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FOREWORD

“Geological Survey Research 1969,” the tenth annual
review of the economic and scientific work of the U.S.
Geological Survey, consists of four chapters (A
through D) of Professional Paper 650. Chapter A
summarizes significant results, and the remaining
chapters consist of collections of short technical pa-
pers. As in the past the purpose of the volume is to
make available promptly to the public many of the
highlights of Survey research and investigations.

Some, but not all, of the results summarized in chap-
ter A are discussed in more detail in the short techni-
cal papers of chapters B through D, or in reports
listed in “Publications in Fiscal Year 1969”, beginning
on page A291. The tables of contents for chapters B
through D are listed on pages A285-A290 of this
chapter.

Geological Survey Research

Numerous Federal, State, county, and local agencies
and other organizations and countries listed on pages
A239-A244 made significant ‘financial contributions
to the results reported here. They are identified whore
appropriate in the short technical papers (chapters
B-D), and in papers published cooperatively, but are
not generally identified in the summary statements of
chapter A. However, if a summary statement is the re-
sult of collaboration with a colleague from outside the
Survey, the colleague’s current organization (such as a
university) is indicated in parentheses immediately
following his name in the text.

The volume for next year, “Geological Survey e-
search 1970,” will be published as chapters of Profes-
sional Paper 700. Previous volumes are listed below,
with their series designations.

Prof. Paper
400

Wittiam T. Prcora,
Director.
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RESOURCES INVESTIGATIONS

SPECIAL AND TOPICAL MINERAL-RESOURCE
PROGRAMS

HEAVY METALS
ALASKA

Geochemical anomalies in the eastern Brooks Range

Reconnaissance stream sediment sampling by W. P.
Brosgé and H. N. Reiser in the Chandalar quadrangle
and the eastern part of the Wiseman quadrangle on
the south slope of the Brooks Range in eastern Alaska
(locality 7, index map) revealed only two conspicuous
regional anomalies; these coincide with the two known
gold mining districts near Wiseman and Chandalar. A
third anomalous area is suggested by the clustering of
samples with anomalous amounts of silver in a zone
along the contact between granite and carbonate rock
north of the mining districts. The concentration of sil-
ver is not high, but silver is known to occur in galena
at one prospect and as nuggets in a stream placer in
the area.

Chulitna-Yentna mineral belt, central Alaska Range

A mineralized belt called the Chulitna-Yentna belt
by C. C. Hawley and A. L. Clark is defined by lode oc-
currences, geochemical anomalies, and placer deposits
derived from lodes within the belt. It extends for more
than 100 miles along the southern flank of the central
Alaska Range, at least from Collinsville on the south
to Bull River in the north, and goes through the Yent-
na, Curry, and upper Chulitna districts (loc. ). The

belt is subparallel to the regional strike of rock units
and faults, and in its northern part it is subparallel to
elongate serpentinite masses which locally contain
chromite.

Mineral deposits of the belt are characterized pri-
marily by arsenic and gold and subordinately by sil-
ver, lead, zine, antimony, bismuth, and tin. The main
deposit of the northern part of the belt is the Golden
Zone. Other principal deposits are newly identified oc-
currences at Costello Creek and Lookout Mountain and
vein and associated disseminated deposits in basalt and
limestone host rocks at Partin and Canyon Creeks. The
main deposits of the southern part are placer gold de-
posits of the Cache Creek-Peters Creek basin in the
Yentna district. These placers were derived from the
erosion of small but rich lode deposits such as those at
Bird Creek and probably from erosion of lower grade
deposits in major shear zones. Arsenic and gold are
ubiquitous elements of the belt; less abundant but di-
agnostic elements include copper, antimony, tin and
bismuth.

ARIZONA

Gold placer and lode deposits, Gold Basin and Lost Bxsin
P. M. Blacet’s studies of lode and placer gold denos-
its in the Gold Basin-Lost Basin area south of I.ake
Mead in northwestern Arizona (locality 7, index mav)
indicate that detrital gold, eroded from Upper I’re-
cambrian (?) quartz-carbonate-sulfide-gold veins, is
widely distributed in fanglomerate of late Tertiary and
Quaternary age. Placer mining of unconsolidated ar-
royo gravels largely derived from underlying Pli-
ocene( ?) fanglomerates was done over an area of 8 to
10 sq mi in the vicinity of the King Tut mine. The
gold content of these arroyo gravels is highly varieble,
but the average grade mined since their discovery in
1931 has probably been about 0.04-0.05 oz gold per cu
yd. Little is known about the average content or distri-
bution of gold in the parent fanglomerates, but it ap-
pears geologically reasonable that the potential gold
resources in the King Tut area may exceed 500 million
cu yd of gravel averaging 0.01-0.02 oz gold per cu yd.
Accurate sampling of the fanglomerates is made diffi-

Al
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cult by the coarseness of the detrital gold (commonly
more than 50 percent of the gold is in ragged grains a
millimeter or more across) and by its seemingly erratic
distribution.

> ARIZONA
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Careful examination of coarse placer gold indicated
that nuggets at least as large as 0.35 oz are of detrital
rather than accretionary origin. Rhombohedral and cu-
bic molds, as well as pyrite pseudomorphs, are com-
monly well preserved in the coarse placer gold, and
measurement of interfacial angles has established that
much of the coarse gold was originally deposited on
euhedral clusters of ferruginous carbonate, possibly
ankerite. The lode source of this coarse gold is uncer-
tain, but pyrite and ankeritic carbonate are abundant
in the veins of the area, although lode gold coarser
than 2-3 mm in average dimension has not yet been
observed.

Two types of lode gold deposits were recognized by
Blacet in the Precambrian rocks of the Gold Basin-
Lost Basin, area.

Gold-bearing quartz-carbonate-sulfide veins are
widely distributed in both a complexly deformed am-
phibolite-facies metasedimentary sequence and in Up-
per Precambrian(?) granitoid plutonic rocks. These
veins commonly contain appreciable amounts of feld-
spar, and locally appear transitional into carbonate-
and sulfide-bearing pagmatites.

The second type of lode deposit consists of small in-
trusive bodies of gold-bearing medium-grained, por-
phyritic leucosyenite containing several percent of in-
terstitial  fluorite. ~Miarolitic cavities in this
leucosyenite contain small euhedral crystals of parisite
[ (Ce,La).Ca(CO;);sF.]. Megascopically visible gold is
disseminated throughout the leucosyenite and appears
to be primary. The leucosyenite is tentatively consid-
ered to have crystallized in small pipelike conduits
during late magmatic escape of highly potassic residu-
al liquids that were enriched in H,O, HF, CO,, SO,
Zr, Au, and rare earths. A Late Precambrian age is
suspected for both the veins and the leucosyenite pipes,

and these two types of deposits are thought to be coge-
netic.

RESOURCES INVESTIGATIONS

CALIFORNIA

Seismic studies of Tertiary gravels, Sierra Nevade

Seismic refraction work within the hydraulic pit
near North Columbia, Nevada County (locality 7, in-
dex map), enabled a prediction of bedrock devths to
within 10 percent of the actual values as determined
by drilling; thus, according to W. E. Yeend, this
method seems feasible for determining bedrock depths
beneath 300 to 450 feet of gold-bearing gravel. How-
ever, the use of seismic refraction and gravity methods
for determining bedrock configuration beneath 600 to
1,000 feet of sands, clays, and volcanic breccia such as
occur on San Juan Ridge seems infeasible at this time.
Lateral changes of density and velocities within both
the volcanic breccia and the sands and clays beneath
the volcanic rocks limit the ability to accurately inter-
pret seismic and gravity data.

COLORADO

Silver and copper in McEImo Canyon

The Bluff Sandstone (Upper Jurassic) in a west-
northwest-striking shear zone which passes through
Battle Rock in McElmo Canyon, Montezuma County,
(locality 1, index map) was reported by R. A. Cadigan
to contain anomalously high amounts of silver (4 to 50
ppm) and copper (270 to 14,000 ppm) for at least a
mile west-northwest of the Battle Rock prospect. The

__ —————————————}
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prospect and the Karla Kay uranium mine, 2 miles
west-northwest, appear to lie on the same she~r zone.
A wide fault zone that strikes northeast intersects the
Battle Rock shear zone about 1 mile west-northwest of
Battle Rock. Anomalous copper and detectal'le gold
were found in one locality in the Entrada Seudstone
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(Upper Jurassic) in the fault zone 3 miles northeast of
Battle Rock, and samples of mud from a carbon diox-
ide well 0.3 mile north of this locality showed high
copper (70 ppm) and silver (1.6 ppm) and detectable
gold (0.02 ppm). Bluff Sandstone in the fault zone at
its intersection with the McElmo Canyon road contains
high silver (2 ppm). Results of the geochemical study
to date suggest that the fault and shear zones contain
the highest metal anomalies and probably contain or
lie adjacent to any economically important metal de-
posits that may be present in the area.

Ore deposits of Chicago Basin

In the Chicago Basin district of the Needle Moun-
tains in southwestern Colorado (loc. 2), L. J. Schmitt
identified two hypabyssal porphyries of possible Ter-
tiary age that intrude Precambrian granite. The older
alkalic quartz porphyry is pervasively altered and lo-
cally mineralized, whereas the younger rhyolite por-
phyry is less altered and appears to be barren. Intense-
ly sericitized and silicified prophyry contains anoma-
lous amounts of arsenic, gold, copper, molybdenum,
antimony, and tin, particularly on the west side of the
older porphyry. Anomalous amounts of silver, lead,
and zinc are more widely distributed but are also
somewhat concentrated on the western side.

The granite enclosing the porphyry complex is cut
by numerous fractures and quartz veins. Most pyritic
quartz veins containing shoots of base and precious
metal ores are along a belt more than 4 miles long and
about 2 miles wide that trends north-northwest. Veins
are along regional sets of joints, along fractures ra-
diating from intrusive centers, and along fractures
that follow no regional trend. Geochemical anomalies
of lead and zinc show a zonal distribution around the
intrusive center, whereas molybdenum is distributed
along the entire north-northwést-trending belt.

Gold in Castle Rock Conglomerate

In the Castle Rock area of Douglas County (loc. 3),
gold in modern stream alluvium is derived from re-
working of fossil placers in the Castle Rock Conglom-
erate, of early Oligocene age. Electron microprobe
studies by G. A. Desborough indicate that individual
gold grains originating from the Castle Rock Con-
glomerate average more than 99 percent gold; the
remainder is chiefly silver. Most of the gold grains are
less than 1 mm across, and some are as small as 0.10
mm. Paleoccurrent studies indicate that the primary
source of the gold apparently is not the Georgetown-
Central City area to the northwest as previously
thought, but rather is an area to the west or southwest
of the town of Castle Rock, either in the Front Range
or possibly as far west as the headwaters of the Platte
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River. At present it is not known whether the prim-ry
source of the gold has been completely removed by ero-
sion or is concealed by sediments or faulting of past-
early Oligocene age.

Niobium and other elements, Gem Park

Concentrations of niobium and rare earth and other
elements were found by R. L. Parker and W. N. Shovp
in the carbonatite dikes and altered pyroxenite and
gabbro of the Gem Park complex, a composite funnel-
shaped intrusive 11 miles northwest of Westcliffe (loc.
4). The location and arrangement of fenite and car-
bonatite dikes in the complex suggest the existence of
an unexposed massive carbonatite at an unknown
depth near the center of the complex. Such a mass
could be rich in niobium, thorium, rare-earth elements,
and others.

MONTANA

Geochemistry and geochronology, Virginia City

About 900 reconnaissance soil samples collected by
K. L. Wier in the Virginia City mining district, Madi-
son County (locality 7, index map), were analyzed for
gold and other metals. Known gold-bearing areas wore
detected, indicating that detailed soil sampling may re-
veal gold mineralization in places where residual soil
covers bedrock.

\\ MONTANA

Potassium-argon ages of some of the volcanic rocks
in the general area of Virginia City were determined
by R. F. Marvin. The isotopic ages are from about 23
to 50 m.y. and this wide range suggests that the
Tertiary igneous history is more complex than is ap-
parent from the geologic relationships of the rocks.

NEVADA

Geochemical investigations at Virginia City
Reconnaissance geochemical sampling by D. H.
Whitebread of altered volcanic rocks in the Comstock
mining district, Virginia City, Storey County, (lo-al-
ity 1, index map), revealed anomalous amounts of mer-
cury in the Cornwall Knob and Washington Iill
areas, about 5 and 11 miles, respectively, north of 7ir-
ginia City. An induced-polarization anomaly also was
recognized in an alluvium-covered area north of the
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Cornwall Knob. Preliminary results of core drilling
aimed at acquiring more data on the geophysical
anomaly suggested that the large areas of bleached rock
are underlain by rock that has undergone intense ar-
gillic alteration and that contains finely disseminated
pyrite. Additional drilling was done in the Cornwall
Knob and Washington Hill areas to obtain geologic in-
formation and to compare geochemical data from
depth with that obtained at the surface.
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Structure of volcanic rocks, Goldfield

Detailed geologic mapping of volecanic rocks and as-
sociated intrusive rocks in the Goldfield district (loc.
2) by R. P. Ashley revealed a complex fault pattern
that cannot be explained easily as one set of concentric
collapse features of a caldera, or even as an asymmet-
ric collapse followed by partial resurgence. Features
formed during one or two periods of collapse were ap-
parently modified by a major east-west fracture zone
on the south side of the area and later by westward
tilting and north- to northwest-trending basin-and-
range faulting. Although some collapse may have fol-
lowed both the early latitic and rhyolitic eruption cy-
cles, most of the collapse features now visible formed
after eruption of the late andesitic and dacitic pyro-
clastic materials that now occur in the eastern, south-
eastern, and southern parts of the area. Almost all the
ore deposits of the district are along fault systems that
probably represent the margins of the oldest collapse
area. The unique complexity of these particular fault
systems may be the result of repeated movements pro-
duced by later structural events.

Heavy-metals potential at Round Mountain

The gold-bearing Tertiary rhyolite at Round Moun-
tain, Nye County (loc. 3), long considered an intrusive
rock, is a welded ash-flow tuff, according to D. R.
Shawe and F. G. Poole. Geologic mapping at a scale of
1:15,840 indicates that this rock lies nearly flat upon
Mesozoic granite and Ordovician sedimentary rocks.

RESOURCES INVESTIGATIONS

Earlier mining must have penetrated close to the con-
tact between rhyolite and Ordovician rocks. The Or-
dovician rocks produced some gold and silver nearby,
and therefore it seems possible that they are mineral-
ized beneath the rich gold-bearing veins at Round
Mountain.

Structural control of ore deposition, Gold Acres

Studies by C. T. Wrucke and T. J. Armbrustmacher
show that the open-pit mine at Gold Acres, Lander
County (loc. 4), lies in the breccia zone of the Roberts
Mountains thrust fault and that many steep and flat-
lying faults of probable Tertiary age cut the thrust in
the mineralized area. Concentrations of gold o~cur (1)
along the faults, (2) in tabular and lensoid t'acks of
sedimentary rocks dragged into the breccia zone dur-
ing thrusting, and (8) in fractured felsic dikes that
cut thrust blocks. Mineralized blocks in the breccia
zone are from both the lower-plate Roberts Mountains
Formation (Silurian) and the upper-plate Slaven
Chert (Devonian.) The occurrence of gold along faults
and in several types of shattered rock indicrtes that
structural controls probably were more signific~at than
lithology in the deposition of gold at Gold Acres.

Geochemical studies in Cortez-Buckhom area

Regional geochemical maps of the Cortez-I ckhorn
area, Eureka and Lander Counties (loc. §), compiled
by J. D. Wells and J. E. Elliott from the rosults of
analyses on about 910 samples, show that c~rbonate
rocks below the Roberts Mountains thrust frult con-
tain stronger anomalies than the cherts al'ove the
thrust. The metals that commonly occur in anomalous
amounts with gold and silver are mercury, arsenic, an-
timony, copper, lead, and zinc. Molybdenum and tel-
lurium anomalies are also present. The stronge<t anom-
alies in either upper or lower plate rocks are near
granitic igneous rock masses and are localizd along
fracture systems, commonly in association w'th areas
of wallrock alteration. Mineralization does not appear
to be selectively associated with the Roberts Mountains
thrust.

Geochemical studies at Copper Canyon

Detailed study by by T. G. Theodore of the Copper
Canyon copper-gold deposit southwest of Battle
Mountain in Lander County (loc. ), show=~ that a
broad pyritic halo surrounds the Copper Canyon de-
posit. Deep core drilling by the U.S. Geologi~al Sur-
vey at Iron Canyon, northeast of Copper Canyon, has
provided geochemical information on the pyritic alter-
ation in the third dimension. The fact that a drill hole
2,672 feet deep and collared within the halo penetrated
altered rocks only to a depth of about 1,100 feet sug-
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gests that the halo dips in toward the center of metal-
lization. The drill hole was entirely in chert and argil-
lite of the Scott ‘Canyon Formation (Lower or Middle
Cambrian (?)). In the altered drill core, copper, bar-
ium, manganese, zine, chromium, nickel, and to a lesser
extent Jead and molybdenum, are several times greater
than background. Barium and manganese are the ele-
ments that best reflect the extent of altered rock.

Stratigraphy, structure, and mineral deposits, Tuscarora
Mountains

Geologic mapping by R. R. Coats in the Mount
Blitzen quadrangle, west of Tuscarora (loc. 7), shows
that the Tuscarora Mountains at this latitude are
formed of a horst of Paleozoic rocks of the western as-
semblage, overlain by Tertiary ignimbrites and andes-
ite, and intruded by a quartz diorite stock. The first re-
liable information on the age of the Paleozoic rocks
resulted from the determination by J. W. Huddle of
Ordovician or possibly Silurian conodonts from a thin
limestone lens. The Paleozoic rocks are lithologically
like the Seetoya sequence in the Independece Range
across Independence Valley to the east of Tuscarora.

The downthrown blocks on both sides of the horst
have deposits of gold, silver, and mercury having a
crudely zoned distribution. Small, pockety high-grade
deposits of gold and silver have been mined in the
horst. Small amounts of mercury and silver have been
produced in the downthrown block west of the horst,
and substantial amounts of gold and silver as well as a
little mercury have been mined in the Tuscarora dis-
trict, east of the horst.

Geology and chemistry of Carlin gold deposit

Geologic mapping by A. S. Radtke in and around
the Carlin gold mine in Eureka County (loc. &), shows
that the gold mineralization is strogly influenced by
structural controls. Premineralization faults and shear
zones, and the intersections of these features, provided
channels for ore solutions. The amount and extent of
shattering in the Roberts Mountains Formation, the
host rock for the gold deposit, controlled the lateral
movement of the solutions outward from the main
structures.

Three distinct types of carbonaceous materials are
present in the Roberts Mountains Formation. These in-
clude an activated carbon, mixtures of high molecular
weight hydrocarbons, and an organic acid similar to
humic acid. All three are important in controlling dep-
osition of gold from hydrothermal solutions. Acid ore
solutions carrying gold, probably as a chloride com-
plex, dissolved out carbonate and introduced silica and
pyrite plus minor amounts of other sulfides and alu-
mina. Gold complexes in the ore solution interacted
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with the carbonaceous materials, and humic acids re-
moved the gold from solution and chemically bound it
to the acid molecule. During late oxidation these ccm-
pounds were decomposed and metallic gold was re-
leased.

NORTH CAROLINA

Mineral deposits in central part of State

Studies of the Carolina slate belt in central No-th
Carolina (locality 7, index map) by A. A. Stromquist
indicate that the Silver Hill-Gold Hill fault-sh-ar
zone is several miles wide and can be traced for meny
miles, probably northeast into Virginia and southwest
into South Carolina. East of this fault-shear zone, vol-
canic-sedimentary rocks of low-grade greenschist fa-
cies show both broad and minor open folds. West of
the fault-shear zone, volcanic-sedimentary rocks are
cut by intrusive rocks and are more highly metamor-
phosed, disturbed, and weathered than those to the

east.
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The gold and sulfide deposits are structurally con-
trolled and to some degree are related to specific rock
types. The main mining districts—Conrad Hill, Silver
Hill, Gold Hill, and Georgeville—are west of the Sil-
ver Hill fault and are enclosed in sericitized and chlor-
itized schists derived from sheared interbedded felsic
and mafic volcanic-sedimetary rocks. The depasits
east of the Silver Hill-Gold Hill shear zone are in
smaller shears that cut a sequence of volcanic-sedimen-
tary rocks; in this area, the deposits are richest where
the shear zone cuts rhyolitic layers or tuffaceous mud-
stone.

Gold deposits, Moore County

Samples from 245 localities in road outcrops, 9 gold
mines, and 6 pyrophyllite mines collected by F. G. Le-
sure during reconnaissance geochemical studies in
Moore County, south-central North Carolina (loc. 2),
were analyzed for gold. The area studied was 18 miles
long and 6 miles wide. Eighty samples from the gold
mines contained 0.15 to 0.71 ppm gold, and 46 samples
from the pyrophyllite mines, a trace to 0.12 ppm g»ld.
The highest analysis, of thin quartz veins in a road-ut,
was 24 ppm gold, and only 8 samples, all from gold
mines or prospects, contained more than 1 ppm go'd.



A6

The entire area seems to show a low-grade gold
anomaly. Locally, concentrations of gold in sheared
felsic tuff and thin seams of vein quartz were rich
enough to encourage small-scale mining in the late
19th century. Thick quartz veins are abundant in the
area but generally contain little or no gold. Trace
amounts of gold in the pyrophyllite zones produced
small placer deposits which were prospected before
the discovery of the pyrophyllite. Total production from
Moore County is unknown but probably small.

OREGON

Geology of the Sixes River drainage

The Sixes River enters the Pacific Ocean just north
of Cape Blanco (locality 7, index map) and directly
east of the most extensive and highest concentration of
gold and other heavy minerals found thus far on the
Oregon Continental Shelf. The river appears to be a
major source of heavy minerals, and therefore a de-
tailed study of its drainage basin is being made by S.
M. Boggs, Jr., and E. M. Baldwin (both of University
of Oregon) through a research contract with the Uni-
versity of Oregon at Eugene.
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Bedrock in the drainage area was mapped, and
stream sediment was sampled in detail and analyzed
chemically and petrographically. The major source
rock for gold appears to be the Galice Formation (Jur-
assic) and associated small intrusive bodies.. The Galice
Formation consists mainly of slaty to phyllitic mud-
stone, siltstone, and sandstone. The intrusives, em-
placed during the Late Jurassic Nevadan orogeny, are
mainly diorite and quartz diorite. The Galice, where it
is free of intrusives, and the larger masses of dioritic
intrusive rock are less important gold sources. Con-
glomerate of Cretaceous age, which overlies the Galice
Formation and associated intrusives, is apparently not
a major contributor of second-cycle gold. Rocks of
probable post-Nevadan Jurassic age, the Colebrooke
Schist and associated ultramafic rocks, and Cretaceous
and Tertiary shales and sandstones are minor to negli-
gible contributors of gold.

RESOURCES INVESTIGATIONS

SOUTH DAKOTA

Gold deposits in Precambrian rocks, northern Black Hills

Geologic mapping of Precambrian rocks in the
Rochford district, 20 miles south of Lead (lo-ality 1,
index map), was nearly completed by R. W. Bayley.
The principal structure is a refolded anticlincrium in
which the oldest rocks exposed are probably Ellison
Formation of Hosted and Wright (1923)*2, a quartz-
ite unit that overlies the gold-bearing Homesteke For-
mation of Hosted and Wright (1923) at Lead. Three
rock units resembling the Homestake lie above the EI-
lison at Rochford ; one, close to the quartzite in a slate
sequence, may correlate with the Northwestern For-
mation of Hosted and Wright (1923) at Lead, and two
are associated with graphitic schist and ellipsoidal
greenstone. The schist, greenstone, and chert-ccmming-
tonite rocks of the Homestake-like units collectively
could be correlative with the vaguely defined Flag
Rock Formation of Dodge (1942) 2 at Leac. As at
Lead, the chert-cammingtonite rock is gold bearing lo-
cally. Also as at Lead, the gold seems to prefer plung-
ing anticlines, but there are a few exceptions A few
mineralized localities contain abundant pyrrhotite and
are therefore anomalously magnetic.
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The principal structure at Rochford was previously
interpreted as an upside-down syncline, but the new
detailed mapping shows it to be an anticline siniliar to
those at Lead and involving the same rocks, ccmplicat-
ed by refolding. It offers several exploration possibili-
ties—for example, most mining to date had be>n in the
uppermost chert-cummingtonite unit, but it now seems
probable that one or two similar units lie stratigraphi-
cally below and have not been tested. Also, a dozen
large mildly mineralized plunging anticlines should be
tested to depth, as they are in every way simil~r to the
Homestake structures.

ATLANTIC COASTAL PLAIN AND TRIASSIC FASINS

Reconnaissance sampling of Atlantic Coastal Plain
sedimentary rocks was done by J. P. Minard slong the

1 Hosted, J. O. and Wright, L. B., 1923, Geology of the Homestake
ore bodies and the Lead area of South Dakota: Eng. Mining Jour.
Press, v. 115, no, 18 and 19, p. 783-799, 836-843.

2 See note opposite page Al for explanation of reference notations.

3 Dodge, T. H., 1942, Amphibolites of the Lead area, nor‘hern Black
Hills, South Dakota: Geol. Soc. America Bull, v. 53, no. 4, p.
561-583.
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inner edge of the coastal plain from Alabama north to
New Jersey, and rocks of the Triassic basins were very
sparsely sampled from South Carolina to Massachu-
setts. Detailed sampling was done in the inner coastal
plain of northern South Carolina and sonthern North
Carolina. The Triassic was sampled in detail in the
Farmington basin of northern North Carolina, in
parts of southern North Carolina near Mt. Gilead, and
in northern Virginia.

Several streams draining an upland area of 15 sq mi
on the inner coastal plain near Jefferson, S.C., yield
appreciable gold in panned samples; as many as 50
particles of gold, ranging from silt to very coarse sand
size, were obtained in concentrate from a single pan.
Samples obtained from sand and gravel layers in the
coastal plain sediments, both in outcrop and from au-
ger holes, also have yielded gold.

Triassic sandstone and conglomerate in the Mt. Gi-
lead area, North Carolina, contain from 0.10 to more
than 2.0 ppm Au. Streams in the area yield particles
of gold in panned concentrates, although they are not
as abundant as in concentrates from the Jefferson, S.C.
area. Coastal plain sediments have as much as 2.0 ppm
Au. Traces of gold were found in conglomerate in a
small Triassic basin at Farmington, N.C., but samples
of quartz and schist from a small area in the center of
the basin have higher gold contents, from 1.0 to 12
ppm Au.

The Triassic rocks of southern Pennsylvania were
not examined in detail, but three of four samples of
siltstone, sandstone, and diabase had gold contents of
as much as 4.5 ppm. These rocks are to be further in-
vestigated.

Five of seven samples of Triassic diabase near Lees-
burg, Va., showed detectable amounts of platinum
minerals, and several more samples are being analyzed.
Several zinc anomalies, containing as much as 7,000
ppm (0.7 percent), have been found along the border
fault zone of the Triassic basin north of Leesburg.

PROCESSES AND METHODS OF STUDY

Fluvial transport of fine-grained gold

Several years of work by J. C. Antweiler and J. D.
Love on fine-grained gold-bearing alluvial sediments
along major rivers in and adajacent to northwestern
Wyoming demonstrated that very small amounts of
gold can be transported and deposited for hundreds of
miles along major river systems. Under highly favora-
ble conditions, gold can be deposited in commercial
quantities as demonstrated by past exploitation of plac-
ers along the Snake River in Idaho. A good example
1s an occurrence of gold in fine-grained sand and silt
near American Falls, Idaho. This gold was almost cer-
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tainly derived from the Harebell Formation and F‘n-
yon Conglomerate in northwestern Wyoming, 250
miles upstream. Even though individual gold particles
average less than 5 ug in weight and less than 1004 in
diameter, concentrations worth as much as $1.00 per cu
yd have been found.

Counter-current elutriator as a gold concentrator

A counter-current elutriator was calibrated by H. A.
Tourtelot in terms of total discharge and distribution
of velocities within the elutriator as compared to the
fall velocities of different sized particles of gold. ""he
results indicate that the elutriator is probably a highly
effective tool for rapid determination of the gold con-
tent of unconsolidated sediments or disaggregated sedi-
mentary rocks. Because only water is used, the method
is cheaper, faster, and more convenient than other
methods of separation such as heavy liquids. If mate-
rial coarser than 2 mm is removed from a sample, and
the remainder divided into fractions of four s'zes
(coarser than 0.5 mm, coarser than 0.15 mm, coarser
than 0.061 mm, and finer than 0.061 mm) the golcd in
each fraction can be removed in a matter of minutes.
If the elutriator is of an appropriate size for the mass
of the fractions, the time depends chiefly on the han-
dling of materials rather than the settling of the gold.
Only gold coarser than 0.024 mm will be removed from
the finest fractions. These size boundaries are suggast-
ed because the fall velocity of gold is about 30 percent
higher than quartz in the two coarse fractions and 50
percent higher in the two fine fractions. The greater
difference in fall velocity for the fine fractions is desir-
able because gold in these sizes tends to be flaky. The
size of elutriator that would be effective has no evicent
theoretical limit, and the process might even be adapt-
able to some commercial operations. Further experi-
mental work is underway to explore these indications.

Fluid inclusions in ore deposits

Fluid inclusions in transparent minerals are being
studied by J. T. Nash in order to gather information
on the nature of fluids coexisting with minerals in
heavy metal deposits. Reconnaissance studies mads in
several mining districts served to place limits on tem-
peratures of formation and salinity of the ore fluids.
Gangue minerals associated with the fine-grained gold
at the Cortex deposit, Eureka County, Nev., and the
Gold Acres deposit, Lander County, Nev., generally
contain fluid inclusions too small for heating and
freezing stage measurements; however, some measure-
ments and many estimates made to date are in the
range 160°-230°C, with salinities equivalent to about
6 percent NaCl. In the Bodie district, Mono County,
Calif., and at Round Mountain, Nye County, Mev.,
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lode deposits of gold associated with quartz and adu-
laria appear to have formed from very slightly saline
solutions at about 250°C. Fluid inclusions in quartz
from base metal veins in the Tenabo district, Lander
County, Nev., and Rosita district, Custer County,
Colo., homogenize over the range 350°-175°C and
have salinities equivalent from 83 to 0.2 wt percent
NaCl. The fluid-inclusion data suggest that some de-
posits formed under decreasing temperatures, whereas
others formed at relatively uniform temperatures,
Some localities, such as Rosita, Round Mountain, and
Tenabo show evidence for boiling with consequent
wide variation in salinity. Boiling or dilution with me-
teoric water appears to have caused mineral deposition
in several localities.

OTHER COMMODITIES

BASE AND FERROUS METALS

Alaska

Eastern Seward Peninsula—Investigations in the
Candle 1:250,000-scale quadrangle in eastern Seward
Peninsula of Alaska by T. P. Miller and R. L. Elliott
resulted in the discovery of two large mineralized
areas near Granite Mountain (locality 7, index map).
The larger of the two areas is along Quartz Creek west
of Granite Mountain where numerous occurrences of
sulfides of lead, silver, and zinc were found over a
length of 18 miles. The sulfide minerals are associated
with tourmaline, and the deposits have above-back-
ground tin values; they resemble deposits of tin and
base metal sulfides found farther west. The other min-
eralized area is east of Granite Mountain in the head-
water basin of the upper Peace River, where minerals
of molybdenum, silver, bismuth, lead, and uranium are
associated with an alkaline intrusive stock.

A zoned alkaline intrusive complex was also discov-
ered at Granite Mountain. The complex is a circular
body 30 sq mi in area with a silica-oversaturated and
saturated core and an alkaline undersaturated rim.

Alaska Range—Deposits of massive, fine-grained
copper, silver, and zinc sulfides were discovered 2 miles
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north of Shellabarger Pass in the Alaska Ranga (Tal-
keetna C-6 quadrangle) (loc. 2) in 1967 by B. L.
Reed and R. L. Elliott and were mapped and sampled
in more detail by Reed and G. D. Eberlein in 1968.
The deposits are either bedding replacements of cal-
careous units in a sequence of chert, argillite, ard lime-
stone that is cut by diabasic dikes, or are fracture fill-
ings in chert. The dominant minerals are pyrite,
chalcopyrite, sphalerite, arsenopyrite and sulfosalts.
The largest body exposed is slightly more tl'~n 100
feet long and at least 17 feet thick. Massive sulfides
crop out 1,000 feet south and also 800 feet wes* of the
main showings. Samples from the deposits contain
0.5-5 percent copper and zinc and 0.2-9 oz silver per
ton. These deposits are of a new type and are in a dif-
ferent geologic setting than the previously reported
lead-zinc-silver deposits south of Farewell, which sug-
gests that the Shellabarger Pass area also warrants
further attention by prospectors and exploration geol-
ogists.

Colorado

According to F. A. Hildebrand, a small, but high-
grade occurrence of rare-earth-bearing apatite and
molybdenite, was found in a short dikelike body of
coarse breccia in the Silver Cliff-Rosita mining district,
Custer County (locality 7, index map). The minerals

occur in the matrix of the breccia, and consis’ princi-
pally of titanium-free magnetite and 1~oderate
amounts of pyrite, some molybdenite, rare-earth apa-
tite, and other minerals. This matrix cements frag-
ments and boulders of andesitic rocks. The molybden-
ite, which is partly altered to powellite, is generally
associated with thin carbonate veins composec mainly
of brown ankerite and siderite. The rare-earth-bearing
apatite, which occurs as stubby and acicular crystals 14
inch to more than 2 inches in length, is easil7 identi-
tified by an unusual bright-orange fluorescence in
short-wave ultraviolet light. The apatite con-istently
contains about 3.4 percent lanthanum group elements
and 0.4 percent yttrium group elements, but only 0.5
percent silicon. Although the deposit is small it may
have economic importance because of the r~latively
high content of lanthanides.
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Michigan

A ground magnetometer survey by W. F. Cannon in
an area of unconsolidated deposits that overlie the Ne-
gaunee Iron-Formation in the Greenwood quadrangle,
Marquette County (locality 7, index map), revealed
four distinct maxima of as much as 20,000 gammas
within a broad anomaly previously known from
aeromagnetic surveying. The anomaly is located in
secs. 22, 23, and 24, T. 47 N, R. 28 W. Three of the
magnetic maxima are known to overlie hard iron-ore
bodies, but the fourth, near the common corner of secs.
14, 15, 22, and 23, is in an unprospected area, and may
be related to a similar but as yet undiscovered ore
body.

Tennessee and Kentucky

Depth of lead-zinc ore deposition in Tennessee.—
Compaction features in the Lower Ordovician carbon-
ate rocks of the East Tennessee zinc district studied by
Helmuth Wedow, Jr., (U.S. Geological Survey) and
W. T. Hill (New Jersey Zinc Co.) added independent
evidence to the hypothesis that the ore deposits of the
southern Appalachian Valley were formed at depths
of less than 1,000 feet in collapse breccias and cave fill-
ings that are related to an early Middle Ordovician
paleoaquifer. Sigmoidally contorted desiccation-crack
fillings in fine-grained dolomite country rock show
that the ore-bearing strata were compacted as much as
40 to 50 percent on burial to depths of 10,000 feet or
more by the end of the Paleozoic era. In contrast, data
developed from marker beds within the collapse brec-
cias indicate that these strata were compacted only 25
to 80 percent after brecciation, and hence were brec-
ciated at depths of less than 1,000 feet—depths that
could have existed only during the early part of Mid-
dle Ordovician time.

Lead and zinc in central Tennessee and central Ken-
tucky—Surface and subsurface stratigraphic and
structural studies in the Central Tennessee and Central
Kentucky mining districts by A. V. Heyl and his co-
workers strongly suggested that if large commercial
mineral deposits exist at depth, the ores will probably
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be disseminated in the more permeable beds of tl'e
Knox Dolomite (Lower Ordovician portion) and will
contain comparable mineralogic assemblages. The Cen-
tral Tennessee district is probably more favorable for
such large deep deposits, because fewer large faunlts cnt
through the Nashville dome in Tennessee than through
the Lexington dome in Kentucky, Thus, there were
more possibilities for tapping the ore solutions in the
Knox Dolomite strata of the Nashville dome than in
the Lexington dome.

In both districts the most promising areas of prob=-
ble ore occurrence are in localities where only a few
veins of rich ore extend to the surface, and wheve
sharp monoclines are parallel to the known faulfs.
Such monoclines may indicate faults in the lower for-
mations that do not extend to the surface. Such faul‘s
at depth could have provided conduits from which the
ore-depositing solutions spread out into permeakle
beds. Such favorable areas exist (1) in the area just
north of Nashville, (2) near Murfreesboro, (3) nesr
Lebanon, (4) and between Gordonsville and Baxtew,
all in Tennessee. Similarly, the most favorable areas in
the Central Kentucky district lie (1) near Gratz,
where some deep drilling has shown that the Knox D»-
lomite is permeable and at least locally prepared by s»-
lutions, (2) northeast of Frankfort, (3) between Lex-
ington and Millersburg northwest of the We«t
Hickman fault zone along the crest of the Cincinneti
arch, (4) near Mortons Mills in Fayette County, and
(5) west of the Kentucky River fault zone in Woo-
ford, Jessamine, Mercer, Boyle, and Garrard Counties.
The Central Kentucky district is concentrically
zoned ; * thus the most favorable area for the occurrence
of lead and zinc ore bodies is in the downward-expan-
ing zone that contains barite, galena, and sphalerite.

Detailed studies indicated that the Central Kentucky
and Central Tennessee districts are comparable in
mineralogy and in content of minor elements. Thus the
galenas from both districts have little silver or other
minor elements; in contrast, much of the sphalerite is
enriched in mercury, cadmium, germanium, and gal-
lium (in amounts potentially quite valuable as bypro-
ucts), and much of the barite is enriched in strontium.

Utah
E. W. Roedder reported that some bubble-bearing
fluid inclusions in quartz-molybdenite veins fron a
porphyry copper deposit at Bingham Canyon, Uteh,
show high salt concentrations and high homogenira-
tion temperatures. Many of these inclusions are second-
4 Jolly, J. L., and Heyl, A. V., 1964, Mineral paragenesis and zon'ug

in the Central Kentucky district: Econ. Geology, v. 59, no. 4, p.
596-624.
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ary, formed by the healing of postmineralization frac-
tures, but some may be primary, having been filled
during deposition of the vein minerals. Both typoes of
inclusions indicate the former presence of fluids con-
taining 45 percent NaCl, 15 percent KCl, and 40 per-
cent H,O. In addition, minor amounts of other mainly
unidentified constitutents may also have been present.
The homogenization temperatures, which are the tem-
peratures at which a single gas or fluid phase appears
in the inclusions, are unexpectedly high, averaging
650°C but ranging upward to 725°C. Salt concentra-
tions and homogenization temperatures are much lower
in fluid inclusions in minerals associated with the re-
placement lead-zinc ore bodies in areas peripheral to
the central, disseminated copper ore body.

