic features of the Orca Group

Recent fieldwork in the vicinity of Cordova,
Alaska, and subsequent laboratory studies by G. R.
Winkler and George Plafker have added considerable
new information about the sedimentary and volcanic
features of the Orca Group, a thick highly deformed
sequence of probable middle or late Paleocene age.

Collectively the sedimentary rocks may be charac-
terized as a flysch and include thin pelitic intervals

with nelacic Foraminifera Im a fow nlacas eaarse
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pebbly sandstone and conglomerate is interbedded
with the more typical sandstone-siltstone turbidites.

Paleocurrent measurements show general east-to-
west sediment transport but are dispersed in a radial
pattern. Probably the Orca sediments near Cordova
were deposited on a complex, westward-sloping deep-
sea fan.

The Orca sandstones are subquartzose—chiefly
feldspathic or lithofeldspathic. Composition of lithic
grains is widely Variable, but volcanic and sedimen-

DPeruihhaln anidata and
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mica are the dominant heavy mineral grains; poly-
crystalline quartz comprises about 10 percent of
total quartz. Orca detritug apparently was derived
from a nearby tectonized terrane of sedimentary,
metasedimentary, volcanic, and metavolcanic rocks.

Tabular bodies of greenstone are concordant on a
large scale with the Orca sedimentary rocks. They
constitute about 15 percent of the outcrop area of
Hinchinbrook Island. The greenstones consist of
pillowed and nonpillowed altered tholeiitic basalt
flows, breccia, and tuffs, with subordinate inter-
bedded sandstone and siltstone. Thin lenticular bio-
clastic limestone, chert, and red and green shale
mantle upper surfaces of the volcanic rocks in many
places and are supplanted upward by normal thick
flyschoid sequences. Mafic volcanism during Orca
time was thus active near enough to the continental
margin for the effusive rocks to be intercalated
within the rapidly forming prism of terrigenous
sediment.

Spotty microfaunal evidence suggests a middle or
late Paleocene age for the Orca Group on Hinchin-
brook Island. The rocks were extensively folded and
faulted, generally along trends parallel to the con-
tinental margin, and were regionally metamorphosed
to the laumontite and prehnite-pumpellyite facies
prior to, or concurrent with, intrusion of lower
Eocene granitic plutons.

Radiometrically dated plutons in the Orca Group

The Orca Group is a thick, complexly deformed,
and sparsely fossiliferous sequence of predomin-
antly eugeosynclinal clastic and volecanic rocks that
crops out over an area of roughly 15,540 km?
of the Prince William Sound region and the Chugach
Mountains, according to George Plafker. The group
probably also underlies large parts of the Gulf of
Alaska Tertiary province to the south of the outcrop
belt and may extend southwestward at least as far
as the Kodiak Archipelago.

Six new K-Ar dates by M. A. Lanphere from four
granodiorite and quartz monzonite plutons intrusive

into the Orca Group cive closely concordant ages
INTe tne vreca Group give Cigsely concorcdant ages

ranging from 49.2 to 52.2 m.y. These dates indicate
that the Orca Group was deposited and deformed
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before emplacement of the plutons in early Eocene
time, and they are compatible with meager paleonto-
logical data suggestive of a middle to late Paleocene
age for the Orca Group sediments.

SOUTHEASTERN ALASKA

Glaciomarine formation replaces marine till near Juneau

R. D. Miller (1973) has redefined widespread till-
like and shell-rich deposits near Juneau, Alaska,
previously called marine till, into a composite glacio-
marine deposit, the Gastineau Channel Formation.
Such a redefinition incorporates into the origin of
the deposits a fiord environment, free of valley-filling
glaciers.

Valley glaciers in the immediate Juneau area are
not believed to have reached tidal waters since
more than 11,000 yr ago. Some of the coarse clasts
in the formation are considered to have been carried
into the Juneau area on icebergs floating from gla-
ciers that reached the waters of the fiords elsewhere
in this part of southeast Alaska and as debris on ice
that seasonally built outward from shore. These
clasts were dropped into finer grained fiord deposits
before and during the land rebound (at least 230 m)
that occurred in response to the retreat of the area’s
glaciers.

Extensive Tertiary granitic terrane in southeastern Alaska Coast
Range batholithic complex

Continuing studies in the Juneau Icefield area
show that granodiorite, quartz monzonite, and other
phases of the approximately 50-m.y.-old informally
named Turner Lake body are much more extensive
than was originally surmised. D. A. Brew and A. B.
Ford reported that over 1,650 km 2 of the unit have
been mapped and studied to date and that the north-
western and southeastern limits are still unknown.
The body contacts several country-rock units, in-

cluding high-grade granitic gneisses to the south-

west and medium-orada tharmally maotamarnhaand
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voleanic rocks of probable original early Mesozoic
age to the northeast. It appears that at least this
part of the Coast Range complex consists mostly of
Tertiary granitic rocks.

Vertebrate fossil discovered in southeastern Alaska

H. C. Berg discovered the first pre-Tertiary verte-
brate fossil in southeastern Alaska. The occurrence
is on the northern coast of Gravina Island, situated
near the southern tip of the panhandle about 16 km
from Ketchikan. The fossil, a reptile tentatively
identified by C. A. Repenning as a mixosaurid

ichthyosaur, is embedded in recrystallized Upper
Triassic silty limestone. It consists of an approxi-
mately 38-cm-long segment of vertebral column, plus
indefinite structures that might be ribs. In addition
to the vertebrate remains, the enclosing beds also
contain specimens of Late Triassic pelecypod
Halobia.

A photograph of the vertebrate fossil, which is too

fragile to remove from the outerop, was submitted to

LLIQELITC VU 1TV Y U 12 Vi vial Vuvia Uy S SR VVCR

Christopher McGowan of the Vertebrate Paleontol-
ogy Department of the Royal Ontario Museum,
Toronto. McGowan confirmed that the fossil is a
mixosaurian, but the absence of forefins or skull
precluded further identification. The locality infor-
mation, however, will be useful in compiling data on
global distribution of icthyosaurs.

PUERTO

RICO

Stratigraphic and structural relations in the Sierra Bermeja area,
southwestern Puerto Rico

Detailed field investigations by R. P. Volckmann
in the San Germin, Parguera, and Puerto Real 714-
min quadrangles reveal that the bulk of the Sierra
Bermeja—the prominent range of mountains in
extreme southwestern Puerto Rico—is highly de-
formed chert in close physical association with an
ophiolite-type complex of diorite, amphibolite, and
serpentinite. The chert is bedded, with individual
beds consisting of lenses 1 to 30 cm thick and 30 to

500 cm long. The lenses commonly are separated by
a thin laver (2 to 5 mm) of siltstone or mudstone.
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In most places deformation has obscured the bed-
ding, and the chert is generally recrystallized. The
chert is estimated to be at least 800 m thick, but
extensive faulting may have repeated or reduced
the section.

The relationship of the chert and the mafic mem-
bers of the ophiolite complex is not clear. The Sierra
Bermeja is cut by many high-angle faults, most of
which trend north to northeast, and the chert has
only been observed in fault contact with the ophio-
lite-complex rocks. In places, serpentinite has been
emplaced, probably diapirically, along the high-angle
faults.

The northern border of the Sierra Bermeja ap-
pears to be an extensive, east-west trending, high-
angle fault, dropped down to the north. A body of
fine- to medium-grained quartz diorite has invaded
the fault zone along much of its length and forms
an intrusive contact with the chert. The age of the
quartz diorite intrusive is unknown, but the body
may correlate with other intrusive rocks north of
the Lajas Valley in the San Germén quadrangle.
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Stratigraphic relations of the Yauco, Lago Garzas, and Sabana
Grande Formations in south-central Puerto Rico
Geologic mapping by R. D. Krushensky in the
Yauco and Pefiuelas quadrangles of south-central
Puerto Rico indicates that the Yauco Mudstone of
Late Cretaceous age (Campanian or early Maestrich-
tian) is interbedded over wide areas and throughout

a thick sequence with the Lago Garzas Formation
to the east and with the Sabana Grande Andegite of
Mattson (1960) to the west. The Lago Garzas con-
sists chiefly of volcanic breccia, lava, and subordinate
epiclastic sandstone and conglomerate. To the east,
the Lago Garzas correlates with the epiclastic rocks
of the Coamo and Maravillas Formations of the
Ponce and Coamo areas. The Sabana Grande Ande-
site in the Yauco quadrangle congsists chiefly of vol-
caniclastic sandstone, breccia, and some rare lava
flows interbedded with calcareous fine-grained silt-
stone, mudstone, and sandstone of the Yauco Mud-
stone. Widespread stocks of augite andesite that are
mineralogically, chemically, and texturally identical
with the volcanic rocks in the Lago Garzas-Coamo-
Marayvillas sequence crop out in the central part of
the Pefiuelas quadrangle and are believed to rep-
resent the local sources of the volcanic rocks in
those formations. Similarly, stocks of andesite crop
out widely over the Yauco quadrangle and are be-
lieved to have been sources for the volcanic rocks
in the Sabana Grande Andesite.

Stocks in the Naguabo quadrangle
Field studies by J. W. M’Gonigle indicate that

volcanic rocks in the Naguabo and Punta Puerca
quadrangles in eastern Puerto Rico appear to rep-

resent the (Lower Cretaceous, Albian) Fajardo For-
MThaga
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rocks have been intruded by four previously unre-
ported east-west trending stocks that range in com-
position from quartz keratophyre to hornblende
diorite. The two southernmost stocks (granodiorite
and hornblende diorite) lie along an east-west trans-
current fault zone and postdate the faulting. Many
dikes associated with the granodiorite stock contain
dipyramidal quartz crystals; these crystals are also
found in parts of the youngest granodioritic unit in
the San Lorenzo batholith to the south as well as in
dikes emanating from it. The Naguabo and Punta
Puerca intrusive rocks thus would appear to be about
the same age as the younger parts of the San
Lorenzo batholith.

GEOLOGIC MAPS

Much gf the work of the USGS consi
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lication as quadrangle maps at scales of 1:24,000,
1:62,500, and 1:250,000. Mapping the geology of the
United States is a mandate of the Organic Act estab-
lishing the Geological Survey; a long-range goal is
the completion of geologic maps of the country at
scales that will fulfill foreseeable needs and uses.
The systematic description and mapping of rock
units serve a major scientific objective by showing
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serve more specific purposes. Some of the studies
are for the purpose of extending geologic knowl-
edge in areag of known economic interest; some are
to gain detailed knowledge for engineering purposes,
land-use planning, or construction. Still other map-
ping studies are carried on with the primary objec-
tive of providing solutions to problems in paleontol-
ogy, sedimentary petrology, or a wide variety of
other specialized topics.

LARGE-SCALE GEOLOGIC MAPS

Large-scale geologic mapping, principally at scales
of 1:24,000 and 1:62,500, constitutes nearly four-
fifths of the geologic-mapping program of the USGS.
Such large-scale maps are available for about a
quarter of the conterminous United States. Approxi-
mately half these maps have been produced by the
USGS; most of the remaining maps have been pro-
duced by various State organizations and by edu-
cational institutions.

The USGS is carrying out large-scale geologic
mapping projects in many parts of the country, with
extensive cooperative programs underway in Con-
necticut, Kentucky, Massachusetts, and Puerto Rico.

Other areas where mapping is underway include
California, Maine, Maryland Michigan, Nevada, New
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Hampshire, North Garohna, Pennsylvania, Tennes-
see, Virginia, Wisconsin, the Pacific Northwest, and
the Rocky Mountain States.

Large-scale geologic maps play a vital role in fur-
thering scientific knowledge of the Earth and also
have many applied uses. Maps of mineralized areas
not only help determine the scientific principles that
govern formation and distribution of ore deposits,
but they are also used as the basis for exploration
of economic mineral deposits and for the preparation
of reserve and resource estimates.

Many geologic maps are prepared in the search
for a better understanding of the processes and
mechanisms that affect the Earth’s crust. Uses of
these maps are growing in number and importance
in the field of planning for more logical land use and

for such larcoe-scale encoineerine works as damsites
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highway alinements, and subway routes. Actual con-
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struction is aided by locating vital construction ma-
terials and by providing the basis for site-prepara-
tion cost estimates. Another extremely valuable use
of geologic maps is as an aid to avoiding hazards
such as landslides and swelling clays, and to delineat-
ing those areas possibly subject to extensive damage
during floods and earthquakes.

INTERMEDIATE-SCALE GEOLOGIC MAPS

Geologic mapping at a scale of 1:250,000 makes up
an increasingly important part of the USGS geologic
investigations program. The 1:250,000 and smaller-
seale geologic maps are compiled generally from
available large-scale geologic maps and supplemented
by reconnaissance geologic mapping at intermediate
scales. Mapping at 1:250,000 has now expanded Lo
congtitute more than one-fifth of the geologic map-
ping program of the USGS. Many State geological
aurveys also have 1:250,000-scale geologic-mapping
programs which are underway or completed. These
efforts by Federal and State surveys as a nation-
wide program promise to provide geclogie-map cov-
erage of two-thirds of the United States by 1985;
at the present time nearly 40 percent is covered.
Figures 2 and 3 show the areas of the United States
for which 1:250,000-scale maps have been published.

The USGS is participating in mapping programs
that will provide 1:250,000-scale geologic maps for
all or most of Alaska, Colorado, and Nebraska within
a8 few years. Single-sheet 1° by 2° geologic maps
have been started in parts of Arizona, Idaho, Mon-
tana, New Mexico, North Carolina, Oregon, South
Carolina, Virginia, Washington, and Wyoming.

Intermediate-scale geologic maps have a variety
of uses. They help define areas where the need for
larger-scale maps is most critical, and they direct at-
tention to broad geologic problems involving large
segments of the Earth’s crust. They have proved
ideal for geologic analysis of major tectonic and
stratigraphie problems, for analysis of mineral prov-
inces, and for relating broad geophysical anomalies
to surface geology. A significant use for maps at in-
termediate scales, although still largely a potential
use at this time, is as a basis for a systematic in-
ventory of land uses and resources throughout the
Nation.

MAPS OF LARGE REGIONS

Several maps of individual States or of all or large
parts of the United States are currently in prepara-

tion or have recently been published. These maps,
at scales ranging from 1:500,000 to 1:10,000,000,
present reviews of various geologic features of the
Nation in forms that show overall characteristics of
the features in detail commensurate with the scales.
Most are intended both as wall maps for contempla-
tive reviewing and as working maps for further spe-
cific studies.

Geologic map of the United States, exclusive of
Alaska and Hawaii, scale 1:2,500,000, P. B. King and
H. M. Beikman, compilers; three sheets.

Compilation of the new geologic map of the
conterminous United States was completed in
1972 and the map is to be published late in
1974. 'The map legend, which comprises the
third sheet, shows more than 150 map units
arranged horizontally according to age and di-
vided vertically into 6 general classes of rocks,
including marine stratified deposits, continental
deposits, eugeosynclinal deposits, voleanic rocks,
plutonic and intrusive rocks, and metamorphic
roeks. Correlation of Precambrian rocks and of
the Phanerozoic plutonic and volcanic rocks is
based on radiometric dating. An “Explanatory
text to accompany the geologic map ef the
United States” was published separately (P. B.
King and H. M. Beikman, 1974).
Metallogenic map of North America, scale
1:5,000,000, P, W. Guild, compiler.

This map is a contribution to the Metallogenic
Map of the World, sponsored by the Commis-
gion for the Geological Map of the World of
the IGC and the IUGS. The map is being pre-
pared in cooperation with the Geological Survey
of Canada; the Institute of Geology, National
Autonomous University of Mexico; the Geologi-
cal Survey of Greenland; and the Central
American Institute of Investigation and Indus-
trial Technology. The map will show major
known deposits of metal-bearing and non-
metallic minerals, as well as their geologic-
tectonic settings. A coproduct of the map com-
pilation will be computer storage of data on de-
posits to facilitate rapid retrieval.

Geologic map of Arkansas, scale 1:500,000, revi-
sion by the Arkansas Geological Commisson, N. F.
Williams, Director, and the USGS, B. R. Haley; as-
sisted by E. E. Glick of the USGS and W. V. Bush,
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B. F. Clardy, C. G. Stone, M. B. Woodward, and D.
L. Zachry of the Arkansas Geological Commission.

Geologic map of Wyoming, scale 1:500,000, J. D.
Love, compiler.

This revision of the State geologic map, begun
in 1968 as a cooperative project, has been com-
pleted and is being prepared for publication.

The map has been revised on the basis of pub- |

lished and unpublished reports and reconnais- |

sance mapping.

A new map is being compiled in cooperation
with the Geclogical Survey of Wyoming. This
map, which will replace the State map published
20 years ago, is based 75 percent on new data.
Compilation is more than half completed.

Metamorphic facies map of Alaska, scale 1:2,500,-

| .
Geologic map of Colorado, scale 1:500,000, 0. L. | 000, D. A. Brew, Chairman, Branch of Alaskan Geo-
| logy Compilation Committee.

Tweto, compiler.

This new map, begun in 1971, will supersede
the existing map published in 1935. The map,
which is about 40 percent completed, will de-
pict the vast increase in knowledge of Lhe
geology of Colorado during the last 40 years.

Ceoclogic map of Nevada, scale 1:500,000, J. H. |
Stewart and J. E. Carlson, compilers.

Compilation of the first comprehensive geclogic
map of Nevada, prepared in cooperation with
the Nevada Bureau of Mines and Geology, has
been completed, and a preliminary black-and-
white map has been published (J. H. Stewart
and J. E. Carlson, 1974). The compilation draws
on data from about 500 large- and small-scale

i

This is a eontribution to the Map of the Meta-
morphic Belts of the World, sponsored by the
Commission for the Geological Map of the World
of the IGC and the IUGS, and to the joint USGS-
State of Alaska Geological Survey publication
on the geology of Alaska. The map will show
metamorphic facies, facies groups, facies series,
selected isograds, and granitic rock bodies in
the style of the IUGS-suggested metamorphic-
facies map explanation (Zwart and others,
1967). Progress includes preliminary compila-
tion of regional metamorphic-facies maps at
1:1,000,000 scale for all of the State and coding
of background metamorphic-mineral-locality in-
formation.

Paleotectonic maps, scales 1:5,000,000 and 1:
10,000,000, as follows: Analysis of the Pennsylvanian
System, by E. D. McKee and others; Analysis of
the Mississippian System, by L. C. Craig and others.

maps, many of which have been used previously
in compilation of 1:250,000-scale county maps.
Field checking and remapping have been done

in areas where county maps are incomplete or
out of date. The new map will show nearly
100 geologic units.

Geologic map of Oregon, scale 1:500,000, G. W.
Walker, compiler.

Compilation of this map, which includes more
than 50 geologic units, has been completed. A
map of the western part of the State was pub-
lished previously (Wells and Peck, 1961), and
a prelimimary black-and-white version of the
eastern part of the State was published in
1973 (Walker, 1973). The data are based partly
on available published and unpublished maps
and partly on extensive new reconnaissance and
photogeologic mapping. An inset tectonic map

Both analyses are completed and inelude maps
showing total thickness of rocks of the two sys-
tems, thickness and lithofacies of divisions of
the systems, and distribution of rocks underly-
ing and overlying the systems. In addition,
interpretive maps show the transport direction
of sediments, restored thicknesses, and tectonic
development of the country during the two pe-
ricds. Some maps show paleogeography and
some show environments of deposition at selec-
ted times during the periods. The analysis of
the Pennsylvanian System is in press (E. D.
McKee, E. J. Crosby, and others, 1975), and the
analysis of the Mississippian System is being
prepared for publication.

shows distribution of fold axes, major surface
faults, and the position of postulated calderas
and deeply buried fauits.

World seismicity map, seale 1:39,000,000 at the
Equator, prepared by the USGS from earthquake
data of NOAA, A. C, Tarr, compiler.
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This full-color map shows epicenters of earth-
quakes which occurred from July 1963 to De-
cember 1972, had body-wave magnitudes of 4.5
or greater on the Richter scale, and were ob-
served at 10 or more stations. Also shown are
the locations of earthquakes of surface-wave

magnitude 8.0 or greater that took place from
1897 through 1972. Earthquake focal depths
are divided into three depth-of-focus classes:
0 to 70 km, 71 to 300 km, and 301 to 700 km.
The map (A. C. Tarr, 1974) also shows major
physiographic features.



WATER-RESOURCE INVESTIGATIONS

The USGS conducts investigations, surveys, and
research on the occurrence, quality, quantity, dis-
tribution, utilization, movement, and availability of
the Nation’s surface- and ground-water resources.
This work includes (1) investigations of floods and
droughts and their magnitude, frequency, and re-
lation to climatic and physiographic factors; (2)
evaluations of available waters in river basins and
ground-water provinces, including assessment of
water requirements for industrial, domestic, and
agricuitural purposes; (3) determinations of the
chemical, physical, and biological characteristics
of water resources and the relation of water quality
and suspended-sediment load to various parts of the
hydrologic cycle; and (4) studies of the interrela-
tion of the water supply to climate, topography,
vegetation, soils, and urbanization. One of the most
important activities of the USGS is the systematic
collection, analysis, and interpretation of data for
evaluating the Nation’s water resources. These data
are computer processed for storage, retrieval, and
dissemination of water information.

The USGS has the responsibility for coordination
of national network and special water-data acquisi-
tion activities and the maintenance of a central
catalog of water information for use by Federal
agencies and other interested parties.

Research is conducted to improve the scientific
basis of investigations in hydraulics, hydrology,
instrumentation, and the chemical, physical, and
biological characteristics of water.

Subjects currently under investigation or re-
searched recently by the USGS include the follow-
ing:
perature, and water chemistry; (2) drainage, runoff,
and watersheds—flood plains, floods, frozen ground,
playas, and storm runoff; (8) evaporation, meteorol-
ogy, and precipitation—droughts, evapotranspira-
tion, glaciers, glaciology, ice and icing, snow, and
transpiration; (4) flow, hydraulics, and streams—
availability of water, base flow, channel morphology,
culverts, drainage, flood-flow formulas, flood hazards,
flood-inundation maps, fluid mechanics, gaging, geo-
morphology; highway drainage, hydraulic engineer-
ing, hydrodynamics, low flow, measurement of
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stream flow and time of travel under ice, mine acid
drainage, overland flow, river basins, rivers, seepage,
storm drainage, stratified flow, streamflow, stream
classification, and water problems of the coal indus-
try; (5) ground water—aquifers, artesian aquifers,
artificial recharge, availability, carbonate-rock hy-
drology, connate water, core sampling, dispersion of
contaminants, earthquake effects, electric-analog-
model studies, flow, geochemistry, geochronology,
geophysical logging, hot springs, hydraulics, hydro—
geology, hydrologic properties, interpretations, in-
Vestigations, levels, mapping, nuclear-explosion
effects, nuclear-waste disposal, piezometric maps,

numnine and numbpace rates. quality,
and pumpage tes, q v,

pumping
quantity, radiocarbon dating, research, resistivity
studies, saltwater intrusion, springs, subsidence of
land, test-well drilling, thermal water, use of water,
use of isotopes in investigations, waste disposal, and
wells; (6) soil water—soil moisture, soil-water
movement, and soil-water relationships; (7) lakes
and reservoirs—biology and ecology, eutrophication,
impoundments, lake levels, lake basins, limnology,
ponds, and stratification; (8) water and plants—
phreatophyte control, plant-water relationships, and
tree rings; (9) erosion, sedimentation, and sedi-
ments—reservoir sedimentation, reservoir siltation,
siltation, sediment control, and sediment transport;
(10) quality of water—Dbiological and ecological as-
pects of water chemistry, brine, chemical analysis,

geochemistry, inorganic constituents, kinetics, radio-
nnt"v"‘-" 1“ "xrotev uohvnfv qn’lnfnq a'nﬂ qn'lnhnnq ﬁnd
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trace elements; (11) estuarme problems——bmloglcal
and ecological problems, brackish water, distribution
of sediments and wastes, tidal studies, transient
flow, and upstream movement of saltwater; (12)
water use—agricultural use, aluminum industry,
copper industry, evaporation control, evapotranspi-
ration control, hydroelectric use, industrial use, mu-
nicipal use, petroleum industry, pulp and paper
industry, rayon- and acetate-fiber industry, styrene-
butadiene industry, surface- and ground- and waste-
water use, synthetic-rubber industry, and water re-
quirements; (13) agriculture, irrigation, and pesti-
cides—movement in streams and ground water of
pesticides, water requirements, and water spread-

pollution,
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ing; (14) water management—flood control, man-
agement of ground- and surface-water resources, and
use of models; (15) water-pollution effects, water-
pollution sources, and water quality—agrieultural
sources of pollution, detergents in water, effect of
pollutants on aquatic life, industrial wastes, move-
ment of pesticides and other pollutants in streams
and ground water, pesticides in water, pollutant
identification, radioactive rainout, saline-water in-
trusion, source of pollutants, temperature, and ther-
mal pollution; (16) waste disposal—radicactive-
waste disposal and waste-water disposal; (17) plan-
ning and water-resources development—develop-
ment of ground- and surface-water resonrces, flood
forecasting, river-hasin planning, water budgets, and
water supply; (18) water law; (19) environments—
antaretic regions, arctic regions, arid lands, deltas,
deserts, karst terrain, swamps, urban areas, and wet-
lands; (20) water-resource studies—appraisals,
computer applications in water research, data proc-
essing, evaluation, hydrolegic data, infrared applica-
tion, instrumentation for hydrologic studies and
resources research, interpretations, investigations,
mapping of ground water, model studies, processing,
publication, remote sensing, reports, research, sto-
chastic hydrology, techniques for hydrologic studies
and rescurces research, and telemetry; (21) corro-
sion—well casings; and (22} water cycle.

A significant part of USGS water-resource activi-
ties is providing scientific and technical assistance
to other Federal agencies. When USGS interests are
related to the interests of other agencies, USGS as-
sistance contributes to the efficiency of their pro-
grams amd encourages the maintenance of high
standards of technical accomplishment.

The USGS develops ground- and surface-water
technology and the technologies necessary for deal-
ing with (1) the chemical, physical, and biological
properties of water, and (2) the interrelation of
these water-quality properties within the environ-
ment.

During fiscal year 1974, data on streamflow were
collected at about 8,400 continuous-record discharge
stations and at about 9,600 lake- and reservoir-level
sites and partial-record streamflow stations. About
12,000 maps of flood-prone areas in all States and
Puerto Rieo have heen eompleted to date, and about
1,600 pamphlets covering areas susceptible to flood-
ing have been prepared. Studies of quality of sur-
face water were expanded ; there were approximately
5,100 water-quality stations in the United States and
outlying areas where surface water was analyzed by
the USGS. Parameters measured include those of
gelected major cations and anions, specific condue-

tance or dissolved solids, and pH. Other parameters,
measured as needed, include trace elements, phos-
phorus and nitrogen ecompounds, detergents, pesti-
cides, radioactivity, phenols, BOD, and coliform bac-
teria. Streamflow and water-temperature records
were collected at most of the water-quality stations.
Sediment data were obtained at over 850 locations.

Annually, almost 500 USGS scientists report par-
ticipation in areal water-resource studies and re-
search on hydrologic principles, processes, and tech-
nigues. Nearly 300 of the studies in progress are
classed ag research projects. Of current water-re-
source studies, about 350 are related to urban hy-
drology problems. Areal and research studies are
being carried out in about 1,140 locations. Ground-
water studies have been made or are currently in
progress for about two-thirds of the Nation. In 1974,
scheduled measurements of ground-water levels were
made in about 28,000 wells, and periodic measure-
ments were made in many thousands of other wells.
Studies of saline-water aquifers, particularly as a
medium for disposal of waste products, are hecoming
inereasingly important, as are hydrologic principles
governing the occurrence of brackish water in estu-
aries. Land subsidence due to ground-water deple-
tion, and possibilities for induced ground-water re-
charge are under investigation in areas where the
land surface has settled significantly,

The use of computers—in research studies of hy-
drologic systems, in expanding data-storage systems,
and in quantifying many aspects of water-resource
studies—continued to increase during fiscal year
1974. Records of about 265,000 station-yr of stream-
flow acquired at about 10,000 regular streamflow sta-
tions are stored on magnetic tape, and data on about
40,000 wells and 55,000 chemical analyses of water
from them have been coded in machine format. Dig-
ital-computer techniques are used to some extent in
almost al! the research projects, and new tech-
niques and programs are being developed continu-
ally.

The water-resource acfivities selected by the
USGS as its contribution to the THD were continued
in 1974, and a résumé of certain activities in the
THD program for 1974 concludes the water-resource
section of this chapter. More detailed reports on
some of the activities appear, where appropriate,
in other sections.

The principal publications devoted to basic hy-
drologic data are in the following series of USGS
water-supply papers: (1) “Surface-Water Supply
of the United States,” (2) “Quality of Surface
Waters of the United States,” and (3) *“Ground-
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Water Levels in the United States.” In addition te
these basic-data reports, other series of water-
supply papers describe (1) the magnitude and fre-
quency of floods for the entire country, (2) floods
by drainage-basin areas, and (3) noteworthy floods
for each year.

Several factors have increased the urgency of
obtaining and furnishing data on supply-versus-
demand relationships of water in relatively small
areas. The need to develop energy sources of various
kinds in areas where industrial development has been
nonexistent or minimal reguires estimates of future
water requirements in these areas and evalution of
the adequacy of the water resources to meet the de-
mand. Attention is being given to methods for ex-
panding the scope and intensity of water-use investi-
gations and improving methods for making these
studies,

Investigations describing the occurrence of water
as a natural resource are given in the following sec-
tions for the four regions of the United States (fig.
4) used since 1973 by the USGS for administering
the water-resource program. These regions differ

considerably from those used and illustrated in all
USGS research summary volumes from 1963-72.

NORTHEASTERN REGION

Althouph the northeastern region experienced no
spectacular hydrologic disasters in 1973 as it did in
1972—Tropical Storm Agnes and the Buffalo Creek,
W. Va., flood—other storms and other floods kept
USGS scientists busy collecting data in stricken
areas. Torrential rains caused severe floods in late
June and early July in much of New England and
part of New York State. Peak flows of many streams
in Vermont, where the most severe flooding occurred,
were the greatest since the November 1927 flood,
with discharges exceeding the 100-yr recurrence
magnitude. The second most severely flooded State
was New Hampshire. The Governors of both States
declared emergencies. Record peak flows were re-
corded on small streams east of the Hudson River
in New York. As much as 230 mm of rain fell in an
11-h period on August 1-2 in the Bound Brook-
Plainfield area (lower Raritan River basin), New

FIGURE 4—Index map of the conterminous United States, showing areal subdivisions used in the discussion of water
resources.
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Jersey, the Millburn area (upper Elizabeth and
Rahway River drainage), and the Passaic River
basin above Chatham, N.J. Severe flooding of these
highly urbanized and industrialized areas resulted.

Throughout the region, emphasis continued on
aquifer modeling and on studies of the effects of
waste disposal on the quality of ground-water sup-

plies. New modeling studies were undertaken in
the Cape Cod and Indiananclis areac: madal cfidiag
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were continued for Long Island and for sections of
Delaware, Indiana, Minnesota, New Jersey, Ohio,
Virginia, and Wisconsin.

Studies of the effects of landfills on water quality
were begun in the Indianapolis area and continued
on Long Island and at a site near Catskill, N.Y.
Studies of waste disposal by injection were contin-
ued at the Bay Park site on Long Island and at a
site near Buffalo, N.Y,

Results of a reconnaissance analysis by digital
simulation of the Coastal Plain aquifers, on the
basis of available geohydrologic data, indicated that
the aquifers within a radius of 48 km of Washing-
ton, D.C., are capable of sustaining a yield of
643,450 m */d. Pumpage from the aquifers within
the radius is presently 227,100 m */d. Additional
development, therefore, could supply an additional
416,350 m */d on a continuous basis—perhaps more

if leakage through fine-grained confining beds
Droves to be Sl(rnlﬁr-n'rﬂ'
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INDIANA

Water-quality assessment of a national lakeshore

Results of water-quality investigations by L. D.
Arihood indicated that the newly developed Indiana
Dunes National Lakeshore area has both natural and
disturbed-water environments. The parts of bogs
in more natural areas are low in mineralization,
specific-conductance measurements ranging
from 50 to 100 pmho. Other parts of bogs are much
higher in mineralization, having conductance values
from 400 to 1,280 .mho. Ponds axhi a
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quality change, depending on their locations. This
higher mineralization results from higher concen-
trations of constituents such as sodium, chloride,
sulfate, calcium, and bicarbonate. Pinhook Bog,
near a highway salt-storage area, shows sodium
and chloride concentrations of 240 mg/1 and 340
mg/l, respectively. An interdunal pond that once
received fly-ash settling-pond overflow water had a
sulfate concentration of 230 mg/. In general,
streams are more mineralized than bogs; yet both
have the same water type—calcium bicarbonate.

Halfway through the 1-yr study, precipitation-
quality samples have shown an average nitrate con-
centration of 0.76 mg/l. The average nitrate con-
centration for pond, bog, and lake sites is 0.04
mg/1; for watercourse sites, 0.54 mg/1.

MARYLAND

Extent and hydrologic nature of Ocean City-Manokin aquifer
system near Ocean City

Five exploratory holes from 170 to 220 m deep
were drilled in eastern Wicomico and Worcester
Counties in the Maryland part of the Delmarva Pe-
ninsula. According to J. M. Weigle, most of the holes
completely penetrated the freshwater zone. The Man-
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ckin aquifer underlies all of the area tested. How-

ever, geophysical logs of the test holes and cutting
samples collected during the driling indicate that the
Ocean City aquifer, which provides most of the
public supply for Ocean City, continues as a poten-
tially productive aquifer westward into Wicomico
County but feathers out southward and loses its
identity as a discrete hydrologic unit somewhere be-
tween Berlin and Snow Hill (probably near Newark,
Md.). The geophysical logs and drill cuttings also
indicate that in Ocean City and westward the
Ocean City and Manokin aquifers very likely func-
tion hydraulically as one aquifer system. A layer
of sand, sandy silt, and sandy clay occurs between
the aquifers, but the clay in the layer is not persis-
tent enough and the associated materials are gen-
erally not fine enough to perm1t the bed to function
effectively as a ¢
Deep test well in southern Maryland

An exploratory well near La Plata in Cha leg
County was drilled to a depth of 615 m (datum is
55 m above mean sea level). According to F K.
Mack, the well completely penetrated the uncon-
solidated Tertiary and Cretaceous deposits and ex-
tended more than 25 m into semiconsolidated sedi-
ments, probably Triassic in age. Previous drilling
for water supplies in the area had generally been
limited to 230 m. A freshwater aquifer between 345
and 410 m in depth may constitute a much needed
source of additional water. The aquifer consists of
several Lower Cretaceous fluvial sands with a cumu-
lative transmissivity of about 2,100 m 2/d and a sand
thickness of 85 m.

Ground-water resources of Harford County

Water in crystalline metamorphic and igneous
rocks is unevenly distributed, and its availability is
difficult to predict because of the extreme variability
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of the fracture system through which it is trans-
mitted. Most of the newly developing suburban areas
in Harford County utilize individual wells and septic
tanks, and in many of these areas a substantial per-
centage of the wells drilled fail to yield an adequate
quantity of water for domestic use.

According to L. J. Nutter, more than 80 percent
of the well records available are of domestic wells.
Many such wells were drilled on ridgetops or up-
lands, where the probability of high-yielding wells
is low. Furthermore, few domestic wells were drilled
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d. In CoIivrasty, weus drilled in
valleys or along lineaments or fracture traces have
substantially higher average yields than those de-
termined from all available well records.

MASSACHUSETTS

Water resources, Connecticut River lowland, central
Massachusetts

E. H. Walker, S. W. Wandle, Jr., and W. W.
Caswell reported that three distinct aquifers occur
within the Connecticut lowlands. The granitic and
metamorphic rocks beneath the bordering hills yield
adequate water supplies for domestic use. The sedi-
mentary and volcanic rocks of Triassic age that
underlie most of the lowlands may yield more than 6
1/s in favorable locations. Stratified deposits of gla-

cial origin, which vary in character from fine
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grained lakebeds to coarse, gravelly outwash, pro-
vide yields that range from 0.06 to 30 1/s.