It is believed that these data will eventually be help-
ful in understanding the circulation patterns of ore-so-
lution movement during ore deposition.

Wisconsin

Detailed geologic mapping by W. S. West delineated
an extensive area of previously undescribed lead, zinc,
and iron sulfide mineralization and associated rock al-
teration of the Platteville, Decorah, and Galena For-
mations in Grant County (locality 7, index map). This
area is a westward continuation of a zone of lead and
zinc mineralization that was recently recognized in the
Pigeon Creek drainage basin. The mineralized locali-
ties discoverd during the reconnaissance studies indi-
cate that a virtually continuous east-trending belt of
lead and zinc occurrences and small deposits extends
across the Hurricane quadrangle from the Pigeon
Creek locality in the Lancaster quadrangle to a point
west of Beetown in the Beetown quadrangle. These
discoveries greatly enlarge and more clearly define
areas that are favorable for prospecting by mining
companies and other interested persons in the north-
western part of the Upper Mississippi Valley mining
district.
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Ore-depositing flvids

Porphyry copper deposits—A model was developed
by D. E. White and L. J. P. Muffler to account for
porphyry-copper mineralization. The model is based
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(1) on data on temperatures and compositiors of ore
fluids derived from study of fluid inclusions ky E. W.
Roedder; (2) on recent studies by others of the ratios
D/H and 06/ in alteration clays, quartz, ar 4 micas
which strongly support major involvement of meteoric
water in the mineralization; and (3) on deta from
studies of active thermal systems by White and Muf-
fler. White and Muffler’s data point strongly to Na-
Ca-Cl brines, probably dominantly of origin external
to the porphyry intrusions, and perhaps metal rich but
sulfide poor, as the ore-transporting fluid at depth.
Convectively circulating brine can dissolve metals
from various sources, but major sources of copper and
other metals may have been in specific porphyry bod-
ies or in their larger magmatic hearths, berause of
their higher temperatures and perhaps higher initial
metal contents. The circulating brine was an effective
agent in redistributing and locally concentrrting the
metals. Sulfur is dominantly of magmatic origin. The
dense circultating brine is probaly overlain by one or
more convection cells of dilute Na-K-Cl-HCO,-SO, wa-
ters almost wholly of meteoric origin, typical of the
waters discharged in surface springs of Yellowstone
Park, Steamboat Springs, Nevada, and elsewhere.

Fluid inclusions in lead-zinc deposits—Fluid inclu-
sions in suites of samples from the large lead-zinc de-
posits in carbonate reef rocks at Pine Point, North-
west Territories, Canada, and from the large ceposit in
Cambrian sandstones at Laisvall, Sweden, were
examined by E. W. Roedder. These studies were made
to gain a better understanding of the geologic process-
es forming similar stratiform, Mississippi Valley-type
ores in the United States. The ores in both deposits
formed from exceedingly saline brines, with probably
over 30 wt percent salts. At Pine Point, temperatures of
these fluids were in the range 50° to 90°C, somewhat
lower than in most similar deposits in the United
States. At Laisvall, temperatures were generally in the
range 150° to 185°C, with only a very few at higher
temperatures, up to a maximum of 223°C. T"ese data
serve to eliminate some of the theories of crigin in-
volving fresh or sea water that have been proposed for
such deposits, and place some restrictions on the possi-
ble mechanisms and modes of circulation of the ore-
forming fluids.

LIGHT METALS AND INDUSTRIAL MINEFALS

Phosphate deposits

Economic phosphate deposits along the Atlantic
Coastal Plain of the United States are in rocks of mid-
dle Miocene age and in younger rocks that derived
much or all of their phosphate by reworking of Mio-
cene rocks. The locations of the deposits are considered
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by J. B. Cathcart (r2058)° to be in part structurally
controlled. Except for those of the land-pebble district
of Florida, all are along the north or east flanks of
positive areas that were rising at the time of deposi-
tion, suggesting that phosphate precipitated in areas
along the coast where cool southward-moving phos-
phate-rich waters were diverted eastward and mixed
with warmer waters. Tertiary rocks of the Gulf Coast-
al Plain contain only minor amounts of phosphate,
possibly owing to the rising Floridian Plateau which
acted as a very large positive area that diverted the
phosphate-bearing waters southward and out to sea.

The phosphate deposits of North Carolina, South
Carolina, north Florida-south Georgia, and the central
peninsula of Florida, are similar in gross features but
different in detail. Chemical composition, size distribu-
tion of phosphate particles, clay mineralogy, and the
intensity of leaching which formed aluminum phos-
phate minerals seem to vary systematically from north
to south. For example, near-surface apatite in North
Carolina is relatively unaltered, in South Carolina it is
only slightly altered, in north Florida-south Georgia
there are some aluminum phosphate minerals, and in
the Florida deposits of the land-pebble phosphate dis-
trict apatite is altered by lateritic weathering. X-ray
diffraction studies of phosphate minerals from these
areas also indicated a slight variation in cell dimen-
sions from north to south, which is thought to be
caused by a variation in the CO,-P,0; ratio of the apa-
tite. Variation in the mineralogic composition of the
diluting materials (clay minerals, carbonate minerals,
iron minerals, organic material, and quartz) suggests
that the southerly deposits are more altered and re-
worked than the northerly deposits.

Phosphatic rocks continue to be identified in other
formations or parts of the country where they were
previously unknown. In the course of regional geologic
mapping, K. B. Ketner noted that Permian siltstone,
limestone, and chert beds in the Adobe Range, Elko
County, Nev. (T. 84 N, R. 54 E,, and T. 38 N, R. 56
E.), are significantly phosphatic. The phosphate re-
sembles that of the Phosphoria Formation, consisting
of rounded pellets, irregular grains, and fillings of spi-
cules and pelecypods. The phosphate content per unit
area exceeds that of the Phosphoria Formation, but the
phosphate is diluted with carbonate and quartz silt
and is therefore not likely to be of immediate economic
value. In northern Nye County and southern Eureka
County, C. L. Rogers, F. J. Kleinhampl, J. 1. Ziony,
and Walter Danilchik found concentrations of phos-
phate in Cambrian, Orodovician, Silurian, and Permi-
an(?) age rocks that were deposited in the eugeosyn-

5 See note opposite page Al for explanation of reference notations.
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clinal western, transitional, and miogeosyncliral
(eastern) facies. The phosphate occurs chiefly in beds
that are near lithologic breaks in the stratigraphic sec-
tion that may also be formational boundaries. Grac'ss
of beds several inches to a few feet thick range from
about 2 to 18 percent P,O;. The richest and thickest
beds are in carbonate sequences.

Potash, salt, and other evaporite deposits

Halite rock in many marine salt deposits has tkin
beds characterized by a high content of anhydrite,
clay, or sapropel. These beds, which are usually less
than 1 inch thick, probably represent a seasonal inflix
of fresher water or temperature change. Such beds ere
also well defined in the halite rocks of the Paradox
basin of southeast Utah and southwest Colorado. Ry
measuring numerous sections from underground expo-
sures of potash-rich zones in the Texas Gulf Sulpkur
Corp. mine near Moab, Utah, R. J. Hite was able to es-
tablish the detailed stratigraphy of the Salt-5 ore zore.
Readily identifiable marker units within this sequence,
based on band spacing, pigmentation, or mineralogy,
allowed precise location of stratigraphic position with-
in the potash ore zone at almost any mine exposure,
and were an invaluable aid in demonstrating solution
of the top of the halite zone as well as lateral varia-
tions in mineralogy or trace-element distribution in the
ore zone. Marker units have also been very useful in
mining operations where it is important to know the
position of advancing faces within the ore zone at all
times.

The bromine content of 657 samples of halite from
26 of the 29 depositional cycles in the Paradox Mem-
ber of the Hermosa Formation (Pennsylvanian) in
two wells in the Paradox basin was determined by O.
B. Raup and H. L. Groves, Jr. Bromine was deter-
mined by X-ray fluorescence from cuttings collected at
10-foot intervals, and the values obtained range from
30 to 316 ppm. Stratigraphic profiles constructed frym
these analyses clearly show large-scale basin-wide sa-
linity cycles. Periods of influx with reflux, as well as
periods of influx with little or no reflux are demon-
strated. The well located closer to the basin center has
a higher average bromine content than the well located
closer to the shelf, thus suggesting a salinity gradient
within the halite facies. An important aspect of this
study is that these profiles were constructed from data
obtained from cuttings, not cores, and it is demonstra-
ble that they closely resemble profiles obtained from
cores. The profiles are not as regular as those obtained
from core material because the samples were talen
from a greater stratigraphic interval and are neither
accurate composites of the 10-foot interval nor free of



Al12

contamination—but they provide usable information in
areas devoid of other data. This allows a much broader
regional study of paleosalinities than is possible from
core samples which are generally unavailable.

Evaporite cycles in the Paradox basin were probably
due to periodic fluctuations in sea level. Each complete
evaporite cycle consists of a transgressive and a regres-
sive phase bounded by a disconformity. These evapor-
ites grade shelfward into predominantly carbonate fa-
cies. As noted by R. J. Hite, water escaping from the
evaporite basin may have affected carbonate sedimen-
tation on the adjacent shelf to the southwest. For ex-
ample, higher sea levels and a resulting increase in re-
flux would have carried larger volumes of toxic brines
onto the shelf and created unfavorable conditions for
life and deposition of biogenic carbonates over an en-
larged area. During maximum reflux, reducing condi-
tions apparently allowed black sapropelic shales to
form in areas where normal marine deposits such as
limestone were previously deposited. Only during pe-
riods of low sea level, when little or no water refluxed,
were shelf conditions optimum for growth of algal
bank carbonates. Inasmuch as the bromine distribution
in halite is an index of basin reflux, cycles favorable
for the development of algal carbonate facies on the
shelf may be predicted. Algal carbonate facies in many
marine evaporite basins are major sources of petrole-
um, and bromine geochemistry may gain an unexpect-
ed use in petroleum exploration.

Borates

A new study of the mineralogy of the Miocene Kra-
mer borate deposit at Boron, Kern County, Calif., was
recently completed by Vincent Morgan (U.S. Borax
and Chemical Co.) and R. C. Erd. Several minerals
new to this deposit were found: barytocalcite, garrel-
site, hypersthene, natrojarosite, natrolite, sideronatrite,
and witherite. This is the second occurrence of garrel-
site which heretofore was known only from the Green
River Formation (Eocene) in Utah. A possible new
mineral, a yellow sulfoxide of arsenic, was found as an
alteration product of realgar.

A new interpretation of the origin of the Kramer
ore body by W. C. Smith retains the basic model of H.
S. Gale® who postulated a lake that received both
fresh stream waters containing clay and thermal
spring waters containing sodium borate, but adds the
concept that as many as three distict layers of lake
waters existed and that they were stratified according
to density. The upper layer consisted of inflowing

$Gale, H. §., 1946, Geology of the Kramer borate district, Kern

County, California: California Jour Mines and G
oy eology, v. 42, p.
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fresh water that spread widely over the lake surface
because of its low density. Thin beds of dolomitic clay-
stone were deposited from this layer which introduced
calcium and magnesium in addition to fine-grained de-
trital material. After evaporation of the surface layer,
continued evaporation or cooling of the borate-rich wa-
ters beneath it caused precipitation of borax. A basal
layer of water was formed where warm, very dense so-
dium borate-rich spring waters flowed into the deepest
parts of the basin. Because the solubility of sodium
borate decreases so markedly with a decrease in tem-
perature, mixing of this layer and the overlyirg colder
lake water at the interface caused precipitaticn of ad-
ditional borax.

Sodium borate also occurs in Searles Lake, Calif, A
byproduct of the study of that Pleistocene borate de-
posit was the discovery by Sadao Matsuo. Irving
Friedman, and G. I. Smith that the saline l~yers of
Wisconsin age provide two criteria for es*imating
crystallization temperatures of the saline minerals.
Published phase data, when applied to the primary
mineral assemblages, place approximate limit: on pos-
sible crystallization temperatures. Variations in the ra-
tios of the hydrogen and deuterium isotopes in certain
coexisting pairs of saline minerals also provide tem-
perature estimates. Crystallization temperatures of the
saline units reflect Pleistocene interpluvial (and inter-
glacial climates which can be compared with those of
the present. (Average monthly temperaturss today
range from 7° to 82°C.) Solubility data shows that dur-
ing times of low evaporation or in lakes deeper than
about 10 m, trona probably crystallized in the winter;
in shallower lakes, it crystallized during winter and
summer. Burkeite and halite crystallized from shal-
lower lakes chiefly in summer. Average isotopic tem-
peratures on seven superimposed layers of micdle Wis-
consin age start below 0°C, increase systematically to
about +15°C in the middle unit, then fall b2low 0°C
again; the lower temperatures probably come from
crystals formed in winter, whereas the higher tempera-
tures come from crystals formed during more than one
season. The stratigraphic distribution of burkeite and
halite in these layers suggest summer or mean annual
temperatures above 20°C for the middle twa, below
20°C for some or all of the others. These dat~ suggest
that some interpluvial climates were substanti~lly cool-
er than present climates.

Deposits containing another borate mineral, coleman-
ite (Ca.B4O; * 5H,0), were studied by B. M. Madsen
in a core from a nonmarine (¢) upper Cenozcic evapo-
rite section in the Mojave Desert, near Hector, Calif.
The core is chiefly anhydrite and clastic rock but also
contains an appreciable amount of colemanite and
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celestite. The colemanite is secondary to the enclosing
anhydrite rock, and three textural varieties can be
distinguished.

Chemical deposits associated with oil shales

The stratigraphic and mineralogical continuity of a
dawsonite-rich oil shale zone in the lower part of the
Parachute Creek Member of the lacustrine Green Riv-
er Formation (Eocene) are being studied by D. A.
Brobst from exposures in the vicinity of lower Pice-
ance Creek, Rio Blanco County, Colo. The dawsonite is
estimated to constitute as much as 25 percent of some
oil shale beds in a zone at least 50 feet thick where it
emerges from the subsurface. About 2 miles updip and
shoreward along the north rim of the Piceance Creek
basin, the oil shale zone thins to less than 10 feet and
the dawsonite content is much lower. The zone can be
traced accurately because of a nearly continuously ex-
posed altered tuff bed. The tuff bed containes varying
amounts of analcime, quartz, a mixture of feldspars,
and dawsonite. Analcime and dawsonite coexist in
samples of both tuff and oil shale.

Halite and nahcolite form an evaporite facies in sub-
surface portions of the oil shales of the Green River
Formation in the Piceance Basin. Studies by J. R.
Dyni, R. J. Hite, and O. B. Raup of samples from one
bore hole drilled near the depocenter of the basin
(where the halite deposits are thickest) show that the
bromine content of 169 samples of halite from a 450-
foot thick section of halite and associated rocks ranges
from less than 39 ppm to as much as 182 ppm. The
bromine content in halite increases progressively from
the base to the top of this section. Because bromine is a
salinity indicator, these data indicate a gradual in-
crease in the salinity of the ancient lake waters. The
few published data on the bromine content of other
continental halite deposits suggest that the bromine
content of the Green River halite is unusually high.
Possible source rocks for the bromine include contem-
poraneous tuffaceous sediments and older marine evap-
orites.

Fluorite and zeolites

A sizable low-grade deposit of fluorite was found by
R. A. Sheppard and A. J. Gude III (p. D69-D74)7 in
Pliocene lacustrine rocks near Rome, Malheur County,
Oreg. The fluorite-bearing rocks include tuff, tuffaceous
mudstone, and mudstone, and underlie an area of about
7 sq mi, chiefly between Crooked Creek and the Owy-
hee River. Fuorite occurs as submicroscopic, nearly
spherical grains that are nonuniformly disseminated
in the upper 60 feet of the lacustrine rocks. The con-

7 See note opposite page Al for explanation of reference notations.
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tent of fluorite is generally less than 5 percent, but as
much as 16 percent was found in the lower part of a
conspicuous zeolitic tuff. The fluorite probably form~d
during diagenesis in sediments that had been deposited
in an alkaline, saline lake.

Zeolites, potassium feldspar, silica minerals, and
clay minerals of diagenetic origin were also found by
R. A. Sheppard and A. J. Gude III, in altered silicic
tuffs interbedded in lacustrine rocks of the Barstow
Formation (Miocene), Mud Hills, San Bernardino
County, Calif.® The zeolites are chiefly analcime and
clinoptilolite, although local concentrations of chab=-
zite, erionite, mordenite, and phillipsite have been
found. Two or more zeolites generally occur in a bed,
but some beds are monomineralic. Zeolites, except an=+1-
cime, are locally associated with relict glass. Petro-
graphic study of these rocks showed that the zeolites,
except analcime, formed early during diagenesis by so-
lution of shards and then precipitation of the zeoli‘es
from solution. Analcime formed later by the reaction
of the alkalic, silicic zeolites. Potassium feldspar
formed still later by reaction of the analcime and the
alkalic, silicic zeolites with highly saline interstitial
water. Apparently, neither analcime nor potassinm
feldspar forms directly from silicic glass in tuffs of sa-
line lake deposits.

Another zeolite, laumontite, was identified in Mio-
cene rocks at two new localities in the central Covst
Ranges by B. M. Madsen and K. J. Murata. One is the
Diablo Range on the east side of the San Andrras
fault in an arkosic sandstone mapped by others as np-
per Miocene; the other is west of the San Andrras
fault in the Santa Cruz Range in an arkosic sandstone
mapped by others as upper Oligocene or Miocene.
Laumontite is commonly reported from Cretaceous or
Jurassic rocks of California, but there have been only
two previous reports of laumontite from Tertiary
rocks in California. Laumontite is generally regarded
as a product of diagenesis of tuffaceous and arkcsic
sediments at great depths, but its distribution at those
new localities is irregular and does not seem to refl~et
simply the depth of burial. The laumontite seems to
occur in lenticular bodies where it replaced plagioclse
of the arkosic sandstone. Similar arkosic sandstones
lower in the section do not contain laumontite, al-
though they must have been more deeply buried.

Clays
Laboratory and field studies by J. W. Hosterman
provided new chemical and mineralogical data for
8 Sheppard, R. A., and Gude, A. J. III, 1969, Diagenesis of tuff in

the Barstow Formation, Mud Hills, San Bernardino County, Cal'for-
nia : U.S. Geol. Survey Prof. Paper 634.
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three major deposits of white silty clay in Pennsylvan-
ia. The Toland clay deposit, Cumberland County, de-
rived by alteration of the Tomstown Formation, has
an average composition of 6 percent quartz sand, 24
percent quartz silt, 65 percent kaolinite, and 5 percent
illite. The Al,O; and SiO. contents average about 20
percent and 70 percent, respectively. Although proba-
bly modified by later weathering, a hydrothermal ori-
gin is indicated by the presence of alunite and vertical
changes in the Al,O; and SiO, contents that are the op-
posite of those normally found in weathering profiles.
The Kunkletown clay deposit, Monroe County,
(D94-D105) is a residual deposit formed by weathering
of the New Scotland Formation and Buttermilk Falls
Limestone. It is composed of about 36 percent quartz
silt, 32 percent kaolinite, and 32 percent illite. The
AlL,O; content averages about 15 percent, and the SiO,
content averages about 80 percent. A clay deposit that
extends over parts of Blair and Centre Counties is also
residual material derived by weathering of the Gates-
burg Formation. Samples from this deposit are com-
posed of approximately 40 percent quartz silt, 55 per-
cent kaolinite, and 5 percent illite; the A1,O; and SiO,
contents average about 20 percent and 70 percent, re-
spectively.

Additional studies by J. W. Hosterman of 38 sam-
ples of underclay and shale from the anthracite dis-
tricc of eastern Pennsylvania suggest that these
coal-bearing sequences have been exposed to tempera-
tures above 500°C. This is inferred from the consistent
association, as shown by X-ray diffraction data, of 29M
illite, pyrophyllite, and chlorite, and the absence of ka-
olinite.

A byproduct of geologic mapping in Greene County,
Pa., is the finding by J. B. Roen and J. W. Hosterman
that some of the clay and shale in the Pittsburgh,
Waynesburg, Washington, and Greene Formations
(upper Paleozoic) have economic potential. Six repre-
sentative samples from these formations are of mate-
rial suitable for the manufacture of common, face, and
decorative brick, and two represent raw material that
could be used in the production of lightweight aggre-
gate.

Large fuller’s earth deposits occur in the Meigs-At-
tapulgus-Quincy district, Grady, Thomas, and Decatur
Counties, Ga., and Gadsden County, Fla., in the Haw-
thorn Formation of Miocene age. S. H. Patterson
showed that deposits of mining grade are restricted to
an elongate structural depression called the Gulf
trough. Attapulgite is the dominant clay minéral in
some deposits in the southern part of the trough, and
montmorillonite is very abundant in the northern part.
All deposits contain considerable quantities of quartz
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sand impurities. Diatoms are very common in deposits
in the northern part of the district and contribute to
the low bulk density of the fuller’s earth, a ('esirable
property for some products made from it.

Preliminary studies were made by R. W. Luce on
the chemical mechanisms and kinetics of the weather-
ing of feldspars at room temperatures to clay minerals
or their precursors. The results of the studies suggest
that the potassium of potassium feldspars is the pref-
erentially leached ion in acid solution. Attenvated to-
tal-reflection infrared-absorption techniques are also
being investigated for potential use in the ch~racteri-
zation of surface phases or amorphous material on
slightly weathered feldspars. These surface pheses pre-
sumably are the first step in a continuing seris of re-
actions that leads, within relatively short peviods of
geologic time, to total conversion of feldspars to clay
minerals.

Vermiculite

A study of vermiculite resources by A. L. Bush indi-
cates a need for increased emphasis on explorstion. In-
asmuch as the broad geologic relations essential to the
development of deposits are so imperfectly understood,
the prospects for successful exploration are difficult to
evaluate. A statistical analysis of the size and grade
distribution of the deposits might define the targets.
The largest known deposit is in Montana. Scattered
deposits in the inner Piedmont region of South Caroli-
na constitute the second largest producing d‘<trict in
the United States and the third largest in the world. A
recent compilation of major and minor deposi‘s in that
area by the South Carolina Division of Geology lists
122 occurrences. A substantial reserve exists in these
deposits, and stained and fine-grained-flake vermiculite
may increase the reserve significantly if new benefica-
tion techniques are developed.

Barite

The world reserves of barite at the end of “968 were
estimated by D. A. Brobst to be about 200 million tons,
about half of which is in the United States. This
world supply, however, will last only 20 years if pro-
duction grows at the same rate in the next 20 ears as it
did in the last 20 when production rose frcm 1 to 4
million tons annually. At least 80 percent of the
world’s barite is consumed in drilling mud for oil and
gas wells, and the remainder is used largely in the
chemical, glass, paint, and rubber industries. Because
of the intensifying search for oil and gas, and the ex-
panding industrialization of the world for a popula-
tion that could double in the next 30 years, barite con-
sumption probably will continue to rise.
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About 25 percent of the world’s reported reserves are
in the economically significant bedded deposits of Ne-
vada and Arkansas. Similar deposits have not yet been
sought in many parts of the world, but possibilities for
the discovery of additional new large high-grade bed-
ded deposits are good. Geologic factors suggest that
world barite production and reserves can be increased
in the coming years.

Peat

Peat reserves of 66 undeveloped deposits which were
investigated by C. C. Cameron in southeastern New
York were estimated to be 11,500,000 short tons of
air-dried peat, most of which is good quality reed-
sedge type.

The close relation between fiber size and water-hold-
ing capacity, a chief factor of commerical quality, was
demonstrated by tests on samples from the 66 deposits.
This relationship is in accord with recent recommenda-
tions of the American Society for Testing Materials’
Peat Committee that fiber size be the main basis for
classification of peat; this was part of an effort to es-
tablish commercial quality standards for the very new
and rapidly expanding nonfuel peat industry. Inas-
much as fiber size is related to the diagenesis of peat
deposits, all geologic factors that affect diagenesis be-
come tools meaningful to the peat industry for predict-
ing the quality of unexploited deposits.

Semiquantitative spectrographic analysis for 33 ele-
ments were made of the ash fraction of peat from 43
of these 66 peat deposits. About half the deposits have
anomalous amounts of certain elements, most of which
reflect the geology of the depression walls and of the
surrounding drainage basin. A fivefold classification of
the basins of accumulation, originally applied to depos-
its in the highlands of northeastern Pennsylvania and
based on regional geology and physiography, was
found to apply to lowland as well as highland deposits
in New York. The same principles may be applicable
to the wide variety of deposits in other regions.

Titaniferous sandstone

During mapping in the Haystack Mountains, south-
central Wyoming, which is being done primarily to de-
termine the potential resources of coal, oil, and natural
gas in the western part of the Hanna Basin, E. A.
Merewether and J. R. Gill noted unusual deposits of
titaniferous sandstones in the Seminoe Dam SW quad-
rangle. The sandstones are part of the Fox Hills For-
mation and contain as much as 9 percent TiO.. Analy-
ses of samples by S. P. Marsh showed, that the
titanium is chiefly in magnetite which has been locally
concentrated by placer processes.

ATh

RADIOACTIVE MATERIALS

The cumulative demand for uranium to fuel nucle~r
reactors for generating electricity is estimated to be
250,000 short tons of UsOs by 1980 and at least 800,070
tons by 2000. As current reserves are estimated to be
about 160,000 tons at a price of $8 per pound, some of
the amount required by 1980 and all of that requir~d
thereafter will have to come from ore reserves and c'o-
posits not yet discovered® or from lower grade mate-
rials at a substantially higher cost. Investigations by
the U.S. Geological Survey are directed toward pro-
viding basic geologic information that will assist in
discovery of deposits by private industry. They in-
clude mapping and other studies depicting the dist-i-
bution of geologic conditions favorable for deposits,
interpreting distribution and characteristics of the de-
posits, and leading to clearer perception of how the ore
was formed.

Uranium and vanadium deposits of the Colorado Plate~w
and Wyoming-South Dakota regions

R. P. Fischer (r0512) summarized the geology of ura-
nium and vanadium deposits of the Colorado Platean
region, which are the Nation’s principal sources of
uranium and have yielded more than $2 billion
through 1964. The deposits are epigenetic in lenses of
stream-laid sandstone in the Chinle and Morrison For-
mations, but the source of the ore metals, the nature of
the ore-bearing solutions, and the times of emplace-
ment are uncertain.

The Wyoming-South Dakota region ranks second to
the Colorado Plateau region as a source of uranium,
mainly from large deposits in the Wind River and
Wasatch Formations (lower Tertiary). The distribu-
tion, shape, and size of these deposits were summarired
by E.N. Harshman (r0513), whose geologic map of the
Shirley basin, Wyoming (r1032), shows, among otl er
features, the distribution of Wind River Formation
and the configuration of the basement on which it
rests.

Stratigraphic position of uranium deposits, Triassic rocks,
western Texas and eastern New Mexico

According to the late J. C. Wright, uranium deporits
in the Dockum Group of Late Triassic age in east>rn
New Mexico and the Texas panhandle occur in at least
two general stratigraphic positions. The lower of these,
a basal sandstone and conglomerate complex, contains
many small deposits in Garza and adjacent counties in
Texas. The deposits are mainly in white soft sandstone

? Faulkner, R. L., 1968, Uranium exploration and production activi-
tles in the United States: U.S. Atomic Energy Comm., press release of

remarks at Nuclear Energy Symposium, Milan, Italy, Dec. 12-14,
1968.
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containing carbonized plant debris where this rock
merges into hard, cherty sandstone containing silicified
wood. A higher uranium-bearing interval is the basal
sandstone complex of the upper part of the Dockum.
In it are many small and a few moderate-sized depos-
its in sandstone- and mudstone-matrix conglomerate in
the Canadian River valley in Texas and New Mexico
and in Briscoe and Garza Counties, Tex.

Origin of roll-type uranium deposits

H. C. Granger and C.G. Warren (r2400) proposed
that limited oxidation of early formed pyrite in the
host rock is a key factor in forming roll-type uranium
deposits. Initial products of this oxidation are a series
of unstable sulfur radicals, principally sulfite and bi-
sulfite, which slowly decompose and in so doing produce
a strong reducing environment. Iron sulfide minerals
associated with the ores resulted from recombination
of these sulfur products with ferrous iron. Sulfur iso-
topic composition of the reconstituted pyrite might be
indistinguishable from that of pyrite formed by bio-
genic processes.

Uranium precipitation from ground water, Black Hills,
S. Dak.

Uranium probably precipitates from present-day
ground water in rocks of the Inyan Kara Group of
Early Cretaceous age in the southern Black Hills,
southwestern South Dakota, according to C. G. Bowles,
who found that uranium content of water decreases
downdip. Precipitation occurs in a zone where the re-
dox potential (Eh) of the water decreases significant-
ly. The general position of the zone has been deter-
mined by measurements of Eh of water discharged
from artesian wells. The zone is controlled by factors
that influence the path of water flow, such as faults,
fractures, and lithologic differences, as well as by the
reducing property of the rocks.

ORGANIC FUELS
Low-sulfur coal in West Virginia

Studies of Pennsylvanian rocks in part of West Vir-
ginia, sponsored by the U.S. Bureau of Mines, indicate
that substantial reserves of low-sulfur coal are avail-
able. K. J. Englund reported coal beds in the Pocahon-
tas Formation in the southern part of the State have a
maximum sulfur content of 1 percent, and that coal
beds of the overlying New River Formation have a
sulfur content of up to 2.5 percent. D. G. Hadley re-
ported that Fayette, Kanawha, Nicholas, and Clay
Counties in the central part of the State have respec-
tively 15, 12, 8, and 5 low- to high-volatile bituminous
coal beds that include substantial reserves of low-sul-
fur coal.

RESOURCES INVESTIGATIONS

Additional coal in Raton coal field, New Mexico

Areas known to be underlain by coal beds of eco-
nomic thickness in the Raton coal field in northeastern
New Mexico have been significantly enlarged. C. L.
Pillmore reported that beds of commercial thickness
are present in two localities in the western part of the
field. In one locality, two 4-foot-thick beds ar~ present
in the middle of the Raton Formation of Late Creta-
ceous and early Paleocene age, and at the other nearby
location a 9-foot-thick coal zone containing more than
5 feet of coal in beds as thick as 3 feet is prevent near
the top of the formation.

Petroleum resource of Outer Continental Shelf

Estimates of crude oil, natural gas, and natural-gas
liquid reserves of the Outer Continental Sholves (of
the United States) (from limit of State jurisdiction to
2,500-m isobath) were made by S. P. Schweinfurth as a
part of the study of the mineral resources o® the Na-
tion. Estimated amounts are shown in table 1 and are re-
ported for individual areas. The total petroleum of the
United States is now estimated to be 2,800 billion bbl
of crude oil, 200 billion bbl of natural-gas liquids, and
7,000 trillion cu ft of natural gas. Amounts estimated
to be recoverable under current economic conditions
and technology are 550 billion bbl of crude oil, 80 bil-
lion bbl of natural gas-liquids, and 2,700 trillion cu
ft of natural gas. These recoverable amounts include
proved reserves and cumulative production.

EXPLORATION TECHNIQUES

Analytical methods

Adaptation of atomic absorption method~ to geo-
chemical exploration has contributed markedly to the
precision and speed of sample analysis. At present, rou-
tine analyses are made by atomic absorption in the U.S.
Geological Survey laboratories for bismuth, cadmium,
cobalt, copper, gold, lead, nickel, silver, tellurium, and
zinc in geologic materials. A general description of at-
omic absorption methods in use is being prepared.
Other sensitive methods are being devised for molyb-
denum, gold, and silver in water and for mercury, ar-
senic, and iodine in vegetation. Experimentr] work is
being continued using a laser spectrograph to analyze
very small samples such as single sand-siz> mineral
grains, a technique which holds promise of identifying
the specific minerals that create geochemical anom-
alies.

Mineral exploration by in-situ neutron activation

Experiments were made by F. E. Senftle, Perry Sar-
igianis, P. W. Philbin, and John Evans to improve the
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TaBLE 1.—Potential petroleum resources of the Outer Continental Shelf (OCS) of the United States, based on data to January 1, 1974

[OCS8, from limit of state jurisdiction to 200- and 2,500-m isobaths. Crude oil and natll)lintl gﬁ liquids (N'GL) in billions of barrels of 42 U.8, gallons. Natural gas in trillions of
cubic fee

Total potential resources

Recoverable resources Marginal and submarginal
resources

Crude oil Natural gas NGL Crude oil Natural gas NGL Crude oil Natural gas NGT.

Alaska:

OCSto 200 m__ . 217 543 16 54 271 8 163 272 8
200-2, 500 m - - ool 156 390 12 e 156 390 12
Pacific:
OCS t0 200 m_ - . el 30 75 2 8 38 1 22 37 1
G lf200—2, 500 M. o 148 370 1l e 148 370 11
ulf:
OCS 10200 M o oo 240 600 18 60 300 9 180 300 9
200-2, 500 m_ - oo 189 472 14 .. 189 472 14
Atlantic:
OCS 10200 Mmoo 169 423 13 42 211 6 127 212 7
200-2, 500 M. oo 143 357 11 o aaLlC 143 357 11
Totals (rounded): .
0CSt0200m..____ .. ____._. 660 1, 640 50 160 820 25 490 820 25
200-2, 500 m— ... 640 1, 590 80 o 640 1, 590 50

in-situ neutron activation technique of mineral explo-
ration. The most notable breakthrough has been the
use of californium-252 for a source of neutrons in
place of an accelerator. The small physical size of this
source opens up the technique for use in borehole ex-
ploration. Most of the work has been directed toward
an exploration method for gold, silver, uranium, and
rare earths.

Detailed thermal and epithermal neutron mapping
as a function of distance from a 14-Mev and califor-
nium-252 source of neutrons was made in several soil
types. This information was used to design a detector
array for exploration techniques.

Primary geochemical anomalies

Several mining districts were studied intensively for
primary geochemical anomalies. In the Coeur d’Alene
district, northern Idaho, G.B. Gott found that the
principal mineral belts can be defined by the distribu-
tion of lead, zine, silver, antimony, cadmium, and
mercury.

In altered volcanic rocks of the northern Sierra
Cuchillo, Socorro County, N. Mex., W. R. Griffits and
H. V. Alminas (r1090) detected anomalous amounts of
lead, zinc, copper, molybdenum, and barium in an area
several miles long. Thick calcite veins in this area indi-
cate much carbonate deposition by hydrothermal solu-
tions. This heavy-metal anomaly may be a leakage halo
related to ore deposits in underlying carbonate rocks.
Little exploration by drilling has been done so far in
the area.

In Summit County, Colo. a study by G. J. Neuerburg
and Theodore Botinelly showed that the distribution
of sulfides and other accessory minerals in the Monte-
zuma stock is related to the flow paths of hydrother-

mal solutions and the distribution of ore deposits in
the roof zone. Distribution patterns of the zine, cad-
mium, copper, manganese, and lead which can be
leached from crushed quartz monzonite also indicette
the mineralized areas.

Stream-sediment studies

Analysis of stream sediment continues to be an im-
portant means of evaluating the mineral potential of
Primitive areas and other areas under study. Emphasis
is being given increasingly to the analysis of heary-
mineral concentrates because in many areas this resvlts
in a marked enhancement of contrast between arcas
with anomalous and background metal contents. In
their geochemical survey in Socorro County, N. Mex.
W. R. Griffits and H. V. Alminas (r1090) found, in the
drainage system, an anomaly of possible economic sig-
nificance that might have escaped notice if the only
data available were metal contents of minus-80-mesh
material. And in a different environment, C. L. Sains-
bury and others found that some tin deposits on the
Seward Peninsula in Alaska would not have been de-
tected if the only material analysed had been the mi-
nus-80-mesh fraction of stream alluvium.

Mercury in soil gas and air

Investigations of the usefulness of the mercury c¢on-
tent of soil gas and air as an exploration tool are
continuing to show encouraging results. Mercury may
be particularly effective as an exploration guide be-
cause it can indicate ore deposits covered by a thick
layer of barren overburden. In Lander County, Nev.,
G. B. Gott and J. H. McCarthy, Jr., detected mercry
which migrated from mineralized rock upwards
through 1,000 feet of fractured basalt. And at Cortez,
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Nev., J. H. McCarthy, Jr., R. E. Learned, and W. W.
Vaughn measured anomalous concentrations of mercu-
ry in soil gas near gold-bearing deposits covered by as
much as 100 feet of gravel overburden. Similar anom-
alies were detected in the atmosphere, using a low-
flying aireraft (ro790).

G. B. Gott and J. H. McCarthy, Jr., suggested that
mercury vapor can be used as a prospecting guide only
in the search for relatively young deposits. They found
that mercury is greatly enriched (up to 200 X 10+
g/cum) in the soil gases in the vicinity of several poly-
metallic deposits of Tertiary age in east-central and
north-central Nevada. In contrast, a relatively small
amount (about 10 X 10* g/cu m) in the soil gases
near the older (Precambrian) deposits of the Coeur
d’Alene district. Also in the Coeur d’Alene district the
mine gases in the unoxidized zone contain no mercury,
although the sulfide vein minerals contain up to 65
ppm, thus indicating that little mercury is being re-
leased to the atmosphere from the sulfide minerals.

Biogeochemical prospecting

J. R. Keith studied the relationships of lead and zinc
contents of elm, maple, and oak trees and their sup-
porting soils in both background and anomalous areas
in the Upper Mississippi Valley district.”® Soils in the
mineralized areas at most sites seemed to be more relia-
ble than plants for geochemical prospecting. Locally,
however, in areas of thick loess cover, analysis of tree
material proved to be a better guide than analysis of
soil for detecting underlying mineralized rock.

In the Gila Mountains of Arizona, L. C. Huff showed
that the mesquite tree accumulates anomalous amounts
of copper, molybdenum, boron, and strontium (r1682).
The molybdenum apparently is derived from molybde-
num-rich ground water and locally may indicate hid-
den copper-molybdenum deposits.

Isotopic composition of lead as an exploration guide

The isotopic composition of lead can be a valuable
guide in the search for stratiform lead-zinc deposits in
the Mississippi Valley region according to R.S. Can-
non and A.P. Pierce. In a worldwide survey they
found that the isotopic composition of lead in strati-
form lead-zinc deposits of the Mississippi-Valley type
varies significantly. In the Eastern Hemisphere most
deposits of this class in marine sedimentary rocks of
Phanerozoic age contain ordinary lead of appropriate
model age. In the Mississippi Valley region, however,
comparable deposits contain so-called J-lead, relatively

10 Keith, J. R., 1968, Relationships of lead and zinc contents of trees

and solls, Upper Mississippi Valley district [abs.] : Mining Engineer-
ing, v. 20, no. 8, p. 25.
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enriched in radiogenic Pb?°¢, Pb?*", and Pb2*® (r2075).
For each of the four most important l-ad-pro-
ducing districts a favorable range of lead-isotope com-
position can be defined which should be useful in the
future search for major lead deposits. Similarly, in at
least two of the districts, an area can be delineated
which is most likely to contain lead of favorable com-
position.