Low-flow characteristics of minor streams are in-
fluenced by the amounts of stratified glacial deposits
within their basins; other factors being equal, the
larger the percentage of the area occupied by strati-
fied glacial deposits, the higher is the streamflow
in dry weather.

Water resources of the Nashua River basin

According to R. A. Brackley and B. P. Hansen,
water use within the Nashua River basin is contin-
uing to increase because of rising domestic and in-
dustrial needs.

High relief with small deposits of saturated strati-
fied unconsolidated material in the western part of
the basin gives way to gentle relief with more ex-
tensive deposits of saturated stratified material in
the eastern part. As a result, most of the municipal
water systems in the western part are supplied from
reservoirs and those in the eastern part by wells.

Preliminary evaluation indicates that use of ground
water can be considerablv exnanded
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Except for within-basin cycling of water, the po-
tential for additional development of South Branch

Nashua River basin water resources is small, unless
diversions to the basin are increased. During recent
years, 5 to 10 percent of the runoff in this basin
has contributed to Nashua River flow. The re-
mainder has been diverted from the basin for muni-
cipal supplies.

Water resources of the Charles River basin

E. H. Walker, S. W. Wandle, Jr., and W. W. Cas-
well reported that water use in the Charles River
basin is increasing because of increased population
and higher per capita use in the area.

Most town wells in the basin yield 19 1/s or more
water from sand and gravel aquifers averaging only
about 14 m in thickness. Potential exists along the
river and some of its tributaries for development of
much more ground water by induced infiltration
from the streams.

Sites exist in the urbanized lower part of the basin
where hydrologic conditions would permit develop-
ment of large supplies of ground water by induced
infiltration, but certain constraints tend to deter
such developments. For example, more pumping
from aquifers near ponds would lower pond levels
more than local interests would tolerate. Much of the
water that might be developed by pumping wells
near the Charles River would be diverted out of the
basin by sewers, resulting in further depletion of
the low flow of the river, already considered inade-
quate during many summers. Also, the dissolved-
solids and chloride content of water in the Charles
River and some other bodies of water in the urban-
ized area have risen substantially in recent years,
making the water less desirable for public supply.

Coastal drainage basins of southeastern Massachusetts

Reconnaissance geologic mapping and analyses of
well data by J. R. Williams and G. D. Tasker (1974a,
b) showed that the principal aquifers in the area
between Hingham and Kingston are localized in
preglacial valleys cut in bedrock. The permeable
materials consist of deltaic, ice-contact, and out-
wash deposits. Sands and gravel aquifers commonly
lie beneath glacial till or glaciolacustrine deposits.
The aquifers in the Plymouth-Wareham area are
among the most extensive in the State and are 12
to 49 m thick; they consist of gravelly end moraines
and extensive outwash plains that border the
moraines. Discharge from these aquifers averages
about 450,000 m 3/d. The principal ground-water-
quality problems are saltwater intrusion along the
shore and in estuaries, and salt contamination of
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ganese, and color exceeding suggested USPHS
limits are common problems in both surface water
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and ground water. Studies show that the specific
conductance of surface water seems to vary directly
with population density.

MICHIGAN
Compilation of miscellaneous streamflow measurements
A report prepared by R. L. Knutilla is a compila-
tion of all miscellaneous streamflow measurements

made in Michigan through 1970.

nppruxlmdbely
10,000 discharge measurements, made at nearly
2,000 different sites, have been listed. The data are
summarized in downstream order and are indexed

by counties. Although most of the measurements
have been published previously in the series of an-
nual reports, this compilation of measurements pre-

sents the data in a form that may be easily used.

Ground water and geology of Marquette County

C. dJ.
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Doonan (USGS) and J. L. VanAlstine
(Michigan Geological Survey) reported that ground-
water resources of Marquette County are about
evenly divided between bedrock aquifers and glacial-
drift aquifers. In the northern and the extreme
southern parts of the county, most wells are com-
pleted in bedrock at depths of less than 30 m. In
central Marquette County, most wells are completed
in glacial drift. Yields from wells finished in glacial
drift are generally higher than those from wells fin-
ished in bedrock. Most ground water in the county
is hard, and at some locations high concentrations
of iron impair water quality.

Geoiogy and hydrology for environmental planning in Delta
unty

A study of the geologic and hydrologic character-
istics of Delta County has been made by W. B. Fleck
and C. J. Doonan. Geologic and hydrologlc informa-
tion is being presented on a series of maps. These
maps will aid planners and managers in evaluating
land-use alternatives and in assessing their long-term
environmental impact. Soil-infiltration rates, depth
to bedrock, and yields of wells in glacial drift and
bedrock deposits have been defined. The location of
mineral deposits, distribution of swamp areas and
surface waters, and other hydrologic information
are being shown on the maps. Using the hydrologic
data, the Michigan Geological Survey has prepared
a map showing the relative suitability of areas for
landfill operations. In general, areas in the southern
and northern parts of the county seem to be more
suitable for sanitary landfills.

Water resources of minor streams in southeastern Michigan

A study of the water resources of the minor
stream basins draining into St. Clair River, Lake

St. Clair, Detroit River, and Lake Erie was made by
F. R. Twenter, R. L. Knutilla, and T. R. Cummings
(1974). The study is the last in the series of eight
water-resource studies of river basins in southeas-
tern Michigan. Results of the investigation indicate
that large parts of the areas drained by the streams
are underlain by compact soils with low infiltration
rates (25 to 50 mm/h) and by glacial deposits of low
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permeability. Because of these soil and rock charac-

teristics, runoff is rapid after periods of rain or
snowmelt. Conversely, during periods of base flow,
many streams are either dry or fhpv r"llscharn-e less
than 0.035 m 3/km 2. The dlssolved-sohds content of
surface water ranges from 380 to 1,440 mg/1; about
half have a dissolved-solids content of less than 500
mg/1.

Glacial deposits in the minor stream basins are
mostly clay and fine-grained sediments that yield
less than 0.6 1/s to wells. Water from glacial deposits
usually contains less than 500 mg/1 of dissolved
solids. Bedrock is primarily sandstone, shale, lime-
stone, and dolomite of Silurian, Devonian, or Missi-
ssippian age. Yields from wells in bedrock in the
northern areas are generally less than 6.3 1/s. In
the southern part, yields may be as much as 31 1/s.
Water from bedrock is often highly mineralized and
unsuitable for use as a water supply.

MINNESOTA
Ground water for irrigation near Alexandria

M. S. McBride investigated the availability of
ground water for high-yield irrigation wells in the
sand plains areas near Alexandria. Results of test
drilling showed that two of five separate outwash
plains within the study area are extensive enough
to support major development.

A digital model of a 67-km 2 area east of Carlos
is now operating, and adjustments on the input data
are being made to fit the model to observed natural
conditions. The input-data set for the second model,
of a 204-km 2 area north and east of Parkers Prairie,
is neany Cumplew

Water in the surface outwash is of a calcium
magnesium bicarbonate type. Specific conductivities
of 14 samples ranged from 231 to 635 ymho/cm. The
maximum boron concentration was 60 pg/l. The
water thus seems to be of good to excellent quality
for irrigation. Water from six wells had nitrate plus
nitrite concentrations, expressed as N, of more than
1 mg/], suggesting contamination from the surface.
Water resources of the Lake of the Woods, Big Fork River,

Little Fork River, and Rainy Lake watershed units

d. O. Helgesen, G. F. Lindholm, and D. W. Ericson
(1974) determined that nearly all water used in the
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Lake of the Woods, Big Fork River, and Little Fork
River watersheds is from ground-water sources.
Ground-water quality, in part, depends on position
in the regional flow system. Most water is of the
calcium bicarbonate type. Dissolved-solids content
generally increases downgradient, although hard-
ness, in places, decreases by cation exchange, result-
ing in a sodium bicarbonate type water. Buried sand
and gravel in the drift is the most favorable source
for ground-water development. Many wells have
been completed between the altltudes of 385 and

- River
watershed.
The concentrations of dissolved solids in stream

wratan
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at a given time depend upon the surficial
geology ; concentrations are larger in streams drain-

ing till areas than in streams draining peatlands.
Water from pnaﬂqnﬂc is also tvmnically hicher in
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color and iron and lower in pH than water from
areas of mineral soils. Streamflow in the Big Fork
and Little Fork watersheds is sustained during peri-
ods of low flow by discharge from lakes and the
ground-water system.

Ground water for irrigation near Appleton

Verification of one of two digital ground-water
models to be used in the study of ground water for
irrigation near Appleton has been completed by
S. P. Larson. An 864-node uniform guu with 6.402-
km nodal spacing was used to model the surficial

sand and gravel aquifer. Saturated thickness in the
aquifer ranges from 0 to nearly 30 m. Steady-state
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head distribution computed by the model is generally
within 1 m of the observed field conditions. In ad-
dition, ground-water discharge into the Pomme de
Terre River along a 28.2-km reach was computed
to be 0.17 m 3/s. This compares favorably with base-
flow increase in the same reach of 0.17 m3/s and
0.15 m */s measured in 1964 and 1973, respectively.

Difficulties encountered in the modeling included
determination of recharge and streambed-leakage
rates. A uniform recharge rate of 4.0x10° m/s and
a streambed-leakage factor (streambed hydraulic
conductivity divided by streambed thickness) of
3.3X10° m s m* were used to obtain the best re-
sults.

Effects of lowering the water table, Hennepin County

M. S. McBride reported that hydrogeologic data
collection in the Ryan-Twin Lakes area in Hennepin
County has been nearly completed. The 18.6-km 2

area studied was found to have a clean, well-sorted

Lo syl as 20RAG VR LAaVe a Ceall, Lii=5UI ey,

medium-to-coarse gravel-outwash sand at the sur-

face. A pumping test indicated a permeability of
122 m/d. The average thickness of the sand is 12 m;
in places it is more than 21 m thick.

Over most of the area, the sand was underlain
by sandy clay till derived from the Des Moines ice
lobe. On the basis of studies of Des Moines-lobe till
in other parts of Minnesota, the till was estimated
to have a permeability of 0.0003 m/d.

While data were being coliected, a simple (20 by
20 node) digital model of the area was constructed.
This served as a guide for additional data collection
and also indicated the magnitude of some of the
input parameters for detailed modeling.

A more detailed (31 by 34 nodes) digital model is

now in onaration. It ic heine adinsted to conform to
now 1n gperation. it 1s deing agjusteq 1o coniorm to

field conditions and will be used to predict environ-
mental effects on lakes and marshes caused by de-
watering of the outwash sand for highway con-

4

struction.

Water resources of river basins in southwestern Minnesota

Studies in progress in 2 watersheds (Rock and
Des Moines Rivers) in southwestern Minnesota by
H. W. Anderson, Jr., show that all 38 municipal
water systems in the 2 areas use ground water.
Twenty-five percent use water from surficial sand
and gravel outwash deposits; another 25 percent,
from the Sioux Quartzite and 50 percent, from sand
and gl‘a'v't:x lenses buried in the drift. 0111y one muni-
cipal system uses a Cretaceous sandstone aquifer as
a source of supply.

Throughout most of the area, water levels in deep
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wells are lower than those in shallow wells, indicat-
ing downward water movement (ground-water re-
charge area). An exception to this is observed along
the flanks of Precambrian Sioux Quartzite ridges,
where water levels in the drift are higher due to
greater recharge down the slope of the quartzite.
On the relatively low ground adjacent to the quartz-
ite ridges, local confining clay-till layers make con-
ditions favorable for artesian wells.

Water budgets prepared by D. F. Farrell for the
two watersheds show an increase in precipitation,
runoff, and evapotranspiration from northwest to
southeast across the area. A major divide is formed
by the Bemis moraine. East of the moraine the drain-
age is poorly developed in a youthful topography,
and west of the moraine the drainage is well es-
tablished.

The ground water generally contains high con-
centrations of dissolved solids and sulfate. W. L.
Broussard reported that dissolved-golids content in

water from the drift ranges from 400 to 2,000 mg/1;
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however, some surficial gravel may contain water
with lower concentrations. Dissolved-solids content
in water from Cretaceous aquifers generally ranges
from 800 to 2,000 mg/l, and from 250 to 2,000 mg/1
in Sioux Quartzite aquifers.

NEW HAMPSHIRE

Ground-water reconnaissance helps meet increasing New

Hampshire water demands

Estimates place municipal water requirements for
New Hampshire at 19,276 dm 3/s by the year 2020.
This exceeds the capacity of present water systems
by about 15,334 dm */s; this potential deficiency is
more than five times the total municipal water use
in 1970. J. E. Cotton reported that about 60 per-
cent of the municipal systems currently rely at least
in part on ground-water supplies. Twenty-eight of
the 29 cities and towns with populations over 5,000
have municipal systems. Nineteen of these use

ground water to meet at least part of the demand,
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AAVIVIIO K1 ealer

than 20,000. Portsmouth, the fourth largest city, is
seeking to double the capacity of its system to 438
dm /s solely through additional wells. Eleven
ground-water-availability maps which cover the en-
tire State are being prepared. Preliminary assess-
ment of the principal aquifers, primarily saturated
glaciofluvial sand and gravel deposits, will enable
communities and their consultants to select efficient
test-drilling programs and proper zoning.

NEW JERSEY

Digital model! of the stratified-drift aquifer in western Essex and
eastern Morris Counties

Harold Meisler is using a mathematical model to
simulate the stratified-drift aquifer in western Essex
and eastern Morris Counties. Significant ground-
water withdrawals starting about the year 1900 and
increasing steadily from 0.2 m 3/s in the period be-
fore 1930 to 1.1 m 3/s in 1970 have resulted in water-
level declines of as much as 33 m. Calibration of
the model is based upon comparison of computer-
predicted and field-measured water-level declines at
12 observation wells for several time periods rang-
ing from 3 to 13 yr. Preliminary results indicate that
before the period of pumping, the primary source
of water in the stratified-drift aquifer was the sur-
rounding bedrock aquifer of the Brunswick For-
mation. After several years of pumping, this source

of water was supplemented by induced leakage
throuch the nanl 7in
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1973 potentiometric surface of the Potomac-Raritan-Magothy
aquifer system in New Jersey

Water-level measurements were made in Novem-
ber and December of 1973 in approximately 700
wells tapping the Potomac-Raritan-Magothy aquifer
system. The preliminary contour map of the 1973 po-
tentiometric surface prepared by G. M. Farlekas and

J. E. Luzier, covering an eight-county area of ap-
nroximately 0 085 km 2
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are below sea level in much of the area. A large
cone of depression extends northeastward in Salem,
Gloucester, Camden, Burlington, and part of Ocean
Counties. The greatest decline, more than 27 m
below mean sea level, is in the north-central part of
Camden County.

Another cone of depression extends from Middle-
sex into Monmouth and Ocean Counties; the lowest
water level is more than 21 m below mean sea level
in wells tapping the Farrington Sand Member of the
Raritan Formation in Middlesex County. The highest
levels were measured in wells tapping the Potomac-
Raritan-Magothy aquifer system in Mercer County,
the southern part of Middlesex County, and the
southwestern part of Monmouth County. Water lev-
els in this area were as much as 24 m above sea
level. The water-level data will be used to calibrate
mathematical models of the aquifer system.

shows that water levels
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NEW YORRK

Quality of public water supplies of New York State

R. J. Archer (USGS) and Daniel E. Serrell (New
York State Department of Health) reported that
the results of the first 2 yr of a continuing program
to examine public water supplies in the State of
New York indicate that the chemical quality of
drinking water is generally good. Approximately
450 supplies (about one-third of those in the State),
serving more than 80 percent of the people using
public supplies, were sampled 1 or more times. Each
sample was analyzed for 53 parameters, including
most parameters SpeCuu:u for State and Federal
drinking-water standards. Twenty-five minor ele-
ments were determined by comprehensive emmis-
sion-spectrographic analyses. Pesticide concentra-
tions were minimal or not detectable in the samples
from approximately 100 supplies.

Almost no herbicides or pesticides in ground water of western
Suffolk County
Although pesticides have been used for decades

on crops, in parks, and on home lawns and gardens

n 4y T . Taland 4+hoan anlh
in western Suffolk County, Long Island, these sub-

stances generally have not been found in the ground
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water of the area, according to Julian Soren and J.
E. Potorti. Minute traces to insignificant concentra-
tions have been found in only a few places. Analyses
of water samples from 50 wells, most of which were
screened at depths of 3 to 9 m below the water table,
were used in the study. Depths from the land sur-
face to the water table at the well sites ranged from
less than 1.5 m to more than 62 m.

Hydrogeologic conditions in Nassau County

All significant data on wells, subsurface geology,
water ground-water pumpage, and water
quality are being stored in a computerized basic-
data system by Chabot Kilburn to aid in a study of

the hvdrocesolocic conditions in the +town of Narth
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Hempstead in Nassau County. This basic-data sys-
tem permits detailed and rapid interpretation of
data for defining hydrologic or hydrochemical prob-
lems.
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Ground water in south-central Ohio

Four industrial plants and a public water-supply
system, in fairly close proximity on a glacial-outwash
terrace, pump a total of 3010° m3/d from wells
screened in sand and gravel deposits above the shale

bedrock. The wells are not close to the Scioto River,
and roashawroa hey indiinad (nfBlHwadinm o wnladicaler
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small. A long-term water-level decline of 11 to 12
m has occurred near the center of pumping.

Results of studies by S. E. Norris, based in part

__________________ orris, based in part
on flow-net techniques, indicate that only 11 percent
of the pumped water is from stream infiltration.
Pumpage is largely sustained by a combination of
regional underflow, direct precipitation, and steady
depletion of aquifer storage. Improved understand-
ing of the aquifer system resulting from the studies
is expected to lead to better spacing of future wells
and development of new and larger ground-water
supplies in more favorable areas closer to the river.

Dayton aquifer model

A digital model of the glacial-outwash aquifers at
Dayton has been developed by R. E. Fidler. The
modeled area covers about 235 km 2 adjacent to the
Great Miami River and its principal tributaries.
Ground-water withdrawals for municipal and in-
dustrial supplies were about 5 m 3/s in 1958 and ex-
ceeded 6.5 m3/s in 1972. The increased pumpage
has resulted in continuing water-level declines in
some parts of the area.

The model was made to simulate the aquifer as
part artesian and part water table. The principal

source of recharge to the unconfined part of the
aquifer is from induced streambed leakage. Output
from the model gives an areal distribution of the
hydraulic head in the aquifer as a result of pumping.
The model was verified using five pumping periods
and water-table information for 1960.

The digital model was developed to provide a
better understanding of the hydrologic properties
of the aquifers in the Dayton area and to serve as a
management tool.

PENNSYLVANIA

Well yields in the Cumberland Valley

Studies by A. E. Becher and W. S. Wetterhall show
that the median 1-h specific capacity of 42 wells in
the Martinsburg Formation (Ordovician) of the
Cumberland Valley east of Shippensburg is 1.356X
10-3 1/s per centimetre of drawdown. Wells in the
Martinsburg Formation west of Carlisle have sig-
nificantly higher specific capacities than wells east
of Carlisle; medians of 1.7610% 1 s em™ versus
1.03x10-* 1 s cm™, respectively. Reconnaissance
mapping indicates that this is the result of an abrupt
change in structural character and lithology in the
vicinity of Carlisle. Test drilling in carbonate rocks
of the Cumberland Valley indicates that wells lo-
cated on fracture traces have substantially greater
yields than randomly located wells. Wells located on

fracture traces, however, commonly intersect mud-
filled cavities that mav be difficult or imnossible to
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clean out.

Ground water in tributary-valley systems in western Crawford
County
Mapping of the thickness of glacial drift in west-
ern Crawford County by G. R. Schiner and J. T.
Gallaher, using logs of about 3,000 wells, indicates a
complicated Pleistocene drainage pattern, which
consists of a main drainage system reflected by the

nnnnnn t+ tovocravhy and a buried tributary svstem is
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incised as much as 60 m into the bedrock and crosses
large upland areas in places. At least two periods of
deposition are involved in the glacial history of the
tributary valleys because drill holes frequently pene-
trate weathered glacial drift at depth. It is probable
that the tributary-valley system was formed after
the valleys of the main drainage system were partly
filled. Water wells that penetrate the thick sections
of the tributary-valley fill are generally at least 30
m deep; the shallower deposits consist of clayey
gravel or cemented sand and gravel and yield little
water to wells.
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VIRGINIA AND NORTH CAROLINA
Hydrology of Dismal Swamp

Studies of the Dismal Swamp (Virginia and North
Carolina) by W. F. Lichtler and P. N. Walker have
led to a hypothesis concerning the hydrology of the
swamp.

The studies, based largely on geologic work by
Oaks and Coch (1973), pollen analysis by White-
head (1972), and some field reconnaissance, show
that a permeable sand facies of the Norfolk Forma-
tion (of local usage) underlies the swamp and crops
out on the top of the Suiffoik scarp west of the
swamp. Movement of water through this sand was
restricted in prehistoric times by a less permeable
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fining bed. Erosion breached the overlying con-
fining bed about 9,000 yr ago and allowed upward

seepage of water. Thig seenage, when combined with
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the abundant rainfall and naturally sluggish surface
drainage, may have triggered the accumulation of
peat, which started forming along stream valleys
and gradually spread over the interfluve areas. The
sand layer probably still plays an important role in
the hydrology of the swamp. Manmade changes,
which include ditching, pumping from shallow aqui-
fers, and lockage for navigation in the Dismal
Swamp Canal, have modified the swamp.

WEST VIRGINIA

Statistical tests relate specific capacity and water quality to
geology, structure, and topography
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water samples were collected from wells at 62 se-

lected sites in the Lost River and Little Cacapon
River basins by W. A. Hobba, Jr. The wells fnn
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shale and siltstone, sandstone, or limestone of De—
vonian age. Nonparametric statistical tests were
used to test for significant differences in well pro-
ductivities (specific capacity and height of static
column of water in well) and relation of water qual-
ity to geology, geologic structure, fractures, and
topography at the well site. At the 0.05 level of sig-
nificance, the tests indicated that (1) well produc-
tivities of seven different aquifers were different,
(2) productivities of wells located on fracture traces
were better than those located on nonfracture areas,
(3) the productivities of valley wells were better
than those of hilltop or hillside wells, and (4) the
productivities of wells on anticlines were no differ-
ent from those of wells on synclines.

At the 0.06 level of significance, the tests indicated

+that (1) ananific anndnatanon af rodae Fancs wallace
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wells was higher than that of hillside or hilltop

wells, (2) sulfate content of water from wells lo-
cated on fracture traces was higher than that of
water from wells located on nonfractures, and (3)
sulfate content of water from wells located in valleys
was higher than that of water from wells located on
hillsides or hilltops.

Delineation of saltwater and freshwater
In order to facilitate the handlin

of a large
volume of water data (35,000 wells) recorded on
oil- and gas-well driller’s logs, the information was
coded and keypunched for computer manipulation.
J. B. Foster used the USGS General Purpose Con-
touring Program to represent the altitude of the
base of freshwater and the altitude of the top of
saltwater on maps of 15-min-quadrangle size. In
areas with an adequate distribution of data points
the contouring program prepared reasonable con-
toured surfaces. Using the computer to manipulate
data has proven to be the most feasible approach to
preparing water-quality maps for over half the
State of West Virginia.

WISCONSIN

Ground water in Walworth County

R. G. Borman reported that water of generally
good quality is available from four aquifers in Wal-
worth County in southeastern Wisconsin. Yields of
over 31.5 1/s are available from glacial deposits in 80
percent of the county. Sandstones and dolomites of
Cambrian and Ordovician age are capable of yield-
ing 31.5 1/s over the entire county; wells with yields
as high as 6.8 1/s can be developed in the Galena-
Platteville aquifer of Ordovician age in the
wesiern deT OI me (A)U.Ilby dJl.(l from bﬂe nuuria.n
dolomite in the eastern part. Water from all aquifers
is hard to very hard, and dissolved-solids content
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SOUTHEASTERN REGION

Water-resource studies in the southeastern re-
gion are increasingly directed toward collection and
analysis of hydrologic information necessary for
sound water-management decisions. Considerable
effort has been given to modeling techniques in re-
sponse to demands for planning, development, and
management needs. A planning model was designed
in Puerto Rico to select the least-cost sets of water-
supply projects and to sequence their construction.
Digital and analog models of ground-water systems
have been uevexopeu in Florida, Georgia, and Puerto

Rico. New sources of ground water have been dis-
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covered in Alabama, Florida, Georgia, Mississippi,
and Tennessee; and studies of known aquifers are
continuing. Analyses of streamflow in North Carolina
and South Carolina are providing a base for more
efficient use of surface-water resources.

FLORIDA

New Florida water districts

The Florida Water Resources Act of 1972 will, by
1975, divide Florida into five water-management
districts. The adequacy and applicability of existing
water data to the functions and future programs of
three of the districts, newly created by the act, are
being assessed by K. E. Vanlier and others. Princi-

pal functions of the management districts requiring

a base of water data are: (1) Authorizing consump-
tive water use, water wells, and water-management
facilities, (2) declaring water shortages or emer-
gencies, and consequently restricting water use, (3)
formulating a water-use plan, and (4) constructing

water-management works.

Shallow aquifers in northern Brevard County

As a result of a test-drilling program conducted
by H. F. Grubb in northern Brevard County, three
areas containing significant amounts of freshwater
in an unconsolidated aquifer were identified. The

areas containing freshwater are coincident with the
Atlantic coastal

r]ﬂn‘n where ]nnd_sur{-‘acc eleva-

tions range from 9 to 21 m above sea level. Only
two of these areas have the potential for supporting
ground-water yields of 6 to 16 1/s per well on a sus-
tained basis. A generally lower land surface and
decreasing aquifer permeability northward limit
ground-water withdrawals to less than 2 1/s in the
northernmost area. Northwest of Titusville, in an
area about 1 km wide and 5 km long, the city of
Titusville has extensively developed the ground-
water supply. The 45 producing wells in this area
may be approaching the maximum development that
is possible without problems of saltwater encroach-
IIIECIIL,

The third area in northern Brevard County, the
only undeveloped area having a potentially large
additional freshwater supply (6 to 16 1/s per well),
is southwest of Titusville. This area is approximately
1 km wide and 8 km long and, like the area northwest
of Titusville, is characterized by sand-dune topogra-
phy and several closed-drainage depressions.

Man’s impact on the southeastern Florida ecosystem
As part of the South Florida RALI report, B. F.
McPherson, H. C. Mattraw, Jr., H. J. Freiberger,

Z. 8. Altschuler, and C. S. Zen (USGS), M. M. Sigel

(Univ. of Miami), and H. J. Schmitz (Dade County
Pollution Control Department) (1973) described
man’s impact on southeastern Florida’s ecosystem.
Major adverse impacts resulted from drainage,
dredge and fill, and agricultural and urban develop-
ment. The authors depicted gross changes in vege-
tation associated with changes in land use. The
changes in land use have resulted in a reduction of
wetland, major changes in the direction of water
flow and duration of flooding, oxidation of peat
soils, a deterioration of water quality, and adverse
effects on some of the large animals of the area.

Hydrologic base for water management

J. E. Hull (1973) reported that a daily peak pump-
age by the City of Miami reached 9,463 dm3/s in
April 1973, 175 dm3/s less than in the drought year
of 1971. However, officials of the Central and South-
ern Florida Flood Control District anticipated no
curtailment of water use during 1973-74 because
of above-normal rainfall and near-average water
levels at the end of 1973.

Urban development changes streamflow characteristics

Results of an investigation by A. L. Putnam of
the 111-km? Reedy Creek Improvement District,
where the construction of Walt Disney World has
continued since July 1966, indicate that the changes
in land and water use have produced several slight
changes in local hydrologic conditions. Since 1968,
higher low-flows for both Reedy and Bonnet Creeks
during the dry seasons indicate that surface-water
discharge for portions of streams in the district are
increasing because of development activity. Some of
the increase is the result of nonrecurring activity
such as the draining of Bay Lake and the initial
seepage from the water table where canalization
and stream-channel improvement incised the non-
artesian aquifer more completely than before de-
velopment activity. However, during the dry season,
water pumped from the Floridan aquifer now main-

taing the water level in the lake and lagoon at a

near-constant level, higher than the water table was
when the lake level fluctuated with seasonal distri-
bution of rainfall. Since 1970, this higher, less vari-
able, lake level has maintained seepage into the
streams during dry weather. As the pumpage, re-
charge to the aquifer, and seepage to stream chan-
nels stabilize and become more of a closed cycle,
the increase in the base flow of the streams in the
district should diminish somewhat and base-flow
should stabilize at levels slightly higher than prior
to development.

The variable effect of the progressive development
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precludes an accurate evaluation of the higher base
flow. However, a comparison of flows for the driest
month indicates that prior to the beginning of de-
velopment in 1968, the monthly mean flows for April
and May were less than 0.08 m3/s, and since 1968
the monthly mean flows for April and May have been
greater than 0.14 m®/s. Also, prior to 1968, both
streams had many days of zero flow but, since 1968,

neith m 1
neither stream has had more than an occasional day

of zero or near-zero flow. Streamflow data for other
streams in the area indicate that this change in
streamflow is not the result of more evenly dis-
tributed rainfall since 1968.

Water management for southern Dade County

in RALI program studies, Howard Klein (1973)
showed that the availability of freshwater for south-
ern Dade County could be increased through further
reduction of storm-water d dischar ge to the ocean. The
reduction could be accompanied by (1) backpumping
storm water to interior wetlands, (2) additional con-
trol structures in canals,

al orannd
Coasta: grouna-

water levels through selected land filling, and (4)
injecting storm water into the deep Floridan aquifer
for later recovery. The quantity that could be sal-
vaged by backpumping only 50 percent of the dry-
yvear canal discharge in Dade County would nearly
equal the quantity pumped for municipal purposes in
the county in 1973. One stipulation is that the qual-
ity of the storm water must be high enough to mini-
mize environmental degradation in the wetlands.
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of drought in southeastern Florida

One of the water-management alternatives de-
scribed by Howard Klein (1973) in the RALI studies
in southern Dade County included the practice of
forward (coastward) pumping as a method of re-
tarding seawater intrusion and furnishing aquifer
recharge in urban areas during prolonged drought.
Water would be pumped from aquifer storage in
interior areas and moved to the coast via canals,
thereby maintaining coastal ground-water levels dur-
ing the last weeks of dry seasons. The ensuing rainy
seasons would provide annual replenishment. The
pumping facilities used in the proposed backpumping
plan for storing storm water in noncoastal areas also
could be used in the forward-pumping plan.
Seminole County self-sufficient in terms of ground-water

supply

C. H. Tibbals (1974) has determined that Sem-
inole County is largely self-sufficient in terms of its
ground-water supply. Approximately 2,850 1/s is
recharged within the county and about 790 1/s flows

in from neighboring Orange County via the Floridan
aquifer. In addition, the county has, as a possible
future source of water supply, the flow of several
large springs that discharge a total of about 3,800
1/s of good-quality water into the Wekiva River,
which forms most of the western boundary of the
county.

Ground-water availability in Martin County

J. E. Earl reported that 14 test holes were drilled
throughout Martin County to determine the shallow-
aquifer characteristics in relation to water avail-
ability. Aquifer thickness ranged from 85 m in the
southeastern part of the county to 43 m in the
northwestern part of the county. Four wells were
located in and around the Stuart well field for salin-
ity observation. Twelve water-level recorders were
installed at sites throughout the county to obtain
ground-water levels on a continuous basis.

Geohydrologic investigations
An investigation by D. H. Roggess and T. M

mer of the ground-water resources in Lee County
has revealed a large increase in the thickness of
sediments comprising the Tamiami Formation of late
Miocene age, along a synclinal fold in the south-
central part of the county. In the center of the fold,
the formation is about 150 m thick, whereas along
the boundaries the thickness ranges from about 45
to 60 m. At least three separate confined aquifers
occur within the thicker part of the formation.

Missi-

Declines in ground-wate

heavy pumpage

A 2,600-km? area incorporating parts of Hillsbor-
ough, Pinellas, and Pasco Counties contains four well
fields which supply the expanding urban centers of
Pinellas County (St. Petersburg, Clearwater, and
Tarpon Springs). C. B. Hutchinson reported that at
times during 1978, total pumpage from the Floridan
aquifer reached 4.4 m*/s. To keep pace with demands
for fresh ground-water supplies for Pinellas County
and the city of Tampa, three addifional well fieids,
each with a withdrawal capacity of 1.3 m?®/s, are
under construction within this area. Contour maps
show 4.5 to 9 m of drawdown in the potentiometric
surface of the Floridan aquifer at the well fields.
Regulatory levels imposed by the Southwest Florida
Water Management District have limited draw-
downs at the well fields so that the centers of the
cones of depression are above sea level, thereby
checking the threat of saltwater intrusion. The maps
also show cones of depression developing in the water
table of the surficial aquifer as a result of the in-
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crease in hydraulic head between the potentiometric
surface and the water table. Levels of lakes, which
have a direct hydraulic connection with the water-
table aquifer, have dropped more rapidly near the
well fields than have levels of lakes beyond the in-
fluence of the pumped areas.

Digital-model applications

A. F. Robertson successfully applied the USGS
digital model for aquifer systems to simulate water-
level history in several situations in west-central

14
Florida.

The model was calibrated utilizing results
of several aquifer pumping tests in rapidly develop-

ing northwestern Hillsborough basin.

Supplementary aquifers defined within the unconsolidated
materials in Osceola County

J. M. Frazee, Jr., has defined three aquifers in the
unconsolidated sediments that overlie the Floridan
aquifer in Osceola County. The major aquifer occurs
in most of the southern part of the county at depths
of 24 to 55 m below land surface. The water- bearing
zone is composed of sand and shell which are inter-
spersed with limey material at depth; it is overlain
and underlain by thick clay beds. Most wells that
tap this aquifer are screened at depths of 30 to 37 m.

In north-central Osceola County, owners of small
citrus groves have developed sand-point wells to
depths of 9 m in old dune deposits. Adequate quan-
tities of water are pumped to support citrus units
up to 8 ha in size.

West of Lake Tohopekaliga, an aquifer of uncon-
solidated material underlies an area of about 21 km>.
It occurs at a depth of about 13 m below land sur-
face, is about 15 m thick, and is composed largely
of very coarse sand. This area recharges the Flor-
idan aquifer as there is a downward gradient and
little retarding material in the overburden on the
Floridan. The shallow aquifer is presently unde-
veloped because of the relative ease of developing
large quantities of good-quality water from the
D]Am:/]nn.

Ground-water withdrawals in southwestern Hillsborough County

A. D. Duerr reported that continued urban and
agricultural development resulted in greater ground-
water withdrawals from the Floridan aquifer in
southwestern Hillsborough County. Ground water of
poor quality occurs along Tampa Bay, particularly
near Gibsonton, where increased pumping has low-
ered the artesian head and saltwater has moved
inland. A comparison of water quality in 1973 with
that in 1955 showed higher chloride content in
several wells in a densely farmed area about 1.6 km

north of Ruskin.

A comparison of the potentiometric surface in May
19738 with that in May 1953 shows that water-level
declines ranged from about 3 m at Apollo Beach to
nearly 12 m near Wimauma. In May 1973, during the
irrigation season, the zero potentiometric contour
moved inland 22 km east of Tampa Bay. After the
rainy season, in October 1973, water levels rose and
the zero potentiometric contour moved westward
into Tampa Bay.

D
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mpage exceeds | iltration
According to F. W. Meyer, infiltration from the
Miami Canal to major well fields in the Miami

Sorings-Hialeah area is decreasine., Measurements

of seepage losses from canals closest to the well
fields during May 1973 indicated that only 50 percent
of the average daily pumpage (4.5X10° m?®) was
contributed by local infiltration. There are indica-
tions that the infiltration capability of this once
important source of recharge is declining as a result
of bottom-sediment buildup and drawdown beneath
the canal system.

é

Frequency analysis of 1970-71 drought in southern Florida

M. A. Benson and R. A. Gardner analyzed pre-
cipitation data for southern Florida and found that
frequency relations could be fitted satisfactorily to
the data by using a log-Pearson type IIT distribution.
This analysis indicates that the record-low dry-
season precipitation recorded in southern Florida in
1970-71 can be expected to recur at intervals meas-
ured in centuries. This analysis was conducted as a
part of the RALI project for southern Florida.