In southeast Missouri, the most productive lead dis-
trict in the United States, clusters of minable lead de-
posits in the Old Lead Belt evidently exhibit
lead-isotope gradients, both vertically and horizontal-
ly, that should prove helpful in finding and developing
additional mineralized ground. Among lead-isotope
data so far reported from other parts of the region,
Cannon and Pierce noted two localities from which
particularly favorable lead-isotope analyses were pub-
lished : the northern Arkansas lead-zinc district, and
the barite deposits of southeast Missouri.

Borehole measurements

Borehole geophysical measurements, including resis-
tivity, self-potential, induced polarization, gamma-ray
intensity, and magnetic susceptibility logs w-re made
by C.J. Zablocki in holes drilled under the U. S. Geo-
logical Survey’s heavy metals program in north-cen-
tral Nevada, northern Nevada County, Calif., and Som-
erset County, Maine. These data provide useful
information on the in-situ properties of the racks pen-
etrated and have been helpful to the geologists in-
volved in the study of the cores obtained from these
drill holes.

Such measurements are proving to be a very useful
aid for determining the distribution of suriferous
gravels in Nevada County, Calif., according to H. W.
Oliver and C. J. Zablocki. Of all the logs, susceptibility
and temperature logs are most useful for differentiat-
ing between Tertiary gravels and volcanic breccia;
self-potential logs define most of the clay-rich zones
within the gravel section; and density and velocity
logs show marked contrasts at the gravel-basement
contact. The contacts between the volcanic ro-ks, grav-
el, and Calaveras basement are hard to identify on re-
sistivity logs, which explains why it is difficult to de-
fine these units with surface electrical techniques.

OFFICE OF MINERALS EXPLORATI?N

The office of Minerals Exploration (OME) provides
a program of financial assistance to private industry
on a participating basis to explore for 36 eligible min-
erals or mineral products. Assistance is available to
those who would not ordinarily undertake the pro-
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posed exploration at their sole expense, and who are
unable to obtain the necessary finances on reasonable
terms from commercial sources. Assistance is not avail-
able to finance prospecting ventures or to develop
properties for mining.

An applicant must own, lease, or have an otherwise
valid right to possession of the property he wishes to
explore for a term at least sufficient to complete the ex-
ploration work. A reasonable geologic probability must
exist of a significant discovery of ore being made on
the property. Repayment to the Government for Fed-
eral funds expended on a contract plus simple interest
is at the rate of 5 percent royalty on production from
the property. If there is no production, no repayment
is required. The Government is not obligated to pur-
chase any production.
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April 1, 1968- Feb. 1969
March 31, 1969 April 1, 1969
Applications received_ ... _________ 75 803
Applications denied. - _.._________ 35 32
Applications withdrawn_ __________ 46 2°1
Executed contracts:
Number________ . ____ 16 170
Total value. _ oo~ $1, 110,353 $11, 088, 057
Government share_ . __________ $765,815  $6, 376, 424
Government share spent_______ $546,656  $3, 367, 0™0
Repaid to Government
through royalties on pro-
duetion____________________ $12, 920 $178, 832

As of March 31, 1969, 41 OME contracts were in
force in 12 States, and 50 applications for financial
assistance were under review.

Silver continued to lead the list as the principal
commodity sought on OME contracts executed through
March 31, 1969, as shown below:

Numberof Total value of  Percentrae

The following 27 minerals or mineral products are Principal commodity comiracts __contracts - of totalociue
1o Silver. . oo 62 $4, 661,279 42.0
eligible for 50 percent of the allowable costs of ex- IVer----------------------- 2 uih 29
ploration: Mereury .- - ool 13 1,028 780 .3
Lead-zine. - - o oo ___ 7 682, 030 € 2
Asbestos Manganese EOpcli)et' ---------------------- ﬁ ggg, %i(l) £ 2
: . . ~ZinC-COPPer—. - - - oo t A,
Bauxite Mica (strategic) Molybdentm . 212 3 384, 438 > 5
Beryllium Molybdenum an-li' ----------------------- g igg, 228 } ?
: . eryllium. ..o oo , .
Cadmu'lm Monazite All bthers (cobalt, fluorspar,
Chromite Nickel mica, nickel, platinum, .
Cobalt Quartz crystal wranium) .. ... .. 9 335,970 &
Columbium (piezoelectric) Total (15 commodities).... 170  $11, 088,057  100.0
Copper Rare earths
Corundum Selenium MINERAL INVESTIGATIONS RELATED TO THFE
Diamond (industrial) Sulfur ' WILDERNESS ACT
Fluorspar 1 i
Graph?te (crucible gilfuglifrfk steatite) Uncompahgre Primitive Area, Colo.
flake) Thorium The Uncompahgre Primitive Area is in the inten-
Tron ore Uranium sively mined, highly productive northwestern part of

Kyanite (strategic)

The following 9 minerals or metals are eligible for
Government financial assistance of 75 percent of the
allowable costs of exploration:

the San Juan Mountains in southwestern Coloraco.
From the 1870’s to 1967, mines in the primitive area
and a border zone of 114 miles wide around it yield~d
about $332 million worth of metals, mostly gold, silv>r,
copper, lead, and zinc. About 4,000 patented claims and
more than 700 unpatented claims are located in or near

ﬁgﬁiﬁz}?y giil:;e the primitive area. Part of the ore mined by the Ida'r'a-
Gold Tantalum do Mining Co. and all the ore mined at the Camp Bird
Mercury Tin mine comes from within the primitive area. In 1965,
Platinum-group mines largely in or near the primitive area yielded

metals nearly $91% million in metal values, or about 32 per-

Combinations of the minerals or mineral products
listed in 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 the year ending
March 31, 1969, and from February 1959 when the
first application was received, to April 1, 1969, was as
follows:

cent of Colorado’s metal production for that year. C e
reserves of precious and base metals in deposits in or
near the primitive area total about 814 million tons.

In view of the mineral survey findings, R. P. Fisch-
er and others (r0421) concluded that insofar as miner-
al potential is a factor, the approximate southweste™n
two-thirds of the primitive area is not suitable for in-
clusion in the National Wilderness Preservation Sys-
tem.
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Mission Mountains Primitive Area, Mont.

The Mission Mountains Primitive Area encompasses
about 118 sq mi of the rugged Mission Range, about 40
miles north from Missoula, Mont. The area is under-
lain principally by slightly metamorphosed sedi-
mentary rocks of Precambrian age (the Belt Su-
pergroup) that have been intruded sparsely by quartz
diorite of probable Tertiary age.

Geologic examination by J. E. Harrison, M. W.
Reynolds, M. D. Kleinkopf, and E. C. Pattee along
several hundred miles of foot traverses, plus analyses
of about 500 samples, and an aeromagnetic survey did
not reveal evidence of mineral deposits of potential
economic significance (r0420). The study did reveal a
widespread irregular distribution of minor amounts of
copper and lead as primary constituents of certain
kinds of sedimentary rocks, but not in sufficient
amounts to form large low-grade ore deposits, nor in
sufficient concentrations to form local high-grade de-
posits. An intensive search for strata-bound copper de-
posits revealed only scattered mineral occurrences.

On the basis of available data, there is little proba-
bility that mineral deposits of economic significance
exist in the primitive area.

RESOURCE COMPILATIONS

Mineral resources of Arizona

Mineral resources of Arizona were summarized un-
der the leadership of L. S. Hilpert (U.S. Geological
Survey, r2579). In a report prepared jointly by the U.S.
Geological Survey, the Arizona Bureau of Mines, and
the U. S. Bureau of Reclamation. The report describes
the geologic nature and known distribution for all the
State’s mineral resources, and appraises the potential
for finding additional sources. Based on production
data, predictable resource availability, and expected
use patterns, the mineral industry of Arizona is ex-
pected to continue its rapid growth with copper main-
taining its leading role. Arizona has produced over 20
million tons of copper and has led all States in copper
production each year for 59 years. Recently it has ac-
counted for more than half of all domestic production
and as much as 18 percent of world production. Explor-
ation for new deposits and development of them has
been very active in recent years, and known potential
resources are conservatively estimated to be about 60
million tons. Several byproduct metals are derived in
processing and refining the copper ores, so that in-
creased production of copper will also result in greater
amounts of gold, silver, and molybdenum. Cumulative
production of these metals is nearly 14 million oz of
gold, 400 million oz of silver and 60 million Ib of molyb-
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denum. Over a million tons of zinc and abou* 650,000
tons of lead have been produced from more than 250
mines in some 118 mining districts. Many of these
mines were also producers of associated gold and silver.
Nearly 8 million tons of uranium ore containing over
8,000 tons of uranium oxide have been produced in Ari-
zona from several hundred deposits. Potential iron-ore
resources have been developed to only a limited extent.
Additional resources of these and other metals are cur-
rently the target for intensive exploration.

A significant development in Arizona’s miueral in-
dustry is the recent large expansion of coal mining in
the Black Mesa coal field to supply fuel for a thermal
powerplant. A long-term contract for delivery of at
least 117 million tons of coal over a 35-year period
provides a major economic impetus to a sector of the
mineral industry that has long been limited brcause of
remoteness from major markets. Oil and gas explora-
tion and development in the State have been stimulat-
ed by the discovery of the Dineh-bi-Keyah oil field, the
first well of which was completed in February, 1967.
Subsequent development has brought production of
crude oil in the State to over 2 million bbl annvally.

Abundant resources of nonmetallic minerals and
construction materials have become increasing'y impor-
tant with growth in population and industries, and
with better access to these new markets. The annual
sand and gravel production is second in value to cop-
per, with significant additional production in stone,
clays, pumice, gypsum, and asbestos.

Mineral resources of Oregon

Mineral resources of Oregon were summarired under
the leadership of A. E. Weissenborn (U.S. Geological
Survey, r2580) in a report prepared jointly by the
U.S. Geological Survey, the Oregon Department of
Geology and Mineral Industries, the U.S. Fwreau of
Reclamation, the Bonneville Power Admiristration,
and the U.S. Bureau of Mines. The report describes
the character and distribution of known and potential
mineral resources, and provides data on production
and use, and an estimate of potential developments for
each commodity. Much of the present vigor of Ore-
gon’s mineral industry is related to expanded markets
for such construction materials as sand and gravel,
stone, clay, and gypsum. These and other ncnmetallic
commodities account for over 75 percent of the value
of mineral raw materials in recent years.

Early mining in Oregon centered on the search for
precious metals. Beginning with the discovery of gold
in 1850, gold production now totals about 5.8 million
oz, and silver production is just slightly less. Much of
this production came in the first 25 years, and provid-
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ed much of the capital for the pioneer economy of the
State. The known resources of gold and silver are low
grade and mostly associated with deposits of copper,
lead, and zinc. Most of these deposits were initially
discovered in the early search for high-grade precious
metal lodes, and were not economic at that time. The
report recommends that modern exploration techniques
should be applied in a number of areas containing
these deposits. Nickel mining, which did not begin un-
til 1954, has provided an even grater value than gold;
Oregon’s nickel mine provides the only domestic pro-
duction. Potential resources of nickel are adequate to
maintain the current production rate for several years,
and lower grade nickeliferous laterites may ultimately
be developed. Other metallic resources that have been
exploited include mercury, chromite, and uranium.
Mercury. has been reported in some 225 deposits, of
which more than 60 have been productive. Of the
105,000 flasks of mercury produced in the state, 90 per-
cent has come from 5 mines. Known chromite resources
are too low grade to support production except during
times of very high prices. The recorded production of
147,000 long tons represents three such periods of war-
time price stimulus. Uranium production also reflects
the effect of exploration prompted by high prices. The
known deposits produced 200 tons of uranium oxide
from 120,000 tons of ore. The promising market out-
look for uranium should encourage exploration for ad-
ditional deposits.

Coal resources of Oregon are capable of supporting
moderate-sized mining activities, but have been mined
mainly for local needs. Exploration for oil and gas has
been unsuccessful so far, but many areas have not been
fully tested. Present interest in offshore exploration is
quite high. The report summarizes much stratigraphic
and structural data as a guide for further drilling.

Mineral resources of Wisconsin

Maps of the Precambrian of the northern half of
Wisconsin were prepared under the joint auspices of
the U.S. Geological Survey and the Wisconsin Geolog-
ical and Natural History Survey. Geologic data are
shown at a scale of 1:500,000, compiled by C. E. Dut-
ton and R. A. Bradley from mineral-land classification
surveys conducted from 1913 to 1930. Four sheets were
released in open files, showing: (1) information on fel-
sic rocks according to lithologic type; (2) delineation
of greenstones and foliated mafic rocks; (8) geologic
map of sedimentary rocks; and (4) magnetic contours
based on aeromagnetic surveys, and crest and trough
lines of magnetic anomalies determined from dip-nee-
dle surveys. The maps will be further explained in a
report now being prepared for publication.
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NEW ENGLAND
STRUCTURAL AND STRATIGRAPHIC STUDIES

Early Paleozoic evolution of Northern Appalachians

A geologic model for the evolution of the west flank
of the northern Appalachian orogen during early Pr-
leozoic time, by E-an Zen, is an extension of the mod-~l
previously constructed for the Taconic allochthon. In
this model, the edge of the craton (the North Ameri-
can continental margin?) coincided with the eastern
and southern limit of the miogeosycline (bank and
reef deposits) extending from northwestern Nev-
foundland to southeastern Pennsylvania. To the east
and south, the axis of deep water was the site of depo-
sition of a thin sequence of transitional shale-grey-
wacke units. Thick, volcanic-rich eugeosynclinal rocl=
were laid down farther seaward. In late Early Ordovi-
cian and early Middle Ordovician time, these paleogen-
graphic relations were upset; the region of maximum
depth was uplifted, whereas the bank area subsided ty
warps and high-angle faults. Erosion of the newly
formed high areas led to the flooding of the former
shelf area by flysch deposits, mainly shales and gray-
wackes. The process culminated in the emplacement of
allochthons (some of which may prove still partly at-
tached) from Newfoundland to Pennsylvania. Tls
process at the surface was probably accompanied bty
material transfer in the upper mantle, now manifested
by a relatively high gravity ridge over the area of fo--
mer maximum depth compared with low gravity over
the former bank now occupied by allochthons. This
deep-seated transfer probably caused the surface gen-
logic processes and could be related to the igneous ac-
tivities.

An evaluation of the stratigraphic evidence for tl'~
Taconic orogeny in the northern Appalachians was r»-
cently published by Louis Pavlides, A. J. Boucot, and
W. B. Skidmore (r1452). Several belts unaffected by
the Taconic disturbance are bounded marginally ky
belts of disconformity which in turn are bounded by
belts of angular unconformity. Because of the discon-
tinuous and episodic nature of the Taconic orogeny in
the area, the term “Taconic” should include all di--
turbances that occurred from Trenton (Middle Ordo-
vician) through Llandovery C,—Cs (Early-Middle Si-
lurian) time.

Faults in eastern Massachusetts and Connecticut

Much of eastern Massachusetts is part of a great
thrust fault zone at least 40 miles wide, according to
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K. G. Bell. The major faults are northeast-trending
strike-slip faults having displacements of many miles;
myriads of lesser faults are interspersed between the
major faults. Magnetic and gravity surveys of the
Gulf of Maine indicate that some of the major faults
extend seaward as far as Georges Bank, and the fault
zone extends northeastward to the Maritime Provinces
of Canada. Differences of rock types across one of
these faults mapped by A. F. Shride in the Newbury-
port West quadrangle, Massachusetts (locality 7, index
map), indicate considerable lateral displacement. Oth-
er faults in this system mapped in the Natick quadran-
gle, Massachusetts (loc. 2), by A. E. Nelson appear to
bave right-lateral displacement (of at least 6 miles
along one fault), and to merge with the border fault of
the Boston basin. A northwest-trending fault of con-
siderable displacement was identified in the Medfield
quadrangle, Massachusetts (loc. 3), from field mapping
and ground radioactivity survey by R. P. Volckmann.
A columnar section of metasedimentary rocks in north-
eastern Massachusetts that is being compiled by N. P.
Cuppels and Bell is expected to help unravel the struc-
tural complexities.
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The Lake Char trust fault of northeastern Connecti-
cut was traced by H. R. Dixon across the Thompson
quadrangle, Connecticut (loc. 4), to the Massachusetts
boundary. In the center of the quadrangle the fault
splits into three or four imbricate thrust slices in
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which mylonitized quartzite from the lower plate and
hornblende gneiss from the upper plate are intermixed.
At an adjacent S-bend the fault apparently cuts across
units in the lower plate at a high angle; thkis is the
only place where such truncation along the fault can
be demonstrated.

Side-looking radar shows structures

Mosaics of side-looking radar imagery of Massachu-
setts provided by the Grumman Aircraft Engineering
Corp. were analysed by M. H. Pease, Jr. In areas
where the geology is well known, patterns of bedding
and foliation could be distinguished from lineaments
(presumably faults) that trend subparallel to or cross-
cut stratigraphic trends. In areas of less well known
geology, the most conspicuous lineaments also trend
generally northeast. These lineaments commonly sepa-
rate distinctive patterns on the mosaics into structural
blocks. Side-looking radar imagery should be useful
for the interpretation of the regional geology.

Structural studies in southwestern Massachusetts

Recent mapping in the State Line quadrangle (loc.
5), by N.M. Ratcliffe revealed clear evidence for the
allochthony of the Chatham slice ** of the Taconic al-
lochthon. Rensselaer Graywacke and rocks of the Nas-
sau Formation of probable Early Cambrian age rest
discordantly on the Stockbridge Formation of Cambri-
an and Ordovician age. Moreover, map units within the
Nassau Formation are discordant with the sole of the
thrust.

Studies by Ratcliffe in the Stockbridge, G—eat Bar-
rington, and Ashley Falls quadrangles (loc. 6), show
large-scale westward movement of Precambrian base-
ment rocks in low-angle thrusts. Thrust slices of
Cheshire Quartzite and Dalton Formatior (Lower
Cambrian), overlain locally by Precambrisan rocks,
crop out in an irregular belt to the west of these
thrusts. The autochthonous Stockbridge and Walloom-
sac Formations of Cambrian and Ordovician age be-
neath the thrusts form broadly recumbent folds that are
strongly refolded. Because the structural pattern with-
in the overthrusts coincides only with the latest set of
structures in the autochthon, it is thought that the
thrusting was a relatively late structural event.

Precambrian gneisses in the South Sandisf'~ld quad-
rangle (loc. 7), mapped by D. S. Harwood, were folded
into a large recumbent antiform with axial surface
dipping gently east, and refolded into domes and
basins about north-trending, steeply dipring axial
surfaces.

1 Zen, E-an, 1967, Time and space relationships of the Ticonic alloch-
thon and autochthon: Geol. Soc. America Spec. Paper 97, 107 p.
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Subdivision of Brimfield Schist

Work on the stratigraphy and structure of the
schists and gneisses of the Brimfield Schist continues
in several parts of northeastern Connecticut and
south-central Massachusetts. Eleven major map units
defined in the Westford quadrangle, Connecticut (loc.
8), by J. D. Peper form a west-dipping homoclinal se-
quence broken by thrust faults and complicated by
small folds. Field evidence indicates that regionally
west-over-east shearing continued later than the peak
of sillimanite-orthoclase-grade metamorphism into the
time of emplacement of late pegmatites. In the Monson
quadrangle, Massachusetts (loc. 9), gray schist and
gneiss overlie sulfidic sillimanite schist and gneiss;
graded bedding indicates that the gray unit occupies
the axial parts of two isoclinal synclines.

A homogeneous sequence of rusty sillimanite schist
and felsic gneiss was traced by M. H. Pease, Jr., from
the Stafford Springs quadrangle into the type area of
the Brimfield Schist in the Wales quadrangle, Mas-
sachusetts (loc. 70). This belt widens to the northeast,
but appears to be progressively cut out to the south-
west by a major north-south structure; bedding dips
consistently northwest. Layers of similar rusty schist
are common in other stratigraphic units below the base
of the type Brimfield.

In the Southbridge quadrangle, Massachusetts (loc.
11), G. E. Moore, Jr., identified mappable calc-silicate
and volcanic units within the Brimfield Schist.

Stratigraphic sequences in western Massachusetts and
adjacent Connecticut

The sequence of Paleozoic stratigraphic units of the
east limb of the Berkshire anticlinorium traced south-
ward by N. L. Hatch, Jr., from Vermont to Blandford,
Mass. (loc. 12), is significantly different from the se-
quence of units being mapped in northern Connecticut
by R. W. Schnabel. Possible explanations for the
change include considerable transport along a fault
mapped in the West Granville quadrangle, Massachu-
setts (loc. 713), by Schnabel, and a major facies change
in the vicinity of Blandford inferred by Hatch and R.
S. Stanley.

Triassic wind action

Wind-polished pebbles are abundant in a bed of
Triassic conglomerate near Glastonbury, Conn. (loc.
14), according to J. P. Schafer. This is the first direct
evidence of wind action during deposition of the
Triassic rocks of the Connecticut Valley.

Stratigraphic revision in northwestern Maine

Stratigraphic and structural evidence found by D.
S. Harwood (p. D106-D115) in the western part of
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the Arnold Pond quadrangle, Maine (loc. 15) indicates
that at least part of the belt of volcanic rocks, gray-
wacke, and slate originally assigned to the Frontenac
Formation and Kidderville Formation of Hatch'? of
Devonian age underlies rocks of probable Silur‘an
age, and is probably equivalent to part of the Dix-
ville Formation of Middle Ordovician age. If so,
this belt outlines a narrow northeast-trending anticline
on the northwest limb of the Boundary Mountain arti-
clinorium,
STUDIES OF IGNEOUS ROCKS

Attean pluton, northwestern Maine

The Attean pluton in the Chain Lakes and Kenneha-
go Lake quadrangles (loc. 16) was subdivided by E. L.
Boudette into (1) a layered ultramafic massif ccm-
posed principally of serpentinite, pyroxenite, end
epidiorite, and (2) the relatively younger Attean
Quartz Monzonite. The presence of abundant epidior-
ite in the massif suggests that it is of the alpine type.
Both intrusive units are apparently intruded conform-
ably at the boundary between a schist-gneiss-granofels
complex on the northwest and a metamorphosed eugeo-
synclinal sequence in the lower greenschist facies on
the southeast.

Madfic rocks, eastern Massachusetts

Almost all dark gabbros and diorites in eastern Mas-
sachusetts were previously assigned to the Salem Gab-
bro-Diorite. According to K. G. Bell, these rocks be-
long to at least three magma series: (1) nonfoliated
gabbro and diorite plutons of Late Devonian age or
younger; (2) foliated garnet-bearing diorites and
quartz-diorites of the New Hampshire Plutonic Series
of Devonian age; and (3) chloritized and epidotized
gabbros and diorites of Early Devonian age, or older.

Volcanic rocks near Medfield, Mass.

A welded tuff containing devitrified glass shards and
rock fragments in an aphanitic matrix was mappec in
the Medfield quadrangle (loc. 3) by R. P. Volckmenn.
The tuff may occupy a vent area possibly relatec to
nearby porphyritic intrusives of similiar composition.

MINERALOGICAL AND ISOTOPIC STUDIES

Metamorphic assemblages in northwestern Maine
Regional equilibrium assemblages in rocks in the
Kennebago Lake quadrangle (loc. 76)mapped by E. L.
Boudette are: (1) chlorite-epidote-calcite-actino'ite-
zoisite, (2) quartz-plagioclase-epidote-chlorite, and
(8) quartz-chlorite-epidote-muscovite (?). These assem-
blages are either prograded from clastic sediments and
12 Hatch, N, L., Jr., 1963, The geology of the Dixville quadrangle,

New Hampshire: New Hampshire Dept, Resources and Econ. Devel.
Bull. 1, 81 p.
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retrograded from hypobyssal intrusives, or entirely
altered from previous (Taconic) equilibrium assem-
blages. An injection gneiss in the amphibole hornfels
facies at the southwestern end of the Stratton pluton
shows this reaction assemblage: plagioclase-amphi-
bole-quartz-biotite-cordierite-sillimanite-garnet (with
or without tourmaline-sphene-epidote). This assem-
blage is probably not in equilibrium.

Metamorphic chronology in western New England

Electron-probe analysis of selected plagioclase por-
phyroblasts from the metamorphic rocks of southwest-
ern Massachusetts shows, according to E-an Zen, that
the feldspar was extensively retrogressively metamor-
phosed ; the crystals are now rimmed by nearly pure
albite and the intermediate, most Ca-rich zones are
commonly saussuritized. Mica in such altered zones is
oriented parallel to rock foliation. The relations indi-
cate that the Acadian radiometric age dates a late
event, and that the peak of metamorphism, at least for
some of the rocks, occurred earlier. Combined with in-
dications of pre-Silurian metamorphic event elsewhere
in New England and adjacent New York and Quebec,
based both on radiometric dating and on petrographic
data, the information leads to the inference of a wide-
spread regional metamorphic event about 400-450
m.y. ago affecting an area extending at least from
southeastern Quebec to southeastern New York.

Ages of alkalic plutons, eastern Massachusetts

A geochronologic study by R. E. Zartman and R. F.
Marvin of several alkalic plutons in eastern Massachu-
setts yielded the following radiometric ages:

Rb-Sr K-Ar Pb2o7 -

Rock unit whole-rock hornblende Pp2eé

180chron (m.y.) zircon

(m.y.) (m.y.)
Peabody Granite. 367412 ______ 359, 362, 371, 435+ 12
375, 402 380416
Cape Ann 433 +6_ o ____ 450410

Granite.

Quincy Granite... data scattered___ 430, 437, 444, 4504-55

All the granites give some evidence of an Ordovician
age, and this is considered as the most likely time of
emplacement for all the alkalic plutons. The Cape Ann
Granite gave a well-defined Rb-Sr whole-rock and
Pb207-Pb**® zircon age which is Late Ordovician on
the presently accepted time scale. The closely agreeing
K-Ar hornblende and Pb*"-Pb%°¢ zircon age of the
Quincy Granite appears to reflect a Late Ordovician
time of emplacement similar to the Cape Ann Granite.
The older of the two Pb?"-Pb%¢ zircon ages of the
Peabody Granite is probably more reliable. Gabbroic
to granitic rocks that are older than the alkalic plutons
but post-Olenellus apparently were intruded in
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Cambrian or Ordovician time. A concordant Rb-Sr
and K-Ar phlogopite age of about 490 m.y. for the
gabbro at Nahant supports this conclusion. The low
metamorphic grade of pre-Devonian sedimentary
rocks, the contrasting tectonic styles, and the likeli-
hood of a major intervening fault system dis‘inguish
this area from adjacent central Massachusetts and New
Hampshire where many of the igneous rocks dete from
the Early to Middle Devonian Acadian orogeny.

METALLIC MINERAL DEPOSITS

Iron formation in northeastern Maine

Manganiferous iron formation of both the homatitic
and carbonate types occurs in lenses within the Smyr-
na Mills Formation of southern Aroostook County, ac-
cording to Louis Pavlides. Locally a stratigraphic zone
with iron-and manganese-bearing lenticular deposits
strikes into the biotite-cordierite hornfels aurcoles of
two granitic plutons. Within these contact-metamor-
phosed zones the manganese- and iron-bearing deposits
have been metamorphosed chiefly into magnetite-com-
mingtonite-garnet ironstonés which also may locally
contain fayalite and pyroxmangite. Preliminary micro-
probe analysis indicated that the manganese is mostly
in the garnet but is also contained in the cumrmington-
ite. Some of the large magnetic anomalies as<ociated
with the hornfels aureoles are caused by such lenticu-
lar magnetite-bearing ironstones.

Deposits in northwestern Maine

One of the small plutons of quartz porphyry
mapped by E. L. Boudette in the Chain Lakes quad-
rangle (loc. 16), north of Big Jim Pond, appears to be .
a breccia pipe, and bears macroscopic amounts of base
metal sulfides. Amphibolites associated with serpentin-
ite in the Arnold Pond quadrangle, sampled I'y D. S.
Harwood, contain 0.2-0.5 percent Ni, 0.7-3.0 percent
Cr, and as much as 0.5 ppm Au.

Gold-bearing erratic in central Massachusetts

A gold-bearing boulder found in drumlir till in
Stow, in the Husdon quadrangle, by J. H. Peck, is
made up chiefly of quartz, arsenopyrite, and iron oxide
(limonite?) with minor pyrite and chalcopyrite. Anal-
ysis of a chip sample showed a gold content of 30 ppm
(about $30 per ton). The internal structure of the
boulder strongly suggests that the rock was derived
from fault gouge or breccia, but its original source is
unknown.

Sulfides in north-central
Massachusetts

Pyrite, chalcopyrite, and barite were found Iy M. H.
Pease, Jr., in boulders of silicified breccia of Triassic

Connecticut and adjacent
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sedimentary rock in two pits in glacial till, one in the
Ellington quadrangle, Connecticut (loc. 77), and the
other in the Hampden quadrangle, Massachusetts-Con-
necticut (loc. 18). As both pits are near the east border
fault of the Connecticut Valley Triassic basin, there is
strong possibility that a sulfide deposit is buried be-
neath glacial cover along the fault.

Pyrite and pyrrhotite are common constituents of
the Brimfield Schist widely exposed in much of the
Stafford Springs (loc. 79) and adjacent quadrangles in
Connecticut. The sulfides, disseminated along bedding
planes and joints, evidently were originally of sedi-
mentary origin. No associated copper, zine, or lead sul-
fides have yet been found in these rocks.

SEISMIC PROPERTIES OF FRACTURED ROCK
AND SAPROLITE

In highly fractured rocks, refraction seismic com-
pressional wave speeds are abnormally low. Thus a
fractured intermediate layer found during a seismic
survey for civil-engineering foundation purposes com-
monly will be reported as soil, because of the low ve-
locity, whereas actually the fractured rock commonly
requires systematic drilling and blasting for removal.
An experiment to relate field compressional speed to
the frequency and width of visible cracks has been
started by C. R. Tuttle. Measurements have been made
at sites in granites and gneisses in Massachusetts. With-
in the outcrop areas studied the total crack area
ranged from 0.2 to 1.5 percent. Low apparent velocities
are associated with abundance of cracks 6 mm or less
wide. Higher apparent velocities occur with cracks 10
to 20 mm wide, but of lower frequency.

At a highway location in Shrewsbury, Mass. (loc.
20), saprolite and fault gouge were associated with a
recognizable, characteristic shape of the refraction
seismic traveltime curves obtained by C. R. Tuttle.
Prior to excavation this material was reported as “uni-
dentified material” with an average apparent velocity
of 4,000 fps. At a recent seismic study site in Oxford,
Mass. (loc. 27), traveltime curves again have the char-
acter of those at Shrewsbury. If fault gouge or sapro-
lite is revealed by excavation at the Oxford locality,
this will confirm the use of traveltime curves in identi-
fication of such material.

PLEISTOCENE GEOLOGY

Two tills in northern Connecticut

The glacial deposits in a gas line trench 16 miles
long and 8-15 feet deep in northeastern Connecticut
were studied by M. H. Pease, Jr. Most upland areas
were blanketed by two superposed tills. The upper till
is olive gray, friable, sandy, commonly contains lenses
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of sand or gravel, and has a greater proportion of sub-
rounded stones; the lower till is olive brown, compact,
and has platy jointing. These same two tills have ben
recognized elsewhere in southern New England, and
commonly believed to be the deposits of two ice ad-
vances. However, evidence from the trench favors their
deposition as ablation and lodgement tills of a single
ice advance.

A section of upper till 30 feet thick in the Torring-
ton quadrangle, (loc. 22), northwestern Connecticut,
was interpreted to contain both ablation and lodgwe-
ment zones from texture, bedding, and stone fabric
studies by Fred Pessl, Jr. Measurement of shape and
roundness of 250 stones indicated that, at this locality,
shape is a more sensitive indicator of the environment
of till deposition than is roundness. Stones from that
part of the exposure interpreted to be of lodgement or-
igin have a mean sphericity of 0.67-0.68 and a me-~n
roundness of 0.35-0.838; 20-21 percent of these stores
are spheroids (in the Zingg classification). Stones from
that part of the exposure inferred to be of ablation
origin have a mean sphericity of 0.70-0.72 and a men
roundness of 0.38; 3840 percent of these stones are
spheroids.

Modification of drumlins, Connecticut Valley

Some drumlins with north-south long axes in the
Hampden quadrangle (loc. 78), Massachusetts-Ccn-
necticut, apparently were modified during the waning
of glaciation in the Connecticut Valley, according to
R. B. Cotton. The ice front was lobate, drumlins thon
under the edge of the ice were reshaped either through
erosion or addition of till, and “parasitic” drumlins
whose long axes are oriented northwest-southeast re-
sulted. This hypothesis may explain the origin of
southwest-trending “tails” on several drumlins in pre-
viously mapped quadrangles to the south and south-
west.

Last glaciation in central Massachusetts

The last ice sheet advanced due south in the Mount
Tom quadrangle (loc. 23) as indicated by striations
and streamlined topography mapped by F. D. Larsen.
Erratics of the Belchertown Tonalite were carried
southward at least 16 miles. Retreat of the ice margin
west of the Holyoke Basalt ridge was interupted by
three stillstands or slight readvances of the ice marg'n,
each of which is marked by a head of outwash com-
posed of coarser material. Thrust faults and folds in
varved clay and sand overlain by till indicate a minor
readvance in the southwest portion of the quadrangle.

Drainage diversions in northwestern Connecticut

C. R. Warren (p. D200-D205) found that glacial
deposition disrupted parts of the preglacial drainage
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system in the Norfolk quadrangle. (loc. 24). Of four
preglacial streams in the headwaters of the Blackberry
River, three were diverted across former divides. Much
of the glacial drift that caused the disruption was de-
posited in a temporary glacial lake in the Blackberry
River basin.

Late-glacial wind action in southern New Hampshire

Two wind-polished bedrock localities in the Manches-
ter quadrangle, (loc. 25), the first reported from New
Hampshire, indicate a late-glacial wind from N. 65°
W, according to Carl Koteff. This is in some contrast
to directions at localities in Massachusetts, which indi-
cate predominant late-glacial winds from north and
northeast. Sand dunes as much as as 30 feet thick on
the east side of the Merrimack River valley may be re-
lated in time to the wind polishing.

Glacial lakes in the Housatonic Valley

Additional evidence that a glacial lake left abundant
clay deposits in the Housatonic Valley results from
studies in the Ashley Falls quadrangle, (loc. 6), Mas-
chusetts and Connecticut, by G. W. Holmes and W.
S. Newman. The retreating ice sheet left the Housa-
tonic Valley early, while bodies of dead ice still lay in
tributary valleys such as that of the Konkapot River.
However, mapping in the Kent and Ellsworth quad-
rangles (loc. 26) to the south in Connecticut by G. C.
Kelley revealed no evidence that such a lake extended
that far south. In the Housatonic Valley lacustrine de-
posits are lacking and ice-contact deposits are widely
distributed.

APPALACHIAN HIGHLANDS AND THE
COASTAL PLAINS

APPALACHIAN PLATEAUS AND VALLEY AND
RIDGE PROVINCES
Stratigraphic and paleoenvironmental
Paleozoic rocks
In a study of Lower Pennsylvanian and Upper Mis-
sissippian rocks in southwestern Virginia and southern
West Virginia, K. J. Englund noted an unconformity
in the lower part of the New River Formation that
truncates older beds toward the northwest, including
the Pocahontas Formation and the upper part of the
Bluestone Formation. The unconformity marks a hia-
tus between the Mississippian and Pennsylvanian Sys-
tems where the eroded beds are absent. This relation
suggests that the widely recognized Mississippian-
Pennsylvanian unconformity lies within Lower Penn-
sylvanian rocks in the study area.
Wallace de Witt, Jr. found that in the southern part
of the Hyndman quadrangle, Pennsylvania, (locality

studies of
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1, index map) the Keefer Sandstone of Silurien age is
not a simple sheet sandstone, but consists of a series of
lenses of well-sorted, fine- to medium-grained auartzite
as much as 25 feet thick and a mile long. The-e lenses
are intercalcated in a 6- to 20 foot-thick sequence of
thin-bedded, fine-grained sandstone, siltstone, and silty
fossiliferous mudrock. Locally, sandy fossiliferous he-
matite is associated with the Keefer Sandstone. Sever-
al exposures show two zones of thin-bedded sandstone
separated by as much as 10 feet of silty mudrack. The
Keefer appears to have accumulated as a series of
small offshore bars and related marine she»t sands
spread during regression of the Silurian sea in which
the underlying Rose Hill Formation was dsposited.
The Keefer Sandstone bodies appear to be time trans-
gressive from east to west.
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STATES IN APPALACHIAN
HIGHLANDS AND THE
COASTAL PLAINS

The clastic rocks of Silurian age in Blue and Kitta-
tinny Mountains in eastern Pennsylvania (loc. 2) were
studied by J. B. Epstein. He found that areal distribu-
tion, petrology, and sedimentary structures indicate
that the Shawangunk Conglomerate was degsited by
braided streams of low sinuosity. The overlying Clin-
ton Formation contains transitional terrestrizl-marine
deposits representing tidal flat, barrier bar, estuarine,
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and lagoonal environments, whereas the Bloomsburg
Red Beds at the top of the sequence were deposited by
meandering streams on a low alluvial plain. These de-
posits all represent detritus shed northwestward from
highlands uplifted during the Taconic orogeny.

During the same study J. B. Epstein and A. G. Ep-
stein found phosphate, siderite, and chlorite (chamo-
site?) nodules in the Clinton Formation for the first
time in eastern Pennsylvania. The nodules are proba-
bly primary or early diagenetic, and, along with oc-
currences of Lingula, indicate deposition in a shallow
subtidal, lagoonal, or tidal flat environment.

The Epsteins also reported the discovery of montmo-
rillonite in carbonate rocks of late Silurian age in east-
ern Pennsylvania. These rocks are believed to have
been deposited in an intertidal, and supratidal envi-
ronment. Comparison with Middle Silurian clastic
rocks that lack montmorillonite and were probably de-
posited in the same environment suggest that the
montmorillonite is an early diagenetic or penecontem-
poraneous authigenic mineral. The reflux mechanism
suggested for dolomitization of carbonates in recent
sediments in many parts of the world may be responsi-
ble for the origin of the montmorillonite.

Isopach maps in Ohio and Kentucky established the
existence of a large pre-Middle Ordovician anticline in
the subsurface called the Waverly arch.® The crest of
the arch plunges southward from Ohio into east-cen-
tral Kentucky, where it terminates abruptly against a
major east-west basement fault. An isopach map con-
structed by L. D. Harris from sparse drilling data,
thickness measurements from outcrop sections, and
published reports in Tennessee and southwest Virginia
suggests that structure south of the central Kentucky
fault is dominated by a large anticline, whose crest lies
in the subsurface of West Virginia many miles east of
the crest of the Waverly arch. During the time that
the arch was a positive feature carbonates of the Knox
Group, the uppermost rocks involved in the structure,
were subjected to intense weathering. The possibility
exists that the porosity thus produced may have been
great enough to have formed a major trap in the sub-
surface of West Virginia for future oil and gas explo-
ration.