" Florida

Using ERTS data, A. L. Higer, A. E. Coker, and
E. H. Cordes (1974) and E. T. Wimberly developed a
prototype operational hydrologic model for the Ever-
glades Water Basin. The space-relayed data are be-
ing used by the U.S. Corps of Engineers and the
National Park Service for their water-management
activities.

space-relayed hydrologic

Effect of control operations on water levels

Opening the salinity-control structures near the
coast, after first building up a head for 24 h, gave
sufficient data on water-level changes to permit an
evaluation of the capability of existing drainage
systems to drain newly developing inland areas.
W. A. J. Pitt, Jr., used this method to determine
the additional drainage required to provide flood
protection from a 10-yr-frequency storm. He was
further able to determine how far in advance the
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controls must be opened in order to lower ground-
water levels sufficiently to prevent the water table
from rising above ground elevation in the event of
storms of different intensities.

Ground-water-quality mapping in DeSoto and Hardee Counties
W. E. Wilson III mapped water quality in the
upper and lower parts of the Floridan aquifer in
DeSoto and Hardee Counties. The maps show that
ground water with the lowest mineral content oc-
curs in the northwestern and northeastern parts of
Hardee County, and that with the highest values
generally occurs in southwestern DeSoto County.
Mapped parameters include dissolved solids, hard-
ness, temperature, sulfate, chloride, and fluoride.
Concentrations are generally higher in the lower
part of the aquifer than in the upper part. Fluoride
content, however, is higher in the upper part, be-
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part and is absent in the lower part. Throughout
most of the counties, water from the Floridan aqui-
fer is very hard, and in parts of the counties, con-

centrations of dissolved solids, sulfate, chlorlde, and
fluoride exceed USPHS limits for drinking water.

Aquifer pumping tests

Data from an aquifer pumping test in southwest-
ern DeSoto County were analyzed by A. F. Robert-
son. The aquifer conditions conformed reasonably
well with the assumptions of the Theis model, and
the analysis indicated a transmissivity of 1,430
m?/d and a storage coefficient of 1.5Xx10.

A second aquifer pumping test was conducted in
a well field that supplies water to a large part of
Pinellas County. Results of the test have not been
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an 1sotrop1c condition exists. Data from 35 observa-
tion wells monitored during the test should provide
detailed information about the aquifer.

Determination of flood profiles

A. F. Robertson has determined flood profiles for
the nontidal reaches of the Alafia River in west-
central Florida. The profile determinations were
made using the USGS step-backwater digital-model
program for flood magnitudes as great as the 200-
yr recurrence interval. The Alafia basin is largely
rural but is rapidly urbanizing owing to industrial
and population expansions in the nearby cities of
the Tampa Bay region.

Electric analog modeling

E. H. Cordes reported that the analog model of
the hydrology of southern Florida was programed

to determine the benefits of adding a secondary con-
trol structure to a major canal system. The model
was also used to compute the change in storage and
salvage of evapotranspiration losses by lowering the
ground-water table through a program of ground-
water pumping during periods of insufficient rain-
fall.

Test boring indicates permeable zones in the Biscayne aquifer
Resuits of recent test borings in the northwestern
part of Hallandale and the North Rainbow Drive area
of Hollywood show the Biscayne aquifer in those
areas to be extremely permeable and capable of
yielding large quantities of good-quality water, ac-

cording to H. W. Bearden (1972). Permeable zones
wara tannad ot danthga nf Ot 18 Mm. 22 t0 28 M. and
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40 to 49 m in the Hallandale area, and 15 to 31 m,
32 to 35 m, and 43 to 46 m in the Hollywood area.
In the Hallandale area, sandy limestone from 32 to
38 m and from 40 to 49 m would be most suitable
for development; in the Hollywood area, sandy lime-
stone and shell from 15 to 31 m would be most
suitable for development.

Water resources of Broward County

Studies by C. B. Sherwood, Jr., and H. J. McCoy
indicate that adequate public water supplies for the
mushrooming population in Broward County can
be developed despite problems caused by rapidly
increasing water needs and contamination by sea-
water intrusions and manmade wastes. However,
intensive regional and local water-management prac-
tices will be required to safeguard water resources.

Current studies are designed to determine the ef-
fects of sanitary landfills and urban runoff on the
integrated ground- and surface-flow system and the
effects of the injection of treated-sewage effluent
on the deep artesian aquifers. Studies are also under-
way to determine the availability and quality of
ground water in the shallow limestone aquifer in
inland areas distant from the salt front.
Chloride concentration in an unconfined aquifer

Average background chloride concentration in the
unconfined aquifer of the Peace River basin is esti-
mated to be approximately 50 mg/l, according fo
J. J. Hickey. The easternmost part of the aquifer
has chloride concentrations greater than the back-
ground concentrations. Probable causes of this con-
dition are tidal inundation and contamination by
flowing saline wells.

Belt of permeable limestone discovered by test drilling
A narrow belt of solution-riddled limestone, lying
within an area of unconsolidated sandstone of lower
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permeability, was discovered by exploratory test
drillings in Palm Beach County. H. G. Rodis, L. F.
Land, and J. J. Schneider reported that the limestone
belt is up to 8 km wide and ranges from 20 to 30 m
in depth. The belt is 4 to 6 km from the coastline and
offers a promising new source of water in an area
where coastal well fields are threatened by saltwater
intrusion. The investigation indicates that high-
capacity wells tapping this belt will yield more than
63 1/s of fair-quality water. Wells in the adjacent

sandstone generally yield less than 22 1/s of poor-
quality water.

Potential recharge area to the Floridan aquifer

n PR Y
A potential recharge area to the Floridan aquifer

in Volusia County has been verified in a study by

dJ. 0. Kimrey. The area of about 390 km2 is part of
the Talbot Terrace in the central part of the county,
between the DeLand and Rima Ridges. Under pres-
ent conditions, the ridges are prime recharge areas,
but the intervening terrace area is waterlogged be-
cause the altitude of both the artesian pressure sur-
face and the water table is at or near land surface
most of the time.

D. D. Knochenmus previously reported that an
apparently good hydraulic connection exists between
the water table and Floridan aquifers in the Talbot
Terrace area. This has been verified by a test-drilling
program. A continuous core of the overburden (21—
27 m) on the Floridan at 14 sites was obtained for
visual estimates and laboratory determinations of
vertical permeability. Geophysical logs were made
for the coreholes and a number of preexisting supply

wells in the area. The results of the study validate
thp Q'nﬂd hvdranlic connectinn hatwaoann +ha amiifara
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as postulated by Knochenmus. The most retarding
materials, the clays, in the overburden are laterally
discontinuous and usually thin; they are also rela-
tively high in content of silt or coarser material.
There is thus good potential for recharge to occur
by induced downward leakage when well fields are
developed in the area and the potentiometric surface
of the Floridan is drawn down. Preliminary estimates
are that such induced recharge could support a well-
field yield as high as 4,380 1/s.

Digital modeling of coastal shallow aquifer

Preliminary information yielded by a digital model
of the Lake Worth drainage district shows that
lowering of water levels inland will have a mini-
mal effect on saltwater intrusion at coastal well
fields. The model under construction by L. F. Land

covers an area of about 500 km?® and w1ll ultlma’cely
aid in water-resource management for the area.

GEORGIA

Availability of ground water for industry

An inventory by H. E. Blanchard, Jr., showed
that well supplies of 13 to 220 1/s are being used by
industries in one small part of Bartow County. The
carbonate aquifer that furnishes water to these
wells has proven to be widespread. Yields of simi-
lar quantity should be available in much of the
industrial Cartersville area. The well water ranges
from moderately hard to hard and is generally of
good chemical quality.
Digital models of the principal artesian aquifer in the Brunswick

and Savannah areas

Modeling of the principal artesian aquifer in the
Brunswick and the Savannah areas has been used
to answer ground-water management questions.

H. B. Counts and R. E. Krause are using an iterative
dicital mndal davelanad htr {" p Pindor and mndi

digital meodel developed Pinder and modi-
fied by P. C. Trescott to 31mu1ate the hydrology of
the aquifer in both areas. Good results have been
attained, with the computed water levels closely
matching the measured levels. Water-level data from
the early 1940’s to the present time are available
for both locations. Comparison of the measured
water-level configurations with the computed levels
for selected years indicates a good areal match, and
water-level trends in selected wells also match those
computed. Several runs have been made in both
models, predicting future water levels at current
pumpage rates and by decentralizing pumpage from
the areas of heavy withdrawal, and adding new
pumpage of various amounts at selected sites.

Alternative sources of water for Glynn County

Aquifers of sand and sandy limestone of Miocene
to Holocene age in Glynn County can yield as much
as 31 1/s to well-point arrays. A compilation of data
by E. A. Zimmerman indicates that these compara-
tively shallow aquifers can furnish ample water for
current needs except for the major industries. Some
of the aquifers have a transmissivity of almost 640
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solved-solids concentration of less than 250 mg/1; lo-
cally the water contains sufficient dissolved iron to
cause staining.

The aquifers have been eclipsed in importance by
an underlying Eocene and Oligocene limestone aqui-
fer capable of yields more than 10 times as great as
the younger materials; nevertheless the shallow
aquifers are a viable alternative to the heavily used
limestone aquifer.

Areal distribution of Cretaceo

In a study of the Cretaceous of Georgia, R. C.
Vorhis has defined the areal distribution of three
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aquifer units. The Providence and Cusseta Sands
are restricted to the upper Coastal Plain in western
Georgia and have limited ground-water potential.
The aquifer composed of the Eutaw Formation and
upper Tuscaloosa Formation is found throughout
the Coastal Plain and is thought to contain fresh-
water in the study area. The deeper lower Tusca-
loosa and Lower Cretaceous aquifer is also areally

axtanaix
extensiv

Solid-waste pollution of ground water

Recent dumping of solid waste into abandone
open-pit mines in Bartow County threatens to pol-
lute the ground-water supply of the Cartersville
area. Results of a preliminary study by C. W. Cres-
sler indicate that the geologic settings of most of
the pits make them unsuitable for solid-waste dis-
posal.

=

KENTUCKY
Test wells unsu

In an 1nvest1gation of the water resources of
north-central Kentucky, D. S. Mull mapped fracture
traces from lineaments on black-and-white aerial
photographs. Using the data from the photographs,
Mull located two test sites in areas where few suc-
cessful drilled wells exist. Two wells were drilled
near the end of major lineaments because the areas
of intersection of lineaments were inaccessible. The
wells, 107 and 137 m deep, were drilled by the air-
rotary method. The rocks penetrated were 76 to 107
m of essentially flat lying, thinly bedded limestone
and shale underlain by thick beds of limestone with
relatively little shale. Although the aerial photo-
graphs showed prominent lineaments, no evidence
of fracture zones was observed during the drilling,
and caliper logs showed no evidence of fractures that
are usually common in wells located on fracture
traces. Two explanations for these test wells not
being more successful than other wells in the area
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zones, or (2) the sequence of shale in the upper
part of the holes may be too impermeable for in-
filtration of ground water.

awn e
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MISSISSIPPI

St. Louis Bay found to be fresh

Salinity surveys of St. Louis Bay and the estu-
arine Jourdan River showed that these bodies were
fresh during ebb and flood tides in February 1974.
D. E. Shattles reported that recent local fiooding
and high freshwater discharge into the Jourdan

River Estuary and St. Louis Bay resulted in com-
plete freshening with no saltwater wedge from Miss-
issippi Sound detected during the survey. The maxi-
mum conductivity recorded was 500 pmho.

New ground-water supplies from Paleozoic rocks

E. H. Boswell and B. E. Wasson reported that

test drilling for industrial water supplies in the
Vallaw (Owaslr Qtata Inland Port industrial area dis-
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closed the presence of a high-yielding aquifer in an
area where previous drilling had not been successful.
The drilling was performed in 1973 at five sites,
and two test wells were successful. One well is in
chert of Mississippian age; the other is in Cretaceous
gravel, which occurs either as a fill in a buried valley
or in a downthrown structure. Water quality and
water levels indicate that aquifers at the two sites
are hydraulically connected.

Wells completed in the Paleozoic aquifer will be
about 70 m deep and are expected to yield about 1.04
1 st m?* of drawdown. The static water level is
approximately at land surface. The water has a
very low dissolved-solids content and is nearly free
of iron. The pH is 5.5 and the temperature is 16°C.

NORTH CAROLINA

Saltwater flushing from Piedmont crystalline rocks

M. D. Winner, Jr., reported that ground-water
circulation between the Piedmont crystalline rocks
and the overlying Coastal Plain sediments in the
Fall Zone area is controlled by the low transmissivity
of the rocks, the depth and extent of the rock frac-
tures, and somewhat by the type of sediments over-
lying the rocks. In Wilson County, located astride
the Fall Zone in North Carolina, the limit of
flushing of residual seawater from the crystalline
rocks since the last incursion of the sea extends at
least 19 to 24 km eastward of the westernmost scarp
cut by the sea. Within the flushed bedrock area, a
localized pocket of residual seawater has been found.
This area, where saxty water was pumpt‘Eu from a
bedrock well at a depth of 107 m, is several kilo-
metres north of the city of Wilson. Other wells in
the immediate area to the east and southeast (in
the direction of flushing) produce freshwater at
depths of 152 to 183 m.

It is probable that this pocket of seawater is due
to poorly connected bedrock fractures at depth, so
that flushing would take place at a much slower rate
than in surrounding areas. This situation north of
Wilson may be related to the presence of two dis-
similar rock types, an older Paleozoic slate and a
younger Paleozoic granite; the fracture patterns of
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each (or lack of fractures) might serve to inhibit
ground-water movement.

Vertical recharge in the North Carolina coastal plain

Maximum vertical-recharge rates for the two
major artesian aquifers in northeastern North Caro-
lina have been determined by analyzing the cones of
depression that have developed around centers of
heavy pumping in this area. T. M. Robison has
estimated the maximum induced vertical recharge
to the Castle Hayne aquifer at 82010 1 d* km-2
and the maximum rate for the Cretaceous aquifer at

1 N2 1

4810621 d*km=2

Regional draft-storage relations for North Carolina

To aid in site selection, planning, and managing
the development of reservoirs in North Carolina,
F.E. Arteaga and E. F. Hubbard, Jr., have developed
allowable draft versus required storage relations for
seven regions covering nearly all of the State. These
relations, derived through analyses of streamflow
data collected at 142 long-term gaging stations, en-
able the user to estimate the storage capacity that a
planned or existing reservoir must have to furnish
the draft he needs with a 2-, 5-, or 10-percent chance
of failure within any one year.

The investigators have also provided relations to
estimate the evaporation losses from reservoirs in
each region and to-estimate the sedimentation rate
as a function of land practices in the basin.

PUERTO RICO

Water-resource planning models

E. R. Close and M. A. Lopez reported that the rela-
tive importance of hydrologic data in planning
water-supply projects can be determined by evalua-
tion of the sensitivity of water-resource planning
variables within the framework of probable types,
locations, and timing of future water-resource de-
velopment. This information helps to establish more
objective proposals for the investment of funds in
the collection of hydrologic, economic, demographic,
and other types of information used in the planning
process.

The Puerto Rico water-resource planning model,
described by D. W. Moody, E. D. Attanasi, E. R.
Close, Thomas Maddock III, and M. A. Lopez (1973) ,
was designed to select least cost sets of water-
supply projects and sequence their construction over
a given planning horizon. The resulting model is
formulated as a mixed-integer program. A frame-
work was suggested also for estimation analysis
and for forecasting economic water demands. In
particular, residential, commercial, and industrial

water-demand models were proposed and tested.
Given a set of future water demands, the model
selects and schedules the construction of proposed
projects so that demands are met at minimum pres-
ent cost. In addition to filling internal water de-
mands, a given region may also export raw or
treated water to meet demands in other regions.
To demonstrate the use of the model, the charac-
teristics of 85 ex1s“ng and proposed ‘pl‘Ojerb and es-
timates of water demands for each of 10 municipios

(counties) were assembled from planning reports.
The results indicated that the -nwmenf cost of the sys-
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tem increased with water demand, but the sequence
of project construction for the first three planning
periods was about the same. These results suggest
that ground water will be the dominant source
of water in the region for about the next 15 yr. By
using the model to select n “best” solutions, where
n might be four or five integer solutions, the planner
has reduced the extremely large number of possible
project configurations to a manageable number for
further study.

Artesian bressures in north-coast limestone

High artesian pressures in limestone aquifers on
the northern coast of Puerto Rico were first dis-
covered in 1968. Continuous development since then
has helped to define the aquifers. The Lares Lime-
stone and the lower part of the overlying Cibao For-
mation (Montebello Limestone Member) are the
artesian aquifers. The Lares, though having the
smallest hydraulic conductivities, is the thickest, and
most deep wells penetrate this formation. The Mon-
tebello Limestone Member of the Cibao is areally
more restricted but has a greater transmissivity.
The Lares underlies 840 km?; the Montebello, 390
km?.

According to H. R. Anderson, pressures in these

A fonn in
aquifers are from 60 to 90 m above land surface in

the coastal areas. These pressures are sufficient to
provide natural flows of 190 1/s.

Attempt to drain soils in Lajas Valley

Artesian pressures in the eastern end of Lajas
Valley are the cause of hydraulic gradients that in-
fluence the flow of water into the soil zone, which in
turn causes waterlogging of the soil. H. R. Anderson
used a digital model of the area to investigate the
possibility of reducing the pressure, thereby draining
the soils. Thirty-five wells pumping a total 2,000 1/s,
simulated on the model, resulted in lowering water
levels as much as 5.3 m. Preliminary estimates using
the model indicate a draft of 810 1/s will be sufficient
to drain the soil in 1 ha.
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SOUTH CAROLINA

Low flow of small streams

A preliminary study of Piedmont and Coastal
Plain base-flow measurements of small streams by
W. M. Bloxham indicates that the annual minimum
7-d mean flows range from 0 to 14 1 s* km=2 at the
10-yr recurrence interval. Variations are attributed
to differences in antecedent rainfall, limited perme-
ability and capacity of Piedmont aquifers, and loss
of streamflow in Coastal Plain sediments. The water
is generally of excellent quality, low in dissolved-
solids content, and, predictably, slightly acidic in
the Coastal Plain.