Structure of the Valley and Ridge belt
Study of the Round Mountain area (loc. 8) in Eto-
wah and Cherokee Counties, Ala., by R. A. Laurence,
indicates that the large, roughly circular area of
Floyd Shale (Mississippian) which is surrounded by
* Woodward, H. P., 1961, Preliminary subsurface study of the

Southern Appalachian Interior Plateau: Am. Assoc. Petroleum Geolo-
gists Bull,, v. 45, p. 1634-1655.

A27

Conasauga Shale (Cambrian) is probably a window in
the Rome thrust fault, the trace of which is exposed 8
miles to the northwest. Although the contact is ccn-
cealed, the proximity of fossiliferous Cambrian beds
dipping 25° W. to Mississippian beds dipping 80° E.
seems better explained by faulting than by an erosicn-
al unconformity, as interpreted by previous workers.
This suggests that an area of more than 150 sq mi m~y
be underlain, at relatively shallow depths by rocks of
Silurian to Pennsylvanian age.

On the east side of Beans Cove in the Hyndm-n
quadrangle, Pennsylvania, (loc. 7) Wallace de Witt,
Jr., found that a sharp boundary zone separates gently
dipping beds of Tuscarora Quartzite from steeply dip-
ping beds along the west flank of the Tussey Mountzin
anticline. This zone, which represents a sharp kink or
bend, would probably have developed into a zone of
shattering and small-scale thrusting along closely
spaced joints if folding had continued. Erosion Ios
readily breached similar weak zones in the Tuscarora
on the west flank of the Evitts Mountain anticline
on the west side of Beans Cove and has produced deep
valleys which are bounded by gently dipping quartzite
beds on the east and steeply dipping to overturned beds
on the west.

Similar-appearing smaller scale structures in Mec-
Kenzie Formation (Silurian) exposed along U.S.
Highway 40 in the contiguous Evitts Creek quadren-
gle, Pennsylvania, suggest that the sharp kink or bend
in the beds may mark the point on the surface wher» a
nonoutcropping near-bedding plane thrust fault crces-
cuts strata from one stratigraphic horizon to another.

In the central part of the southern Anthracite field,
Pennsylvania, (loc. 4), large east-west trending high-
angle reverse faults and folds in the lower plate of the
Blackwood thrust fault terminate on the east against
the fault which trends northeast-southwest. Thrst
faults and folds in the upper plate terminate on the
west against the fault. Structural synthesis by G. H.
Wood, Jr., indicates that the folds and faults in the
lower plate developed before major thrusting and that
slip on the Blackwood thrust fault increases from
about 3,800 feet in the western part of the area, to
10,000 feet in the eastern part. The folds and faults in
the upper plate seem to have developed during thrust-
ing and probably die out to the west because of the de-
crease in slip. A considerable tonnage of unmined an-
thracite may be preserved in the lower plate south of
the fault trace. The unmined anthracite beds may be as
much as 10,000 feet south of the fault trace and 6,000
feet below the surface.

The age and mode of formation of the cleavage in
the Martinsburg Formation in eastern Pennsylvania
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has been in debate since Maxwell * suggested that it
formed diagenetically in water-bearing pelites owing
to high pore pressures. J. B. Epstein identified the 2M
polymorph of muscovite in five samples of slate from
different parts of the formation. This is contrary to
Maxwell’s identification of the mica in the slate as a
lower ordered form (“illite”). The presence of 2M
muscovite strongly suggests but does not prove that the
slate is a metamorphic rock inasmuch as the stability
ranges of the polymorphs of muscovite are not accur-
ately established ** and the muscovite, may reflect the
nature of the source rocks. However, occurrence of
chlorite porphyroblasts and elongate quartz is a strong
argument for metamorphism and not diagenesis. Ep-
stein also showed that arching and dying out of cleav-
age in the Martinsburg Formation near the uncon-
formable contact with the overlying Shawangunk
Conglomerate of Silurian age in Blue and Kittatinny
Mountains in eastern Pennsylvania and northwestern
New Jersey (loc. 2) probably is due to a large scale
pressure-shadow mechanism. Similar features have
been observed on smaller scale in outcrop. This proves
that the conspicuous cleavage in the Martinsburg is
post-Silurian in age and not a product of the Taconic
orogeny.

Clastic and some carbonate rocks near Clinton and
Jutland, N.J. (loc. 6), contain graptolites of both Ear-
ly and Middle (Deepkill) and Middle (Normanskill)
Ordovician age but have been referred to the Martins-
burg Shale of Trenton and younger age. Reconnais-
sance by A. A. Drake, Jr., showed that these rocks are
very similar to allochthonous rocks of the Hamburg
klippe of eastern Pennsylvania, as well as to rocks in
the Peapack Valley of New Jersey, which contain bra-
chiopods of Middle Ordovician age. Only tectonic( ?)
slivers of Jacksonburg Limestone underlie these clastic
rocks which are in fault contact with carbonate rocks
of Cambrian and Early Ordovician age as well as with
Precambrian crystalline rocks. It would seem that a se-
quence of rock ranging from at least Early to Middle
Ordovician age is allochthonous. Because no rocks
whose assignment to the Martinsburg can be con-
firmed, emplacement by gravity sliding during geosyn-
clinal deposition is unlikely. The rocks probably were
emplaced in thrust sheets from a southeastern source
after the emplacement of the Taconic nappes in the
nearby Reading prong. This implies an eastern basin

4 Maxwell, J. C., 1962, Origin of slaty and fracture cleavage in the
Delaware Water Gap area, New Jersey and Pennsylvania, in Geological

Soclety of America, Petrologic studies—A volume in honor of A. F.
Buddington : New York, p. 281-311.

® Yoder, H. 8., and Eugster, H. P, 1955, Synthetic and natural mus-
covites : Geochim. et Cosmochim. Acta, v. 8, p. 225—-280.
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of deposition in the central Appalachians like that in
the northern Appalachians.

Tectonics of the Reading prong

Continuing analysis of geological and geophysical
data from the Reading prong and Great Valley of
eastern Pennsylvania and New Jersey (loc. 6) by A. A.
Drake, Jr., suggests that another regional nappe may
be largely buried beneath the recently defined ** Musco-
netcong nappe. The probable core of this buried struc-
ture is defined by a large subsurface aeromagnetic
anomaly 7 centered near Catasauqua, Pa. This anomaly
can be traced northeastward transverse to the grain of
the outcropping rocks, from Lyon Station, Ps., where
it emerges from beneath the outcropping Precambrian
rocks of the Musconetcong nappe to the northeast limit
of the aeromagnetic survey near Bangor, Pr., a dis-
tance of about 40 miles. The magnetic rocks causing
this anomally are about 1 mile below the surface. The
anomaly cannot be a basement phenomenon because the
basement here is deeper than 25,000 feet. Directly on
strike with the anomaly in New Jersey is the carbon-
ate-floored Paulins Kill valley which is surronnded by
the Martinsburg Formation. The structure of the car-
bonate rocks in the valley is anticlinal, but they are
bounded on all sides by the same fault as shown by A.
A. Drake, J. B. Epstein, and J. M. Aaron (r1405). The
Jacksonburg Limestone exposed in the valley is of a
different facies than at any place within the Great
Valley or Reading prong, and the lower part is dis-
tinctly older than any other Jacksonburg. Tho carbon-
ate rocks appear to be largely right side up, and there-
fore were interpreted as being the upright limb of a
nappe. The presence of a lower limb cannot as yet be
demonstrated. The structure can be traced for at least
70 miles.

THE BLUE RIDGE AND PIEDMONT

Age determinations on Precambrian volcanic rocks of
the Blue Ridge

In a joint study by T. W. Stern, M. F. Newell, D.
W. Rankin, and J. C. Reed, Jr., zircon ages were de-
termined on five felsic volcanic rocks in thr~e widely
separated upper Precambrian stratigraphic units of
the Blue Ridge. The uranium-lead ages are c'iscordant
and, using the episodic-lead-loss model, defin~ a chord
in the Pb207/J2s5-Pb2¢/U2¢ concordia diagram indi-
cating an original age of about 820 m.y. and ¢ lead-loss
age of about 240 m.y. Units dated are the Grondfather

16 Drake, A. A., Jr., in press, Structural geology of the Reading
prong, in Studies of Appalachian geology—The central and southern
Appalachians : New York, John Wiley and Sons, Ine,

17 Bromery, R. W., and Griscom, Andrew, 1967, Aeromagnetic and
generalized geologic map of southeastern Pennsylvania: U.8. Geol. Sur-
vey Geophys. Inv. Map GP-577.
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Mountain Formation in North Carolina, the Mount
Rogers Formation in Virginia, and the Catoctin For-
mation at South Mountain, Pa.

These units all rest unconformably on billion-year-
old granitic rocks; the latter two are overlain with ap-
parent conformity by Lower Cambrian(?) rocks of the
Chilhowee Group. The zircon ages suggest that all the
felsic volcanic rocks are virtually the same age and are
Precambrian rather than Cambrian as suggested by
some workers. The dates indicate that there is a major
hiatus at the base of the of the Chilhowee Group.

Previously published zircon ages on basement rocks
from Tennessee and western North Carolina® define
two additional chords both of which intersect the con-
cordia curve near 240 m.y. The convergence of three
independently determined chords suggests that a geo-
logic event disturbed the zircons about 240 m.y. ago.
Lead loss is not related to regional metamorphism and
granitic plutonism which mineral ages date as about
350 m.y. age in the southern Blue Ridge. The lead loss
may have occurred during movement of the Blue
Ridge thrust sheet in the Late Paleozoic at the same
time as thrusting in the western Valley and Ridge belt.
A single age of thrusting is consistent with thin-
skinned tectonics.

Precambrian glacial deposits recognized

Red matrix conglomerate (tillite) and associated
laminated pebbly mudstone (varved sediments) at the
top of the Mount Rogers Formation (upper Pre-
cambrian) in southwestern Virginia are attributed to
alpine glaciation by D. W. Rankin. Laminated pebbly
mudstone occurs sparsely in the highest exposed part
of the Grandfather Mountain Formation in western
North Carolina and may also be of glacial origin. If
so, the area of Precambrian glaciation appears to have
been at least as large as 850 sq mi. In both areas the
glacial deposits are above felsic volcanic rocks includ-
ed in formations having discordant zircon ages that in-
dicate an original age of 820 m.y. Many Precambrian
rocks attributed to glaciation elsewhere in the world
are also red.

Epidotization and spilitization in greenstone

The Catoctin Formation in the Blue Ridge of cen-
tral Virgina consists principally of greenstone of spili-
tic composition and pods and irregular masses of
quartz-epidote rock (epidosite). Relict original tex-
tures and structures show that these rocks were de-
rived from redistribution of components within sub-
aerially extruded basalt flows. Detailed studies of the

¥ Davis, G. L., Tilton, G. R., and Wetherill, G. W., 1962, Mineral

ages from the Appalachian province in North Carolina and Tennessee :
Jour. Geophys. Research, v. 67, p. 1987-1997.
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chemistry and mineralogy of these rocks by B. A. Mor-
gan, ITI and J. C. Reed, Jr., and estimates of relative
proportions of greenstone and epidosite based on pho-
tographs of selected outcrops suggest that these rocks
are products of differentiation during low-grade re-
gional metamorphism without introduction of mate-
rial. The bulk composition of the greenstone-epidosite
sequence closely approximates that of metabasalt fe>d-
er dikes that show no signs of epidotization or spiliti-
zation. Field relations and thermodynamic considera-
tions suggest that the epidotization was controlled by
local oxidation of the original basalt along joints end
flow boundaries by deuteric solutions or hot metec~ic
waters prior to metamorphism.

Age and correlation of the Glenarm Series

The age and stratigraphic relations of the Glenarm
Series in the Maryland and Pennsylvania Piedmont
have been subjects of controversy for at least 50 years.
Several recent workers including Hopson ** and Weth-
erill and others?® concluded that the Glenarm Series
is probably of Precambrian age. However, new evi-
dence is accumulating that part or all of the Glenatm
may be of Paleozoic age.

M. W. Higgins found that the Port Deposit Gneiss
and several other granitic rocks in the Maryland Pied-
mont (loc. 7) are probably of sedimentary origin Jike
the Sykesville Formation of previous usage. Tlose
“granitic” rocks all yield zircon ages in the range 500
to 550 m.y. Inasmuch as the rocks were interpreted as
intrusive into the Glenarm Series these ages were as-
sumed to represent a minimum age for the Glenarm. 1f
the granitic rocks are of sedimentary origin, the zir-
cons are detrital and their age represents a maximum,
not a minimum, age for the Glenarm.

In mapping the New Windsor quadrangle (loc. 8) in
the western Piedmont in Maryland, G. W. Fisher
found two lithologic associations: (1) metabasalt in-
terbedded with clean dolomitic marble locally contsin-
ing stromatolites and oolites, probably deposited in
shallow water; and (2) muscovite-chlorite phyllite in-
terbedded with argillaceous limestone, thinly laminat-
ed and locally graded, probably deposited in deeper
water. These rocks are probably contemporaneous with
the Cambrian and Ordovician limestones of the folded
Appalachians and may mark the eastern edge of the
miogeosynclinal shelf. If so, they probably represent a
facies transitional into the deeper water rocks of the
Glenarm Series.

19 Hopson, C. A., 1964, The crystalline rocks of Howard and } ~nt-
gomery Countles, in The geology of Howard and Montgomery Counties :
Maryland Geol. Survey, 373 p.

2 Wetherill, G. W., Tilton, G. R., Davis, G. L., Hart, 8. R., and Hop-

son, C. A,, 1966, Age measurements in the Maryland Piedmont : Jour.
Geophys. Research, v. 71, p. 2139-2156.



A30

Detailed mapping by D. L. Southwick in the Quan-
tico quadrangle, Virginia (loc. 9), showed that the
Quantico Slate, from which Ordovician fossils were re-
ported long ago, is underlain by several thousand feet
of felsic and mafic volcanic and volcaniclastic rocks.
These in turn are underlain by a thick mass of pebbly
granitic-appearing gneiss much like part of the Wissa-
hickon Formation of the Glenarm Series. In reconnais-
sance, R. B. Mixon and J. C. Reed, Jr., traced the
Quantico Slate and the underlying volcanic rocks
southwestward to the Rappahannock River. This indi-
cates that the underlying Wissahickon is very proba-
bly correlative with the Evington Group (Paleo-
zoic( ?) )of the western Virginia Piedmont rather than
with the Liynchburg Gneiss (Precambrian).

Geophysical studies of the Baltimore gabbro

A detailed gravity survey by J. W. Allingham indi-
cates that the Baltimore gabbro complex in Howard
County, Md. (loc. 10), is a folded overturned, podlike
body. Aeromagnetic data and magnetic measurments
of samples confirm that the altered mafic and ultra-
mafic rocks at the western border of the complex have
reversed polarity, whereas the main body of gabbro
has normal polarity. The border rocks of the complex
are serpentinite and amphibole-chlorite schist that pro-
duce narrow magnetic lows. The main body consists of
massive metagabrro that has a rather flat aeromagnetic
expression. The relatively unaltered hypersthene gab-
bro is associated with magnetic highs. The complex
pattern of discontinuous aeromagnetic lows irregularly
distributed over the gabbro indicates a similarly com-
plex pattern of interlayered ultramafic and mafic
rocks, which is also characteristic of alpine-type com-
plexes.

Geolcl;gic and geophysical studies in the Carolina slate
elt

Lynn Glover IIT and O. T. Tobisch (p. C1-C7)
found a regular increase in metamorphic grade north-
westward across the boundary between the Charlotte
and Carolina slate belts at the Virginia-North Caroli-
na state line (loc. 77). Regional metamorphic facies
range from greenschist in the slate belt to upper am-
phibolite in the Charlotte belt. Field and laboratory
evidence suggests that a metamorphic gradient is one
of the principal factors that defines the boundary be-
tween these belts. Postmetamorphic faulting at the
boundary is probably negligible in this area; the roles
of plutonism, sediment source and premetamorphic
structure are under study.

A byproduct of the study was the discovery that me-
tamorphic plagioclase in low- and medium-grade rocks
probably exists in two exsolved phases (collectively
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called peristerite) averaging near An, and Ar.,. The
phases are submicroscopic and were detected by X-ray
diffraction.

Comparison of the preliminary geologic map of the
Gold Hill quadrangle (loc. 72) in west-central North
Carolina and the simple Bouguer gravity map of Wat-
kins and Yuval, ?* the aeromagnetic map of Henderson
and Gilbert, 22 and the unpublished radiometric map of
this area suggests a good correlation between the areal
geology and the geophysics according to H. W. Sunde-
lius. The Silver Hill-Gold Hill fault zone is well delin-
eated by a zone of northeast-trending magnetic highs
and lows. This zone of magnetic anomalies separates
magnetic patterns characteristic of the relativel ¥ unde-
formed slate belt rocks east of the fault zone from con-
trasting patterns associated with the more deformed
and metamorphosed Charlotte belt rocks west of the
fault zone. Relatively narrow, northwest-tending
Triassic( ?) diabase dikes within the slate belt show up
well on the aeromagnetic map. A foliated quar‘z mon-
zonite body along the upthrown side of the Gold Hill
fault correlates with radiometric, magnetic, and gravi-
ty lows. In addition, the contact between this quartz-
monzonite stock and a gabbro-diorite complex is well
defined by a strong increase in the magnetic gradient
associated with the gabbro-diorite complex. A 2.5-mile
long, lenticular metagabbro intrusive in the slvte belt
is well outlined by a radiometric low. Finallv, pyro-
clastic units within the Flat Swamp Member of the
Cid Formation along the limbs of the southwest-
plunging Denton anticline are reflected by radiometric
lows.

Possible Triassic faults in the Carolina Piedmont

Long rectilinear zones of silicified fault breccia and
gneissic wall rocks that were found by J. B. Hadley
and A. E. Nelson in Greenville and Spartanburg
Counties, S.C., and Polk County, N.C. (loc. 13), proba-
bly are due to regional postmetamorphic frrcturing
and silicification probably during the Triassic. These
nearly parallel fracture zones trend east-northeast for
distances ranging from a few miles to nearly 80 miles
and range in width from a few feet to more than 50
feet. Some occur along the Blue Ridge front, where
they form indistinct drainage lineaments. The thicker
and more silicified fracture zones in the Pedmont
form persistent low ridges. By analogy with similar

2t Watkins, J. 8., and Yuval, Zvi, 1966, Simple Bouguer gravity map
of the Mount Pleasant, Albemarle, Denton, and Salisbury qnadrangles,
west-central North Carolina: U.S. Geol. Survey, Geophys. Inv. Map,
GP-582.

22 Henderson, J. R., and Gilbert, F. P., 1966, Acromagne‘ic map of
the Mount Pleasant, Albemarle, Denton, and Salisbury gnadrangles,

west-central North Carolina: U.S. Geol. Survey, Geophys. Inv. Map
GP-581.
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occurrences in North Carolina and New England, they
are related to the regional faulting that accompanied
the deposition of Upper Triassic sediments throughout
the Appalachian region.

Geophysical study of the eastern continental margin

An aeromagnetic survey extending from the Gulf of
Maine to the tip of Florida was conducted by the U.S.
Naval Oceanographic Office between 1964 and 1966.
The survey traversed part of the Piedmont and Coast-
al Plain provinces and extended 200 miles beyond the
Continental Shelf into the Atlantic Ocean. Isidore
Zietz compiled and interpreted these data with P. T.
Taylor and L. S. Dennis (of the U.S. Naval Oceano-
graphic Office). They found that a continuous magnet-
ic high on or near the continental slope from northern
Maine southward to the 36th parallel, where the slope
anomaly bifurcates. Both branches of the anomaly
trend parallel the 850-fathom contour southward to
the 31st parallel and then swing westward in a smooth
arc, passing under the coast near Brunswick, Ga.
South of lat 31° N., the continental slope is not paral-
leled by a magnetic anomaly. Anomaly patterns sug-
gest that rocks much like those exposed in the Pied-
mont extend seaward beneath the Coastal Plain and
Continental Shelf as far as the slope anomaly.

It is possible that the continous slope anomaly marks
the edge of the continental mass and is due to igneous
rocks which have invaded the crust along a fracture
zone marking the edge of the continent. If so, Florida
and parts of Georgia were added to the continent in
pre-Ordovician time. Seaward from the slope anomaly,
the magnetic field is comparatively featureless. Several
interpretations are possible, but it seems most likely
that in this area the oceanic crust consists of green-
stones similar to those dredged from the central valley
of the Mid-Atlantic Ridge.

COASTAL PLAINS

Cenozoic vertebrates

A rare association of land and marine mammals of
Pliocene age was discovered at a locality north of Mo-
bile, Ala. (loc. 74) by J. E. Davis, Jr., a student at the
University of South Alabama. The fauna, identified by
F. C. Whitmore, Jr. (U.S. Geological Survey), and the
late Remington Kellogg (Smithsonian Institution), in-
cludes the long-beaked porpoise Pomatodelphis inaecu-
alis Allen; the horse Hipparion cf. H. plicatile (Lei-
dy); Synthetoceras sp., an extinct browsing ungulate
characterized by peculair hornlike growths on the
skull; a fairly large camel; and a large soft-shelled
turtle. The bones occur in clay that is probably of es-
tuarine origin, judging from the presence of a porpoise
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in assocation with large logs and many leaves. The
land mammals indicate a middle Pliocene age. The
porpoise species has also been found in phosphate pits
in Polk County, Fla, where it is uncertain whether the
specimens are in beds of Miocene or Pliocene age. T™e
genus Pomatodelphis is also found in Europe, where it
is limited to the Helvetian (middle Miocene). The Ala-
bama fauna is either in the basal Citronelle Forma-
tion, or in the Graham Ferry Formation which Brown
and others ?* described as underlying the Citronelle in
southeastern coastal Mississippi.

The collection of a lower molar of the Pliocene hovse
Hipparion cf. H. eurystyle from the Yorktown For-
mation at Cobham Wharf, Va. (loc. 15), was reported
previously.2* W. C. Blow, who collected the specim-n,
informed Whitmore that the specimen was found on
the beach at Cobham Wharf. The low bluffs behind the
beach at the locality contain exposures (from the base
up) of the St. Marys and Yorktown Formations (Mio-
cene), and the Bacons Castle and possibly the Sedley
Formations of Coch? of Pliocene (and (or) early
Pleistocene( %)) age. The tooth could have fallen to the
beach from any of of these formations.

Geochronology of Cretaceous and lower Tertiary str~ta
in New Jersey

J. D. Obradovich determined K/Ar ages of 33 sam-
ples of glauconite collected by J. P. Owens from care-
fully identified stratigraphic units in the Coastal Plain
of New Jersey. N. F. Sohl determined the paleontolozic
ages of the same units. The results are very consistent.
They date the Kocene-Paleocene boundary between
53.7 and 56.1 m.y.; the Paleocene-Maestrichtian bound-
ary between 61.1 and 63.1 m.y.; the Maestrichti»n-
Campanian boundary at about 63.8 m.y.; and the Cem-
panian-Santonian at about 81 m.y.

Stratigraphic and geochronologic studies of the north~m
Atlantic Coastal Plain

Analysis of onshore and offshore information by T.
G. Gibson shows that the largest volume of sediments
was deposited before the Late Cretaceous. The Eocone
and Oligocene were times of mobility in the deposi-
tional areas but there was no large influx of sedimont
from the source areas. The rate of sedimentation in-
creased in the Miocene, and there was considersble
shifting of loci of deposition during this epoch. Vol-
canic material is widespread in the middle Mioc~ne

2 Brown, G. R., and others, 1944, Geology and ground water re-
sources of the coastal area of Mississippi: Mississippi Geol. Survey
Bull. 60, p. 45-54.

% U.S. Geological Survey, 1965, Geological Survey Research 1965,
Chapter A : U.S. Geol. Survey Prof. Paper 525-A, p. AT1.

% Coch, N, K., 1968, Geology of the Benns Church, Smithfield, ¥*ad-
sor, and Chuckatuck quadrangles, Virginia: Virginia Div. Mineral Re-
sources Rept. Inv. 17, p. 11.
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and in the latest early Eocene strata. Volcanic mineral
suites are found in Eocene deposits from Long Island
southward to the Gulf Coast and in the Caribbean.
The source of the volcanic material is uncertain at
present.

Stratigraphy and structure of the Coastal Plain in Georgia

Subsurface studies by R. C. Vorhis show that the
area of Miocene outcrop in Worth, Turner, Crisp, Wil-
cox, and Ben Hill Counties (log. 76) is a basin filled
with upper Eocene, Oligocene and Miocene sediments.
The basin is roughly 25 miles across and has nearly
400 feet of relief on the top of the Ocala Limestone of
Eocene age and about 150 feet on the top of the Suwan-
nee Limestone of Oligocene age. The west edge of the
basin is formed by limestones that strike north-south.
Dips are eastward at about 60 ft per mi on the top of
the Ocala Limestone and about 38 ft per mi on the top
of the Suwannee Limestone. The basin is not evident
on structure contour maps of the tops of the middle
Eocene, lower Eocene, Paleocene or Cretaceous. It is
therefore more probably depositional than tectonic in
origin.

In tracing the sand beneath the Tivola Tongue of
the Ocala Limestone, S. M. Herrick discovered a sig-
nificant gap in northern Montgomery and Toombs
Counties (loc. 17). There both the limestone and basal
sand are missing or much reduced in thickness. This
gap is regarded as the northeastern extension of the
so-called Suwannee Strait, a buried valley formed and
subsequently filled with sediment during Oligocene
time. Xts southwestern extension into Florida has been
previously noted by Herrick.2¢

Clayton Formation in Tennessee

Geologic mapping in western Tennessee by W. S.
Parks, and others, showed that the Clayton Formation
of Paleocene age (loc. 78) changes facies from offshore
to nearshore shallow-water marine environments. In
southeastern Hardeman County the Clayton consists of
glauconitic and fossiliferous sand and clay and a lentic-
ular basal limestone. Northward in eastern Hardeman
County this facies intertongues with sand and clay
which, for the most part, is nonglauconitic and nonfos-
siliferous. This latter facies of the Clayton closely re-
sembles lithologies in the upper part of the McNairy
Sand Member of the Ripley Formation of Cretaceous
age. Consequently, the boundary between the Clayton
and the underlying McNairy is not recognized with
certainty north of the McNairy-Chester County line.

2 Herrick, 8. M., 1967, Burled karst of Tertiary llmestones in the

Coastal Plain of Georgla [abs.]: Geol. Soc. America, Program for 1967
annual meetings, p. 95-96.
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For the purpose of studying the regional relation-
ships between the Clayton and the McNairy across the
State, 6 test holes spaced about 20 miles apart along
the outcrop belt were drilled through the Clayton in-
terval. Although the Clayton was not distinguishable
in the test holes on the basis of lithology alon<, corre-
lation of the electric and gamma-ray logs showed that
the Clayton changes facies and indicated that the for-
mation extends across the state.

CENTRAL REGION AND GREAT PLAINS

KENTUCKY

Geologic mapping of State

A cooperative project with the Kentucky Geological
Survey begun in 1960 was nearly 60 percent completed
by June 30, 1969, when maps of about 330 quadrangles
were published and 50 more approved for publication
(fig. 1). Kentucky includes all or parts of 763 quad-
rangles (7.5 minute). Geologic maps are printed on
recent editions of topographic base maps of those quad-
rangles, at 1:24,000 scale, and published in the Geologic
Quadrangle Map series.
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Fieure 1.—Published geologic quadrangle maps of Kentucky
as of July 1, 1969. Small squares are 7%-minute quadrangles.

Economic results of the geologic mapping I ~ve been
varied but impossible to assess fully. Mineral explora-
tion in central and western Kentucky has besn stimu-
lated by published maps of faulted areas, resulting in
discoveries of fluorspar. Oil and gas explorntion, in-
cluding drilling, has followed such leads on the maps
as limestone reefs, sandstone-filled channels, and faults
and folds. Limestone quarries have been omened in
eastern Kentucky where previously unknowr deposits
were shown on the maps, and clay deposits ir western-
most Kentucky are being leased as maps are published
showing their locations.

A short report ** that followed mapping of several
quadrangles in the Western Kentucky coal basin
“# Kehn, T. M., Palmer, J. E., and Franklin, G. J., 1967, Revised cor-
relation of the No. 4 (Dawson Springs No. 6) coal bed, western Ken-

tucky coal field, in Geological Survey Research 1967: U.S. Geol. Sur-
vey Prof. Paper 575-C, p. C160-C164.
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showed that erroneous correlations of coal beds had re-
sulted in stopping exploration drilling in fault blocks
above a seam mined in the region for stoker and cok-
ing coal. As the coal bed is within minable depths, fur-
ther exploration will probably add several million tons
to the largely depleted reserves of that coal bed. Ac-
cording to several reports, maps of eastern Kentucky
have led to opening mines in coal beds where coal had
been overlooked and thought to be absent.

Perhaps the greatest use of the geologic maps is in
the field of construction engineering. Several forma-
tions in the state are notoriously unstable for founda-
tions or for use as fill material. These include loess
(Pleistocene), mixed loess—which is largely silt—and
clay along larger streams, and the Porters Creek Clay
(Paleocene) in western Kentucky. One segment of a
new highway was recently routed to avoid the Porters
Creek Clay shown by mapping to be subject to slump-
ing. In central Kentucky, clay shale in Ordovician and
Silurian strata and in the lower part of the Borden
Formation (Mississippian) are equally troublesome.
Interbedded shale and limestone in western and central
Kentucky and interbedded shale and sandstone in east-
ern Kentucky are subject to sliding on steep dip slopes
or near faults excavated by construction activities or
undercut by streams.

OKLAHOMA

Fossils of Early Pennsylvanian (Morrow) agé from
Jackfork Group

Mackenzie Gordon, Jr., reported that a mold fauna
from the Game Refuge Formation at the top of the
Jackfork Group of Harlton ?¢ yielded fossils of Early
Pennsylvanian (Morrow) age. The fossils were collect-
ed near the type locality of the Wesley Shale of
Harlton ? in Atoka County, Okla. (locality 7, index
map), and include such typical brachiopods and trilo-
bites of the Morrow Series as Hustedia miseri Mather,
H. brentwoodensis Mather?, Paladin morrowensi
(Mather), and Ditymopyge conwayensis Wheeler.

In recent years, many geologists working in Okla-
homa have regarded the Jackfork Group as Mississippi-
an in age because of the widespread belief that in
places the overlying Johns Valley Shale contains Late
Mississippian fossils. The age of the Game Refuge fos-
sils is in agreement with earlier evidence as given by

2 Harlton, B, H., 1959, Age classification of the upper Pushmataha
Series in the Ouachita Mountains, in Cline, L. M., Hilsewack, W. J.
and Feray, D. B., eds., The geology of the Ouachita Mountains— A

symposium : Dallas, Tex., Dallas Geol. Soc. and Ardmore Geol. Soc., p.
130-139.

% Harlton, B. H., 1938, Stratigraphy of the Bendian of the Okla-
homa salient of the Ouachita Mountains: Am. Assoc. Petroleum Geolo-
gists Bull,, v. 22, p. 852-914.
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Gordon in Stone 3¢ that in Arkansas, at least, the up-
permost Stanley Shale, the Jackfork Sandstone, and
the Johns Valley Shale are Early Pennsylvanian
(Morrow) in age. Precise dating of the flysch deporits
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in the Ouachita geosyncline (the Game Refuge fos-ils
are from the southwest end of the geosyncline) brings
a clearer perspective of the relation of the flysch de-
posits to the shelf deposits along the north edge of the
geosyncline.

KENTUCKY AND INDIANA

Silurian-Devonian stratigraphy and corals

Colonial rugose corals from the Jeffersonville Lime-
stone at the Falls of the Ohio, near Louisville, I"y.
(loc. 2) were studied by W. A. Oliver, Jr. The vertical
distribution of coral species fits into and clarifies the
zonation proposed earlier based on a general survey of
the megafossils and provides additional information
on regional correlations. The lower 4 feet of the Jef-
fersonville is Lower Devonian (Emsian) and is covre-
lative with the Bois Blanc and Schoharie Formations
in New York. The succeeding “coral” and “stromatcvo-
roid zones” correlate with Zone C (coral zone) of the
Columbus Limestone in Ohio and the Edgecliff Mem-
ber of the Onondaga Limestone in New York. The
“Spirifer gregarius” zone in Kentucky and Ohio ties
in to the middle part of the Moorehouse Member

» Stone, C. G., 1966, General geology of the eastern frontal Ouachita
Mountalns and southeastern Arkansas Valley, Arkansas, in L. M.

Cline, director, Kansas Geol. Soc. Guidebook, 29th Field Conf. on
fiysch facies and structure of the Ouachita Mountains: p. 195-215.
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of the Onondaga Limestone in New York. The “Spiri-
fer accuminatus” zone in Kentucky is apparently
equivalent to the upper Moorehouse and Seneca
Members in New York and to the upper Columbus
Limestone (Zone H) and Delaware and Dundee Lime-
stones in Ohio. The Jeffersonville Limestone represents
a much less complete record than does either the Co-
lumbus or Onondaga Limestone.

MICHIGAN
Presque Isle Granite

Recent geologic mapping by V. A. Trent in the
north-central part of the Marenisco quadrangle in the
northern peninsula of Michigan (loc. 3) indicates that
pegmatitic Presque Isle Granite intruded and meta-
morphosed by dynamic and thermal processes clastic
metasedimentary rocks interpreted to be equivalent to
the Palms Quartzite. The clastic metasedimentary
rocks crop out south and southeast of the center of sec.
21, T. 47 N., R. 43 W. and appear to underly conform-
ably typical Palms Quartzite exposed near the center
of the section. Within half a mile of the granite, these
rocks have been changed to paraschist and paragneiss
in which the effects of potash metasomatism are evi-
dent.

Sulfilde-bearing dikes in Gogebic area

Dark sulfide-bearing mafic, mostly dikelike, rocks
are common in the older Precambrian rocks of the
Gogebic area (loc. 4), according to R. G. Schmidt and
V. A. Trent. Although there is a considerable range in
composition, age, texture, and degree of metamor-
phism, most rocks are hornblende rich, generally bear
pyrite, and are moderately metamorphosed; some are
fairly large masses.

Most of the older dikes trend eastward; the younger
dikes trend northeastward or northwestward; the
youngest dikes are locally unmetamorphosed.

Interest developed when sulfides were discovered in
many of the larger masses, the largest being at least
600 feet by, perhaps, 3,000 feet. Semiquantitative spec-
trographic analyses and atomic-absorption-spectrome-
try determinations indicated that copper, nickel, co-
balt, and silver contents are low everywhere. The
maximum sulfide content is several percent, and it was
concluded that none of the bodies is of economic inter-
est.

WISCONSIN AND MINNESOTA

Reinterpretation of Douglas thrust fault of northwestern
Wisconsin and adjacent Minnesota
Recent reconnaissance in the Douglas Range in
northwestern Wisconsin (loc. 5) by H. A. Hubbard
suggests that the volcanic rocks of the range are not
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bounded, by a thrust fault as had been generally
thought. Hubbard’s interpretation is that the volcanic
rocks lie unconformably upon folded sedimentary
rocks, and both the volcanic rocks and folded s~dimen-
tary rocks are unconformably overlain by horizontal
sandstone of the Hinckley Sandstone of Winchell ®
and the Bayfield Group in Minnesota and Wisconsin.

Although exposures are sparse, flat-lying sandstone
overlies steeply dipping volcanic rocks along the Ket-
tle River in Minnesota. In several places, the base of
the volcanics is discordant above steeply dipping sedi-
mentary strata which crop out between volcanic rocks
and the horizontal sandstone. These unconformities are
exposed at Amicon Falls, Wis. The presene of a
thrust fault had been based in large part on tl~ inter-
pretation that the steeply dipping sedimentary rocks
are stratigraphically equivalent to the horizontal sand-
stone, and that pebbles of voleanic rocks in the steeply
dipping sedimentary rocks were derived form the over-
lying volcanic rocks. The pebbles in the steeoly dip-
ping sediments are predominately felsic volcanic rocks,
whereas the overlying voleanic rocks appear tc be pre-
dominately intermediate to basic.

MINNESOTA

Sand and gravel along Mesabi Iron Range

Sand and gravel deposits along the Mesebi Iron
Range, Minn., are being correlated through analysis of
data from drill holes and exposures in iron mines. Ac-
cording to T. C. Winter the most conspicuous vnit, con-
sisting of very clean medium sand to coarse gravel, oc-
curs along the iron range from near Chisholm
westward 20 miles to Pengilly (loc. 6). Its southward
extent is unknown. Other large sand and gravel depos-
its, many covering several square miles, occur in this
area, but their size and shape are not well known.

NEBRASKA

Late Miocene diatoms in Valentine Formation

The Valentine Formation of Lugn ** near Kilgore,
Cherry County, Nebr. (loc. 7) contains late Miocene
diatoms and plants. These diatomaceous s>diments
were dated as latest Miocene by an earlier study of
their flora and, in addition, of a vertebrate fauna in
correlative strata near Valentine, Nebr. The Kilgore
diatiom assemblage, according to G. W. Andrews, con-
tains 44 identified nonmarine taxa, 4 of which are new.
Judging from the habitat of the species still living, the

% Winchell, N. H., 1886, Revision of the stratigraphy of the Cambri-
an in Minnesota: Minnesota Geol. Survey 14th Ann. Rept., D.
336-337.

2 Lugn, A. L., 1938, The Nebraska State Geological Survey and the
“Valentine problem”: Am. Jour. Sci, 5th ser., v. 36, no. 213, p.
220--227,
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diatomaceous beds were deposited in a small, relatively
shallow lake of hard water, which at times became
somewhat alkaline or saline.

Five presumably extinct species of diatoms may
prove to be diagnostic in stratigraphic correlations.
The diatom assemblage is stratigraphically important,
as its position close to the Miocene-Pliocene boundary
serves to provide criteria for distinguishing nonmarine
Miocene and Pliocene strata in the Great Plains.

Pre-Quaternary drainage in southeastern Nebraska

Subsurface studies and reconnaissance mapping of
the Lincoln and Nebraska City 1: 250,000-scale quad-
rangles, southeastern Nebraska, show that the buried
pre-Quaternary drainage is very different from that of
the present, according to G. E. Prichard. (U. S. Geolog-
ical Survey) and coworkers E. C. Reed, V. H. Dreeszen,
and R. R. Burchett (Nebraska Conservation and Sur-
vey Division). Geologic maps of Nebraska will show
bedrock geology and thickness of Quaternary overbur-
den.

MONTANA

Geophysical evidence of Precambrian basement

Aeromagnetic and gravity maps of central and east-
ern Montana suggest, according to Isidore Zietz, B. C.
Hearn, Jr., and Donald Plouff,3* that several linear
fault zones which extend from the surface into the
Precambrian basement are boundaries between base-
ment terrains of differing structure, lithology, and
abundance of plutons. These zones are the three major
east-southeast trending lineaments of central Montana
(Nye-Bowler, Lake Basin, and Cat Creek-Porcupine
Dome), and the northeast-trending Brockton-Froid
and Weldon fault line of northeast Montana. Another
geophysical boundary in the basement, indicated by
the maps, appears to extend from the northeast flank
of the Black Hills uplift to the east side of Porcupine
Dome.