Tests of Black Mingo Formation

C. A. Spiers reported that 20 observation wells
were drilled in Berkeley County in July 1973. Pump-
ing tests were conducted at selected wells and chem-
ical samples were taken. Transmissivities for the
Black Mingo Formation ranged from 81 to 1,100
m3?/d, and analyses of samples indicate possible
mixing of surface and ground water in some wells.

Santee River studies

Lake Moultrie outflow that has been diverted into
the Cooper River may be rediverted into the Santee
River channel. F. A. Johnson made cross-sectional
and longitudinal profiles of the Santee River which
indicate that there is a large number of migrating
dunes ranging from 1 to 3 m in height.

TENNESSEE

New water source for municipal and industrial use

C. R. Burchett reported that recent test drilling
revealed the presence of a high-yielding aquifer in
the southern Highland Rim. The aquifer is at least
80 km in extent and possibly much larger as evi-

denced by the analyses of data from test holes in

Awilly
drilling for

extends to

Mannhaatar o
Manchester and Tullahoma. Additional

another project indicates the aquifer
southern Lincoln County.

The aquifer, named the Manchester
within the Fort Payne Formation. The upper part
of the aquifer consists of highly permeable chert
rubble in the bottom of the weathered zone of the
Fort Payne, and the lower part of the aquifer con-
sists of solution openings in the uppermost few
metres of the underlying bedrock. Test holes at
three sites in the southern Highland Rim have pene-
trated 3 to 17 m of chert rubble yielding 13 to 19 1/s
of freshwater. Most of these wells have also pene-
trated sizeable solution openings in the underlying
bedrock which yields an additional 13 1/s or more
freshwater.

aquifer, is
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This aquifer has great potential throughout its
area of occurrence as a water source for municipal
and industrial uses. The city of Manchester, as
a direct result of the test drilling, has drilled two
production wells which are to be tied into the
municipal water system in 1974. These two wells will
produce over 1,900 m® of water per day.

The hydrologic programs of the USGS in the
central region are being focused on national issues
and problems—energy, environment,
water-related resource concerns. During the past
year, significant revisions of programs, already un-

and athawn
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derway, as well as development of new programs in

Colorado, Montana, Utah, and Wyoming, have been
achieved to respond to the water-supply problems
and environmental effects of coal and oil-shale de-
velopment. Three major program elements—basic-
data collection, areal investigations, and supportive
research studies—have been emphasized.

Regional appraisals of ground water in the Texas-
Gulf region and the Arkansas-White-Red River re-
gion have been completed. These studies emphasize
the significance of ground water in planning, de-
veloping, and managing water resources. -

During the year, some USGS scientists concen-
trated on fluvial sediment problems in a Denver lo-
cation. N

Noteworthy activities in hydrologic research being
conducted in the central region include the follow-
ing: (1) Interdisciplinary investigations of artificial
recharge of ground water, particularly at field sites
near Lubbock, Tex., (2) application of hydraulic-

fracturine tachniouas t0 measure recional distribu-
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tion of tectonic stresses, (3) transport and inter-
action with rock materials of organic wastes in-
jected into the subsurface, and (4) development of
quantitative approaches to the application of geo-
physical-logging methods to a variety of hydrologic
problems.

Water supplies from Madison Limestone in the Powder River
structural basin, Montana and Wyoming )
Results of a study of the Madison Limestone and

other deep carbonate aquifers in the Powder River

structural basin of Wyoming and Montana indicate
that significant quantities of water can be made
available for industrial development of the coal de-
posits of the area, according to F. A. Swenson,

Wells yielding more than 570 1/s of excellent-quality

water and wells exceeding 3,050 m in depth, yielding

water of adequate quality for industrial use, have
been developed. In parts of the area, water is of
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excellent quality at depths greater than 2,500 m. One
well 2,560 m deep yields almost 3,800 1/min of water
that contains only 860 mg/1 total solids.

COLORADO

Potentiometric surface- and ground-water quality of the valley-

fill aquifer, Wet Mountain Valley

The potentiometric surface of the valley-fill aqui-
fer of the Wet Mountain Valley in the upper Arkan-
sas River basin in Colorado indicates radial flow
into the center of the valley. D. L. Bingham inter-
preted reported loss of streamfiow in the upper
reaches of Grape Creek and its tributaries to indi-
cate recharge to the ground-water reservoir. The

depth to the potentiometric surface is less than 8 m

over a 91-km? area in the center of the valley, indi-
cating areas of possible discharge to streams or
evapotranspiration.

Samples were collected from 25 wells to define
the water quality. The dissolved-solids concentration
of the calcium bicarbonate water ranges from 94 to
431 mg/l. Water flowing through the unconsolidated
sediments derived from the Wet Mountain volcanic
rocks east of the area contains 17 to 41 mg/l of
silica. Water flowing through the unconsolidated
sediments derived from the metamorphic rocks of
the Sangre de Cristo Mountains west of the area
contains 10 to 15 mg/1 of silica.

Lakes in the Front Range urban corridor

More than 160 lakes with surface areas greater
than 2 ha ara lacatad in +tho Fvant Panon
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ridor between lat 839°2280” and 40°00’00” N. Forty-
eight of these lakes have areas greater than 10 ha.
The lakes were sampled during July and August
1973 by T. W. Danielson and T. G. Devenish. All
but four lakes had specific-conductance readings of
less than 750 umho/cm. The upper and lower limits
were 950 and 40 ymho/cm. Values of pH ranged
from 5.5 to 10.0, but in 96 percent of the lakes
sampled the pH ranged from 7.3 to 9.2. Transpar-
ency (Secchi disk) readings ranged between 0.2 and
5.5 m. Fourteen of the 48 lakes sampled had a
transparency of less than 1.0 m. The largest lake in
the area (Standley Lake) has a surface area of 492
ha and a perimeter of 12 km.
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Ground-water quality, upper Arkansas River basin

As part of a reconnaissance study of the ground-
water resources of the upper Arkansas River basin
in Colorado, 200 water samples were collected to
define the water quality. J. M. Klein reported that
the water from the Quaternary glacial outwash and

alluvial valley fill in the Salida-Leadville basin is
generally a calcium bicarbonate type with a mean
dissolved-solids concentration of 192 mg/l. Water
from the Tertiary valley-fill deposits, which under-
lie the glacial and alluvial deposits, ranges from a
calcium bicarbonate water near Leadville to an al-
kaline sodium carbonate or sodium bicarbonate
water near Salida. The dissolved-solids concentra-
l,l().ll U.L WaLEI lI'OHl Eﬂe d.l].uVld.l Vd.lley l'lll OI EIle
Arkansas River and its tributaries between Canon
City and Pueblo increases from 500 to 1,500 mg/l.
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Hot cl.uulsa on the west side of the basin near

Mount Princeton produce an alkaline sodium Dbi-
carbonate water with the following mean concen-
trations: Silica=69 mg/]l, fluoride=13 mg/l, and
magnesium=0.2 mg/l. Probable precipitation of
magnesium silicates accounts for the low-magnesium
concentration and is the controlling factor main-
taining the concentration of silica in solution. These
hot waters compare chemically with warm water
encountered in the Browns Canyon and Poncha
Springs fluorspar deposits, and with the deep ar-
tesian waters from the San Luis Valley.

The Lower Cretaceous aquifers—the Dakota
Sandstone and the Purgatoire Formation—yield
water of varying quality near Pueblo. The quality
is dependent primarily upon distance from the
natural recharge areas where the formation crops
out, and upon geologic controls and barriers such as
faults which restrict flow or allow mixing of water
from the Cretaceous aquifers With water from a
dlssolved sohds concentration of less than 500 mg/1
predominates in wells drilled in the Dakota Sand-
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stone where it outcrops southwest of Pueblo. In

other localities near faults, the water may contain
calcium, magnesium, and sulfate as the predominant
ions. The Lower Cretaceous aquifers, where they

i are deeply buried and unaffected by structural con-

trols, almost always contain a sodium bicarbonate
water which grades to a sodium sulfate water north-
east toward Pueblo.

Surface-water resources of Ute Indian Reservations

G. H. Leavesley reported that, in order to evaluate
the surface-water resources of the Southern Ute
and Ute Mountain Indian Reservations, determina-
tions were made of the mean annual virgin flows
and the present quality of the surface flows of the
10 major rivers of the upper San Juan drainage
basin at their points of entry into the reservations.
Mean annual historic streamflows for narts of the
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10 basins were computed from available gaging-
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station records, extended where necessary to the
time base of 1912 to 1971. Mean annual streamflow
depletions above these gaging stations, resulting
primarily from out-of-basin diversions and con-
sumptive losses asociated with irrigation, were com-
puted and added to the mean annual historic stream-
flows to give the mean annual virgin flows for these
basins at the gaging-station points. Using these
vugiu flows and their IE'SDELLIVE basin areas, the
relationship between mean annual precipitation and
mean annual runoff then was developed and used to

estimate H’la mean annual virein hitiong
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of those basin areas between the gaging stations and
the reservation boundaries. The San Juan River, the
major river in this region, is joined by nine impor-
tant tributary river basins. The mean annual virgin
flow of the San Juan River at its entry point to the
Southern Ute Indian Reservation is 377 hm?. At its
entry point to the Ute Mountain Indian Reserva-
tion, after receiving the flow of the other nine
rivers, its mean annual virgin flow is 2,483 hm?.
Water samples collected from each river in the
months of December 1972, and March, June, and
August 1973, were analyzed for pesticide content,
bacteria count, and chemical content. The water
was well within the allowable limits for pesticide
content for public and agricultural water supplies
as set by the National Technical Advisory Commit-
tee on Water Quality Criteria. The Colorado bac-
teriological standard of not more than 1,000 fecal
coliform groups per 100 ml was not exceeded by

anv of the samuples from these rivers Chemical
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analyses show seasonal variations because of dilu-
tion effects of the large spring-snowmelt runoff.
During low-flow periods, dissolved solids and sulfate
concentrations of the Mancos and lower San Juan
Rivers were found to exceed the USPHS limits
for drinking water. For irrigation purposes, all
rivers were found to have a low sodium hazard, and
all but the Mancos River were found to have a low-
to-medium salinity hazard. The Mancos River is
classed as a high-salinity-hazard river.

Aaw contri

Prediction model developed for Arkansas River valley

A mathematical prediction model has been de-
veloped for the Arkansas River valley in Colorado,
according to O. J. Taylor and R. R. Luckey (1974).
The model utilizes current estimates of streamflow,
precipitation, imported water, and initial reservoir
storage. The supply is distributed among canals and
wells according to the priority system of water
rights and the availability in time and space. The

interrelation between surface water and ground

water is simulated with a technique using the
stream-depletion factor. The model predicts the
availability of canal water and well water to each
irrigation company, the resulting streamflow and
ground-water storage, reservoir content, and the
streamflow available to Kansas at the Colorado-
Kansas State line. The model is valuable to water
managers for evaluating proposed changes in water
use and to irrigators for planning purposes.
Hydrology of oil-shale lands

A study of the Piceance basin in northwestern
Colorado is being made by J. B. Weeks, F. A.
Welder, and G. H. Leavesley to determine the re-
lationship of water resources to the development of
an oil-shale industry. Hydrologic data from more
than 50 wells have been used to develop a digital
model of the aquifer system. The model is being
used to estimate the pumping rates that will be
required to dewater oil-shale mines, and the effects
of dewatering on the hydrologic system. Preliminary
estimates indicate that steady-state pumping rates
of 141.6 and 283.2 1/s will be required to dewater
mines 2.59 km? in area in Colorado tracts C-a and
C-b, respectively.

Climatological, surface-water runoff, and diver-
sion records are being compiled. The data will be
used to develop a digital model of the surface-water
system in Piceance Creek basin. A steady-state
water budget has been developed for the 1,629-km?

Piceance Creek basin. The mean annual budget in-
Airataa that af +tho 4492 mm af rainfall 421 Q mm IQ
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lost as evapotranspiration and 10.2 mm is discharged
through Piceance Creek.

Water recreation along the Cache la Poudre River

The Cache la Poudre River, from Teds Place to
Kinikinik, provides excellent opportunities for
water recreation, according to D. A. Wentz. About
45 percent of this segment of the river is within
the boundaries of Roosevelt National Forest, and
the area is easily reached by a paved highway.
Mostly, access to the stream is not limited by pri-
vate-property owners or by adverse physical charac-
teristics, such as dense vegetation or extreme bank
slopes and heights. The stream is readily fished in
the spring between icemelt and the start of snow-
melt runoff, and after the return of low flows in
early summer.

A reconnaissance of the stream and its major
tributaries during low flow in April 1973 indicated
that the chemical, physical, and biological water
quality was good enough to sustain the local cold-
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water fishery, which has approximately equal num-
bers of wild-brown and rainbow trout.

IOWA

Ground water highly mineralized in south-central lowa
Analyses of geohydrologic data collected in an 11-

county area in south-central Iowa indicate that de-

. .
pendable, potable-water supplies are not readily

available, according to J. W. Cagle, Jr. With the ex-
ception of water utilization by riparian users, the
most pressing regional problem is that of highly
mineralized ground water. Ground water is avail-
able in small to moderate amounts from at least
three bedrock units, but the water in most of the
region invariably contains dissolved solids in excess
of 1,500 mg/1 and usually in excess of 2,000 mg/l.
Only the deep-lying Cambrian-Ordovician bedrock
aquifer in the eastern three counties of the region
yields moderate to large amounts of water con-
taining less than 1,000 mg/l of dissolved solids.
Moderate to large quantities of water containing
less than 500 mg/]1 of dissolved solids are available
from the principal streams and from the principal
alluvial aquifers. The recently completed Rathbun
flood-control reservoir, which has a storage capacity
of 47.5 cm of runoff, is potentially the principal
source of large amounts of good-quality water in the
region. A four-county rural water district is imple-
menting a regional plan to withdraw water from
this reservoir.

KANSAS

Rate of water-leve! decline increases in Ogallala aquifer in
northwestern Kansas

E. D. Jenkins and M. E. Pabst reported that the
rate of water-level decline in the Ogallala aquifer is
increasing in northwestern Kansas. Measurements
in 815 wells indicate that water levels in the area
declined at an average rate of 0.03 m/yr between
1950 and 1966. From 1966 to 1973, however, the
average annual decline has been 0.2 m. The declines
are attributed primarily to ground-water withdraw-
als for irrigation, which have increased 18 hm® in
1950, to 310 hm® in 1966, and to 620 hm? in 1972.

Numerical modeling of base flow

The Kansas Water Budget Model, a computer
program developed by E. C. Pogge (Kansas Univ.)
and his associates, was modified by P. R. Jordan
(USGS) to provide a smoother transition between
overland runoff and base flow, and to produce base-
flow recession slopes that are more representative
of conditions that exist from late fall through early

spring. The modification introduces a storage volume
representing bank storage, which interacts with the
ground water and the stream as the levels rise and
fall. Seasonal variation of base-flow recession slopes
is accomplished by seasonal change in evapotrans-
piration from the bank storage.

Supplemental water for public and industrial use in central
Kansas

Freshwater is in short supply in central Kansas
except in the valleys of major streams. According
Survey), water to supplement existing public and
industrial supplies probably can be obtained from
wells in rocks of Early Cretaceous age. Most of the
water is slightly to moderately saline (1,000 to 3,000
mg/1 dissolved solids). The water, therefore, would
require treatment or mixing with water of better
quality before use. The cost of treating the water
would be prohibitive for irrigation or single-unit
domestic use.

Well yields are difficult to predict because of the
lenticularity and irregular degree of cementation
of the Lower Cretaceous sandstone units from which
water is produced. The few existing wells tapping
the Lower Cretaceous sandstone yield 8 to 19 1/s.

TV,

Large quantities of ground water available in Ford and
Hodgeman Counties

D. H. Lobmeyer (USGS) and E. C. Weakly (Kan-
sas Geological Survey) reported that wells yielding
140 1/s can be developed in channel sands of the
Dakota Formation in Ford and Hodgeman Counties.
In 1973, 59 irrigation wells pumped about 7.4 hm?
of ground water to irrigate 2,000 ha. Hydraulic-
head changes as a resuit of irrigation withdrawals
have been as much as 12 m since 1968 in a part of
the area where water in the Dakota Formation is
confined. There has been little water-level change in
those parts of the area where water in the formation
is unconfined and where there are few wells.

LOUISIANA

Upland terrace aquifer an additional source of water for public-
supply wells in Bossier and Webster Parishes

In southern Bossier and southwestern Webster
Parishes, east of Bossier City and Shreveport, it has
been difficult to find water-bearing sands in the
Wilcox Group that will yield sufficient water for
public supply wells. USGS scientists investigated
the area and, according to J. L. Snider, found that
sand and gravel of the upland terrace deposits are
another source of water. These deposits form a
water-table aquifer in parts of the area but had not
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been investigated as a source for public-supply wells.
Tests indicate that the saturated sand and gravel,
which ranges in thickness from 0 to 30 m and aver-
ages 13 m, could yield 750 1/min or more to wells.
In Bossier Parish, water from the terrace deposits
is high in iron content or in hardness or in both; in
Webster Parish, water in some areas is low in hard-
ness and iron content. Additional test drilling is
necessary to determine the extent of the areas
containing the good-quality water.

Water quality in the Mississippi River alluvial aquifer,
southeastern Richland Parish

According to M. S. Whitfield, Jr., regional in-
vestigation of water quality in the Mississippi River
alluvial aquifer in northeastern Louisiana has dis-
closed an area of approximately 260 km? in south-
eastern Richland Parish where water ranges from
SOIT, to mouera‘tely IldI'Cl d.Il(l ﬂdb lOW COilCEI]erLlOTiS
of iron. This water would not require treatment for
municipal use as is needed elsewhere for water from

+hia annifar in narth + ial
1S aquiier in norinéasiern Louisiana.