A northwesterly trend of magnetic anomalies and
the axis of the Cedar Creek anticline appear to end
approximately at the line of the Brockton-Froid fault
zone and Weldon fault. Northwest and west of those
faults the magnetic and gravity anomalies, and the as-
sumed structural grain of the basement, trend mark-
edly northeastward. A similarly pronounced northeast
magnetic grain occurs in the block between the Lake
Basin and Nye-Bowler fault zones, and a weaker grain
is shown by the magnetic pattern north of the Lake
Basin fault zone. South of the eastward projection of

3 Zietz, Isidore, Hearn, B. C., Jr., and Plouff, Donald, 1968, Prelimi-

nary Interpretation of aeromagnetic and gravity data near the Large

Aperture Selsmic Array, Montana: U.S. Geol. Survey open-file rept.,
23 p.
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the Nye-Bowler fault zone the predominant magne‘ic
grain is northwestward.

NORTHERN ROCKY MOUNTAINS
MINERAL-RESOURCE STUDIES

Lead-silver in the Gilmore district, Idaho

The lead-silver deposits of the Gilmore mining dis-
trict, Lemhi County, Idaho (locality I, index mav),
are mainly replacement deposits in carbonate rocks
along steep, north-trending veins. Geologic mapping
by E. T. Ruppel indicates that the principal deporits
are all in the Jefferson Formation (Devonian), al-
though smaller deposits are also known in the underly-
ing Ordovician dolomite and the overlying Miscis-
sippian rocks. All the known deposits are peripheral to
a buried quartz diorite stock. The stock and the
surrounding host rocks most favorable for mineraliza-
tion are buried beneath glacial deposits, alluvial fans,
and pediment gravels north of the main Gilmore car~p.
Geochemical and geophysical prospecting in this area
could lead to discovery of concealed lead-silver dep-s-
its.
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NORTHERN ROCKY MOUNTAIN STATES

Possible phosphate near Henrys Lake, ldaho

Two tilted fault block mountain ranges converge in
the Idaho-Montana border area north of Henrys Leke,
(loc. 2)—the northwest-trending Madison Range end
the east-trending Centennial Range. Although the
complex structural relations have not yet been com-
pletely worked out, geologic mapping by I. J. Witkind
demonstrated that the same sedimentary units are ex-
posed in each range. Thus the Permian stratigraphic
interval that contains important phosphate deposits in
the Centennial Range is also exposed in the Madizon
Range, where very little prospecting has been done.
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Large gypsum reserves in central Wyoming

Compilation of stratigraphic data on Jurassic rocks
in central Wyoming by J. D. Love and L. W. McGrew
indicates that a gypsum and anhydrite bed, ranging in
thickness from 30 to 125 feet and averaging 70 feet, oc-
curs in the Gypsum Spring Formation (Middle Juras-
sic) in an area of about 2,000 sq mi in the western part
of the Wind River Basin (loc. 3). Total tonnage (sur-
face and subsurface) of gypsum and anhydrite is
estimated to be about 350 billion tons, and despite sur-
ficial leaching, an estimated 600 million tons of “sugar
crystal” gypsum may lie within 100 feet (downdip) of
outcrops along 150 linear miles.

WESTERN BELT BASIN

New stratigraphic data on upper part of Belt Supergroup

Extensive exposures of the upper part of the Belt
Supergroup were mapped by A. B. Griggs in the area
south of Coeur d’Alene Lake and west of the St. Mar-
ies River in northern Idaho (loc. 4). The strata include
about 5,000 feet of the upper Wallace Formation,
about 5,000 feet of the Striped Peak Formation, and
about 5,000 feet of the Libby Formation. All units
show slight facies changes from equivalent strata that
crop out several miles away to the north and east. The
thicknesses of the Striped Peak and Libby Formations
are the largest known in northern Idaho.

Thrusts across the Purcell trench

Parts of the Prichard Formation have been thrust
eastward across the Purcell trench near Elmira, Idaho
(loc. 5). Preliminary interpretation by J. E. Harrison
suggests that the thrusts are part of the eastern edge
of the Kootenay Arc mobile belt. More specifically,
they formed during an early stage of the emplacement
of the Kaniksu batholith which forms the western
edge of the Purcell trench in the Idaho panhandle. Por-
phyritic granodiorite was intruded into the thrust
plates during later stages of batholith emplacement.
- The thrusts are now exposed either in large roof pen-
dants of Prichard rocks or near the edges of the gran-

odiorite masses.

Aeromagnetic map aids interpretation of complex fault
pattern

An aeromagnetic survey of an 800-sq-mi area (loc 6)
in northern Idaho, east of the Purcell trench and south
of the Hope fault, clearly delineates surface and near-
surface stocks and cupolas of granodiorite intruded
into the Belt rocks. E. R. King, J. E. Harrison and A. B.
Griggs found that the aeromagnetic anomalies are
principally a reflection of these granodiorite masses,
which are inferred to be parts of a larger mass under-
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lying most of the area at depth. The reticulerity of
some of the aeromagnetic contours reflects majcr faults
that are the boundaries of large blocks which moved
during tectonic swelling and emplacement of th< gran-
odiorite. Subsequent collapse along numerous minor
faults created a block mosaic. The Magee fault zone,
for example, consists of numerous closely spaced,
high-angle faults recording collapse of a monoclinal
flexure formed when a long narrow pluton raived and
tilted a block bounded on the west by the Cascade
fault. The major faults are part of a north-trending
zone of weakness that corresponds in part with the
Purcell trench. The zone has helped localize intrusion
as well as later erosion that exposed some of the in-
trusives. Many of these major faults are reflected in the
magnetic pattern by elongate lows.

MONTANA DISTURBED BELT
Gravitational gliding will explain northern par* of the
disturbed belt

Vertical uplift and accompanying gravitational
gliding is a feasible explanation for the structures in
the disturbed belt in northwestern Montana (loc. 7),
according to studies by M. R. Mudge. Westernmost
Montana was uplifted during the Jurassic and Creta-
ceous, and recurrently into the very early Tertiary.
Abnormal fluid pressures may have developed in the
easterly tilted sediments, a décollement was estab-
lished in mudstones under an overburden of about
25,000 feet of rock, and the mass glided e~stward
across a small Mesozoic basin. The décollement mi-
grated up section to the east. The folded east edge of
the disturbed belt is probably controlled by the ero-
sional edge of the Precambrian Belt rocks and the west
edge of the craton. Additional uplift in the west con-
tinued to produce sliding that piled one fault block
upon another. Aggregate uplift to the west exceeded
45,000 feet.

Large Basin and Range type normal fault~ devel-
oped, after thrusting, between the area of m~ximum
uplift and the thrust-fault belt. The westernmost of
these faults formed the graben and horsts in the Rocky
Mountain trench. Normal fault displacement along one
line of section is about 43,000 feet, whereas the com-
puted thickness of strata eroded from the area of max-
imum uplift is about 45,000 feet.

Faults change habit from range to basin

Major cross faults of the Bridger Range (lo~. 8) be-
come near-bedding faults in strata of the Livingston
Group (Upper Cretaceous) northeast of Eozeman,
Mont., according to B. A. Skipp. These faults are inter-
preted as décollement surfaces formed dur‘ng late
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Paleocene east-directed thin-skinned deformation; the
thrust faults have been bent up by later Tertiary block
uplift.

Positive magnetic anomalies refiect edge of the disturbed
belt

Magnetic studies by M. D. Kleinkopf in the northern
Montana Rockies (loc. 9) show a 1,500-gamma positive
anomaly over the Blackfeet Indian Reservation. This
is another of a series of high-amplitude positive anom-
alies located at the edge of the High Plains which
seem to reflect discrete masses of intermediate to mafic
rocks in the crystalline basement along the disturbed
belt—other similar anomalies are near Dupuyer and
north of Choteau, Mont.

Remanent magnetization in volcanic rocks along the
disturbed belt

Upper Cretaceous glassy volcanic rocks near Wolf
Creek and Sappington, Mont. (loc. 10), possess intense
stable remanent magnetization despite severe tectonic
deformation, according to W. F. Hanna. Both glassy
units have reverse magnetization, as do devitrified
welded tuffs stratigraphically above and below the
units at each site. Although the sites are more than 100
km apart and have different structural attitudes, the
rocks at both rest on major overthrust soles of Pre-
cambrian rocks and yield similar potassium-argon
ages. The directions of reversed remanent magnetiza-
tion of both units, after structural correction, are in
general agreement with those previously determined
for the Elkhorn Mountain volcanic field to the west.

YELLOWSTONE NATIONAL PARK AND VICINITY

Prevolcanic sedimentary rocks

The major structural features in the prevolcanic
sedimentary rocks in south-central Yellowstone Na-
tional Park Wyo.-Mont.-Idaho (loc. 71), and adjacent
areas emerged from geologic mapping and related
stratigraphic studies by W. R. Keefer and J. D. Love.
The field relations indicate that the present structural
pattern of the region, established during latest Creta-
ceous and early Tertiary, includes: (1) a broad uplift
to the west, (2) a central downwarp in which several
thousand feet of uppermost Cretaceous and lower Ter-
tiary sediments accumulated and then were later folded
into a large anticline, and (3) a westward-moving
thrust block on the east that overrode the east flank of
the depositional basin. These structures are continua-
tions of major structural elements in Jackson Hole and
adjacent mountain ranges to the south. Their large
amplitude and areal extent suggest that originally
they may have continued northward across the central
Yellowstone region and connected with similar struc-
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tures in the sedimentary rocks along the north margin
of the Park.

These structures were modified extensively by later
episodes of uplift, subsidence, normal faulting, and
volcanism, The volcanic sequences are involved in the
normal faulting in some places.

Volcanic evolution of the Yellowstone Plateau a~d
eastern Snake River Plain

Continuing work on the Yellowstone Rhyolite P a-
teau and vicinity by R. L. Christiansen and H. R.
Blank, Jr., has now outlined the major features of its
volcanic evolution. The plateau centers around two re-
surgent calderas that are about 30 and 20 miles acro-s,
related to the eruption of ash-flow sheets about one
million years old and half a million years old. The
calderas are partly filled by rhyolitic lava erupted
from their ring-fracture zones. The ash-flow sheets on
the flanks of the plateau are interlayered with tholsi-
itic basalts. Island Park, southwest of the Yellowstone
Plateau, consists of two overlapping collapse areas
that are related to eruption of two lower Pleistocene
ash-flow sheets, the younger of which is about 114-m.y.
old. Tholeiitic basalts were erupted on the floor of
Island Park caldera but not during its period of rhyo-
litic activity.

The history of the Yellowstone Plateau and Island
Park, together with evidence from the eastern Snake
River Plain and its margins, suggests that the eastern
plain was the site of earlier large rhyolitic centers as-
sociated with voluminous ash-flow sheets, large calder-
as, and postcollapse rhyolitic lavas. Tholeiitic basalts
preceded formation of the rhyolitic centers and weve
erupted on their flanks as they evolved, but tholeiitic,
and finally, more alkali-rich basalts that flooded the
downwarped axis of the plain represent the culmina-
tion of volcanism after final consolidation of the rhyo-
litic magmas.

Remanent magnetism aids geologic dating of
Yellowstone volcanics

Geologic mapping and field polarity measurements
by H. R. Blank, Jr., and R. L. Christiansen identified
three stratigraphic zones in the Yellowstone area in
which a near-horizontal geomagnetic field direction is
recorded by remanent magnetism of the rocks. Two of
these zones are at the top and base of a composite ach-
flow tuff sheet and represent the onset and close of an
episode of eruption of Yellowstone tuffs. Eruption of
this sheet may exactly bracket the Jaramillo normal
polarity event in the Matuyama reversed polarity epoch.
Preliminary K-Ar sanidine dates by J. D. Obradovich
from lavas interbedded with Yellowstone tuff cooling
units are compatible with this hypothesis.
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Origin of the Absaroka volcanics as indicated by lead
and strontium isotopes

An investigation into the petrogenesis of the Eocene
Absaroka volcanic rocks in Yellowstone Park using Pb
and Sr isotopes as tracers was made by H. J. Prostka,
B. R. Doe, and Z. E. Peterman. Fourteen samples, main-
ly of potassic basalt (shoshonite and absarokite) and
calc-alkaline andesite, have Sr®’/Sr® ratios ranging
from 0.7045 to 0.7093. From a single vent, one andes-
ite and four shonshonites have uniform Sr87/Sr® values
(0.7045 to 0.7049) indistinguishable from oceanic ba-
salts. The volcanics have unradiogenic lead isotopic
compositions with Pb?¢/Pb?* values ranging from 16.34
to 17.30. A combination of these data with trace-ele-
ment and petrographic information indicates that up-
per crustal contamination did not play a significant
role in the formation of these rocks. Instead, the lavas
were probably derived by partial melting of an isotop-
ically nonuniform source in the lower crust or upper
mantle which attained its U/Pb and Rb/Sr heterogene-
ity approximately 2,800+200 m.y. ago; very little mix-
ing of the Pb and Sr isotopes occurred in the derived
melts prior to eruption. The age of 2,800=200 m.y. ob-
tained from the anomalous Pb line suggests a genetic
tie between the source rocks and the upper crust in this
region.

Research drilling continues to yield valuable data on
thermal waters

The YeHowstone Park research drilling program
whose results are being analyzed by D. E. White, R. O.
Fournier, L. J. P. Muffler, and A. H. Truesdell, was re-
cessed November, 1967, after completion of 10 drill
holes, totalling 4,901 feet. Drilling. was resumed May
13, 1968, and completed July 17, 1968. Summary data
for the 1968 drilling follows:

Maxi-
Number Location Depth mauxrtx “QOver-pressure’” Lithology
[¢3) temp. (psi
(§{)
Y-11_. Sulfur 347 192 170..._____ Sediments
Cauldron. and ash-
. flow tuff.
Y-12__ Porcelain 1, 088 240 38 (all Ash-flow
Terrace, water tuff.
Norris over-
Basin. pressure).
Y-13__ Porcupine 465 204 180 (~105 Sediments
Hills, water and
Lower over- rhyolite
Basin. pressure). flow.

All three drill holes provided highly significant divi-
dends for subsurface interpretations. Y-11 evidently
penetrated into a dry steam system, modified near the
surface and on cooler borders by condensation of steam
to liquid water. This was the only “dry steam” system
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found in 13 holes, and was anticipated from interpre-
tation of the hot-spring fluid compositions. The deep-
est hole, Y-12, enccuntered the highest temperatures
for its depths yet found in research or commercial
geothermal drilling. Drilling to the attained deoth and
temperature was possible only because pressures and
permeabilities were relatively low. Y-13, however,
had to be terminated at only 465 feet because of very
high water overpressures.

The aceuracy of a calculated reference boilir g-point
curve (temperature of boiling versus depth in a col-
umn of water, all just at boiling) was verified by many
of the drill holes, but never more convincingly than by
Y-18. All data points between 50 ft and 450 ft, if ac-
tual depth is corrected for equivalent water overpres-
sure, had temperatures that plotted within 1° or 2°C of
the calculated reference curve.

Primary temperatures were obtained in loles as
drilling progressed, generally after about 16 I'~urs of
layover since previous drilling. These measured tem-
peratures are generally within about 2°C of original
ground temperature prior to drilling. The drfll hole,
after completion, provides a “short-circuiting” permea-
ble channel that intersects many natural chaunels of
differing temperature and pressure. Temperatare pro-
files obtained in drill holes after completion and at-
tainment of steady state prove that great changes can
be induced by some holes. Throughout the world,
geothermal wells are customarily drilled on a 2- or 3-
shift per day basis, and all temperatures are obtained
in completed holes. Such temperature curves may have
attained steady states, if measured sufficiently long af-
ter completion of drilling, but the Yellowstone data
show that these measured temperatures may bear little
relation to original ground temperatures. Those find-
ings may have major significance in the interpretation
of deep commercial drilling for geothermal energy.

Geologic history of the Grand Canyon of the Yel ~wstone

The history of the Grand Canyon of the Yellow-
stone River, as interpreted by G. M. Richmond and R.
L. Christiansen, begins with the overflow of a caldera
lake which cut the northern sector of the cemyon. A
large rhyolite flow in the caldera blocked the canyon
entrance, but the lake rose across the flow and regained
its former outlet into the canyon. The canyon was then
extended headward across the flow to the position of
the Lower Falls by erosion along a zone of fumarolic
alteration, from which the term “yellow stone” is de-
rived. A middle Pleistocene icecap overrode the canyon
and lake beds and nearly filled the canyon’s upper sec-
tor during recession of the ice. About 150,000 years
ago, a rhyolite flow overran the uppermost reach of
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the canyon, diverting the river to its present position
above the Upper Falls. In late Pleistocene time, the
canyon was filled and overridden, but not eroded, by
both Bull Lake and Pinedale icecaps.

Bull Lake glaciers twice the size of Pinedale glaciers

Although Bull Lake glaciers were only slightly larg-
er than Pinedale glaciers in most of the northern
Rocky Mountains, K. L. Pierce reported that relict soil
profiles near Gardiner, Mont., indicate that Bull Lake
outlet glacier from the Yellowstone icecap was more
than twice as thick as the 1,000-foot-thick Pinedale
one. In addition, although the Pinedale icecap lapped
against the flanks of the Washburn Range, striations
along the crest indicate that older ice, probably Bull
Lake in age, flowed northward across the Range about
1,500 feet above the level of the Pinedale icecap. Be-
cause the axis of the Bull Lake icecap was 10 to 15
miles west of the Pinedale one, the western part of the
Park was much more affected by Bull Lake Glaciation
than by the Pinedale. The more westerly extent and
higher level of the Bull Lake icecap could well have
been due to longer duration of full-glacial conditions;
for the icecap, once established on the Yellowstone
Plateau, would lead to increasingly greater snow accu-
mulation and would build preferentially towards the
western source of moisture.

Oligocene age of Wiggins Formation and late basic
breccia

Recent structural studies of Jackson Hole and south-
ern Yellowstone National Park have defined an epi-
sode of large-scale normal faulting that involved
1,000-2,000 feet of collapse of the Washakie Range.
The amount of offset has been measured in younger
volcanics, the Wiggins Formation and the late basic
breccia, that buried the range. A cooperative investiga-
tion by J. D. Love of (U.S. Geological Survey) M. C.
McKenna (American Museum of Natural History),
and M. R. Dawson (Carnegie Museum), resulted in
collection and identification of 13 genera and 6 species
of mammals of early Oligocene (Chadronian) age
from the downfaulted basal part of the Wiggins For-
mation. This is the first diagnostic mamalian faunule
of Oligocene age reported from the entire Yellow-
stone-Absaroka volcanic area. The age determination is
significant because it provides clues to the tectonic his-
tory, the type of volcanic rock extruded at a specific
time, the local environment, and the direction of major
river flow near the beginning of Oligocene deposition.

White Mountain not a volcanic center

A spire on White Mountain in the southeastern cor-
ner of the Beartooth Butte quadrangle, Wyoming (loc.

362-046 O - 69 - 4
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12), within the Absaroka volcanic field, has been con-
sidered to be the remnant of a filled volcanic conduit.
Recent work by W. H. Nelson showed this spire to be,
instead, a remnant of the Cathedral Cliffs Formation
which is composed largely of volcaniclastic rocks of
Eocene age, and which is part of a Heart Mountain
fault block.
SNAKE RIVER PLAIN

Bonneville flood in Snake River Plain

The colossal features of erosion and deposition tvo-
duced along the Snake River in Idaho (loc. 13) by
sudden overflow of Lake Bonneville about 30,000 years
ago, according to H. E. Malde (r1876), indicate that as
much as 380 cu mi of water discharged at Red Rock
Pass at a maximum rate of about one-third cu mi per
hr. The Canyon of the Snake in southern Idaho as
flooded to a depth of 300 feet, and more than a half a
cu mi of bouldery debris was deposited in basins along
the canyon where floodwater was temporarily held by
hydraulic dams. A major part of this debris was erod-
ed from the canyon near Twin Falls, a scenic stretch
marked by abandoned spillways, cataracts, and se~b-
land.

Ground-water geophysics near Arco, Idaho

Resistivity soundings, seismic refraction, and gravi-
ty surveys north of Arco, Idaho (loc. 74), by A. A. R.
Zohdy proved to be of significant value in delineating
the Paleozoic bedrock configuration along two profiles.
In addition, information on the top and bottom of kur-
ied lava flows was obtained from the resistivity and
seismic refraction profiles. This information is useful
for management of the limited ground-water supplies
in the area.

REGIONAL STRATIGRAPHY

Marked facies changes described in lower Mic'-le
Cambrian rocks

Recognition of a Middle Cambrian outer detrital
belt, a middle carbonate belt, and an inner detrital
belt, represented by marked contrasts in facies has
been masked in southeastern Idaho by indiscriminate
and inconsistent use of the name Langston Formation
in a time-stratigraphic sense. Intertonguing of the con-
trasting rock types in the Bancroft, Soda Springs, and
Preston Quadrangles (loc. 75) records marine trans-
gressions and regressions comparable to those recog-
nized in Cambrian rocks in other parts of the
Cordilleran region. A new rock-stratigraphic clas-ifi-
cation is being proposed by S. S. Oriel and F. C. Arm-
strong to emphasize contrasting rock types and to fa-
cilitate understanding of genesis.
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New hope for Cambrian and Ordovician correlation
across Snake River Plain

Work in the Bayhorse district of east central Idaho
(loc. 16) by S. W. Hobbs, W. H. Hays, and R. J. Ross,
Jr., disclosed over 10,000 feet of quartzite, slate, do-
lomite, and limestone that are probably all of Cambrian
or Early Ordovician age. Rocks approximately equiva-
lent to these in age and total thickness occur in the
Potcatello area of southeastern Idaho. Fossils found
thus far are inadequate to permit precise correlation.

Fossil find aids correlation of Mississippian rocks across
Snake River Plain

Fossils recovered by W. J. Sando and W. J. Mapel
from the Milligen Formation in the Donkey Hills,
Hawley Mountain quadrangle, Idaho, (loc. 77) have
an important bearing on the age and correlation of
this sparsely fossiliferous unit. Cephalopods from a
limestone bed in an argillite sequence about 20 feet be-
low the lowest siltstone beds in the section are of early
or middle Osage aspect, according to MacKenzie Gor-
don, Jr. Cephalopods and brachiopods in siltstone
about 70 feet above the top of the argillite are of mid-
dle Meramec age. Thus a disconformity may separate
the argillite from the overlying siltstone. A compara-
ble situation exists in southeastern Idaho, where silt-
stone at the base of the Little Flat Formation rests
disconformably on the Lodgepole Limestone.

A paleogeologic stopwatch times Late Cretaceous events
of Wyoming and Montana

Potassium-argon dating of biotite from bentonite
beds of Late Cretaceous age in the northern part of
the western interior region indicates that the Montana
Group was deposited during a span of about 15 m.y.
During this time the Cretaceous sea contracted and ex-
panded several times as is indicated by the Telegraph
Creek-Eagle regression, Claggett transgression, Judith
River regression, Bearpaw transgression, and the Fox
Hills regression. Paleogeographic maps for this pe-
riod, based on stratigraphic and paleontologic data
collected by J. R. Gill and W. A. Cobban integrated
with K/Ar age determinations made by various work-
ers, permit a rough estimate of the duration of trans-
gression and regression and a measure of the distances
that the strand moved. The Telegraph Creek-Eagle re-
gression lasted about 5.5 m.y., and the strand retreated
eastward as much as 240 miles. The Claggett trans-
gression was short, lasting only about 1.5 m.y., and the
strand advanced 140 miles. The Judith River regres-
sion lasted about 8 m.y., and the strand retreated about
190 miles. The Bearpaw transgression lasted about 3
m.y., and the strand advanced about 200 miles. The
Fox Hills regression was slow at first but rapid to-
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wards the end ; it lasted about 2.5 m.y., and the strand
retreated more than 250 miles.

Lower Tertiary rocks of the Green River Basin

A tuff bed recognizable because of its uniqu~ layer-
ing was found near LaBarge, Wyo. (loc. 18), in the
northwest part of the Green River basin by W. C. Cul-
bertson and traced along the outerop for about 35
miles. This tuff lies near the top of the middle tongue
of the Green River Formation (Eocene) at it south-
ern exposures, but it lies at the base of this unit at its
northernmost exposures. Previously, Culbertron had
traced this same tuff across an area of about 2,000 sq
mi in the southeastern part of the basin whero it lies
near the top of the Wilkins Peak Member of the Green
River Formation. This find not only permits a more
precise correlation, but it also helps clarify the geolog-
ic history of the area. For example, the marlstone and
oil shale of the middle tongue probably were d~posited
near the margin of a lake that was slowly transgress-
ing northward across the fluvial deposits of the New
Fork Tongue of the Wasatch Formation.

Heavy-mineral suites—A key to Tertiary stratigraphy of
the High Plains

The distinction between subdivisions of mic'dle and
upper Tertiary rocks indicated by different suites and
proportions of nonopaque heavy minerals is stbstanti-
ated by vertebrate fossils whose ages match those from
the type areas of the formation in the Badlands of
South Dakota and the High Plains of western Nebras-
ka. These results are based on a petrographic study by
N. M. Denson (p. C25-C32) of about 2,00C heavy-
mineral separates from more than 100 stratigraphic
sections extending eastward from the Wind River
Mountains in western Wyoming to the vicinity of
Scotts Bluff National Monument in western Nebraska.

Source of conglomerates in northwest Wyoming

Paleocurrent directions, roundstone size, and petro-
graphic variables of the conglomerates in the Harebell
Formation and Pinyon Conglomerate (loc. 79) are
being studied by D. A. Lindsey in order to d~termine
the source, provenance, and depositional environment
of these rocks. These indicators show that the conglom-
erates were derived from source areas west and north-
west of Jackson Hole. No obvious differences between
depositional features of the conglomerates were detect-
ed. However, two geographically distinct conglomerate
deposits were identified, one north and one south of the
Buffalo River. Within each deposit, polynomial sur-
faces fitted to maximum roundstone size reves ! signifi-
cant trends which may represent the position of
ancient channels.
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To better establish the probable source of conglomer-
ates in the Harebell and Pinyon Formations, similar
conglomerates north of the Tetons and farther west in
the Beaverhead Formation of Idaho were studied.
These conglomerates contain quartzite, quartz-bearing
volcanics, and other sedimentary clasts identical to
those found in the Harebell and Pinyon. Paleocurrent
directions in these conglomerates indicate derivations
from the west and southwest, possibly from the vicini-
ty of the present outcrops of quartzites of the Belt Su-
pergroup in Idaho.

SOUTHERN ROCKY MOUNTAINS
PRECAMBRIAN ROCKS OF COLORADO

A melasyenite intrusion in the San Juan Mountains

An alkalic-mafic igneous intrusion occurred in the
west-central San Juan Mountains, Hinsdale County,
Colo. (locality 1, index map), about 1400 m.y. ago.
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SOUTHERN ROCKY MOUNTAIN STATES

Part of a stock of oversaturated hornblende-biotite me-
lasyenite exposed in an erosional window studied by
Fred Barker, Z. E. Peterman, and R. F. Marvin is
compositionally similar to potassic lamprophyre and
shonkinite. The magma which formed these rocks first
crystallized much hornblende and biotite that is defi-
cient in silica relative to augite. The remaining liquid
was thus enriched in silica and precipitated small
amounts of quartz along with much potassic feldspar.
Water content, in stabilizing the hornblende and bio-
tite, effectively caused the formation of an oversaturat-
ed rock. An initial Sr®/Sr¢® ratio for this rock of
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0.7031 compares well with a predicted value for the
mantle of 0.7022 and fits a hypothesis of origin of this
magma from the mantle.

Rutile in rocks of varied lithology

D. M. Sheridan and S. P. Marsh 3 reported that ru-
tile-bearing Precambrian rocks of varied lithology are
found in a seemingly favorable belt extending 16 miles
southeast from Santa Fe Mountain in Clear Creek
County to the Turkey Creek area in Jefferson County,
Colo. (loc. 2). Interlayered and gradational litholowic
varieties include feldspathic biotite gneiss, sillimanitic
quartz gneiss, topaz-bearing quartz gneiss, and, at one
locality, calc-silicate gneiss. Locally, the rutile-bearing
rocks contain noteworthy amounts of such minerals as
corundum, tourmaline, and gahnite. The rutile cont°nt
of samples from the rutile discovery area ranges from
1.5 to 3 percent. Elsewhere, the rutile content ranges
from 0.5 to 2 percent.

Geochronology

Alkalic igneous rocks in the Powderhorn distri-t,
Gunnison County, Colo. (loc. ) were reported by J. C.
Olson to be of two principal age groups according to
analyses by R. F. Marvin. An older group of syenites
was dated at about 1,330 to 1,390 m.y., and a younger
group from the Iron Hill complex of pyroxenite, c~r-
bonatite, and related rocks appears to have formed
about 570 m.y., ago.

MESOZOIC STRATIGRAPHY

Chinle and Sundance Formations along flanks of Park
Range, Colo.

G. N. Pipiringos, W. H. Hail, Jr., and G. A. Izett
(r1425) studied the Chinle Formation (Upper Trias-
sic) and the Sundance Formation (Upper Jurassic)
along the flanks of the Park Range near Kremmling,
Colo. (loc. 4). The Chinle on the west side of the range
consists of three members that are probably equival-nt
to the Popo Agie Formation and the Bell Springs
Member of the Nugget Sandstone in south-central Vy-
oming. The Chinle is truncated eastward and, excopt
in a small area northwest of Kremmling, is absent on
the east side of the Park Range. The Sundance Forma-
tion is thickest along a line extending from Elk Creek,
near McCoy, to Frantz Creek, northwest of Kremml-
ing; it is thinnest in the area west of Kremmling. The
Canyon Springs Sandstone Member of the Sundance
Formation is noteworthy in this area where it changes
abruptly from typical massive crossbedded sandstone

33 Sheridan, D. M., Taylor, R. B,, and Marsh, S. P., 1968, Rutile and

topaz in Precambrian gneiss, Jefferson and Clear Creek Counties, C~o-
rado: U.S. Geol. Survey Circ. 567, 7 p.



A42

to reddish-brown silty sandstone to green shale and
white thick-bedded sandstone within short distances.
The only other area where these abrupt facies changes
and particular lithologies are known is in the type
area in the southern part of the black Hills in South
Dakota.

Ammonite zones in Mancos Shale north of Aspen, Colo.

The southern part of the Woody Creek quadrangle
in Pitkin County, Colo. (loc. §), contains an area un-
derlain by the Mancos Shale (Upper Cretaceous). Geo-
logic mapping by V. L. Freeman revealed three sand-
stone units in the main mass of dark gray shale above
the Fort Hays Limestone Member. Fossils identified
by W. A. Cobban indicate that the lower sandstone is
within the zone of Baculites perplerus; the medial
sandstone is within or at the base of the zone of Di-
dymoceras stevensoni; and the upper sandstone is
above the zone of Ewiteloceras jenneyi. Geologic map-
ping and fossil zonation of the Mancos demonstrated
previously unrecognized asymmetrical folds and faults
with a northeast trend.

Source directions for ‘“Jackpile” sandstone

In the San Ysidro quadrangle, Sandoval County, N.
Mex. (loc. 6), E. S. Santos found that most cross beds
in the Jackpile sandstone, an informal unit in the
Morrison Formation, dip south and west. In the adja-
cent Laguna area, to the southwest, most of the cross
beds in the Jackpile dip northeast. This suggests a
northeast source of sediments in the San Ysidro area
and a southwest source in the Laguna area.

STUDIES INVOLVING CENOZOIC DEPOSITS

Tertiary boulder alluvium in Wet Mountains, Colo.
Deposits of boulder alluvium discovered by R. B.
Taylor and G. R. Scott permited partial reconstruction
of early and middle Tertiary geomorphic features in
the Wet Mountains in south-central Colorado. (loc. 7).
The presence of an ancient drainage system was estab-
lished from remnants of flat-bottomed valleys and
their walls, and by boulders of distinctive rock types
that can be traced from source areas along alluvial
courses. Early and mid-Tertiary streams flowed east or
northeast across the northern end of the Wet Moun-
tains. Remnants of a mid-Tertiary erosion surface on
the crest of the Wet Mountains are correlated west-
ward with other parts of the same surface that lie 1,200
to 1,500 feet lower. Displacement of this surface took
place in the late Tertiary, mostly along the Ilse fault.
A considerable part of the present land surface be-
tween the Ilse fault and the structural trench of the
Wet Mountain Valley coincides with a little-modified
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surface that was cut in Precambrian rocks during late
Eocene and early Oligocene time.

Late Eocene or early Oligocene age of Florissant Lake
Beds, Colorado

Mapping in the Florissant, Colo., area (loc. 8) by
R. C. Epis revealed a previously undescribed arkosic
boulder aluvium that underies an ash-flow tuff. This
alluvium was probably deposited at the same time as the
erosion and alluviation that produced the prevolcanic
arkose of the south-central part of the Thirtynine Mile
volcanic field. The ash-flow tuff (rhyolite of Cross,*
trachyte of MacGinitie %) underlies the Florissant Lake
Beds. Field and petrographic evidence indicate that it
is one of three older ash flows of the Thirtynine Mile
volcanic field. The Florissant Lake Beds are overlain
by remnants of intermediate to basic layered breccias
and flows that probably correlate with the upper mem-
ber of the lower andesite of Epis and C. E. Chapin
(r0481). Accordingly, the Florissant Lake Beds proba-
bly are of late Eocene or early Oligocene age, and ap-
pear to correlate, at least in part, with the Antero For-
mation of South Park of Johnson.?

Slide blocks of Paleozoic limestone in upper Tertiary
deposits

R. E. Van Alstine found detached blocks of Palezoic
carbonate rocks lying within and adjacent to the San
Luis-Upper Arkansas graben between the Sawetch and
Sangre de Cristo Ranges southwest of Salida, Colo.
(loc. 9). These blocks, too large to have been trrnsport-
ed by water, were evidently emplaced by gravitational
sliding eastward from the Sawatch Range into this
late Tertiary trough. The sediments which filled the
trough and enclosed the Paleozoic blocks were tilted
west in Pliocene time, and the detached blocks are now
being exposed by erosion of the overlying basin fill.

Remnant of late Tertiary surface at south end ¢ Rocky
Mountains

A pedimented surface on Glorieta Mesa in the
northwest corner of the Laguna Ortiz quadrengle in
San Miguel County, N. Mex. (loc. 10), was reported by
R. B. Johnson. This surface is capped by 1 to 5 feet of
pebbles and cobbles derived from Precambrisn rocks
in the Sangre de Cristo Mountains 15 miles north. The
pedimented surface cuts across the Santa Rosa (Trias-
sic) and Bernal (Permian) Formations and forms an

3 Cross, C. W., 1894, Description of the Pikes Peak sheet [Colo.]:
U.8. Geol. Survey Atlas folio (no. 7), 5 p., maps.

% MacGinitie, H. D., 1953, Fossll plants of the Florissant beds, Colo-
rado: Carnegle Inst. Washington Pub. 599, Contr. Paleont>logy, 198
p.’;l:llzi;lson, J. H., 1937, The Tertiary deposits of South P-rk, Colo.,

with a description of the Oligocene algal limestones [abs.]: Colorado
Univ Studies, v. 25, no. 1, p. 77.
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isolated mesa 200 feet above the surface of Glorieta
Mesa. The surface of the pediment remnant slopes less
than 1° south and projects into the Vaughn surface 50
miles southeast.

STRUCTURE

Laramide tectonism in the Kaiparowits region of southern
Utah

A study of the distribution of facies and thickness
variations of Cretaceous rocks by Fred Peterson indi-
cates that Laramide deformation occurred in two phas-
es in the Kaiparowits structural basin of southern
Utah (loc. 17). An early phase that lasted from about
late Albian to late Campanian time included regional
subsidence, basin downwarping, and movement on lo-
cal folds and faults. A later phase that lasted from
late Campanian to about late Paleocene time included
regional uplift, monoclinal flexing, and probable new
faulting, as well as continued basin downwarping and
movement on local folds. The northwesterly trends of
many of the folds suggest renewed movement along
lines of crustal weakness that were established by the
end of late Paleozoic tectonism in the Colorado Pla-
teau.

Dating Late Cretaceous faults along west side Sawatch
Range, Colo.

The beginning of deformation along the margin of
the Sawatch Range was bracketed by paleontological
and radiometric age determinations. Fossils from the
Mancos Shale collected by B. H. Bryant and identified
by W. A. Cobban show that marine sedimentation in
the Highland Peak quadrangle, Pitkin County, Colo.
(loc. 12), continued near the site of the Sawatch Range
at least into the Ewiteloceras jemmeyi zome. On the
north flank of the San Juan Mountans, biotite and
sanidine from tuff beds from this zone have been dated
by K/Ar as 72.7+2.2 and 75.2+2.3 m.y. old, respective-
ly (R. G. Dickenson, E. B. Leopold, and R. F. Marvin,
r1320). In the Aspen quadrangle, muscovite from a
quartz porphyry emplaced before major faulting along
the margin of the Sawatch Range, has a K/Ar age of
about 72.2+2.2 m.y.*” In the Hayden Peak quadrangle,
biotite contained in aplite whose emplacement seems
fault controlled was dated by K/Ar as about 67.4 and
about 70 m.y. old.

Imbricate thrusts on west side of the Park Range, northern
Colorado

Imbricate thrusts that brought Precambrian crystal-
line rocks over Mesozoic rocks in northern Routt
¥ Qbradovich, J. D., Mutschler, F, H., and Bryant, Bruce, {n press,
K-Ar ages bearing on the igneous and tectonic history of the Hik

Mountains, Colorado—A prellminary report: Geol. Soc. America Bull.,
v. 80, p.
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‘County, Colo. (loc. 13), were recognized by Kenneth
Segerstrom and E. J. Young. These thrusts appear to
be in the westward extension of a disturbed belt, char-
acterized by multiple reverse faults, in northern North
Park, Jackson County. Three major overthrusts strk-
ing north to northwest and dipping about 20° E. were
mapped during 1968. Along the trace of each thrust,
overturned beds of the Mancos, Cloverly, Morrison,
and older formations are overlain by gneiss, schist, and
granite referable to the Precambrian of the Perk
Range. The overthrust blocks and intervening sedimen-
tary terrane are cut by east-west tear faults from 2 to
10 miles long. Some of the tear faults exhibit strong
lateral displacement and extend farther west into T\ r-
tiary volcanic terrane.

Quaternary faults in the Uinta Basin

W. R. Hansen (r2124) reported that, although the
Uinta Mountains region has been virtually aseismic in
historic time, faulting was active during the late Pleis-
tocene. South of the mountain front at Towanta F'at
on the west side of the Lake Fork River, Utah (loc.
14), a graben and several subordinate fault scarps dis-
place outwash terraces of probable Bull Lake age. Sev-
eral of the fault scarps are more than 3 miles long, and
one is about 40 feet high. Adjacent terraces and mo-
raine of Pinedale age have not been affected.

URANIUM IN COAL IN MADRID COAL FIELD,
NEW MEXICO

Local and sporadic occurrences of uranium in coal
of Cretaceous age were discovered by G. O. Bachm~n
in the Madrid coal field in Santa Fe County, N. Mex.
(loc. 15). Concentrations of uranium in the ash rarge
from 0.005 to 0.085 percent. Little is known about these
occurrences to date, and additional study of them is
warranted.

BASIN AND RANGE REGION

Active uplift in San Simon Valley

Currently active tectonic uplift in the San Simon
Valley, southeastern Arizona (locality 7, index map)
was recognized by G. P. Eaton in an analysis of re-
peated first-order leveling undertaken to study subsd-
ence due to ground-water withdrawal. Two small areas
of uplift, one in the center of the valley and the otler
closer to the margin, coincide with gravity and meg-
netic highs which can be ascribed to shallow bedrc<k
horsts bounded by high-angle faults.

Topographic profiles across the central rise display
local upward convexity, indicating that uplift has con-
tinued long enough and recently enough to affect the
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gross form of the present topographic surface. Pro-
nounced thinning of upper Pliocene or Pleistocene la-
custrine sediments which extend across this feature
suggests that the tectonic movement was initiated in,
or prior to, Pleistocene time.

Evolution of Tucson basin

The deep central part of the Tucson basin, Arizona
(loc. 2) has the form of a long narrow triangle and
contains important supplies of ground water, accord-
ing to E. S. Davidson. Its western boundry is a north-
trending fault that extends from approximately Sa-
huarita to the junction of the Santa Cruz River
and the Canada del Oro; on the northeast a
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STATES IN BASIN AND
RANGE REGION

west-northwest-trending fault follows approximately
the coarse of Rillito and Tanque Verde Creeks; and
on the east a poorly defined fault extends from about
the mouth of Agua Caliente Wash southwest to Sa-
huarita. All the faults are buried by more recent allu-
vium, and in most places lie well out from the adjoin-
ing mountain fronts.

The basin was probably first blocked out in early
Miocene time, after deposition of the Pantano Forma-
tion and Helmet Fanglomerate, and apparently re-
mained closed to exterior drainage through much of
the Miocene and all of the Pliocene. The closure of the
basin was accentuated by movement on northeast-trend-
ing faults near the end of Pliocene, but it remained
closed until mid-Pleistocene, when the present through
drainage was established, apparently as a result of re-
gional tilting toward the northwest.
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Possible Navajo equivalent in western Nevada

The youngest marine rocks in western Nevada are
quartz sandstone of probable early Middle Jurassic age
east of Lovelock in Pershing County (loc. 8), accord-
ing to R. C. Speed. Eolian conditions are indicated by
grain size and frosting. The sand probably migrated
from a distant source, possibly the same one that gave
rise to the Navajo Sandstone of Utah, and has been
withheld from deposition by entrapment as beach de-
posits along a shoreline which migrated generally
westward during early Mesozoic time. Deposition of
the sandstone occurred chiefly in small downwarps cre-
ated during the early stages of a major orogeny that
affected western Nevada during the Jurassic.

Southern limits of Roberts Mountains thrust

Compilation of stratigraphic information from cen-
tral Nevada by J. H. Stewart indicates that the Rob-
erts Mountains thrust fault may not have extended
south of about lat 88°50” N. North of this line, upper
Paleozoic conglomeratic rocks overlie unconformably
lower Paleozoic siliceous and voleanic rocks th~t char-
acterize the upper plate of the Roberts Mountains
thrust, whereas to the south such upper F~leozoic
rocks rest unconformably on lower Paleozoic cerbonate
or transitional assemblage rocks that elsewhere make up
the lower plate. The lack of upper-plate rocks south of
about lat 38°50” N. suggests either that the thrust did
not extend south of that latitude, or that upyper-plate
rocks were completely eroded prior to deposition of
the npper Paleozoic conglomeratic strata.

Tintic Valley thrust confirmed

Exposures of the Tintic Valley thrust fault, long in-
ferred in the subsurface of west-central Utah from
closely adjacent outcrops of markedly dissirrilar but
correlative sequences of lower Paleozoic strata, were
discovered in the Gilson Mountains (loc. 4) by H. T.
Morris (U.S. Geological Survey) and Y. F. Wang
(University of Utah). The fault crops out along the
northeastern and southeastern margins of that range
and has thrust Ordovician to Mississippian strata like
those of eastern Nevada over predominantly clastic
rocks of that Pennsylvanian and Permian Oquirrh
basin. A structurally higher, subsidiary low-angle
fault (the Champlin thrust) locally has placed young-
er on older strata within the Ordovician tc Missis-
sippian section of the Gilson Mountains.

Confirmation of the existence of the Tinti» Valley
thrust adds further support to the concept that imbri-
cate thrust sheets of great extent moved eastward dur-
ing late Mesozoic time along a belt that extended from
Montana to southeastern Nevada.
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PACIFIC COAST REGION

Western extension of Arizona Paleozoic section in
southeastern California

W. B. Hamilton reported that metamorphic equiva-
lents of Paleozoic strata of the stable platform facies
which occur in the Grand Canyon region are present
in the region of Mesozoic metamorphism and granitic
batholiths in eastern Riverside County, Calif. (locality
1, index map). Geologic mapping in the Big Maria,
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Little Maria, and Riverside Mountains has shown that
in order upwards from the polymetamorphic Pre-
cambrian plutonic basement complex, and as dated by
stratigraphic sequence and lithology, the Paleozoic
succession consists of Cambrian quartzite (Tapeats)
and schist (Bright Angel), undated calcite marble and
dolomite marble that thicken northwestward, Missis-
sippian calcite marble (Redwall), and Permian impure
quartzite (Supai), schist (Hermit), pure quartzite
(Coconino), and calcite marble (Kaibab). Metamorph-
ism of the strata to greenschist and amphibolite facies
mineral assemblages was accompanied by intense de-
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formation. Maximum present thickness of the entre
Paleozoic section is about 1 mile, which presumahly
approximates the initial sedimentary thickness; maxi-
mum tectonic thinning reduces the entire section to as
little as 80 feet thick, all formations being present.
Several tens of thousands of feet of Mesozoic clas‘ic
and volcanic rocks overlie the Paleozoic section and
with it have been metamorphosed and intruded by
granitic plutons. The Paleozoic rocks occur in isoclinal
synclines enclosed in basement rocks, and in thrust
complexes caught between sheets of basement rocks.

Southern Klamath Mountains

W. P. Irwin, mapping in the Hayfork and Dubak-l-
la Mountain quadrangles, southern Klamath Moun-
tains, Calif. (loc. 2), recognized that the weste™n
Triassic and Paleozoic belt consists of two terranes
that are separated by a northwest-trending fault of re-
gional extent. The western of these two terranes in-
cludes abundant serpentinite and unusual albitic greu-
itic rocks; the eastern terrane includes a distinctive,
thick, augite andesite volcanic formation. Significent
gold deposits, both lodes and placers, are virtually re-
stricted to the eastern terrane. In this part of the Kla-
math Mountains the gold deposits are distributed
along the boundary between the augite andesite forma-
tion and other rocks of the eastern terrane. The canse
of the apparent localization of lode gold deposits along
this boundary is not known.

Studies of Sierra Nevada roof pendants

A small roof pendant of metasedimentary rocks aud
metamorphosed shallow intrusives which is surrounced
by Mesozoic granitic rocks is the locus for tungsten de-
posits at the Strawberry mine, southeast Merced Peak
quadrangle, California, in the Sierra Nevada (loc. 3).
Warren Nokleberg, who has been making a geochemi-
cal study of the tungsten deposits, reported that marhle
beds in the pendant are metasomatized to andradite-
hedenbergite-scheelite tactite by volatile-rich fluids
containing silicon, iron and tungsten which were ex-
pelled from a granodiorite magma. The geochemi-al
study indicates that the various contact metamorphic
assemblages and their oxidation states can be ex-
plained by a simple model that considers interaction of
the ore solutions with large amounts of carbon dioxide
during replacement of the marble. Detailed mapping
and structural analysis of minor folds in the pendant
show that the rocks underwent four periods of defor-
mation before intrusion of the granitic magmas. The
pattern of superimposed folds is regional in extent and
can be correlated with folds in other pendants in the
Sierra Nevada.
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Studies by R. S. Fiske of Triassic(?) and Jurassic
metavolcanic rocks in the Ritter Range pendant, Dev-
ils Postpile quadrangle California (loc. 4), indicate
that the material deposited in the thick pre-Sierra Ne-
vadan geosyncline consists of about 95 percent pyro-
clastic debris, 5 percent lava flows, and less than 1 per-
cent carbonate rock. Many shallow water and subaerial
sedimentary structures have been recognized in the
rocks, which suggest that the rate of subsidence of the
geosycnline very nearly kept pace with the volcanic sed-
imentation as the reginal downwarping proceeded.

Cenozoic stratigraphy and structure in coastal California

Detailed geologic mapping by R. H. Campbell and
R. F. Yerkes in the north part of the Malibu Beach
quadrangle, central Santa Monica Mountains (loc. §),
supported by many fossil identifications by W. O. Ad-
dicott, led to the recognition that the so-called Upper
Topanga Formation of Durrell *® includes middle Mio-
cene breccia and conglomerate that contains clasts of
fossiliferous Paleocene and Eocene sandstone. One con-
spicuous bed of this sort of breccia, as much as 260, feet
thick, provides a useful local marker horizon that can
be followed for several miles In addition, smaller, dis-
continuous lenses of breccia occur at different horizons
and, in a few places, isolated fossiliferous boulders and
cobbles are present in otherwise unfossiliferous con-
glomerate lenses. Indigenous middle Miocene mollusca
are rare, but in at least one area a mixed fauna is ob-
tained where sandstone boulders containing early Ter-
tiary faunas are associated with indigenous middle
Miocene mollusca. Clasts probably derived from the
Sespe Formation or from fossiliferous lower or middle
Miocene rocks, such as those that predominate in the
sedimentary breccia noted in “Upper Topanga” beds
of the Malibu Bowl] thrust sheet to the southwest, have
not been found in the breccia beds of this area.

. J. C. Clark discoverd stratigraphic relations which
indicate that the San Gregorio fault, a major structure
in the western Santa Cruz Mountains, San Mateo
County (loc. 6), has had significant vertical and (or)
lateral displacement during Cenozoic time. The fault
trends northwestward from Ano Nuevo Bay to San
Gregorio, a distance of approximately 20 miles. West
of the San Gregorio fault, basement rocks are not ex-
posed, and the oldest sedimentary section consists of
more than 8,500 feet of sandstone and conglomerate of
Late Cretaceous age. To the east of this fault and west
of the San Andreas fault, Cretaceous sedimentary rocks

# Durrell, Cordell, 1954, Geology of the Santa Monica Mountains,

Los Angeles and Ventura Counties, Map Sheet 8 of Jahns, R. H., ed.,

geology of southern California: California Div. Mines and Geology
ull. 170.
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are absent, and the oldest sedimentary rocks are of Pa-
leocene age and rest upon a granitic basement.

Recent mapping has also revealed significant differ-
ences in the Miocene sedimentary sections that are jux-
taposed along the San Gregorio fault. A middle
Miocene section west of the fault is faunally and lith-
ologically different from the correlative section to the
east. A several-thousand-foot-thick mudstone section
of late Miocene age to the east of the fault is repre-
sented by an unconformity to the west.

Cenozoic paleoclimates in the Pacific coastal arec

W. O. Addicott deduced the marine climates prevail-
ing during the Cenozoic in the Pacific coas®al area
from paleontologic studies of molluscan faunss. Unu-
sually large percentages of warm water molluscan gen-
era are found in the Eocene and Miocene faunes of the
northeastern Pacific Ocean, reflecting successive epi-
sodes of marine climate substantially warmer than at
present. A new analysis of faunas from rather com-
plete depositional sequences in central Celifornia
showed an increase in the proportion of warm water
genera from a middle Oligocene low to a middle Mio-
cene peak. After the middle Miocene peak, a climatic
reversal set in, as indicated by the disappearance of
tropical molluscan genera from central Crlifornia
faunas by the end of the Miocene, and the last appear-
ance of subtropical genera in the Pliocene.

Stratigraphic and structural studies in coastal Oregon
and Washington

R. G. Coleman’s studies in the Agness, Collier Butte,
Gold Beach, and Port Orford quadrangles (loc. 7)
helped to explain some of the puzzling structral and
stratigraphic problems in southwest Oregon. Creta-
ceous thrusting on serpentinite “tectonic carpots” has
placed Colebrooke Schist on top of eugeosynclinal and
miogesoynclinal sedimentary rocks that rang~ in age
from Late Jurassic (Dothan and Galice Formations)
to Early Cretaceous (Myrtle Group). Eocene conglom-
erates (Umpqua Formation), containing both Cole-
brook Schist and serpentinite clasts, rest unconforma-
bly on the Colebrook Schist and its thrust cont~cts with
the underlying Mesozoic sedimentary rocks.

The Colebrook Schist is composed predominantly of
fine-grained sedimentary rocks and pillow lavas which
have been metamorphosed under conditions irtermedi-
ate between the blueschist and greenschist facies. Two
periods of deformation can be recognized in the Cole-
brooke Schist: the first related to metamorphic recrys-
tallization, the second to eastward thrusting. Bulk
chemistry and isotopic data suggest that pelitic schists
of the Colebrooke were originally deep ocean sedi-
ments that contained a high content of oce~nic vol-
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canic material, and only a small amount of detritus de-
rived from significantly older crust. Associated pillow
lavas have low initial Sr®”/Sr®¢ (0.704) and K (1,103
ppm), which indicate that they are oceanic tholeiites.

Crustal shortening related to ocean floor spreading
may have been responsible for the present allochthon-
ous position of the Colebrooke Schist.

Reconnaissance mapping by P. D. Snavely, Jr., N. S.
MacLeod, and W. W. Rau of parts of six quadrangles
in the Tillamook highlands area of the northern Ore-
gon Coast Range (loc. 8) led to a reinterpretation of
the age of the Tillamook Volcanic Series, previously
regarded as middle Eocene. The Tillamook Volcanic
Series occupies a large north-plunging anticlinorium
complicated by northwest- and northeast-trending
faults. These rocks can be divided into three mappable
units. The lower unit, whose base is concealed, consists
of basaltic pillow lavas, tuffs and breccia and interbed-
ded siltstone and sandstone from which Foraminifera
of early to early middle Eocene age have been identi-
fied. This lower unit is correlative with the Siletz Riv-
er Volcanics of the central Oregon Coast Range. The
middle unit, which probably is correlative with the
Yamhill and Tyee Formations and uppermost part of
the Siletz River Volcanics, is approximately 2,500 feet
thick and composed of tuffaceous siltstone, arkosic
sandstone, organic shale, and basaltic tuff, breccia and
pillow lavas. Preliminary paleontologic studies indi-
cate that the middle unit ranges in age from middle to
early late Eocene. The uppermost unit consists of more
than 5,000 feet of subaerial basalt flows, which are cor-
related with volcanic sequences on the central Oregon
coast that are included with the Nestucca Formation
(late Eocene). The upper unit is overlain by early Oli-
gocene(?) tuffaceous siltstone and basaltic conglomer-
ate and sandstone.

Mapping by R. W. Tabor and R. S. Yeats in the
Mount Angeles quadrangle, Olympic Mountains,
Wash. (loc. 9) showed that Eocene sedimentary rocks
and associated submarine volcanic rocks are arranged
in three concentric belts concave to the southwest to-
ward the core of the range. The volcanic rocks are
thickest in the outermost belt where they are called the
Crescent Formation; they become thinner and more
discontinuous in each succeeding belt southwest. Mi-
crofossils studied by W. W. Rau indicated that volcan-
ic rocks of the innermost belt are the same age as those
in the outermost belt and thus probably represent the
distal edge of a large volcanic pile. The structure of the
belts becomes more complex towards the southwest,
and the sedimentary rocks grade irregularly from argil-
lite to phyllitic schist. The three belts are separated
from one another by thrust faults along which the pre-
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dominantly volcanic Crescent Formation and youngsr
rocks were thrust westward or southwestward over the
thinner, seaward margins of the volcanic pile. Lat~r
doming of the Olympic Mountains caused steepening
and overturning of the beds and fault zones, and pr»-
duced the concentric pattern seen today.

Discovery of magnesite in Okanogan County, Wash.

Geologic mapping in northern Okanogan County,
Wash. (loc 10) by K. F. Fox, Jr., and C. D. Rinehart
revealed a persistent belt of discontinous exposures of
magnesite and magnesite-bearing dolomite. The belt is
about 50 miles long, extending from near Riverside
northward to Oroville and thence eastward to a few
miles beyond Chesaw. The magnesite zone is typically
no more than 50 feet thick, but preliminary work indi-
cates that magnesite in some deposits in the northemn
part of the belt may be of minable grade and size. T2
zone occurs along an unconformity at the base of a
sequence consisting mostly of unfossiliferous green-
stone and metachert, but locally consisting of limestone
and dolomite which contain fossils of Triassic age. I'o-
cause of its persistence over long distances, the mag-
nesite zone is a valuable regional stratigraplic
marker. A more complete description of the magnes‘te
deposits is given by Fox and Rinehart (r0226) else-
where.

Ultramafic rocks in California and Washington

Detailed structural and petrologic examination of a
peridotite body at Burro Mountain, Calif. (loc. 17),
was completed by R. A. Loney, G. R. Himmelberg, and
R. G. Coleman as part of a continuing integrated
study of alpine-type ultramafic rocks in the Coast
Ranges. These investigators concluded that the Burro
Mountain peridotite mass originated from an ultra-
mafic magma that probably crystallized in the mantle.
The peridotite was subsequently emplaced as a plug-
like cold intrusion into a structurally chaotic terrene
composed of rocks of the Franciscan Formation which
had been regionally metamorphosed to mineral asseva-
blages characteristic of the pumpellyite-metagrsy-
wacke facies. Deep-seated plastic deformation of the
peridotite involving intergranular gliding and recrys-
tallization resulted in formation of a metamorphic fo-
liation and development of isoclinal folds. Tectonic
fracturing, which took place at relatively shallow
depths, provided channels for the access of serpentiniz-
ing waters into the peridotite. A radial fault pattern
in the pluglike ultramafic body suggests circumferan-
tial expansion of the mass either by release of pressure,
serpentinization, or both.

The first occurrence of ultramafic rock in the Olym-
pic Peninsula, Wash., was reported by W. M. Cady
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and M. S. Miller from an area 2 miles west of the
northwest end of Lake Cushman, in the southeastern
Olympic Peninsula (loc. 782). The rock is serpentinized
feldspathic peridotite and is accompanied by horn-
blende gabbro and diabase. Small intrusive bodies of
the ultramafic and mafic rocks intrude a 2-mile-thick
section of Paleocene to lower Eocene marine sedimen-
tary rocks that underlie oceanic tholeiitic pillow ba-
salts in the lower two-thirds of the Crescent Formation
(Eocene).

Geochronology

Plutons in the northern part of the Klamath Moun-
tains were dated by K-Ar age determinations made on
hornblende and biotite from 13 samples of plutonic
rock collected by P. E. Hotz in southwestern Oregon
(loc. 13), according to M. A. Lanphere. The rock sam-
ples range in composition from gabbro to quartz mon-
zonite. A group of ages that lies between 134 and 151
m.y. was obtained from 16 mineral concentrations
from 12 of the samples. One other sample yielded dis-
cordant ages of 145 and 160 m.y. on biotite and horn-
blende, respectively. The ages obtained are similar to
those previously determined for plutons in the central
and southern Klamath Mounains, Calif., but cannot be
resolved into several groups as was done in the southern
part of the province (M. A. Lanphere, W. P. Irwin,
and P. C. Hotz, r1021).

J. C. Engels and D. F. Crowder reported that K-Ar
ages determined on biotite-hornblende pairs from sam-
ples of granitic rock from the Mount Stuart batholith,
Chelan County, central Washington (loe. 74), indicate
a minimum age of 90 m.y. for the pluton. Slightly
younger ages for the northern part of the batholith are
indicated by K-Ar determinations on biotite and fis-
sion-track data on apatite. The younger ages possibly
indicate reheating by later intrusions.

Regional geophysics in California

The U.S. Geological Survey in cooperation with the
California Division of Mines and Geology and the
U.S. Army Map Service is making a 5-mgal Bouguer
gravity map of the entire State of California at a scale
of 1:250,000 to be completed by 1970. Gravity observa-
tions are being made along roads at 3-5-km intervals
and between roads with a maximum spacing of 8 km.
All the data are being terrain-corrected by new com-
puter methods. Local calibration loops have been estab-
lished between Menlo Park and Mount Hamilton (310
mgal), Merced and Sentinel Dome (620 mgal), and
Bakersfield and Mount Pinos (595 mgal) to refine
factory calibrations as well as to test new instruments
for drift characteristics and reproducibility under field
conditions.
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H. W. Oliver reported that new data in the northern
Sierra Nevada indicate that the major gravity low
previously reported over the southern Sierra extends
throughout the length of the range, gradually decreas-
ing to the north in general accordance with isostasy.
Oliver also reported that a preliminary study of the
quantitative relationship between gravity and topogra-
phy along several east-west profiles across California
suggests that Bouguer anomalies (BA) at bedrock sta-
tions may be approximated by the linear relationship
BA= -0.0965 Z,+8 mgal (standard deviation),
where E¢, is the elevation in meters surrounding the
gravity station averaged to a radius of 64 km.

An aeromagnetic survey interpreted by Andrew
Griscom showed that the Salton Sea geothermal area
(loc. 16) is underlain by a large anomaly elongate in a
northwest-southeast direction. Two magnetic peaks of
smaller areal extent are superimposed on the larger
anomaly at its southern end. Griscom’s analyvis of the
data suggests that the large anomaly is caused by a
tabular pluton at least 12 miles long, 4 miles *vide, and
approximately 10,000 feet thick, which is abcnt 10,000
feet below the surface. A group of small, nes v-surface
dikes and sills are believed to be responsibl» for the
two smaller areas of high magnetic intensity. The ac-
tive steam wells of the Salton Sea geothermal area are
located on the southernmost of the two swbsidiary
anomalies. The other, similar anomaly, 4 miles to the
northwest, appears to be an additional favorable area
to explore for geothermal energy.

ALASKA

Significant new scientific and economic results of
geological field studies and of related geophysical, pa-
leontological, geochemical, and petrologic investiga-
tions in Alaska this past fiscal year are her> summa-
rized. For easy reference the discussion is divided into
six parts corresponding to six major regions. and the
locations of the regions and specific study areas are
shown on the accompanying index map of Ala~ka.

NORTHERN ALASKA

Romanzof Mountains, northeastern Brooks Ranse

Brief regional and topical studies of rocks along the
north edge of the eastern Brooks Range in 1968 by H.
N. Reiser and 1. L. Tailleur (locality 7, index map), in
conjunction with the investigation of the organic
shales in northern Alaska, gained special importance
because of the concurrent discovery of larxe oil re-
serves in the subsurface projection of these racks. This
new information, together with earlier pho*ogeologic
and field studies of the outcrop region clos"st to the
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newly discovered oil fields, and available data from oil
companies was compiled in a recently released prelimi-
nary geologic map of the Mount Michelson 1 :200,000-
scale quadrangle by H. N. Reiser and I. L. Tailleur
(r0094). Significant new observations and interpreta-
tions in the northeastern Brooks Range are summa-
rized in the following paragraphs.

Thick sections of carbonate rocks of the Lisburne
Group underlain discordantly by a unit of dolomite
and limestone occur in the Sadlerochit Mountains and
Shublik Mountains anticlinoriums. The lower unit is
Middle Devonian or older as determined from corals in
its upper part identified by W. A. Oliver, Jr., and is at
least in part referable to the Baird Group.

A. K. Armstrong reported that the Lisburne Group
in the Franklin Mountain anticlinorium consists of
more than 2,000 feet of largely open marine Upper
Mississippian and younger limestone, but in the Sad-
lerochit anticlinorium nearly 20 miles to the north the
Lisburne consists of about 1,500 feet of more restricted
marine, later Upper Mississippian and younger lime-
stone. The change to clastic rocks of the overlying

Sadlerochit Formation is locally rapid but gradation-
al, and the transitional strata contain brachiopods
identified as middle Permian by J. T. Dutro, Jr. The
Sadlerochit does not appear to be more than 1,000 f-et
thick in the outlying ranges and probably is thinner to
the east.

The upper 500 feet of the Sadlerochit at the east end
of the Shublik Mountains anticlinorium typifies the
unit and was studied by H. A. Tourtelot. The Sadlero-
chit consists of about 50 percent siltstone, 25 percent
shale, and 25 percent nearshore-facies sandstone and
quartz-chert conglomerate. The overlying Shublik For-
mation consists of 400 feet of phosphate-nodule-bert-
ing black shale or mudstone, black fossiliferous lime-
stone, and dark silty carbonate or siltstone.

Several fossil collections made from the Shublik
Formation on the east nose of the Shublik Mountains
anticlinorium during the study by Tourtelot indicated
that the unit is Middle Triassic (Ladinian) to latest
Triassic according to N. J. Silberling. Sixty miles to
the east, on the Aichilik River, the Shublik Format®on
is 700 feet thick and contains coarser terrigenous mafe-
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rial. About 150 feet of Jurassic(?) clastic rocks overlie
the Shublik where it is latest Triassic in age.

Rocks typical of the Kingak Shale are reported to
extend into the Lower Cretaceous (Neocomian). Sand-
stone and pebble conglomerate mapped previously as
the Albian age lower member of the Ignek Formation
seem to be the northeastward projection of the Kemik
Sandstone Member of the Okpikruak Formation (Neo-
comian). The Kingak Shale is in most places less than
the 4,000 feet reported on the Canning River. A post-
Neocomian unconformity is suggested by the presence
of organic shale, like that in the Colville Group (Up-
per Cretaceous), and volcanogenic(?) beds locally
overlying older shale.

The northeastern Brooks Range is structurally sim-
pler than the rest of the deformed belt, in that large-
scale thrusts appear to be lacking. However, large dis-
locations within the mountains cannot be ruled out
without further study of the contrasting facies of the
Lisburne Group and Shublik Formation that occur
within the area. The pre-Mississippian unconformity,
which was originally planar, is folded smoothly and
broadly and is a décollement surface along which the
overlying Mississippian through Cretaceous beds have
been strongly crumpled and foreshortened.

Field evidence suggests a Cretaceous age of emplace-
ment for the Romanzof pluton rather than the Devoni-
an age obtained earlier by radiometric methods.

Late Paleozoic deformation and granitic intrysion in the
eastern Brooks Range

W. P. Brosgé and H. N. Reiser reported that a belt
of pre-Mississippian folding and metamorphism, pre-
viously known only in the northeastern part of the
Brooks Range, seems to extend south (loc. 2) through
the Davidson Mountains almost to the Porcupine Riv-
er. In both areas, Upper Mississippian limestone of the
Lisburne Group is underlain by a thin conglomerate
that rests unconformably on schist, and in both areas
the schist has been intruded by granite. The age of the
granite in the northeast Brooks Range is still un-
known, but radiometric age determinations by J. C.
Von Essen indicated a Carboniferous age for the gran-
ite in the Coleen quadrangle near the Porcupine River
and suggested further that the granite cooled in the in-
terval represented by the Lower Mississippian hiatus
in the sedimentary section.

WEST-CENTRAL ALASKA

Paleozoic and Mesozoic sequence mapped on St
Lawrence Island

Mapping by W. W. Patton, Jr., J. T. Dutro, Jr., (p.

D138-D143) and Bela Csejtey, Jr., documented the
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presence on St. Lawrence Island (loc. 8) of ¢ hereto-
fore little known Paleozoic and Mesozoic sequence pos-
sibly as much as 8,000 feet thick. The oldest strata are
represented by a thick unit of Devonian dolomite and
dolomitic limestone. This unit appears to be sicceeded
disconformably by at least 1,000 feet of Upper Missis-
sippian limestone and cherty limestone. The-e rocks
are in turn overlain disconformably by a 400-foot sha-
ly unit that is probably of Early Triassic or Permian
age in the lower part and is definitely of Middle and
Late Triassic age in the upper part. The youngest sedi-
mentary rocks are graywacke and mudstone tentatively
assigned a Jurassic or Cretaceous age.

Equivalent similar rocks having similar fossils occur
in the western and central Brooks Range, and counter-
parts of some of them appear to be present on the
Seward and Chukotsky Peninsulas.

Thrust faulting on Seward Peninsula, Alaska

Continued mapping of the Seward Peninsula at a
scale of 1:250,000 has demonstrated that rocls of the
entire Seward Peninsula are involved in thrust sheets
of a major thrust belt that C. L. Sainsbury ¢nd Reu-
ben Kachadoorian propose to name the Collier thrust
belt in honor of A. J. Collier, pioneer geologi~t on the
Seward Peninsula. A large terrane of blueschist facies
rocks was defined. The Paleozoic rocks, almost entirely
carbonates from the pre-Ordovician through at least
the Mississippian, reflect shelf-type sediment-tion. In
the western Seward Peninsula, thrust sheets of unmet-
amorphosed carbonate rocks lie above high-rrnk met-
amorphic rocks; at the east end of the peninsula, the
Paleozoic carbonate rocks are metamorphosed to mar-
ble, but rest upon metamorphic rocks of much higher
rank.

A regional zonation of mineral deposits is sggested,
from greisen-type tin deposits on the westerr Seward
Peninsula to base-metal deposits with silver sud mod-
erate amounts of tin in the central and eastern Seward
Peninsula.

EAST-CENTRAL ALASKA

Little-known ultramafic belt mapped in Bettles-Tanana
quadrangle

Reconnaissance mapping in the Bettles and Tanana
quadrangles of (loc. 4) of central Alaska by W. W.
Patton, Jr., T. P. Miller, and R. L. Elliott revealed the
presence of a number of little-known and heretofore
unmapped ultramafic bodies along the southeast flank
of the Yukon-Koyukuk basin. These include six large
masses 2 to 17 miles long and half a mile to 3 miles
wide as well as numerous smaller masses. The ultra-
mafics are distributed along a linear belt of al‘ered pil-
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low basalts, diabases, and cherts of probable Jurassic
age, flanked on the northwest by sedimentary and vol-
canic rocks of the Yukon-Koyukuk Cretaceous basin
and on the southeast by Paleozoic and Precambrian (%)
metamorphic rocks of the XKokrines-Hodzana high-
lands. The alinement of these ultramafics along the
margin of the basin and their close spatial relationship
with the volcanics and cherts suggests that they may
represent part of an ophiolite assemblage emplaced
during the initial phases of the formation of the Yu-
kon-Koyukuk basin.

Anomalous gold concentrations found in fracture and
shear zone in Fairbanks district

In completing the 1:24,000-scale geologic map of the
Fairbanks district (loc. 5) and accompanying geo-
chemical and geophysical investigations, R. B. Forbes,
H. D. Pilkington, and D. B. Hawkins located several
anomalous gold concentrations in addition to those
found in 1967. Gold anomalies were found in fracture
and shear zones as much as 40 feet wide, in quartz
monzonite, quartz diorite, and crystalline schists. Most
of these anomalies are surrounded by halos containing
trace antimony, arsenic, or both. Sampling of discor-
dant quartz veins beyond the usual limits of the Fair-
banks lode belt showed that the zone of trace gold en-
richment is much broader than previously recognized.

Geochemical sampling on the southeast slopes of
Ester dome confirmed several wide hydrothermal alter-
ation zones in crystalline schists. These zones contain
anomalous amounts of gold, and at least one high-
grade gold-quartz vein was found.

Geochemical and structural data gathered by Forbes,
Pilkington, Hawkins, and R. M. Chapman show that
fracture zones and shear zones along the axial zone of
the Cleary anticline cut all of the major rock units,
and that heavy-metals mineralization is accompanied
by silicification and hydrothermal alteration along
these zones. Some of the more persistent zones in the
quartz diorite and crystalline schists may be of poten-
tial economic interest.

Mineral occurrence in eastern Alaska Range described

Geochemical investigations by D. H. Richter and N.
A. Matson, Jr., in the Slana area of the eastern Alaska
Range (loc. 6), in cooperation with the Alaska Divi-
sion of Mines and Geology, suggest that lead-zinc-mo-
Iybdenum-silver mineralization is associated with a
large zoned quartz monzonite-granodiorite pluton,
whereas gold-copper mineralization is associated with
small diorite-quartz diorite intrusives. Around the pe-
riphery of the quartz monzonite-granodiorite pluton
quartz veins carrying lead, zinc, and silver are known,
and at least two large and possibly significant lead,
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zine, and molybdenum anomalies were delineated by
stream-sediment sampling. Anomalous gold values (as
high as 7 ppm) appear to be restricted to streams
draining areas underlain by diorite or quartz diori‘e.
The distribution of gold in bedrock also follows the
pattern shown by the stream sediment data. Samples
of diorite contain as much as 0.3 ppm Au; quartz men-
zonite and granodiorite samples from the pluton were
not found that contain more than 0.02 ppm Au, the
lower limit of detection.

Richter and Matson also reported that a thick unit
of amygdaloidal basalt flows of Permian or Triassic
age in the eastern Alaska Range warrants attention as
a potential source of copper. The unit, which is about
5,000 feet thick, has now been traced from the head of
the Chistochina River in the Mount Hayes quadrangle,
southeast over 140 miles to the Canadian border. Na-
tive copper and some copper sulfides occur in minor
amounts throughout the flows in amygdules, scoria-
ceous flow tops and bottoms, and in fractures and lo-al
shear zones. Mineralogically and petrographically the
flows appear similar to the Precambrian basalts of the
upper peninsula of Michigan and the Nikolai Green-
stone of Triassic age exposed along the south flank of
the Wrangell Mountains in Alaska. Amygdule min~v-
als consist chiefly of chlorite, calcite, quartz, and epi-
dote with lesser amounts of pumpellyite, prehnite, hou-
landite, analcime and natrolite.

Structural and stratigraphic relationships in the White
Mountains reexamined

Structural and stratigraphic relations in the Wtite
Mountains (loc. 7), delimited by R. M. Chapman, I fi-
chael Churkin, Jr., Donald Grybeck, and F. R. Weker,
resolve conflicting interpretations of previous workors.
The prominently outcropping limestones and dolomites
of the Tolovana Limestone (Silurian and (or) Devcni-
an) are in conformable sequence with both underly'ng
and overlying units. The underlying unit is a thick
succession of volcanic and volcaniclastic rocks, grey-
wacke, and calcareous argillite whose age span is un-
known ; the overlying rocks are upper Middle or lower
Upper Devonian clastics. The entire sequence has ben
tightly folded, but thrust faults probably form the
northern and southern boundaries of the sequence.

Serpentinized ultramafic rocks discovered in Eagle reg‘on

H. L. Foster (r0791) discovered numerous small ser-
pentinized ultramafic bodies in the Eagle region (loc.
8) during reconnaissance geologic mapping. They are
most abundant in areas of greenschist facies meta-
morphic rocks and rare in amphibolite facies meta-
morphic rocks.



A52

One exposure in the Eagle C4 quadrangle consists
of large joint blocks of serpentine cut by closely
spaced veins, about one-fourth inch thick, of cross-fiber
chrysotile asbestos. The asbestos appear to be of com-
mercial quality, but the quantity is unknown.

The dominant structural feature of the region is the
Tintina fault zone, and some of the ultramafic rocks
appear to aline with northwest-trending linear zones
parallel to the Tintina trend. Other exposures appear
to be randomly distributed.

SOUTHWESTERN ALASKA

History of volcanism on Nunivak Island

J. M. Hoare and W. H. Condon reported that vol-
canic activity apparently began on Nunivak Island
(loc. 9) about 6 m.y. ago with the eruption of inclu-
sion-bearing alkalic basalts. Volcanic activity contin-
ued as a series of pulses up to near-present time. Sev-
eral of the pulses included both tholeiitic and alkalic
basalt. The stratigraphic relations of the basalts sug-
gest that alkalic eruptions generally precede tholeiitic
eruptions.

The youngest of tholeiitic eruptions began about 0.9
m.y. ago, and continued until 0.2 m.y. ago. At Roberts
Mountain these young tholeiitic flows are underlain
and overlain by inclusion-bearing alkalic basalts. The
older alkalic basalts are interpreted as forerunners of
the overlying tholeiites. The overlying alkalic basalts
which erupted after an erosion interval of about 0.2
m.y. are interpreted as the beginning of a new pulse of
volcanism.

Similar volcanic sequences elsewhere in the Bering
Sea volcanic province suggest a similar interpretation.
In two other volcanic centers the latest volcanic pulse
appears to have progressed to the tholeiitic stage of
eruptions.

Presence of Paleozoic rocks in Aleutian Island chain
disproved

Supposed upper Paleozoic rocks on Adak Island
(loc. 10) were shown to be of early Tertiary age. An
outcrop of the Finger Bay Volcanics on Adak Island
had yielded fossils resembling Annularia stellata, a
land plant hitherto considered to have become extinct
at the end of Paleozoic time. However, the matrix of
the Annularia-bearing beds contains dinoflagellates in-
dicative of an early Tertiary age; beds on strike with
the outcrop contain fish of a group not known in pre-
Tertiary rocks; and beds a few hundred meters strati-
graphically higher in a conformable sequence contain
early Tertiary mollusks and Foraminifera. D. W.
Scholl concluded that this discovery removes the most
important obstacle to the hypothesis that the Aleutian
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Ridge originated early in Tertiary time. (A more
detailed description of the fossils mentioned sbove is
given on p. A135.)

SOUTHERN ALASKA

Gold veins in Nuka Bay

Field studies by D. H. Richter in the Nuka E 2y area
(loc. 11) on the Kenai Peninsula have establish~d that
folded slate and graywacke of Cretaceous age and mi-
nor dioritic dikes and sills are host rocks for a number
of gold-bearing quartz veins. The veins are generally
short, thin, and discontinuous but locally cortain as
much as 9 oz Au per ton in zones as much as 2 feet
wide. The larger and more mineralized veins appear to
be restricted to massive, competent graywacke beds or
to some brittle dikes where they fill tensional cross
joints formed as a result of the orogenic folding. The
area produced some gold during 1924-1940 bt since
then has been relatively inactive. Althouth mo-t veins
are thin and gold values are erratic, the high tenor and
relative ease of extracting the free-milling gold indi-
cate that diligent small-scale mining may be e~onomi-
cally feasible.

Carbonate lithofacies in Kennecott district may be related
to ore deposition

Carbonate petrographic studies by A. K. Armstrong
(p. D49-D62) led to the conclusion that much of
the lower strata of the Chitistone Limestone in the
Kennecott district (loc. 72) formed in intertilal and
supratidal environments and that much of the forma-
tion’s dolomite is primary or early diagenetic in ori-
gin. Such environments are favorable for the forma-
tion of saline brines, and it is inferred that thermal
brines were important in the genesis of the Kennecott
copper lodes that are localized in beds near the base of
the Chitistone Limestone. Such brines could hs.ve been
heated and mobilized during the Tertiary pl—tonism
and volecanism that affected the region, acquir~d their
copper while migrating through the underlying Niko-
lai Greenstone, and subsequently deposited their metals
at favorable structural sites in the Chitiston> Lime-
stone.