MONTANA

Ground-water resources of the Fort Belknap Indian Reservation
R. D. Feltis reported that glacial till covers gravel
deposits along at least 16 km of the preglacial chan-
nel of Little Peoples Creek, north of Hays. Water in
the buried channel is under artesian pressure; one
well reportedly flowed about 28.3 1/s, and other wells
flow from 0.57 to 3.7 1/s. The water is hard to very
hard; dissolved-solids content ranges from 580 to
2,300 mg/1. Sulfate is the dominant anion; concen-
trations increase downstream from 267 to 1,140
mg/l. Sodium, calcium, and magnesium are about
equal in concentration at the upstream end of the
area, but sodium predominates downstream where
has increased from 1.7
to 25.4. Water from the upstream reaches could be
used for irrigation.

the sodium adqn\nnfrn\r} ratic }

Hydrology of shallow aquifers in the northern Great Plains
According to W. R. Miller, hydrologic data from
selected areas in coal-rich eastern Montana indicate
that the Tongue River Member of the Fort Union
Formation contains several aquifers. However, only
the shallow aquifers less than 91.4 m deep have been
developed, except along Otter Creek where flowing
wells as deep as 366 m have been completed. Near
Ashland these shallow aquifers are in the middle

part of the Tongue River Member but are strati-
ovanhically hichar +n tha annith

slapiiilany niginll W uif SCUuil.

Preliminary data indicate that the specific con-

ductance of water from wells and springs ranges
from 950 to more than 8,000 ymho/cm. Water from
wells less than 61 m deep is a calcium sulfate to a
sodium sulfate type; water from the deeper wells is
a sodium bicarbonate type. Water from most springs
is a magnesium sulfate type.

Ground-water quality in the Madison Group in eastern Montana
W. R. Miller reported that the dissolved-solids
content of water samples from Madison Group car-
bonates ranges from less than 1,000 mg/1 in extreme
southeastern Montana, to about 5,000 mg/1 south of
lat 46°30’ N., to more than 300,000 mg/I northward
in the W1111ston Basin. The water in southeastern
Montana is mainly a calcium sulfate type but
changes to a sodium chloride type in the Williston
Basin. The area where water contains more than
100,000 mg/1 of dissolved solids roughly coincides

ith +ha
with the area of extensive salt deposits within the

Madison Group in the Williston Basin.

NORTH DAKOTA
Buried glacial-valley aquifers in Morton County

D. J. Ackerman reported that test-hole logs, water-
level measurements, and chemical analyses of water
samples were used to make a preliminary assess-
ment of the geohydrologic character of two buried
glacial-valley aquifers in Morton County.

Aquifer materials consist of sand, ranging from
17 to 116 m thick, and as much as 27 m of gravel.
The sand and gravel are interbedded with silt and
clay. The aquifers are 0.8 to 1.6 km wide and as
much as 152 m deep. Potential yields from the aqui-
fers may be as much as 63.1 1/s. Dissolved-solids
content of 40 water samples from the aquifers
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ranged from 465 230 mg/L

to 3,
Fox Hills and basal Hell Creek aquifer

Results of ground-water investigations in Adams
and Bowman Counties by M. G. Croft indicate that
five major aquifers occur within the rocks of Cre-
taceous and Tertiary age. The aquifers consist of
fine-grained materials and have low transmissivities.
Adams and Bowman Counties are recharge areas for
aquifers that extend from the Little Missouri River
to the Missouri River. Dissolved solids are concen-
trated in the upper aquifers by ionic sorption in
fine-grained strata as water moves downward to the
lower aquifers. Water is the lowest aquifer, the Fox
Hills-basal Hell Creek, has a specific conductance of
1,600 to 2,000 umho/cm and is free of organic color.

Availability of ground water in northeastern North Dakota
P N WHutohinann rannrtad that tact drilline re-
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vealed a major buried aquifer underlying about 285
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km? of southern Ramsey County in northeastern
North Dakota. The aquifer consists mostly of coarse
sand and gravel, with an average thickness of about
24 m. Water from the aquifer generally contains 500
to 1,500 mg/1 dissolved solids. Potential yield may
exceed 63 1/s in some areas.

Relations between ground water and surface water in Grant
and Sioux Counties

P. G. Randich reported that test drilling and low-
flow stream measurements show that buried valley-
fill aquifers of glacial origin underlie the Heart and
Cannonball River channels in some localities. The
buried valleys represent glacial ice-front streams
and are filled with as much as 90 m of glaciofluvial
deposits. The trend of these valleys is generally
perpendicular to recent river valleys in Grant and
Sioux Counties.

Low-flow measurements on the Heart River indi-
cate that it is a gaining stream where a buried
valley-fill aquifer underlies the present river chan-

nel. Flow measurements made on October 2, 1973,

ranged from 0.24 m?*/s at the upstream end of the
aquifer to 0.58 m?*/s near the downstream end. The
increase in discharge is along a 16-km reach of the
Heart River that coincides with the location of the
buried-valley aquifer. Chemical analyses of water
samples show a 10-percent increase in dissolved-
solids content within this reach of the river.

Low-flow measurements made on the Cannonball
River, where a part of this buried-valley aquifer
underlies the river channel, indicate no measurable
change in quantity or quality of the water. In this
area, the upper sediments of the buried valley con-
sist of till, clay, and silt which act as a confining
bed between the buried glaciofluvial deposits and the
recent river channel.

SOUTH DAKOT

Aquifers in north-central South Dakota

Large-capacity wells yielding at least 1.1 1/s can
be completed in glacial aquifers of outwash sand and
gravel that underlies 2,150 km? of McPherson, Ed-
munds, and Faulk Counties, according to L. J.
Hamilton (USGS) and C. N. Christensen (South
Dakota Geol. Survey). Their study involves inven-
torying 2,000 wells and drilling 420 test holes. Shal-
low aquifers, less than 30 m deep, yield water that
is high in calcium and magnesium, with an average
hardness of 400 mg/l; deep glacial aquifers yield
water that is high in sodium, with an average hard-
ness of 220 mg/1.

Artesian wells in sandstone aquifers that are more

than 300 m deep have pressures as high as 14 kg/
em? Locally, flows are reported to have exceeded
63 1/s. Dissolved-solids content of water from wells
in the Dakota Sandstone averages 100 mg/l. Wells
in deeper sandstone aquifers yield water with an
average dissolved-solids content of 1,000 mg/1.

Buried channel of the ancient Bad River located

A buried glacial aquifer in the channel of the an-
cient Bad River has been located in western Hyde
County. Results of a program of test drilling by
N. C. Koch (USGS) and R. Halgerson (South Da-
kota Geological Survey) indicate that the aquifer
consists of sand and gravel. A test hole 14 km north
of Highmore penetrated 15 m of aquifer material
between 52 and 110 m below land surface. By ex-
amining the surface topography, the ancient river
channel was traced westward to the Missouri River.
Chemical analysis of water from one well in the
aquifer shows the water to be of a sodium bicarbo-
nate type.

Thickest glacial drift in South Dakota contains several out-
wash aquifers

Preliminary test drilling in Deuel and Hamlin
Counties, northeastern South Dakota, has totaled
12,200 m at 450 sites. Jack Kume reported that one
result of the test drilling was the discovery of the
thickest glacial drift in the State. In northwestern
Deuel County in the Coteau Des Prairies region,
268 m of drift was penetrated. The thinnest known
glacial drift in the two-county area is a section
56 m thick in northwestern Deuel County.

Several major outwash aquifers occur in the gla-
cial drift. At one drill site, four outwash aquifers

nA nA «rnl
with a total thickness of 55 m of sand and gravel

were discovered. Major gravel aquifers 23 m thick
were found at two sites and seven layers of gravel
3 m or more in thickness were penetrated at another
site.

UTAH

Large well yields from the Navajo Sandstone, southwestern
Utah

Of all of the consolidated-rock units of south-
western Utah, the Navajo Sandstone (Triassic? and
Jurassic) has the greatest water-yielding potential.
Yields to large-diameter wells are most commonly in
the range of 20 to 200 1/s, and in a large part of the
area the possibility of obtaining yields in the upper
half of the range is good, according to R. M. Cor-
dova. The reason for the potentially large yield and
easy a‘v‘auauuuy is the combination of a nlgn uegree
of fracturing and intergranular porosity.
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Differences in aquifer characteristics in the Uinta Basin

Jd. W. Hood, F. K. Fields, and R. W. Cruff re-
ported that the two most extensively used aquifers
in the northern Uinta Basin are coarse-grained de-
posits of Quaternary age and the Duchesne River
Formation of Tertiary age. The Quaternary de-
posits consist of boulders, gravel, and sand that fill
stream valleys and cap broad terraces; however, the
deposits only locally exceed about 15 m in thickness.
Tentative results from an aquifer test made for these
deposits indicate a transmissivity of about 600 m2/
d; the inferred hydraulic conductivity is 25 m/d.

The Duchesne River Formation, conversely, is
widespread and thick, consisting of intercalated
sandstone and shale. An aquifer test near Roosevelt
yielded tentative figures of 300 to 500 m2/d for
transmissivity and 0.1 to 0.3 m/d for minimum hy-
draulic conductivity. The latter figure compares
clogely with.laboratory determinations of 0.11 and
0.23 m/d for specimens of sandstone collected from
nearby outcrops.

Laboratory determinations of hydraulic conduc-
tivity for sandstone specimens from elsewhere in
the basin showed values ranging from 0.4 to as low
as 0.17x10* m/d for the Duchesne River Forma-
tion, the Current Creek Formation, and the Navajo
Sandstone, These figures indicate that most consol-
idated rocks in the northern Uinta Basin do not
support large-yield wells. Moreover, the lower values
for the Duchesne River Formation partly explain
why the formation at depth in some areas yields
water of poor quality. Where the hydraulic con-
ductivity is low, ground water moves slowly and has
greater opportunity to be in contact with, and dis-
solve larger quantities of, minerals from the for-
mation.

Ground-water availability in Beaver Valley

Preliminary results of a study by R. W. Mower
in Beaver Valley suggest that the ground-water
reservoir consists of a lower unit (probably Ter-
tiary) and an upper unit (probably Pleistocene).
Both units consist mainly of deposits of gravel,
sand, silt, and clay. The upper unit is more perme-
able; however, the thickness probably averages less
than 50 m, whereas the thickness of the lower unit
probably averages more than 100 m. At irrigation
wells, the upper unit yields more than 21 s m of
drawdown, but the lower unit usually yields less
than 11s* m of drawdown.

The chemical quality of the water in both units

is satisfactory for domestic and irrigation supplies
in the upper reaches of Beaver Valley, but the
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quality of the water in both units is marginal to

unsatisfactory for domestic and irrigation uses in
some of the lower reaches.

Low runoff and sediment yield from pinyon and juniper wood-
lands on Green River Formation in northeastern Utah

Since 1970, J. R. Owen, Jr., has measured runoff
and sediment yield in two small watersheds in the
pinyon and juniper woodland area of the Uinta
Basin. Precipitation for the study period has aver-
aged 386 mm/yr, but runoff has averaged only 2
mm/yr or 0.6 percent of the precipitation for the
same period. The low runoff is due primarily to the
physical characteristics of the watersheds. Soils on
the hillslopes are shallow, but the rocky, deeply
weathered parent material, which is the Parachute
Creek Member of the Green River Formation, al-
lows a very high infiltration rate, resulting in low
runoff. Sediment yield, determined from reservoir
surveys, has averaged less than 47 m® km=2 yr.

The two watersheds are similar (in their topo-
graphic, geologic, and vegetational characteristics)
to some areas that will be developed for oil shale
in Colorado and Utah, and the runoff and sediment-
yield relationships developed in this study should be
usable for such lands.

WYOMING

Geohydrology of the Madison Limestone in the Powder River

Basin in northeastern Wyoming

Data from records of 53 water wells, 166 oil- and
gas-test holes, and 71 chemical analyses of water
for the Madison Limestone of Mississippian age in
the Powder River Basin have been collected and
studied by W. G. Hodson. Depth to the top of the
Madison exceeds 4,880 m in the deepest part of the

hagin Dacrhaowrga o tha Madiaon is chiaflvy alonoe the
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flank of the Bighorn Mountains, along the Black
Hills, and at the north end of the Laramie Range.
Movement of water is generally northward toward
the Williston Basin of Montana and North Dakota.
Upward leakage of water from the Madison occurs
into the overlying rocks of Pennsylvanian age.
Chemical quality-of-water data indicate that dis-
solved solids in water from the Madison are gener-
ally less than 3,000 mg/1 in the Wyoming part of
the Powder River Basin. Well yields of 3,800 1/min
are common from cavernous parts of the formation
in some parts of the basin.

Occurrence of ground water in the Gillette area

An appraisal by N. J. King (1974) of an area of
about 2,800 km? in the vicinity of Gillette was made
to determine general conditions of ground-water oc-

STt el

currence in shallow aquifers prior to the anticipated
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development of extensive coal resources in this area.
Data from approximately 390 wells show that 91
bercent of them are less than 91 m deep; in 94 per-
cent of the wells, the depth to the water table is less
than 61 m. Ground-water levels are highest in the
southwestern part of the area, where the altitude of
the land surface is highest, and the levels slope

generally eastward and northward in the same di-

rection as the slope of the land surface. Flowing

wells can be obtained only in the bottom lands of
the Belle Fourche River valley in the southeastern
part of the area, and along Cottonwood Creek in the
northeastern part of the area. Most wells yield water
that is marginal or undesirable for human consump-
tion but suitable for use by livestock. Surface min-
ing of coal where the thickness of overburden is less
than about 60 m may substantially lower the water
levels in wells tapping shallow aquifers within about
6 km of individual mining operations.

WESTERN REGION

The western region continued its varied water-
resource investigations programs. These included
continuation of ongoing programs such as the San
Francisco Bay region Environment and Resources
Planning Study; collection and analyses of data on
surface water, ground water, and water quality;
research projects; and resource-appraisal studies.
Also, major attention was given to the continuing
need to obtain comprehensive hydrologic data re-

lated to possible construction of an oil pipeline from

the North Slope of Alaska to Valdez on the southern
coast. Detailed information on flow and channel
characteristics of major streams to be crossed be-
came of major concern, and specific studies of
ground water and baseline biological conditions
continued.

As the need to identify and develop new and en-
vironmentally acceptable energy resources con-
tinued to intensify, studies of the hydrologic effect
of strip-mining coal in northeastern Arizona were
made, and continuing attention was given to the
location and hydrologic relationship of geothermal
resources in California, Idaho, Nevada, and Oregon.

Ongoing water-resource investigations are in-
creasingly oriented toward management of the hy-
drologic system and the collection and syntheses of
hydrologic data. In response to water-management
information needs, an increasing use of modeling
techniques is made to simulate hydrologic systems
and the effects of existing and projected develop-
ment and management practices on the system.

ALASKA

Water-resource reconnaissance of Cordova

G. S. Anderson reported that the source of water
supply for Cordova is small streams and ground
water. Streams provide an adequate supply during
the summer; however, discharge measurements
made during the winter have indicated that the sup-
ply is inadequate to meet increasing demands. Under
existing requirements, streamflow during winter is
supplemented at times with ground water. Recent
results of aquifer testing point out that additional
ground water can be developed. However, a large in-
crease in ground-water development will depend on
inducing recharge from Eyak Lake.

Water-resource investigations of the Valdez-Copper Center
area, south-central Alaska

According to C. E. Sloan, surface water and ground

water of execellent

quality are generally abundant
in the relatively undeveloped area between Valdez

and Copper Center. Some natural variations in both
quality and quantity may, nevertheless, impose some
temporal and spatial limitations on use. Water qual-
ity in glacial lakes and streams is affected during
peak summer-flow periods by high turbidity. Low
to moderate concentrations of bacteria occur in most
surface water during late spring and early summer,
but the concentrations decrease during winter-flow
periods. DO concentrations are near saturation in
surface water but approach zero under winter ice
cover in shallow lakes such as Pippin and Willow.
Although dissolved-solids concentrations in ground
water are generally quite low throughout the area,
high concentrations limit ground-water use in some
areas such as the Copper Center area.

ARIZONA

Ground-water levels decline in the Dateland-Hyder area

According to D. W. Wilkins, a water-level decline
of 18 m has occurred since 1965 in the principal
aquifers of the area north of Hyder and east of
Aztec Hills. No appreciable water-level changes have
occurred in the flood plain of the Gila River that
flows through the area. From 1942 to 1972, about
1,500 hm* of water was pumped from the aquifer,
and 50 percent of this pumpage has occurred since
1967. It is estimated that the uppermost 30 m of
saturated deposits contain about 6,200 hm?® of water.

The chemical quality of the water varies greatly
throughout the area but generally is good southeast
of the Palomas Mountains. It is poorest in the flood
plain of the Gila River. Dissolved-solids concentra-
tions range from 480 to 18,600 mg/l; boron, from
0.32 to 26 mg/1; and fluoride, from 0.5 to 9.1 mg/l.



Six consecutive months of no flow recorded for the Santa
Cruz River near Nogales

According to C. H. Benson, the Santa Cruz River
near Nogales was dry during the 1973 water year
for the longest consecutive period in 54 yr of record
—1912-22 and 1929-73. No flow occurred near the
gaging station for 6 mo. (In 1914, there were 4 mo
of no flow.) Ground water usually sustains low flows
at the Santa Cruz River near the Nogales gaging
station; however, the municipal water supplies for
Nogales, Ariz., and Nogales, Sonora, Mexico, are
from wells drilled in the alluvium near the river, and,
at times, the cone of influence of these wells inter-
cepts and depletes the surface flow in the river.

CALIFORNIA

Selection of sites favorable for recharge near Indio

J. A. Moreland reported that nearly 150 drillers’
logs of water wells were analyzed to determine the
distribution of sediments in the upper 30 m of allu-
vial deposits in a 90-km? area northwest of Indio.
Eleven test holes were augered to depths ranging
from 20 to 33 m. Particle-size distributions de-
termined for 19 grab samples collected from the
test holes indicate that initial infiltration rates of
4.5 to 15 m/d can be expected in the more per-
meable areas, and that the sustained infiltration
rate will be about 1 m/d. Depth-to-water maps
indicate that from 15 to 60 m of unsaturated sedi-
ments overlie the ground-water body.

Hygrologlc and sait balances for San Luis Rey ground-water
asins

According to J. A. Moreland, hydrologic and salt
balances were computed for the Pauma, Pala, Bon-
sall, and Mission ground-water basins of the San
Luis River watershed. Hydrologic budgets were
tested for compatibility with known hydrologic pa-
rameters by constructing and verifying near-steady-
state and transient-state models. Near-steady-state
inflow and outflow was calculated to be 3.67 hm?/yr

for Pauma basin, 3.11 hm3/yr for Pala basin, 6.70
hms/vr for Bonsall basin. and & 20 hms#/yr for Mis-

A0 DVISAl vasidl, (G &40 111/ 40K ALY

sion basin. In 1972 annual net differences between
inflow and outflow were —2.3 hm3/yr for Pauma,
—1.0 hm?/yr for Pala, +-0.8 hm*/yr for Bonsall, and
+1.6 hm?®/yr for Mission. Salt-balance calculations
for 1972 indicate that salt inflow exceeded salt out-
flow by 1,990 t/yr in Pauma basin, 660 t/yr in Pala
basin, 2,380 t/yr in Bonsall basin, and 3,850 t/yr
in Mission basin.

Base and thickness defined for post-Eocene continental

deposits, Sacramento Valley

The structure of the base of the post-Eocene de-
posits, according to R. W. Page (1973), is that of a
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large northward-trending syncline. The deposits
themselves range in thickness from less than 1 m
near the margin of the valley to about 10,500 m
beneath the south-central part of the valley. The
thickest sections occur along the axis of the syn-
cline; however, around Sutter Buttes, a voleanic
plug, the deposits are thinner than at any locale
near the central part of the valley.

Ground-water resources in the Sacramento Valley

Using a digital model, R. M. Bloyd, Jr., defined
natural ground-water conditions in the Sacramento
Valley. Based upon ground-water levels and esti-
mates of transmissivity, the model was used to
compute flux values or average annual recharge.
Natural conditions were defined and expressed in
terms of a hydrologic budget. Estimated long-term
average annual surface inflow to the valley is about
27 km?/yr. This is by far the largest water-input
component. Computed average annual ground-water
recharge under natural conditions is 1.0 km3/yr.

Estimated permeabilities of soils in the Sacramento Valley

G. L. Bertoldi (1973) applied several analytical
techniques to engineering and hydrologic data con-
tained in 15 studies covering various parts of the
Sacramento Valley. The results show that 50 percent
of the Sacramento Valley area has soils with perme-
abilities characterized by infiltration rates of less
than 0.6 m/d. Consolidated barriers, such as hard-
pan, claypan, and durpan, that could impede the
vertical flow of water were found in 80 percent of
the area.

Economic and digital model studies aid efficient use of water

An economic analysis was coupled with a digital
model of the ground-water hydrologic system to de-
termine the most eﬁ‘icient balance of conjunctive use

ater. anun ﬁnn"v
ecliically

the Work was aimed at determmmg Whether addl-
tional ground-water supplies can be developed in the
Oak Glen area for local use and for export to the
adjacent Yucaipa area, and at determining what the
effects of imported water (to become available in

1980) will be.

According to W. R. Powers III and W. F. Hardt,
the model predicted water-level changes from 1971
to 1980, using the maximum pumping capabilities of
the wells under recharge conditions for average, wet,
and dry periods. The predicted water-level changes
were then used to calculate the average costs of
pumping water during the period 1971-80. The eco-
nomic evaluation suggests several practices that will
allow optimum utilization of ground water and sur-
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face water within the framework of planned im-
ports from outside the local basins.

Downstream flow of Mojave River predicted by model
simulation

T. J. Durbin and W. F. Hardt developed a mathe-
matical model that simulates the advance of stream-
flow down the initially dry channel of the Mojave

River from Cedar Springs Dam to Barstow. For this

96-km reach, the model was

used to evaluate the
potential of the channel to move imported water
downstream. The volume of imported water that can
reach Barstow depends on the volume and duration
of the antecedent flood, on the volume of imported
water released from Silverwood Reservoir, and on
the rate at which the water is released. A release of
24.6 hm?® of imported water may produce at Barstow
a maximum volume of imported water of 3.08, 9.86,
or 13.6 hm® for a release rate of 14.2, 21.2, or 28.3

m3/s.

HAWAII

Ground-water withdrawals for irrigation of coastal-plain cane-
fields, Island of Kauai

Ground-water withdrawals at drilled wells and
shafts tapping a basaltic aquifer for irrigation of
Sugarcane on the Kekaha-Mana plain of Kauai have
increased from an annual average of about 16 hm?
between 1940 and 1957, to more than 33.9 hm?® be-
tween 1958 and 1968, and more than 98.6 hm? in
1972 and 1978, according to R. J. Burt and D. A.
Davis.

Coastal-plain sediments of low permeability over-
lying the basaltic rock create artesian conditions in
the part of the aquifer under the plain. Recharge
to the basalt is in the adjacent highlands. Artesian
heads in the basalt have declined from about 3.0 m
above sea level in the early 1900’s to about 1.5 m
above sea level in recent years. Owing to seawater
encroachment that accompanied increasing pumpage
and declining heads, the chloride content of the
water at drilled wells has increased from 100 to 400
mg/lin early years to more than 2,000 mg/1 recently.
The chloride content generally fluctuates erratically.
Most of the wells drilled on the plain have been
abandoned because of deteriorating quality of the
water, and most pumpage is now at shafts and col-
lection tunnels dug at the inland edge of the coastal
plain.

The Schofield high-level water body investigated

Water levels in the Schofield high-level water
body on Oahu are about 85 m above sea level, in

contrast to water levels of about 8 m in adjacent
basal-water bodies. On the basis of data from geo-
physical surveys and drilled wells, K. J. Takasaki
and R. H. Dale estimated that the water body
underlies a 104 km? area.

Estimated recharge by rainfall is 4.5x10° m3/d.
Pumpage from the water body is 1.9X10* m3/d;
thus slightly over 4.3%10° m3/d of ground water

1 _watawr wagamrAing
the adjacent basal-water reservoirs.

On the basis of water-level maps and pumpage rec-
ords for the adjacent basal-water bodies, it was
concluded that most of the ground water flows in
a goutherly direction from the high-level water body
to the adjacent Pearl Harbor basal-water body.

Because of a small temporal variation in water
levels in the Schofield water body, it had been as-
sumed that the outflow mode is by spilling over the
top of an impermeable barrier rather than by flowing
through a low-permeability barrier. A computer
model was designed to simulate any possible com-
bination of the two modes. The best solution ob-
tained was for the case where approximately 70
percent of the flow was through the barrier and
30 percent was by spillover.

. .
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NEVADA

Water resources of Railroad Valley

Railroad Valley, a 7,128-km? basin 241 km north
of Las Vegas, contains three large spring groups
that yielded a total flow of about 0.62 m?®/s, ac-
cording to A. S. Van Denburgh and F. E. Rush

(1974). The valley also boasts the onlv oil prodi

=220 VouTy @by vUasus wic Uiy Ol ProGauc-
tion in Nevada at the small Eagle Springs field
(about 100,000 barrels in 1972). During the Pleisto-
cene epoch the basin contained a closed lake that cov-
ered as much as 1,115 km?, to a maximum depth
of from 52 to 61 m.

Railroad Valley’s perennial ground-water yield
may be about 92 hm?/yr, of which less than 25 per-
cent is consumed (mostly during irrigation). Brine
that accompanies the oil, about 24,660 m® in 1972,
may present a long-term localized contamination
problem ; elsewhere in the valley, much of the ground
water is relatively dilute (specific conductance, 300—
800 pmho), although hardness and fluoride are ex-
cessive in places.

OREGON

Valley alluvium most productive aquifer in Harrisburg-Halsey
area

F. J. Frank reported that most of the high-yield
wells in the Harrisburg-Halsey area produce water
from sand and gravel aquifers that underlie the
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present flood plain of the Willamette River. In the
broader, main part of the valley plain, the alluvial
deposits are relatively thin and fine grained in con-
trast to deposits in other parts of the Willamette
Valley. In much of the area these deposits are 30 m
or less in thickness and consist largely of silt and
other fine-grained material. The alluvial deposits
are underlain by marine sandstone and siltstone
that locally contain poor-quality water which, in
places, may be too saline for most uses. In the foot-
hills and upland areas adjacent to the valley, sedi-
mentary and volcanic rocks generally yield small

but adequate quantities of good-quality water for
domestic use.

minary evaluation of water-inventory data
for Malheur Lake indicates an inflow pattern that
varies from year to year. L. L. Hubbard obhserved

that the source and pattern of inflow to the lake
during the 1973 water year differed widely from
that during the 1972 year. Inflow to Malheur Lake
is largely from the Donner und Blitzen River on
the south and the Silvies River on the north. During
the 1972 water year, inflow to the lake was more
than double the 1973 inflow. Records for a gaging
station on Silvies River near Burns indicate that
runoff in the area was 136 percent of the long-term
mean in 1972, but only 31 percent of the mean in
1973. The Donner und Blitzen River provided more
than one-half of the total inflow in both years,
whereas the Silvies River provided about one-third
of the total inflow for the high runoff year (1972)
but less than one-twentieth of the total inflow for

the drought year (1973). The smaller contribution

fram tha Qilvieg Rivar +o tha laka diirinoe the dronioht

ALVULIL VIIT 011 VION LVivVTl VU LU 1antT Uulilllyg ule WVugilv

year occurred because most of the stream’s flow was
diverted for irrigation before reaching the lake.
Other sources of inflow to the lake are from Sod-
house Spring and from precipitation falling directly
on the lake. The flow of Sodhouse Spring varies
inversely with the lake’s level. As a result, inflow
from the spring was about 10 percent greater during
1973, when the lake level was low, than in 1972.
Ground-water inflow other than that provided by
Sodhouse Spring apparently is not significant.

Data compiled for lakes of northwestern Oregon

Data compiled by M. V. Shulters for an inventory
of 129 lakes and reservoirs in a 6-county area of
northwestern Oregon indicate that lakes in this
region generally are small and relatively shallow.
Three-fourths of the lakes in Clatsop, Columbia,
Tillamook, Lincoln, Benton, and Polk Counties have

surface areas of less than 81,000 m?, and more than
half are less than 40,000 m? in size. Of the 33 lakes
larger than 81,000 m?, 19 are natural and 14 are
artificial. More than half have average depths less
than 1.5 m: only a few are more than 3 m deep.

The chemical character of the water showed con-
siderable variation, although most of the lakes had
a dissolved-solids content of less than 200 mg/l
Hardness generally was less than 120 mg/], but it
varied from a flow of 7 mg/] to a high of 190 mg/l
The pH also was quite variable, ranging generally
from about 6.0 to 9.0; a coastal-dune lake in Clatsop
County had the highest value, 10.1. All samples were
collected during the dry season when lake levels were
low; therefore, water-quality parameters probably
were at the their highest seasonal values.

WASHINGTON

Lakes-reconnaissance evaluation

A technique for rapidly appraising the relative
susceptibility of lakes to water-quality problems was
developed by G. C. Bortleson and B. L. Foxworthy
during an interdisciplinary study of the southern
Hood Canal area. The investigation included 63 lakes
as part of the Interior Department’s RALI demon-
stration project in the Puget Sound basin.

On the basis of natural physical features of the
lake basins and cultural sources of nutrient enrich-
ment, more than 80 percent of the lakes were j udged
to have a high susceptibility to water-quality degra-
dation. However, two-thirds of the lakes investi-

gated had significant management opportunities

available to local and State planners because of the
largely undeveloped shorelands.

Test-drilling results demonstrate irrigation potential in parts
of the Satus Creek basin

D. O. Gregg reported that test drilling in the

Satus Creek basin has paﬁ‘ally defined a

highly permeable sand and gravel aquifer as thick
as about 91 m. This aquifer is believed to be capable
of supplying all local irrigation needs. Heavy with-
drawal from the aquifer would alleviate a local water-
logging problem and would allow surface water to be
applied elsewhere. Nitrogen in samples of ground
water collected from 32 wells tapping valley-fill de-
posits averaged 100 mg/]1 (as nitrate) ; the highest
concentration was 664 mg/1l. Some concentration of
salts has resulted from evapotranspiration, but over-
fertilization is suspected to be the greatest contribu-
tor of nitrates.

A 215-m-deep test well drilled in basalt in the
heretofore unexplored Dry Creek syncline indicates

lower
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that the basalt aquifer has a potential for moderate
irrigation withdrawals. The success of the test well
has sparked interest among landowners and lease-
holders to develop irrigation wells in the area.

SPECIAL WATER-RESOURCE PROGRAMS
SALINE WATER

Sg!ine watar in tha Littla Arkkancae Rivasr

R. B. Leonard reported that ground water has
formed a permeable zone at depths ranging from
100 to 170 m by dissolving salt from the truncated
eastern edge of the Hutchinson Salt Member of the
Wellington Formation. The saline water in this solu-
tion zone is separated from the overlying freshwater
in the alluvial aquifer in the Little Arkansas River
basin by about 30 m of shale. The zone was first
detected by oil-well drillers who noted the excessive
loss of drilling fluids when the zone was penetrated.
Solution and removal of salt is apparently continu-
ing, as indicated by an 8-km-wide band of active
sinkholes and undrained depressions which trends
southward along the western side of the McPherson
Valley to the Little Arkansas River where the trend
divides into southwest and southeast segments.

The potentiometric head in the solution zone is
slightly lower than the top of the shale separating
it from the alluvial aquifer and much lower than

the water level

......

.
in the

alluvial aquifer. Chemical
analyses of water from adjacent saltwater and fresh-

water supply wells suggest that the alluvial aquifer
recharges the solution zone through fractures in the
shale.

Migration of saline water from the zone is re-
stricted by relatively impermeable boundaries to the
east and west and by the greater hydraulic head in
the alluvial aquifer. Southward migration is sug-
gested by the high chloride concentrations in water
from springs and flowing wells along the Arkansas
River valley in Sumner County.

Remote sensing aids de areas aifected by sait-

water in Florida

J. D. Hunn found that ERTS imagery of Citrus
and Hernando Counties was helpful in locating the
landward extent of salty ground water at shallow
depths by detecting changes in vegetation. As vege-
tation changed landward from salt-marsh sawgrass
to a mixed deciduous and evergreen forest in fresh-
water wetlands, there was a change in reflectance
which is interpretable using ERTS data.

H. G. Rodis found that the health of cypress
stands which are being killed by saltwater move-
ment up the Loxahatchee River could be deter-
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mined from color infrared photographs.

Rodis also reported that a minimum continuous
flow of 1.4 m?®/s must be maintained to presetrve the
freshwater reach of the Loxahatchee River from
upstream movement of salty, tidally affected water
from the Atlantic Ocean. This flow can be maintained
by preventing further decline in ground-waterjlevels
and augmenting flow by importing water during
critical periods of the dry season, or by constructing
a salinity barrier in the downstream reach of the
river.

Saitwater intrusion in coastal aquifers of Florida

Results of continuing studies of seawater intrusion
in Dade County by J. E. Hull and D. J. McKenzie
(1973) indicate that the salt front was within 1.5
km of the city of Miami’s well field in Miami Springs
and within 300 m of the well field at Homestead Air
Force Base.

A recently completed network of water-level and
salinity observation wells in the coastal areas of
Martin and Palm Beach Counties is being studied
by J. E. Earle, L. F. Land, W. A. Long, H. G. Rodis,
J. J. Schneider, and W. B. Scott. The most seriously
threatened localities are the cities of Juno Beach
and Tequesta; withdrawals are increasing at a rate
of about 15 percent annually and future problems
can be expected. Although the well field of the city
of Stuart is on a peninsula surrounded by brackish
water, it is not immediately threatened.

Since 1930, USGS scientists have been monitoring
the quality of water from the Floridan aquifer at
Jacksonville to detect saltwater intrusion. In gen-
eral, the chloride content of water in the aquifer
has remained below 40 mg/l until this year,
when the first indications of the long-anticipated
saltwater intrusion occurred in deep wells along the
coast. According to G. W. Leve, the chloride content
of water from a newly completed municipal well at
Mayport was 600 mg/], and the chloride content of
water from other deep wells along the coast in-
creagsed from about 25 +5 100 mo /1 within
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Saltwater source may be Houston Ship Channel

In a study of the occurrence of ground water
with higher than normal concentrations of chloride,
D. J. Jorgensen has tentatively identified the Houston
Ship Channel as the chloride source. Water samples
from shallow wells near the ship channel show that
salinity and artesian pressure decrease with depth.
Trilinear plots of chemical analyses indicate that
water from the tide-affected ship channel is mixing
with the native water in the aquifer. Analyses for
dissolved organic constituents of water from the
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ship channel and from a shallow observation well
show unusual and similar compositions.

Before development of the shallow aquifer, water
moved upward from the aquifer to the surface-water
system. This situation has been reversed by heavy
pumping, and water is now moving downward into
the aquifer system. The extent of the area already
contaminated and the rate of movement of the con-
taminants must be determined before an evaluation
of the future deterioration of water quality in the
aquifer can be made.

DATA COORDINATION, ACQUISITION, AND STORAGE

OFFICE OF WATER DATA COORDINATION

Water-data coordination activities continued dur-
ing the year with special emphasis on field coordina-
tion of data-acquisition activities, development of
recommended methods for water-data acquisition,
and preparation of hydrologic-unit maps of the Na-
tion. Clogely related activities included implemen-
tation of river-quality assessment activities and the
level I accounting network, and further work on
the design of NAWDEX.

The ninth meeting of the non-Federal Advisory
Committee on Water Data for Public Use was held
May 21-23, 1974, in Sioux Falls, S. Dak. Members
of the Federal Interagency Advisory Committee on
Water Data, which had not met during fiscal year
1974, were invited to the Sioux Falls meeting and
those attending served as observers for their com-
mittee.

The “Summary of Plans for Acquisition of Water
Data by Federal Agencies, Fiscal Year 1975,” re-
leagsed in June 1974, contains a digest of plans for
water-data acquisition in each of the 21 regions des-
ignated by the Water Resources Council (WRC),
and information on activities of national scope as
reported by officials at headquarters level. Coverage
during this field coordination cycle included Federal
plans for gathering data on surface-water stage,
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field coordination activity planned for fiscal year
1976 was initiated in April 1974 to cover the same
activities and to update the “Catalog of Information
on Water Data” (U.S. Geol. Survey, 1972). The for-
mat of the 1972 edition was revised in 1973 to pre-
sent all water-data-acquigition activities for each of
the 21 regions in separate volumes.