Mapping in Yakutat region documents wid«spread
tectonic breccia

Geologic mapping by George Plafker and M. S. Per-
kins in outcrop areas of Mesozoic eugeosynclinal rocks
(the Yakutat Group and an unnamed “volcani> unit”)
in the Yakutat District (loc. 73) demonstrated that
these rocks are, to a large extent, tectonic breccias or
melanges. Both units are characterized by the occur-
rence of tectonically mixed fragments or blocks of com-
petent rocks, as much as several miles long, in a perva-
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sively sheared matrix of pelite or tuffaceous pelite. The
blocks include disrupted beds of wacke sandstone and
conglomerate that were originally interbedded with
the siltstone as well as “exotic” greenstone, marble,
diorite, volcanic graywacke, chert, and oolitic lime-
stone of widely diverse origins and ages. Rocks pre-
viously differentiated as the “volcanic unit” along Rus-
sell Fiord and on the Yakutat foreland appear to be
portions of the melange with especially abundant
greenstone exotics. Recognition of the Yakutat Group
and “volcanic unit” as tectonic breccias, rather than
rock-stratigraphic sequences, helps resolve many of
the puzzling stratigraphic and structural relationships
in the outcrop and in exploratory oil wells that pene-
trated these units on the Yakutat foreland.

Layered uliramafic rocks discovered on Mount
Fairweather

During the course of a geochemical sampling pro-
gram in the Yakutat quadrangle and adjacent areas
(loc. 14), George Plafker and E. M. MacKevett, Jr.,
traced float mafic and ultramafic rocks in glacial mo-
raines to a pluton on the southwest flank of Mount
Fairweather. The outcrop could not be reached because
of rugged terrain, but aerial observation indicated that
the float rock was derived from a stratiform pluton
which is exposed above an altitude of about 8,000 feet
over an area of several square miles. The discovery is
noteworthy because it extends the known occurrence of
mafic and ultramafic rocks in the Fairweather Range
20 miles farther northwest and because nickel-copper
deposits of potential economic importance are known
to be associated with bodies of ultramafic rock else-
where in the Range.

SOUTHEASTERN ALASKA

Igneous events dated in Glacier Bay region

At least three, and probably four, distinct igneous
events, were recognized in Glacier Bay National Mon-
ument, Alaska (loc. 75) on the basis of field studies by
D. A. Brew, J. G. Smith, and others and on potas-
sium-argon dating of critical specimens by M. A. Lan-
phere. The oldest event occurred about 110 m.y. ago
and involved the emplacement of well-foliated tonalite
and granodiorite nearly parallel to the regional struc-
tural trends. About 39 m.y. ago internally foliated
granodiorites were intruded both across and parallel to
the regional trends. They were followed by discordant,
unfoliated, leucocratic adamellite and granodiorite
about 31 m.y. ago. The large layered gabbro complexes
of the Fairweather Range were intruded in Cretaceous
or Tertiary time. This event is not yet dated by direct
methods.
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Cretaceous age established for major rock unit in Juneavw
area

Field studies by D. A. Brew, A. B. Ford, and J. G.
Smith on Douglas Island near Juneau (loc. 16) rn-
vealed unsuspected structural complications and pro-
vided a significant fossil collection. As recognized in
the old reports, the phyllite, black slate, graywack»,
and interlayered greenstone typical of the Treadwell
mine area extend northwestward to the end of the iz-
land. Poorly understood large structures or facies
changes are indicated by the way this unit appears to
wrap around the “augite melaphyre” which underlies
most of the high part of the island. The significant
fossil collection came from the broad transition unit
between the melaphyre unit and the phyllite, slate, and
graywacke unit; the collection is of Inoceramus of
probable Late Cretaceous age. This is the only fossil
collection of this age in southeastern Alaska, and it
suggests that much of the graywacke and greenstore
mapped as Late Jurassic and Early Cretaceous along
the southwest flank of the Coast Range composite
batholith may be Late Cretaceous instead.

Gastineau Channel fault not of major tectonic
significance

On the basis of recent studies near Juneau, D. A.
Brew and A. B. Ford concluded that the controversial
Gastineau Channel fault (loc. 17) exists but that it is
not of major tectonic significance. The fault occupies a
critical position between Douglas Island and the main-
land in the Juneau gold mining district, and its move-
ment history bears on several stratigraphic and mine-
al deposit problems. Evidence for the fault is: (1)
contrasting structural domains along part of its
length, (2) a 20-degree angle between its trace and the
strike of the mainland bedrock, (3) submarine scarps
in the channel, (4) extensive fracturing along the trace
about 8 miles northwest of where the fault leaves th°
channel for the mainland, and (5) probable difference
in age of rocks on either side of the channel at Juneau.
Other evidence suggests that the amount of movement
is small: (1) metamorphic grade is the same on both
sides, (2) mainland exposures close to where the fault
leaves the channel show little structural discordance or
anomalous fracturing, and (3) the Silverbow faul*.
which intersects the Gastineau Channel fault at a high
angle at Juneau, appears to be separated left laterally
less than half a mile.

Possible 120-mile displacement along Chatham Strcit
fault
Investigations of Paleozoic rocks east and west of
the Chatham Strait fault (loc. 78) in southern ard
northern southeastern Alaska by A. T. Ovenshine, G.
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D. Webster, J. G. Evans, and A. G. Barrows yielded
new data bearing on the nature and amount of dis-
placement on this major strike-slip fault. Reconnais-
sance mapping of Coronation and southern Kuiu Is-
lands, on the east side of the Chatham Strait fault,
has defined a distinctive unit of limestone and rhyolite
conglomerate and penecontemporaneously deformed
argillite containing limestone blocks up to 150 feet
long. On the west side of the fault, metamorphosed
counterparts occur in the vicinity of Basket Bay on
Chichagof Island, approximately 120 miles north of
the Kuiu-Coronation area. This distinctive unit is the
first identified on both sides of the fault, and the dis-
tance apart of the two areas is a measure of the sepa-
ration of the fault. The “wildflysch” nature of the for-
mation, as well as its location along a major regional
facies boundary, indicates that it is a slope deposit of
limited extent. Hence in the analysis of fault move-
ments, it may be treated as a line intersecting the fault
surface at a point. Right-lateral displacement of 120
miles is therefore indicated for the Chatham Strait
fault.

Geologic mapping on Annette Island completed
Completion of mile-to-inch mapping of Annette Is-
land (loc. 719) by H. C. Berg showed that its rocks can
be divided into 3 distinet groups: the Annette pluton,
metamorphic and igneous rocks older than the Annette
pluton, and sedimentary and igneous rocks that post-
date the pluton. The oldest dated preplutonic rocks
consist of fossiliferous Devonian limestone and phyl-
lite; younger preplutonic rocks are recrystallized
(greenschist facies) sediments and volcanics, and fo-
liated quartz diorite. The preplutonic sequence is cut by
the Annette pluton, a 150-sq-mi syntectonic(?) batho-
lith consisting mainly of albite granite, subordinate
trondhjemite and tonalite, and minor leucocratic gran-
odiorite and quartz monzonite. The granite is unusual
in that it consists almost entirely of quartz and albite-
oligoclase, large parts of it being virtually free of
mafics and K-feldspar. The pluton has a strongly fo-
liated border and relatively massive core. Contact ef-
fects are slight. The Annette pluton and older sequence
are unconformably overlain by rhyolite, the base of
which is locally marked by conglomerate containing
clasts of albite granite and older rocks. The rhyolite is
conformably overlain by fossiliferous Upper Triassic
limestone, and the limstone in turn is disconformably
overlain by a thick section of intermediate volcanics,
graywacke, slate, and conglomerate that probably
ranges in age from Late Triassic to Cretaceous. The
Cretaceous(?) beds are cut by a quartz diorite stock on
northern Annette Island, and there is a dunite-peri-
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dotite ultramafic body in contact with preplutonic se-
quence rocks south of Metlakatla.

Stratigraphic evidence for the age of the Annette
pluton—heretofore considered to be Mesozoic—favors
intrusion during the post-Devonian—pre-Late Triassic
interval, and emplacement may have occurred prior to
the Permian. The pluton is especially noteworthy be-
cause it is the first well-documented Paleozoic intrusive
in the Wrangell-Revillagigedo belt, a geologic envi-
ronment that contrasts strongly with the edjoining
Prince of Wales belt, where several Paleozoic plutons
are known.

PUERTO RICO

Age relations established for volcanic rocks

The work of J. M. Aaron and D. H. McIntyre ex-
tended detailed mapping in northwestern Puerto Rico
from the area previously mapped by O. T. Tobisch
westward to the sea (locality 7, index map). This new
work, together with new fossil age determinations by
K. N. Sachs, Jr., and E. A. Pessagno, firmly estab-
lished the stratigraphic succession and ages of the vol-
canic rocks present in the area. Earlier work on Creta-
ceous mollusks by N. F. Sohl also provides excellent
age data for one of the formations.
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Six formations, ranging in age from Late Creta-
ceous (Campanian-Maestrichtian) to middle Eocene,
now are recognized in northwestern Puertc Rico. A
hiatus may separate the Cretaceous rocks fror1 those of
the Tertiary. All the units are dominated by debris de-
rived from submarine volcanic eruptions from at least
three different source areas. Compositions range from
basalt to rhyodacite. All but two of the formations lo-
cally have yielded material rich in Foraminifera.

A large number of samples from the Rio Culebrinas
Formation, studied by K. N. Sachs, Jr., yielded a par-
ticularly abundant fauna of middle Eocene lerger For-
aminifera. In earlier, published estimates, tho Rio Cu-
lebrinas had been considered to be largely Late
Cretaceous to Paleocene or early Eocene in age. Nearly
all the species recovered are typical of the middle
Eocene of Cuba and elsewhere in the Caribbean and
Gulf Coast.

Sachs also reports that one sample from tks Rio Cu-
lebrinas Formation was found to contain abundant
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well-preserved radiolaria. Unfortunately, attempts to
free them from the matrix for specific identification
have been unsuccessful. However, a middle Eocene age
has been tentatively assigned to this material on the
basis of larger Foraminifera identified in the Rio Cu-
lebrinas from nearby localities. If the age determina-
tion is correct, this represents the first reported occur-
rence of FEocene Radiolaria from Puerto Rico.

Metamorphic zone may overlie buried pluton

The Rio Blanco Formation (Upper Cretaceous) of
northwest Puerto Rico contains a roughly elliptical
zone about 6 km long and wide (loc. 2) in which epi-
dote-quartz veins are abundant according to D. H.
McIntyre. The major axis of the zone coincides with a
west-trending fault traceable for at least 26 km. The
zone is surrounded by an aureole 1 to 6 km wide of
pervasive incipient albite-epidote hornfels facies meta-
morphism, which is, in turn, bordered on the west and
the south by zeolite facies rocks. The Rio Blanco For-
mation, particularly in the zone of epidote veins, con-
tains numerous dikes of granodiorite porphyry, all met-
amorphosed to the same grade as the host rocks that
enclose them.

The zone of epidote veins is the center of a post-
thermal anomaly. It may be underlain at relatively
shallow depth by a small granodioritic pluton. The
granodiorite porphyry dikes probably represent early
injections of granodioritic magma into cold wallrocks.
Later hydrothermal activity, associated with the cool-
ing pluton, and partly channeled by west-trending
faults active at the time, resulted in the zoned meta-
morphic aureole that affects both dikes and country
rocks.

A pronounced aeromagnetic low occurs over the area
of epidote veins, and an aeromagnetic high is located
over the zeolite grade rocks. The pattern of meta-
morphism helps explain the aeromagnetic data, and
the data may help outline similar patterns of altera-
tion elsewhere in this area of deep tropical weathering.

One occurrence of small gold-quartz veins, discovered
by MclIntyre during mapping in the area, is located
near the major west-trending fault, and about 0.8 km
west of the zone of epidote veining. Further outlining
of the alteration pattern will aid the search for other
occurrences of this type in the area.

Miocene rocks thicken downdip toward Atlantic Ocean
Geologic mapping of the Arecibo quadrangle, north-
ern Puerto Rico, (loc. 3) by R. P. Briggs (r0256) dem-
onstrated that the Aguada Limestone of Miocene age
and other middle Tertiary units thicken northward,
downdip, confirming data previously derived from cut-
862-046 0—69—5
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tings from a dry oil test well near the Atlantic coast.
The Aguada was found to thicken from about 90 m, in
the southern part of the quadrangle, to about 180 m, 8
km to the north, or at the rate of about 10 m/km.

Mineralogy of beach sand reported

Along the Atlantic coast of the Arecibo quadrangle,
R. P. Briggs (r0256) reported that mineralogy of
beach and eolian sands changes abruptly at Purta
Morillos. To the west, quartz sand predominates, to the
east calcium carbonate sand. The quartz sand is de-
rived from batholithic rocks of the interior of Puerto
Rico, whereas the calcium carbonate sand is derived
locally, chiefly from the shells and skeletons of marine
organisms.

Post-Miocene favlting

Detailed geologic mapping by W. H. Monroe in the
Penuelas quadrangle (loc. 4), showed that the middle
Tertiary rocks are complexly faulted in contrast to
the middle Tertiary rocks in northern Puerto Rico. A
series of en echelon faults forms the boundary at most
places between these rocks and the volcanic rocks of
Cretaceous and early Tertiary age; the middle Tor-
tiary rocks generally dip north toward the faults. Oth-
er faults farther south cut only the middle Tertiscy
rocks.

GEOLOGIC MAPS

Much of the geological and geophysical work of the
U.S. Geological Survey consists of mapping specific
areas, mostly for publication as quadrangle maps at
scales of 1:250,000 1:62,500, and 1:24,000. Some of
these studies are for the purpose of extending geolozic
knowledge in areas of known economic interest; some
are to gain detailed knowledge for engineering plen-
ning or construction. Still other mapping studies are
carried on with solutions to problems in paleontology,
sedimentary petrology, or some other specialized tonic
as the primary objective.

The systematic description and mapping of rock
units to show local and regional relations likewise con-
stitute a major scientific objective. Mapping the geclo-
gy of the United States is a mandate of the Organic
Act establishing the Geological Survey, and the com-
pletion of geologic maps for the country at scales that
will fulfill foreseeable needs and uses is a long-range
goal.

LARGE-SCALE GEOLOGIC MAPS

Large-scale geologic mapping, principally at scales
of 1:24,000 and 1:62,500, constitutes about four-fif hs
of the geologic-mapping program of the Geologi~al
Survey. Geologic maps at a large scale are available
for slightly less than one-quarter of the conterminous
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United States. Approximately half these maps have
been produced by the Geological Survey; the remain-
ing maps were produced mostly by various State orga-
nizations and educational institutions. The ultimate
goal is to obtain complete detailed geologic map cover-
age of the entire Nation.

The Geological Survey is carrying out large-scale
geologic mapping projects in many parts of the coun-
try, with intensive cooperative programs underway in
Kentucky, Massachusetts, Connecticut, and Puerto
Rico. Other areas where extensive mapping is under-
way include Arizona, California, Idaho, Montana,
Michigan, New Mexico, and Washington.

Large-scale geologic maps play a vital role in fur-
thering scientific knowledge of the earth and have
many uses. Maps of mineralized areas are used to (1)
explore for and locate economic mineral deposits, (2)
elucidate the scientific principles that underlie forma-
tion and distribution of ore deposits, and (3) prepare
reserve and resource estimates.

Geologic maps are used extensively in planning and
carrying out large-scale engineering works such as lo-
cating damsites, planning highway alinements and
subway routes, and so forth. Actual construction is
aided through location of construction materials and
estimation of costs in site preparation. In some areas,
geologic maps are indispensable in avoiding such haz-
ards as landslides, swelling clays, and those areas pos-
sibly subject to extensive seismic damage during earth-
quakes.

INTERMEDIATE-SCALE GEOLOGIC MAPS

Geologic mapping at a scale of 1:250,000 makes up
an important part of the Geological Survey’s geolog-
ic-investigations program. The 1:250,000 and smaller
scale geologic maps generally are based upon the gen-
eralization of available large-scale geologic maps sup-
plemented by reconnaissance geologic mapping at in-
termediate scales. Mapping at 1:250,000 has now
expanded to a point where it constitutes about one-
fifth of the geologic-mapping program of the Geologi-
cal Survey. Many State geological surveys also have
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1:250,000-scale geologic-mapping programs which are
underway or completed. These efforts by the Federal
and State surveys as a nationwide program promises
to provide geologic-map coverage of two-thirc's of the
United States by 1985; at the present time about one-
third is covered.

The Geological Survey is participating ir 1:250,-
000-scale geologic-mapping programs that will provide
extensive or complete coverage of Alaska, Neveda, Col-
orado, and Nebraska within a few years. Single-sheet
1° by 2° geologic maps have been started in parts of
Washington, Oregon, Idaho, Montana, Wyoming,
Utah, Arizona, New Mexico, Iowa, North Carolina,
South Carolina, Tennessee, and Virginia. F‘aures 2
and 3 show the areas of the United States for which
1:250,000-scale maps have been published.

The 1:250,000-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 attention to
broad geologic problems involving large segments of
the earth’s crust. They have already proved to be ideal
for geologic analysis of major tectonic and strati-
graphic problems, for analysis of mineral provinces,
and for relating broad geophysical anomalie~ to sur-
face geology.

MAPS OF LARGE REGIONS

Published in 1969

Tectonic map of North America, scale 1:¥£,000,000,
compiled by P. B. King (r2067).
A contribution to the Tectonic Map of the World
sponsored by the Commission for the Geological
Map of the World of the International Geological
Congress and the International Union of Geo-
logical Sciences. Assembled with cooperation of
national geological surveys, institutions. and in-
dividuals. Published separately is a companion
publication, U.S. Geological Survey Professional
Paper 628, “The Tectonics of North Awmerica, a
Discussion of the Tectonic Map of North America.”

Geologic map of Arizona, scale 1:500,000, by E. D.
Wilson, R. T. Moore (both of Arizona E-weau of
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Mines), and J. R. Cooper (U.S. Geological Survey)
(r2380).
Shows about 75 geologic map units in color, fold
axes, and faults on a topographic base. Replaces
map published in 1924 and long out of print.

Geologic map of Oregon, scale 1:2,000,000, compiled
by G. W. Walker and P. B. King.?®
Simplified map showing 17 map units and pub-
lished as U.S. Geological Survey Miscellaneous
Geologic Investigations Map I1-595.

Geologic map of Washington, scale 1:2,000,000,
compiled by A. E. Weissenborn (r1578).
Shows 16 map units generalized from Washington
State Division of Mines and Geology’s ‘“Geologic
Map of Washington,” 1961. Published as U.S.
Geological Survey Miscellaneous Geologic In-
vestigations Map I-583.

Generalized geologic map of the northern Appalach-
ians, scale 1:2,500,000, compiled by W. S. White
(r0066).

The Appalachians from the Delaware River to the
Gulf of St. Lawrence shown with 11 map units in
black patterns, released in open file in 1968 at
1:1,250,000 scale. In 1969, same map at 1:2,500,000
scale with black and red patterns published in
“Studies of Appalachian Geology, Northern and
Maritime” by E-an Zen, W. S. White, J. B.
Hadley, and J. B. Thompson, Jr., editors, John
Wiley and Sons, publishers, New York.

Tectonic map of central and southern Appalachians,
scale 1:2,500,000, compiled by J. C. Reed, Jr.

Revision of crystalline belt of the Appalachians
between Hudson River and Alabama shown on the
“Tectonic Map of the United States”, 1962.
Released in open file in 1968 and to be published in
1969 in color in “Studies of Appalachian Geology,
Central and Southern”, by G. W. Fisher, F. J.
Pettijohn, J. C. Reed, Jr., and K. N. Weaver,
editors, John Wiley and Sons, publishers, New
York.

3 Walker, G. W., and King, P. B., in press, Geologic map of Oregon: U.S. Geol.
Survey Misc. Geol. Inv. Map I-595.
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In preparation in 1969
Metallogenic map of North America,

1:5,000,000, P. W. Guild, compiler.
A contribution to the Metallogenic Map of the
World sponsored by the Commission for tle
Geological Map of the World of the International
Geological Congress and International Union of
Geological Sciences. First hand-colored draft cor~-
pleted in 1968 from material supplied by a cor-
mittee representing geological surveys and equiva-
lent organizations of Canada, Central Americ~,
Mexico, Greenland, and the United States.
Shows major known deposits of metal-bearing ard
nonmetallic minerals and their geologic-tectonic
settings. A coproduct of the map compilation will
be computer storage of data on deposits to facilitate
rapid retrieval.

scale

Metamorphic map of North America, scale

1: 5,000,000.
A contribution to & Map of Metamorphic Bel‘s
of the World sponsored by the Commission for
the Geological Map of the World of the Inter-
national Geological Congress and the International
Union of Geological Sciences. Compilation begun
by committee convened by H. L. James, in cooper-
ation with national geological surveys of North
America. Map will show isograds based on minerals
in pelitic schists, regional metamorphic facies, ard

metamorphic facies series.

Preliminary metamorphic map of the Appalachians,
scale 1:2,500,000, in compilation by B. A. Morgan, ITI.
First unit in a planned map of North Americ~.
Shows biotite, garnet, staurolite, kyanite, andalu-
site, and sillimanite in pelitic schists, areas of
greenschist and amphibolite mineral facies, ard
facies series characterized by andalusite-sillimanite

and by Kyanite-sillimanite transitions.

Geologic map of the United States, scale 1:2,500,00,
recompilation by P. B. King assisted by H. M. Beikman.
More than two-thirds of conterminous United
States has been plotted in preliminary form. New
compilation will supersede existing map published
almost 40 years ago.
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WATER RESOURCES

The U.S. Geological Survey conducts surveys, inves-
tigations, and research on occurrence, quality, quanti-
ty, distribution, and movement of surface and
underground waters that comprise the Nation’s water
resources, and on the sediment discharge of streams.
Activities of the Survey include the systematic collec-
tion, analysis, and interpretation of data relating to
the evaluation of national water resources, and investi-
gation of water demand for industrial, domestic, and
agricultural purposes. Research and development to
improve the scientific basis of investigations and tech-
niques are important functions; results are published
in many scientific publications or released to the public
in other forms.

Surface-water studies during fiscal year 1969 includ-
ed collection and analysis of streamflow, flood, and
quality-of-water data. Data on streamflow were collect-
ed at about 8,500 stream-gaging stations, nearly 5,000
of which are equipped with digital recorders, and at
some 900 lake- and reservoir-level stations. Some 1,500
maps showing flood-prone areas were published in
1969, largely in the Hydrologic Investigations Atlas
series. A rapid expansion occurred in quality-of-sur-
face-water studies—currently, at approximately 3,000
water-quality stations in the United States and its pos-
sessions, parameters measured include selected major
cations and anions, specific conductance or dissolved
solids, pH, and selected quality characteristics. Other
parameters, measured as needed, include trace ele-
ments, phosphorus and nitrogen compounds, deter-
gents, pesticides, radioactivity, phenols, biological oxy-
gen demand, and coliform bacteria. Streamflow records
are collected at most of the water-quality stations, and
water temperature is either recorded continuously or at
the time of sampling at the 3,000 water-quality sta-
tions. Sediment data are obtained at 705 locations.

Daily measurements of ground-water levels were
made in about 2,400 wells, and periodic measurements
in about 24,000 wells. About 1,000 areal water-re-
sources studies and some 600 research projects are now
in progress. The total area in the United States cov-
ered by studies of ground-water resources amounts to
about 2 million sq mi or nearly two-thirds of the coun-
try. About 185 of the areas studied in 1969 were urban
areas. In addition to the studies of fresh water, studies
of saline ground water and brackish water in estuaries
are being carried out.

The Geological Survey is responsible for a national
water-data network, which is operated with the coop-
eration of State and Federal agencies and which pro-
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vides basic data on the status of the Nation’s ~ater re-
sources. Included among these observation stations are
about 57 hydrologic bench-mark stations, where the ef-
fect of man’s activities is slight and where long-term
hydrologic observations will be made. Radicchemical
analyses, in which alpha, beta, radium, uranium, trit-
ium, and radioactive carbon determinations are made,
are performed at about 45 of the bench-mark stations at
monthly or quarterly intervals. Analyses for pesticides
are also made at these stations, and at least % samples
per year are collected at more than 40 stations.

About 51 of the water-measurement stations are
maintained as part of the Nation’s participation in the
International Hydrologic Decade program. Daily
measurements are made at 10 of the stations, and
monthly or periodic measurements at the remsinder.

The use of computers for studying hydrologic sys-
tems and for storing data expanded greatly in 1969.
Records of about 165,000 station years of streamflow
data and information on some 25,000 ground-water
wells are now available on a set of 24 magnetic tapes.

Studies of land subsidence, including studies in
many areas only recently affected by subsidence, and
of ground-water recharge for countering both subsid-
ence and depleted ground-water resources, continued
on an expanded scale.

The principal publications for basic hydrolngic data
are in the following series of U.S. Geological Survey
Water-Supply Papers: (1) “Surface-Water £-1pply of
the United States,” (2) “Quality of Surface Waters of
the United States,” and (8) “Ground-Water Levels in
the United States.” In addition to these basic-data re-
ports, other series of Water-Supply Papers describe
the magnitude and frequency of floods for the entire
country, by drainage-basin areas, and notal'le floods
each year.

Investigations stressing the economic aspect of water
as a resource are treated in the following section under
four regions (fig. 4), which correspond to the adminis-
trative subdivisions of the Water Resources Division.

ATLANTIC COAST REGION

The Atlantic coast region is generally characterized
by the availability of moderate to large supplies of
water and many highly populous urban centers. The
irregularities of quantity, quality, and distribution of
the water resource in and near these centers are grow-
ing more and more important and tend to magnify the
interaction between people and their environment.
Droughts, floods, salt-water encroachment, an1 munici-
pal and industrial pollution of surface and ground wa-
ter are all typical problems that must be considered
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Ficure 4.—Index map of the conterminous United States, showing areal subdivisions used in discussion of water resources.

for an increasingly demanding society through knowl-
edge gained of an increasingly complex system. Water
development and mangement decisions for the solution
of many of these problems require data and interpreta-
tions obtained from investigations by the U.S. Geolog-
ical Survey, some of which are described below.

NEW ENGLAND

Water resources of Deerfield River basin, Massachusetts

Mapping of the bedrock surface in the Connecticut
Valley lowlands portion of the Deerfield River basin
in porthwestern Massachusetts by L. G. Toler, F. B.
Gay, and B. P. Hansen disclosed the typical U-shaped
glaciated valley profile and the presence of several
tributary hanging valleys. Bedrock elevations in the
Deerfield River valley range from a few feet below sea
level in the vicinity of Deerfield to more than 200 feet
below sea level just south of Bernardston in the north-
ern part of the valley. The valley is filled mostly with
fine-grained glacial lacustrine deposits, to depths of
more than 200 feet in places. However, in the northern
part of the valley, substantial amounts of coarse sands
and gravel supply about 1.5 mgd of water to the town
of Greenfield.

Hydrology of upper Connecticut River basin, Connecti-ut

The bedrock underlying most of the upper Connecti-
cut River basin in north-central Connecticut is sard-
stone, shale, and basalt of Triassic age. In many plares
the bedrock is overlain by clay and silt deposits, which
are veneered with 5 to 20 feet of fine to medium sand.
The specific capacities of many wells tapping sandstcme
and shale were determined by R. B. Ryder, D. A. Olin,
and L. A. Weiss to be greater than 1 gpm per foot of
drawdown, and a few are greater than 5 gpm per foot
of drawdown. Water in the bedrock ranges in carbon-
ate hardness from 77 mg/1 to 980 mg/1, in noncarbonate
hardness from 14 mg/1 to 719 mg/1, and in sulfate con-
centration from 19 mg/1 to 1,029 mg/1.

Preliminary analysis indicated that the flow char-c-
teristics of a stream draining a basin underlain by clay
and silt are similar to the characteristics of a stre*m
draining a basin underlain by till. During water year
1968, the range in daily runoff from a basin underlain
by stratified sand reflected the large storage capacity
of the aquifer. The highest daily mean discharge vwas
5.5 cfs per sq mi, or only about 4 times the lowest daily
mean discharge and about 3 times the annual mean
discharge.
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Water resources of southwestern coastal river basins,
Connecticut

Runoff to Long Island Sound from coastal river
basins in southwestern Connecticut, as determined by
R. B. Ryder and M. P. Thomas, is approximately 183
billion gallons during an average year. In 1965 about
16 percent of this amount of water was used by public
water-supply systems in this largely suburban area.

Five areas underlain by stratified-drift aquifers are
considered favorable for large-scale development of
ground water. These areas are located in the Mill Riv-
er valley in the town of Fairfield, the Saugatuck River
valley in the town of Westport, the Norwalk River
valley in the town of Norwalk, the Norotan River val-
ley in the towns of Darien and Stamford, and the Rip-
powan River valley in the town of Stamford. The esti-
mated potential yields from these areas that can be
expected 7 years out of 10 range from 2.5 mgd to 7.3
mgd. In some places individual wells yield more than
2,000 gpin.

Stream water and ground water range from very
hard in areas underlain by silicious marble to soft in
areas underlain by deposits of stratified drift and
some types of crystalline bedrock. The concentration of
dissolved solids in streams at low flow ranges from 55
mg/1 to 880 mg/1. Concentrations are highest in urban
areas near the shore of Long Island Sound.

Water resources of Pomperaug River basin, Connecticut

W. E. Wilson, E. L. Burke, and C. E. Thomas, Jr.,
prepared a map which shows the spatial distribution
of transmissivity of the stratified-drift aquifer in the
Pomeraug River basin in western Connecticut. Trans-
missivities range from 20,000 gpd per ft to 50,000 gpd
per ft in two principal areas, one near Southbury vil-
lage and the other near Woodbury village. In a small
part of the Southbury area, transmissivity is in the
range of 50,000 to 100,000 gpd per ft. Elsewhere in the
basin, transmissivity is generally less than 20,000 gpd
per ft.

Yields of wells tapping the stratified-drift aquifer
in the basin may be substantially augmented by in-
duced infiltration of streamflow. At many sites, the
gravelly streambed of the Pomperaug River probably
has a vertical permeability greater than 100 gpd per sq
ft. The river is of satisfactory quality for most water-
supply purposes. For example, specific conductance
ranged from 85 to 170 ymhos/cm during an 18-month
period of continuous measurement, indicating a range
of dissolved-solids content of 51 to 99 mg/l. At the
stream-gaging station at Southbury (drainage area,
75.3 sq mi), the median annual 7-day low flow of the
Pomperaug River is about 6 mgd and the annual 7-day
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low flow to be expected once in 20 years is about 3
mgd.

Water resources of the upper Housatonic River basin,
Connecticut

Stratified glacial drift aquifers in the upper Housa-
tonic River basin in western Connecticut, an important
source of water, were studied by M. A. Cervione, Jr.,
D. L. Mazzaferro, and R. L. Melvin. Permeab'e sands
and gravels in portions of the Still River valley and in
the Housatonic River valley between the towns of Ca-
naan and New Milford extend more than 100 feet be-
low the water table. Forty industrial and pul'ic-sup-
ply wells tapping these deposits yield from 50 to 1,400
gpm. The median yield is 250 gpm.

Reduction of yields from wells in several parts of
the basin has resulted from chemical precipitation and
corrosion of well screens and from lowered rates of in-
duced infiltration. Ground water ranges in l'~rdness
from 13 to 378 mg/l. Samples of water from 27 wells
tapping carbonate crystalline rocks had a median
hardness of 244 mg/l, and water from two-thirds of
the wells was very hard. Water from 80 wells tapping
noncarbonate crystalline rocks had a median I~rdness
of 85 mg/1. This value is about 60 percent greater than
the median hardness of water reported for similar
rocks in eastern Connecticut.

NEW YORK

Avuailability of ground water near Olean

M. H. Frimpter reported that glacial outwash de-
posits in the Allegheny River valley near Olean in
western New York form a water-table aquifer averag-
ing about 80 feet in thickness. A recharge buc'get and
storage analysis for this aquifer indicates that a sus-
tained yield of more than 200 mgd may be possile.

Present (1969) development of this source i~ slight.
However, two 20-acre well fields, with 6 wells each, are
producing about 14 mgd for industrial use in the city
of Olean.

Hydrogeology of western Mohawk River basin
Water-resources investigations in glaciated regions
are traditionally oriented toward locating water-laid
permeable deposits. In the western Mohawk River ba-
sin in north-central New York, the surface configura-
tion of the bedrock under a stagnating ice sheet con-
trolled the mode of melt-water discharge and,
therefore, the distribution of resulting deposits. Field
investigations by J. M. Whipple disclosed thet major
discharges from the basin, producing signific»nt out-
wash deposits, occurred through southerly valley out-
lets to parts of the Appalachian Plateau. E-tensive
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water-laid deposits are found near the limits of the
glaciated area along the Adirondack Mountains on the
northern border of the basin. In the central area, lake
sediments and limited water-laid deposits commonly
overlie till deposited during glacial stagnation, and ev-
idence of high melt-water discharge is rare.

The bedrock morphology not only influenced the
textural character, extent, and distribution of glacial
deposits but also set up the hydraulic situation in
which the deposits were formed. For example, many
permeable deposits are found high on valley flanks.
These high-level deposits do not receive recharge from
present day streams, which are lower topographically.

Water resources of Black River basin

In the Black River basin in northern New York,
studied by R. M. Walter and G. R. Ayer, large quanti-
ties of water are available which require little treat-
ment before use. The main river valley separates two
significantly different hydrologic environments. Water
is particularly abundant in extensive glacial deposits
to the east of the main valley, and storage in these de-
posits reduces peak flows and sustains high base flows
in adjacent streams. Ground-water storage and base-
flow rates are much smaller in the Tug Hill Plateau
area west of the main valley. There, many streams go
dry, or nearly so, each year in spite of average annual
precipitation in excess of 50 inches. Showfall accounts
for as much as half of the annual precipitation in
parts of the basin.

Geohydrology of central Suffolk County, Long Island

Subsurface exploration by Julian Soren of a 20-mile
strip of the central part of western Suffolk County,
Long Island, located approximately along the island’s
ground-water divide, indicated the presence of thick
aquifers containing large amounts of fresh water. The
Magothy aquifer, of late Cretaceous age, is the major
water-bearing unit. It lies below a Pleistocene aquifer
with good hydraulic interconnection, and above the
Lloyd aquifer (late Cretaceous), with poor hydraulic
interconnection. The Magothy aquifer consists of about
300 to 700 feet of unconsolidated beds of sand, gravel,
and intercalated thin to thick beds and lenses of clay
and silt. A coarse sand and gravel zone 150 to 200 feet
thick, containing moderate to large amounts of inter-
stitial clay and silt, lies at the base of the Magothy
aquifer.

Downward percolation of precipitation is the source
of recharge to the aquifers. The Magothy aquifer is
readily recharged through the glacial deposits. In
some areas the Magothy is cut by glacial-filled buried
valleys which afford lateral recharge to the middle of
the aquifer.
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The Potomac-Raritan aquifer system

Analysis of subsurface data by H. E. Gill shows that
fluvial Potomac-Raritan sediments were deposited as
ancestral channel fill and overbank deposits roughly
perpendicular to the present course of the Delaware
River southwest of Trenton. Prepumping piezometric
maps of the area indicate that these channel-fill depos-
its function as natural drains to the system. It also ao-
pears that significant amounts of vertical leakage oc-
cur from the overlying Englishtown and Mount Laurel
aquifers.

Water-quality analyses from the Potomac-Raritan
aquifers near Philadelphia, Pa., indicate that grourd-
water contamination moved 0.7 mile toward the south-
east during the past 10 years. The tongue of contar~i-
nated water is presently moving beneath the Delawsre
River toward the center of heavy ground-water with-
drawal in Gloucester County, N.J.

Buried valleys in Union County

Bronius Nemickas reported that buried glacial v~l-
leys, which were delineated in Union County, can be
extended to previously delineated valleys in Essex and
Morris Counties. At the northwest corner of Union
County, the altitude of the bedrock valley floor is as
low as 17 feet above sea level and the glacial drift is as
much as 203 feet thick. In the north-central part of
Union County, the buried valley floor is as low as 3
feet below sea level and the drift has a maximnm
thickness of 90 feet. The buried bedrock valley exterd-
ing northeast from the center to the northwestern ec e
of Union County and then into Essex County is as low
as 52 to 80 feet below sea level, and the glacial drift is
as thick as 180 feet. The most productive aquifers in
Union County oceur as fill in the buried valleys.

PENNSYLVANIA

Woater resources of Lehigh County

Mapping of the water table in the carbonate rocks of
Lehigh County in eastern Pennsylvania by C. R.
Wood, J. B. Lescinsky, and H. H. Flippo, Jr., permit-
ted delineation of the ground-water basins of large
streams, the recharge areas of several third-magnitude
springs, and the cones of depression around several
quarries and a deep zinc mine. The water-table meps
were used to predict the general subterranean path fol-
lowed by about 82 cfs that enters the carbonate aquifer
from the channels of Jordan and Coplay Creeks. Aerial
remote sensing has pinpointed many of the springs
that discharge this water to the Lehigh River.

Losses of flow from the channel in the midreach of
Little Lehigh Creek, which caused up to 5 miles of this
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reach to go dry during the autumn of the past 6 years,
are believed to result from structural changes of un-
known origin that occurred in the carbonate aquifer
primarily in the fall of 1959. The quantity of this seep-
age varies in response to seasonal conditions. The last
flow returns to the stream through springs immediate-
ly upstream from the water-supply intake of the city
of Allentown.

Ground-water resources in Mercer County

G. R. Schiner and G. E. Kimmel defined optimum
well depths for maximum yields of good quality water
in the Shenango and Stoneboro 15-minute quadrangles
in Mercer County, western Pennsylvania. The Cusse-
wago Sandstone yields fresh water where saline water
is present in overlying formations. In several areas,
valley-fill sediments are as much as 500 feet thick and
well yields may be as much as 1,000 gpm.

Although high iron content and high hardness are
common in the ground waters in this area, these prob-
lems can be eliminated in most places by casing off the
upper bedrock formations and tapping the deeper bed-
rock.

MARYLAND

Time-of-travel studies of Monocacy River

K. R. Taylor directed three time-of-travel studies
covering the entire length of the Monocacy River in
Maryland, a distance of 57 miles. The Monocacy River
originates in Pennsylvania, enters Maryland, and flows
on southwesterly to its confluence with the Potomac
River.

If a pollutant were introduced into the river at the
upstream end of the study reach, when the flow past
the index gage at Jug Bridge near Frederick, Md., was
100 cfs, approximately 20 days would be required for
the peak concentration of contaminant to travel to the
mouth. The river would not be free of traces of pollu-
tion for more than 30 days.

Corresponding traveltimes through the 57-mile reach
at an index flow of 700 cfs would be about 4 days for
the peak concentration to arrive at the mouth and 5
days to clear the river.

WEST VIRGINIA

Water resources of Little Kanawha River basin

The annual water loss by evapotranspiration from
the Little Kanawha River basin in the western part of
West Virginia, estimated by G. L. Bain and E. A.
Friel from the difference between long-term averages
of precipitation and runoff, is about 27 inches. This
amounts to approximately 60 percent of total precipi-
tation. The average annual discharge from the basin is
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1.35 cfs per sq mi, and the extremes of annual dis-
charge range from about 47 to 165 percent of the aver-
age.

Wide variations in the quality and potential yield of
ground water occur over short vertical and horizontal
distances. The quality is principally influenced by rock
type residence time, position in relation to oil and gas
wells, and possibly by position relative to fracture
traces. Potential yield appears to be controlled by loca-
tion of a well relative to channel sands and the degree
of fracture porosity.

SOUTH CAROLINA
Characteristics of low streamfiow in the inner Coastal
Plain

A study by F. A. Johnson of the low-flow character-
istics of streams in the inner Coastal Plain was started
during a drought from July to October 1968 and al-
lows a general comparison with the conditiont of the
1954 statewide drought. The Edisto River basin in the
southwestern part of the area sustained a low fow that
was about three times that of the 1954 drouglt. Flow
in the Congaree basin was about 114 times the 1954
flow. Streamflow in the Pee Dee and Lynchex River
basins in the northeastern part of the area was about
the same as that in 1954, although some streams appar-
ently had less flow.

Streams having most of their drainage in tho Pied-
mont or lower Coastal Plain adjoining the inner
Coastal Plain were significantly lower in runoff per
square mile than those lying mostly within the inner
Coastal Plain.

GEORGIA

Ground water in Gordon, Whitfield, and Murray Counties

A study of ground-water resources in Gordon, Whit-
field, and Murray Counties by C. W. Cressler revealed
that individual wells in this area rarely yield more
than 800 gpm, and apparently well fields will be limit-
ed to a production of less than 800 gpm. Howerer, sup-
plies of 1,000 to 1,500 gpm are available from several
springs, and the water is of a quality suitable for
many industrial uses.

Hydrology of the coastal area in the vicinity of Riceboro

By hydraulic and dispersion studies, T. I°. Dyar
evaluated the waste buildup that will occur from the
injection of an effluent into the North Newport River.
The buildup will be mainly a function of location of
the effluent source (miles inland), effluent discharge
and loading rates, tidal fluctuations, fresh-water inflow
(a dilutent), and dispersion rates. There is virtually no
flow mechanism to convey waste material to th~ ocean;
the principal conveyance is dispersion.
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Continuing water-quality studies have defined the
natural variations of the estuarine water chemistry in
time and space. Ground-water studies have enabled
prediction of the areal effects of the withdrawal of 10
to 50 mgd of fresh water from the principal artesian
aquifer near Riceboro.

Salt-water encroachment studies

A review by H. B. Counts of water-level, pumpage,
and chloride records collected during the past 9 years
at Savannah in Chatham County shows that there has
been little or no sea-water encroachment into the prin-
cipal artesian aquifer. Pumpage was slightly less than
65 mgd for this period. Chlorides increased slightly in
4 outpost wells, decreased in 3 wells, and did not
change in 2 wells from January 1960 to January 1969.
The piezometric surface was also virtually stable dur-
ing this time. If this regimen continues, the Savannah
area would be expected to remain safe from salt-water
intrusion.

D. O. Gregg reports that ground-water levels in the
Brunswick area in Glynn County, eastern Georgia,
reached historic lows in 1968. This accelerated the in-
trusion of brackish water into the aquifer in the Bay
Street area. From 1963 to 1968, the chloride content of
water from a well in this area increased at a rate of 128
mg/1 per yr. During 1968, the chloride content of wa-
ter from this well increased from 1,440 mg/! to 1,920
mg/1, almost 4 times the average rate. A brackish-wa-
ter zone below the aquifer contained a maximum of
2,150 mg/1 chloride in 1964. In 1968 this zone was sam-
pled and found to contain a maximum of 3,350 mg/1
chloride.

S. M. Herrick’s study of drill cuttings obtained
during E. A. Zimmerman’s investigation of Colquitt
County, coupled with aquifer tests and potentiometric
maps, tends to support the concept of the Suwannee
Strait extending northeastward across south-central
Georgia. The cuttings indicate a thickening of the Oli-
gocene rocks with a corresponding increase in the pro-
portion of fine clastic material (mainly clay in a band
across Colquitt County). In some of the few wells that
completely penetrate the Oligocene, the Eocene Ocala
Limestone was found to be absent. Preliminary evalu-
ation of two aquifer tests indicates great differences in
transmissivity on opposite sides of the, as yet, ill-de-
fined band. Previously published potentiometric maps
show a steepening of the ground-water gradient in the
principal artesian aquifer in the approximate location
of the band. In thus seems likely that the “Suwannee
Strait”, previously postulated on the basis of faunal
evidence, did exist in Eocene and Oligocene times and
was the site of clay deposition during Oligocene time.

A6h
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Softer water for Jacksonville

G. W. Leve and R. W. Fairchild report that a new
supply of soft ground water was recently found in the
Floridan aquifer near the city of Jacksonville in
northeastern Florida. Jacksonville presently uses water
from the aquifer that contains between 280 and 3°)
mg/1 hardness as CaCQOj;. Large quantities of water con-
taining less than 80 mg/1 hardness as CaCO; were 1-
cated in the aquifer about 10 to 15 miles south of the
city’s well fields. This naturally soft ground water will
be further investigated to determine how it can be best
developed for future municipal supplies.

Geohydrology of Lake County

A study by D. D. Knockenmus showed that the
Floridan aquifer, which supplies most of the water for
Lake County in central Florida, is about 2,000 feet
thick and consists mostly of limestone and dolomi‘e.
Overlying the Floridan aquifer are 50 to 200 feet of
Miocene to Holocene clastic sediment. Recharge to the
Floridan aquifer occurs throughout the county, but is
variable because of changes in vertical permeability of
the clastic sediments. The Miocene materials, which
make up the majority of the clastic sediment, are com-
posed of marine and marginal marine deposits. The
marginal deposits are medium to coarse sand whose
median grain diameter ranges from 0.24 to 0.52 rm
and whose laboratory coefficient of permeability ranges
from 15 to 1,200 gpd per sq ft. The greatest thickness
of these high-permeability deposits occurs on the Lake
Wales ridge in concurrence with a deep water table,
high relief, and little runoff. The marine deposits sve
made up of sand and clay layers which in places ecn-
tain phosphorite pebbles. The finer sediment has a me-
dian grain diameter which ranges from 0.10 to 0.16
mm and a coefficient of permeability from 0.1 to 12
gpd per sq ft. The less permeable marine deposits sre
generally thinner than the marginal marine deposits
and occur in areas with less relief, a shallow water ta-
ble, and greater runoff. A map showing relative re-
charge potentials has been prepared which may be
used in the development of a comprehensive land use
plan for Lake County.

Ground water in Indian River County

A study recently initiated by L. J. Crain in Indi~n
River County in east-central Florida found that the
most important source of potable ground water is a
surficial sand and shell aquifer ranging up to 100 fret
in thickness. Recharge and discharge of the aquifer bcth
occur locally. '
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The Floridan aquifer, which can supply much larger
quantities of water than the shallow aquifer, contains
water too high in chlorides in the more populous east-
ern part of the county to be acceptable to most people.
Studies also tend to indicate that in some areas, be-
cause of heavy agricultural withdrawals, the salinity
may be increasing and the pressure head declining in
the Floridan aquifer.

Hydrology of the lower Hillsboro Canal area

A recently completed report by H. J. McCoy and
Jack Hardee on the lower Hillsboro Canal area of
southeastern Florida states that large enough quanti-
ties of fresh water can be withdrawn from the shallow
permeable Biscayne aquifer in the interior part of the
area to meet future demands without the threat of
sea-water intrusion. Recharge to the aquifer is by local
rainfall—more than one-third of the average annual 60
inches of precipitation reaches the water table—and by
infiltration from controlled canals. The implacement of
a salinity barrier on the El Rio Canal has aided in the
prevention of sea-water intrusion into the expanded
Boca Raton well field. The ground water is of general-
ly good chemical quality except in areas adjacent to
the coast and uncontrolled reaches of the Hillsboro
and El Rio Canals where sea-water intrusion has oc-
curred.

Effects of water management in southern Florida

A study of long-term rainfall-runoff data for three
primary canals which traverse the Everglades in
southeastern Florida showed that two distinet reduc-
tions in discharge to the ocean occurred as the result of
construction and operation of water-control works of
the Central and Southern Florida Flood Control Dis-
trict. S. D. Leach and Howard Klein found that the
first reduction occurred in 1953 when the completion of
the eastern levee system brought about a decrease in
eastward surface flows from the Everglades. The sec-
ond reduction occurred about 1958 when the operation
of interior pumping stations and spillways began to
divert to diked storage areas part of the surplus water
that would have been discharged to the ocean. Total
reduction of discharge to the ocean amounted to about
300,000 acre-ft per yr or about 25 percent of the flow
that otherwise would have been lost through the three
primary canals. Future water-management plans call
for minimization of fresh-water losses to the ocean
through the maximum utilization of inland water stor-
age areas.

As the Central and Southern Florida Flood Control
District’s plan for complete management of the water
resources of Dade County becomes a reality, benefits
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from this system are appearing. Because of the maze
of canals, levees, conservation areas, and water-control
structures, major flooding by torrential rains (41 inch-
es) during the period May-June 1968 was averted. Wa-
ter-level maps by F. W. Meyer and J. E. Hull indicate
that peak water levels in areas south of Miami were
several feet lower than those experienced under similar
rainfall conditions before construction and overation
of the canal system there.

Population dynamics of aquatic animals

Small fishes and aquatic invertebrates were quantita-
tively sampled, according to M. C. Kolipinski and A.
L. Higer, on a monthly basis in the Shar* River
Slough of Everglades National Park in southern Flor-
ida from 1965 through 1969. Preliminary findings in-
dicate that inundation for long periods result: in (1)
an abundance of small aquatic animals, and (2) the
successful formation of wading-bird rookeries. The
rate of recovery of aquatic populations after drought
depends upon the severity of the drought and the du-
ration of the period during which the aquatic habitats
are dry.

Potential ground-water development in wester~ Collier
County

H. J. McCoy and H. J. Voegtle predict that the im-
mediate water needs of the city of Naples, western
Collier County, on the southwestern Florida coast can
be met by expanding the municpal well field north-
ward along the coastal ridge. Water-table contour
maps devloped from predicted drawdown curves indi-
cate that this expansion will not have a deletevious ef-
fect on the ground-water supplies of the north Naples
area. Additional studies indicate that future reeds for
ground water can be met by expansion of existing fa-
cilities or establishment of new well fields along con-
trolled canals of a newly developed drainage system
inland from the coastal ridge.

Salt-water contamination of ground water in the Venice
area

Horace Sutcliffe, Jr., and Geronia Bowman report
that salt water contained in material dredged from a
sea-level canal and hydraulically deposited on an up-
land area is now infiltrating a shallow artesian aqui-
fer. This aquifer is the source of a part of the munici-
pal water supply for the city of Venice, Sarasota
County, west-central Florida. Several wells adjacent to
the dredged material have already been ab~ndoned,
and the chloride content of their waters has exceeded
2,000 mg/1. The effects of this salt-water contamination
continue to spread, and 12 additional wells in this field
may have to be abandoned in the near future.
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Decline of ground-water levels in Walton County

Irrigation of a newly developed 27,000 acre farming
complex in Walton County, northwest Florida, with
ground water caused water levels within a 15-mile rad-
ius to decline to record lows during July 1968. C. A.
Pascale and C. F. Essig found that Floridan aquifer
water levels declined 20 feet or more below normal at a
community 6 miles south of the farm. Although water
levels recovered to within 5 to 10 feet of normal be-
tween September and December after irrigation
stopped, residents of the community have approved
construction of a centralized water-supply and distri-
bution system which includes a well deep enough to as-
sure foreseeable water requirements. As recently as
June 1968, wells in this area flowed under artesian
pressure.

PUERTO RICO

Water resources of the Yabucoa Valley

The Rio Guayanés basin in southeastern Puerto Rico
has a drainage area of about 50 sq mi, 40 of which con-
sist of mountainous terrane carved from the San Lor-
enzo batholith. R. B. Anders investigated the remain-
ing 10 sq mi, which makes up the flat, alluvial
Yabucoa Valley and which ends at the sea on a broad
front. The alluvium of the valley is believed to be as
deep as 200 feet and makes up the largest single aqui-
fer along the eastern coast. The total pumpage from
half a dozen wells is less than 1 mgd, considerably less
than the potential yield of the aquifer. In an intensive
study of streamflow in December 1968, at the begin-
ning of the usual dry season, it was found that dis-
charge to the sea was about 60 cfs, which is equivalent
to 39 mgd. Base flow from the mountains was about 1.1
cfs per sq mi, and from the alluvium about 1.7 cfs per
sq mi. The water was of good quality, with the highest
conductance observed being 420 umhos.

MIDCONTINENT REGION

Water resources investigations in the midcontinent
region are increasingly oriented toward water manage-
ment and toward seeking new sources of supply, in-
cluding water of marginal chemical quality that may
be made usable by demineralization processes. Opti-
mum management of water resources requires in-
creased knowledge of the hydrologic system and how it
operates, and therefore studies in progress are de-
signed to resolve complex questions concerning the
relation between surface water and ground water and
attendant water-quality problems.

In response to water-management information needs,
modeling techniques are used to simulate, under vary-
ing conditons, the effects of various projected rates of
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water withdrawl for both regional and local planning
purposes. A regional model of the Sparta Sand aquifer
in the Gulf Coastal Plain and seveal local models of
municipal and irrigation supply sources in heavily de-
veloped areas are typical of these studies. Parallel
studies are conducted to evaluate quantitatively the d'e-
velopment potential of ground-water sources through-
out the region, and to discover new and undevelop~d
sources of ground water.

Problems of urban planning and development pcee
new and increasingly complex questions as to the role
of water resources in the urban environment. Accord-
ingly, much emphasis is being placed on an increasing
array of problems of water supply, flooding, waste dis-
posal, and artificial recharge to augment existing wa-
ter supplies in major metropolitan areas.

The results obtained from some of the studies being
made in the region are discussed in the following sec-
tion.

INTERSTATE STUDIES
Geohydrology of the lower formations of the Claiborne
Group

A map showing the areal distribution of various sa-
linity categories of water in the Queen City Sand is I'~-
lieved by J. N. Payne to reflect the extensive flushing
by upward leakage of fresh water from the
Carrizo Sand that has occurred in LaSalle, McMullen
and Webb Counties, Tex.

The maximum thickness of the Reklaw Formation is
found in southeastern LaSalle, southwestern Mc-
Mullen, and eastern Webb Counties, Tex., where the
formation is more than 700 feet thick. A belt of high
sand concentration (over 60 percent sand) in the Rek-
law Formation extends from southwestern LaSalle
County through central and southeastern Frio Courty
into central western Atascosa County, Tex. The p-~t-
tern of sand-percentage distribution and of maximum
sand-unit thickness in the Reklaw Formation sugge-ts
beach and nearshore bar deposition.

Channel sand deposits occur in the Cane River and
equivalent formations in southern Arkansas aud
north-central to southeast-central Mississippi.

Analog model analysis of the Sparta Sand

An inventory was completed of pumpage and water
levels for the Sparta Sand in Arkansas, Kentuc‘y,
Louisiana, Mississippi, Missouri, and Tennessee. By
1965 approximately 314 trillion gallons had been
pumped from the Sparta Sand since the latter part of
the 19th century. In response to this pumpage, water
levels have declined ; the maximum decline in 1965 vas
about 300 feeet at £ Dorado, Ark. Analog analysis by
J. E. Reed of the water balance for the Sparta Sand
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shows that in 1965 only about 20 percent of the water
pumped was depleting storage in the aquifer, and that
the other 80 percent was balanced by induced recharge
or intercepted discharge. Water derived from changes
in vertical leakage was the largest item in the 1965 wa-
ter balance, amounting to 60 percent of the pumping
rate. Although large in total amount, when considered
as an average over the entire area where the Sparta
Sand occurs, the change in vertical-leakage rate is less
than 0.1 in. per yr. Flow has also changed at the later-
al boundaries of the Sparta Sand where its subcrop is
overlain by alluvial deposits. Induced recharge or in-
tercepted discharge at these boundaries was about 20
percent of the pumping rate in 1965.

MINNESOTA

New sources of ground water for irrigation

Irrigation has intensified in northern and central
Minnesota over the past few years, resulting in an ac-
celerating demand for ground-water supplies. Current
studies, prompted by the need for detailed informa-
tion, indicate the presence of major sand and gravel
aquifers in the glacial deposits capable of yielding
abundant supplies of ground water.

Electric analog analysis by G. F. Lindholm of the
surficial outwash aquifer in the Wadena area indicates
that as much as 23,000 acre-ft of water might be with-
drawn each irrigation season for as long as 20 years
without seriously lowering water levels. Large quanti-
tites of water that might normally be lost to evapora-
tion and transpiration can be utilized by a controlled
lowering of the water table. Additional water might be
obtained for beneficial use by pumping ground water
that would normally be discharged into streams.

The surficial sand and gravel aquifer in the Broo-
ten-Belgrade area according to W. A. Van Voast is as
much as 65 feet thick and has a transmissivity of up to
60,000 gpd per ft. Estimated maximum well yields
from the aquifer are more than 1,000 gpm in much of
the area.

An analog model of the aquifer, simulating 30-day
pumping periods and programed according to theoreti-
cal maximum withdrawals, indicates that the aquifer
will support withdrawals of about 20,000 acre-ft per
irrigating season for at least 20 years. The model indi-
cated that water removed from the aquifer and from
lake storage accunted for less than 50 percent of all
withdrawls. The remainder was diverted from stream
baseflow and evapotranspiration.

Another study by W. A. Van Voast, in a 85-sq-mi
area near Lake Emily, showed outwash sand and grav-
el deposits having a saturated thickness of more than
50 feet locally. Transmissivity values for the water-ta-
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ble aquifer are as much as 60,000 gpd per ft. The aqui-
fer is recharged by streamflow and by precipitation,
and contains an estimated 115,000 acre-ft of water in
transient storage. Estimated maximum well yields are
more than 600 gpm along much of the western edge of
the area, and less than 100 gpm along the eastern
boundary. The water is suitable for irrigation, but the
aquifer will be susceptible to pollution from fertilizers.

H. O. Reeder reports that ground water suitable for
irrigation is found in glacial outwash sand as much as
100 feet thick near Perham, Otter Tail County. Semi-
artestian conditions may exist in parts of the area, as
several tests indicated quick response to pumping. Thus
far a good ground-water potential is indicated for the
area; however, the transmissivity of the aquifer varies
widely (20,000-200,000 gpd per ft) in short distances.

Surficial glacial outwash deposits north of St.
James, Minn. (Watonwan County), were evaluated by
J. O. Helgesen as a source of water supply. S=turated
thickness of the outwash sand and gravel is I~ss than
30 feet over most of the area, generally limiting poten-
tial well yields to less than 100 gpm. A 48-hour aquifer
test indicates transmissivity of about 20,000 gr per ft
and a storage coefficient of about 0.15. Total dissolved
solids in water from the aquifer was about 300 mg/l,
considerably lower than that for other aquifers in the
area.

An appraisal by Helgesen of surficial glacial out-
wash near Little Falls, Morrison County, reveals sand
and gravel exceeding 50 feet in thickness, particularly
near the Mississippi River. Use of an analog model is
being planned to aid in interpretation of the ground-
water system.

Geologic mapping and augering undertaken by T. C.
Winter and R. W. Maclay resulted in the discovery of
a sand and gravel unit more than 100 feet thick east of
Lawndale and north of Rothsay, Minn. The unit con-
sists largely of medium to coarse sand and grevel. The
western part of the aquifer interfingers with fine-
grained glacial Lake Agassiz sediments, which proba-
bly accounts for the concentration of numerous springs
in an area about 10 miles long in the Lake Agas<iz basin.

WISCONSIN

Water supply in Cranberry Creek basin

In a 96-sq-mi area of mostly sedge msvsh and
forested swamp in Wood and Juneau Counties, central
Wisconsin, surface-water storage is greatly depleted
during the growing season. Cranberry growers here di-
vert an average of 2.5 inches of water annu~lly into
this marshy area in order to replenish their reservoirs.
They apply larger quantities of water to 2.5 sq mi of
cranberry bogs in order to protect the cranber+ies from
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frost and drought and to harvest the crop. According
to a study by L. J. Hamilton, water supplies in this
area can be increased, or the diverted surface water re-
placed by ground water—by constructing wells yield-
ing as much as 1,000 gpm from unconsolidated lake
and outwash deposits in the southern part of the area.
However, ground water has excessive concentrations of
iron and manganese and a pH that may be detrimen-
tal to cranberries. The quality of surface and ground
water is otherwise good, and there is no evidence of
pollution of surface water by pesticides. Water
drained from cranberry bogs has higher-than-normal
concentrations of phosphate that is leached from ferti-
lizer.

Water-deficient area in central Wisconsin

Ground-water supplies from bedrock sources (Pre-
cambrian crystalline and Cambrian sedimentary rocks)
in the border drift area of central Wisconsin generally
were found to be inadequate for municipal and in-
dustrial needs. An investigation in progress by E. A.
Bell and M. G. Sherrill indicates, however, that mod-
erate supplies of generally good quality ground water
are available from sand and gravel outwash in some of
the preglacial bedrock valleys tributary to the Wiscon-
sin and Black Rivers. Many of these channels are bur-
ied in the sense that they have a glacial till and (or)
alluvial cover.

Ground-water quality problems in Milwaukee River
basin

In the Milwaukee River basin, southeastern Wiscon-
sin, a study by J. B. Gonthier showed that ground wa-
ter is pumped extensively from glacial outwash depos-
its and dolomite and sandstone aquifers. In the deeper
sandstone aquifer, encroachment of saline water has
reduced the usefulness of the aquifer locally. Ground
water in the glacial deposits and the Niagara Dolomite
has been polluted locally by surface wastes.

MICHIGAN

Water resources of Oukland County

F. R. Twenter and R. L. Knutilla estimate that in
1970 about 100 mgd of water will be required by the
Pontiac metropolitan area in Oakland County, and
perhaps twice that amount by 1990. Much of this
water, perhaps as much as 80 percent, will be diverted
from Lake Huron by the Detroit Department of Wa-
ter, and the remainder developed from ground-water
aquifers and streams in Oakland County. Glacial depos-
its can yield as much as 400 gpm to individual wells,
and the Marshall Formation as much as 1,000 gpm. Sea-
sonal low flow of streams in the area limits their suita-
bility for water supply ; however, this can be angmented
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by providing reservoir storage. More than 450 lal-os,
many of which are being rejuvenated by dredging and
by pumping from ground-water sources to maint~in
higher levels, provide recreational and aesthetic benefits
as well as potential water supply.

Ground water in Onfonagon County

Most domestic water supplies in Ontonagon County
in the Upper Peninsula, which is under investigation
by 'C. J. Doonan and G. E. Hendrickson, are obtained
from wells in bedrock, although wells in glacial drift
are successful in some areas. Most wells in bedrock in
the southern half of the county yield fresh water, but
in the northern half of the county, especially n-ar
Lake Superior, most wells more than 75 feet deep yield
salty water. The highland areas where bedrock crops
out or is near the surface are generally unfavorable for
obtaining water from wells. Several townships sup»ly
water from wells to consumers in unincorporated
towns, but the largest public water supply, for the vil-
lage of Ontonagon, is obtained from Lake Superior.

OHIO
Correlation of carbonate rocks by natural gamma
logging

Natural gamma logs were used by S. E. Norris snd
R. E. Fidler (p. B158-p. B161) for determining the
contact between the principal carbonate rock units in
northwest Ohio—those of the Niagara and Cayuga
Groups. Logs of the upper part of the Niagara Grcnp,
a dolomite of high purity, show a relatively low inten-
sity of radiation and are almost featureless, in mar'ed
contrast to logs of the slightly less pure dolomite of
the overlying Cayuga rocks. A characteristic change in
radioactivity at or near the contact is identifiable on
most logs in the study area. Data from approximately
26 wells, supplemented by that obtained from quarry
exposures, have been used to construct a structure con-
tour map which conforms closely to the known region-
al structure. This map will be a significant aid in the
interpretation of the hydrogeologic system in north-
west Ohio.

INDIANA

Ground-water supply in Columbus area

An electric-analog model of a sand and gravel aqui-
fer in the Columbus area, Bartholomew County,
helped F. A. Watkins and J. E. Heisel evaluate the
water available for domestic and industrial uses. Pro-
jected water use for the area is 34 mgd for the year
2015. Analysis of the model indicates that more than
this amount can be developed from the valley-fill aqui-
fer. Simulated well fields were pumped for various pe-
riods, including a drought period of 1,000 days, and
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analysis was made to consider the long-term effect of
ground-water pumpage on the flow of Flatrock River.

Water resources of upper White River basin

A report on the upper White River basin being pre-
pared by L. W. Cable, J. F. Daniel, R. J. Wol{f, and C.
H. Tate states that the most permeable aquifers are
sand and gravel deposits of Quaternary age. However,
limestone and dolomite formations also are sources-of
moderate quantities of water. Areas of best ground-
water-development potential are where thick sand and
gravel aquifers are adjacent to streams. Average effec-
tive recharge rates for these areas are from 400,000 to
500,000 gpd per sq mi.

The long-term average streamflow is approximately
0.9 cfs per sq mi. The 7-day 10-year low flow ranges
from about 0.01 to 0.3 cfs per sq mi, with the main
stem ranging from 0.10 to 0.13 cfs per sq mi. Ground
water is a hard, calcium carbonate type, and in headwa-
ter areas surface water is of similar quality. The quali-
ty of the surface water deteriorates downstream, how-
ever, owing to the cumulative effects of sewage effluent.

IOWA

Deep bedrock aquifers in southeastern lowa

Half of the 5,365-sq-mi project area in southeast Towa
is underlain by Mississippian and Devonian carbonate
aquifers which contain water with from 3,000 to 5,000
mg/1 of dissolved solids. In some localized areas, the
concentration reaches 10,000 mg/l. However, moder-
ate-to-large amounts of water with less than 1,300 mg/1
of dissolved solids are available from the Cambro-Or-
dovician aquifer which underlies the entire area. R. W.
Coble reports that the Cambro-Ordovician aquifer can
be reached at depths of from 1,350 to 2,000 feet, and
yields of 200 to 1,000 gpm are produced by individual
wells.

MISSOURI

Potential ground-water sources in northeastern Missouri

A study of water resources in northeastern Missouri
lead E. J. Harvey to conclude that ground water with
1,000 to 2,000 mg/1 of total dissolved solids (usable for
many purposes) may occur in parts of the area from
the Lower Ordovician and Cambrian aquifers. The
quality of the water in these aquifers does not meet the
requirements of the U.S. Public Health Service for
public supplies.

Buried glacial valleys, which have been defined in
southeastern Iowa, are also thought to extend into
northeastern Missouri. These buried valleys, largely
unexplored in the area, may contain significant quanti-
ties of water.

RESOURCES INVESTIGATIONS

KENTUCKY
Possi|ble faulting revealed by geophysical and driliers’
ogs

Studies of subsurface geology and hydrology of the
Jackson Purchase region by R. W. Davis and T. W.
Lambert indicate that a fault with as much as 600 feet
of displacement may exist between two water-supply
wells at Hickman, Fulton County. Older municipal
wells about 650 feet deep are completed in the Clai-
borne Formation. Recently drilled wells of tl'+ same
depth about 1.8 miles to the southeast appear to be
completed in the Wilcox Formation. The Kentucky
Geological Survey reports that in the same general area
a fault with displacement of 200 to 500 feet exists in
the Paleozoic formations.

Additional data are needed to confirm the presence
of the fault between the two municipal well fields and
to evaluate its possible effect on the geologic and hy-
drologic properties of the prolific water-yieldirg aqui-
fers of the Claiborne Formation in the western part of
the Jackson Purchase region. ‘

Urban development daffected by subsurface drainage
system

Royal Spring is the principal source of water for
Georgetown, which is located about 14 miles rorth of
Lexington, Ky. A study by D. S. Mull indicates that
the subsurface drainage system that feeds the spring
extends into the Lexington area and underlies a series
of sinkholes trending east-southeast from Georgetown.
Numerous sinkholes are developed in streamb>ds and
drain water into the Royal Spring system. One stream
loses about 77,000 gpd to subsurface drainage. Streams
are commonly used for the disposal of sewage treat-
ment-plant effluent and storm-water runoff. Because of
the danger of polluting ground water at cons'derable
distances from the sources of pollutants, local planning
groups and urban developers are now considering the
subsurface drainage system before beginning new de-
velopments or zoning for new industries.

Relationship of ground water to geologic strucire and
solution pattern

T. W. Lambert reports that subsurface movement of
ground water in the southern part of the Rowling
Green, Ky., area is northwestward from the {fimpson
County line toward Bowling Green and Barren River.
The direction of subsurface flow is controlled by
northwestward-dipping limestone beds. Most of the
discharge is at a large spring, locally known as Lost
River “outlet,” on the west edge of Bowling Green.
The opening of the spring is mostly concealed by the
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water of Jennings Creek, which was impounded in
1872.

Several streams south of Bowling Green sink into
subsurface channels that are connected to Lost River
outlet. Rapid ground-water movement in the subsur-
face solution openings and channels permits the wide-
spread distribution of bacterial and chemical pollu-
tants. Rapid urban expansion into the countryside on
the south edge of Bowling Green will increase the run-
off of surface water into the numerous subsurface
channels, thereby causing additional ground-water pol-
lution. Silt-laden water may also tend to clog up the
openings to the subsurface channels, causing local
flooding.

Quality of ground water in Pennsylvanian aquifers in
Western coal fleld

Ground water having a concentration of dissolved
solids of less than 1,000 mg/] is available from basal
or near-basal sandstone deposits of the Pennsylvanian
System in parts of the Western coal field region. Hy-
drologic studies by R. W. Davis, R. O. Plebuch, and
Harry Whitman indicate that the fresh ground water
from depths as great as 1,000 feet is separated by shale
beds from overlying Pennsylvanian sandstones con-
taining brackish or saline water. On the basis of data
from oil-field water-flooding operations and interpre-
tation of electrical logs of oil and gas wells, the fresh
water in the basal Pennsylvanian deposits is tentative-
ly thought to be in the south half of Muhlenberg and
the south third of Hopkins Counties. The water from
basal Pennsylvanian sandstones becomes progressively
more saline and impotable north of this area. The
limit of occurrence of the fresh water is thought to be
controlled either by faulting, orientation of the basal
Pennsylvanian channels, or by a combination of the
two.

TENNESSEE

Ground water in Center Hill Lake region

In test drilling in the chert and limestone forma-
tions in Dekalb County and adjacent counties J. M.
Wilson and G. K. Moore found that potential well
yields at several locations were much higher than pre-
dicted from previously available well data. For exam-
ple, the yield of a test well at Smithville was nearly
200 gpm, whereas a cluster of domestic wells in the
surrounding area yield only 15 to 40 gpm. Similar con-
ditions were found at Cookeville, Gordonsville, and
Silver Point. Studies indicate good possibilities of ob-
taining adequate amounts of ground water for some
municipal and industrial uses in at least a part of the
basin.
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avernous carbonate aquifers in upper Stones River

basin

A study by G. K. Moore and C. R. Burchett indi-
ates that the solution cavities in upper Stones River
asin, Rutherford and Cannon Counties, range from a
raction of an inch to several inches in height, from
everal tens of feet to several hundred feet in widtl.
nd from a fraction of a mile to several miles in
ength. One or more solution cavities occur nearly ev-
rywhere in the basin, as only 9 percent of the drilled
oles are dry.

Locally, the solution cavities are nearly horizontal.
ertical joints, however, provide the avenues by which
ater recharges the cavities, and most of the water dis-
harged from the cavities travels upward along open
oints to the streams. Recharge is limited to specific
reas, and the solution cavities function only as pipe-
ines to carry water from the recharge area to the dis-
harge area. Recharge to the cavities averages about 7
nches, or 210,000 acre-ft per yr.

A sizable percentage of the storage capacity of the
olution cavities is below the level of the streambec's
ecause only a very minor percentage of the wells go
ry during long periods of drought.

| MISSISSIPPI
Faep sources of ground water in east-central Mississippi
Test drilling for military and community water sup-
lies in Kemper and Noxubee Counties, Miss., cor-
rmed earlier hydrologic studies which indicated the
resence of fresh-water aquifers underlying the slight-
y saline aquifers presently used as sources of ground
ater in parts of several counties. According to E. F.
oswell, a 2,400-foot test well for a community supply
n Kemper County yielded water having a dissolvec'-
olids content of about 600 mg/1. The chloride contert
was less than 300 mg/l. In Noxubee County, a 2,100-
foot military water-supply test well produced wate~
ifaving a dissolved-solids content of about 400 mg/1
nd a chloride content of 168 mg/1. The aquifer, more
han 300 feet thick, is a sand-and-gravel unit in the
oker Formation (lower part of the Tuscaloosa
roup). The shallower slightly to moderately saline
quifers are the McShan and Eutaw Formations and,
n places, the Gordo Formation (upper Tuscaloosa) cf
ate Cretaceous age. Electric-log studies indicate thet
nderlying Lower Cretaceous sand and gravel also ars
otential sources of fresh water in the same genersl

rea.
! LOUISIANA

JAbundunf ground water in southeastern Lovisiana

The Tangipahoa-Tchefuncte River basin, in St
Fammany and Tangipahoa Parishes, is one of the most
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water-rich areas of the United States. D. J. Nyman
and L. D. Fayard report that the artesian aquifers be-
tween 1,500 and 3,000 feet in the southern part of the
area commonly contain water having from 50 to 100
feet of head, and the water quality is generally excel-
lent, having little iron, almost no hardness, and low to-
tal dissolved solids.

All the aquifers in the Tangipahoa-Tchefuncte Riv-
er basins have shown a decline in head. The shallow
aquifers have been affected by agricultural use, chan-
nel improvement, and land drainage, whereas the deep
artesian aquifers have been influenced by municipal
and industrial use and unrestricted flow of many arte-
sian wells. In the project and adjacent areas, it is esti-
mated that 40 mgd flow to waste year round from flow-
ing wells. The declines in water level in the aquifers
used for municipal and industrial supplies are current-
ly about 2 ft per yr.

ARKANSAS

Water resources of the Ozark Plateaus region

A reconnaissance study of the water resources of the
Ozark Plateaus in northern Arkansas by A. G. La-
monds shows that large supplies of good-quality water
can be obtained from streams throughout the area and
from subsurface aquifers in the northern part of the
area. Yields from wells tapping the exposed forma-
tions are small, but wells tapping two subsurface aqui-
fers in the northern part of the area may yield as
much as 500 gpm. Streams in the northern part of the
area have high base flows and can furnish dependable
water supplies with little or no storage. In the south-
ern part of the area, large water supplies can be main-
tained only with the construction of storage reservoirs.

ROCKY MOUNTAIN REGION

Water supplies in the Rocky Mountain region are
moderate to abundant in the area east of the 100th me-
ridian and moderate to meager in the areas west of
this meridian. Precipitation is the source of all replen-
ishable water in the region. Consequently, variation in
the distribution of precipitation has a profound effect
on the amount of water available for man’s use.

The continued growth of population centers, indus-
try, and agriculture places an increasing demand on
the available water resources of the region. The mild
winters in the southern part of the region attract thou-
sands of winter visitors; but, unfortunately, many of
the wintering areas have only meager water supplies.
The growth pressures have created problems not only
in the development of water supplies but also in the
protection of those supplies from pollution.
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The accelerated use of water has not always been co-
ordinated with the irregular distribution of the water
resources of the region; thus, there are increaring inci-
dents of overdevelopment and of water-quality deterio-
ration. Even in areas of relatively abundant w~ter sup-
plies, the idea of unlimited water supplies of good
quality is rapidly being proved false. Thuvs, water
managers should be provided with information on the
adequacy and permanency of a source of water before
selecting it as a permanent supply. Otherwise, the ov-
erdevelopment of a water supply may result in aban-
donment of it, or the economic position of the user
may be jeopardized by water rationing.

Projects of the Water Resources Division in the
Rocky Mountain region are designed to satisfy the
ever-present and accelerating demand for water infor-
mation. The appraisal and problem-oriented projects
provide the basic water facts on the water resources of
the region, while the basic and applied research proj-
ects contribute significantly to fundamental k~owledge
in the science of hydrology. Almost all the krown tra-
ditional techniques and methods of hydrology are em-
ployed by the projects to collect water data; in
addition, many new advances in technology are adapt-
ed as their reliability is proven. Analog mcdels and
digital computers now are providing solutions to many
complex water problems that were extremely difficult
to solve by other methods.

The Geological Survey is continually remolding its
program to stay abreast of changing water problems.
New or accelerated effort by the Survey is being applied
to developing the artificial recharge of ground-water
reservoirs, understanding and coping with the effects of
urbanization on water problems, controlling: organic
loads of bays and estuaries, studying runoff from small
drainage basins, placing stream-side monitors that pro-
vide continuous records of water-quality v-riations,
and understanding and dealing with several other en-
vironmental problems associated with water. The digi-
tal computer is creating a strong impact on all aspects
of water studies. Many water-data collection. stations
are equipped to record the data on tapes; later the
data are fed directly into the computer system for
processing, analysis, and storage.

The significant results obtained from ths studies
made in the region are presented in the following sec-
tions.

MONTANA
Ground water in stream valleys in southeastern Montana
W. B. Hopkins reports that test drilling ir the val-

leys of Rosebud Creek and Tongue River, in southeast-
ern Montana, revealed buried channels containing
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saturated gravel. Water from these buried channels is
hard, but it is usable for household and irrigation sup-
plies. The buried channel of Rosebud Creek is about 60
feet deep and contains about 30 feet of sand and grav-
el. Locally, the base of the buried channel of the
Tongue River is nearly 80 feet below the land surface,
and the channel contains as much as 40 feet of sandy
gravel. The gravel reportedly yields up to 400 gpm to
wells.

Water resources of the Billings area

Investigation of the water resources of the Yellow-
stone River valley between Billings and Park City by
A. W. Gosling showed that the major source of water
for the area is the Yellowstone River, whose mean an-
nual runoff approaches 5 million acre-ft at Billings.
Potable ground water in the area is limited to alluvial
valley-fill material which ranges in thickness from 40
to 60 feet. These deposits yield small quantities of fair
to poor quality water to wells. The valley is underlain
by more than 1,000 feet of Cretaceous shales that yield
water of very poor quality, usually more than 10,000
mg/l total dissolved salts. The water supply of the
Yellowstone River is adequate for projected future re-
quirements of urban growth and industrial expansion
in the area.

Potential alluvial aquifer in southeast Montana

Test drilling indicates a buried stream channel in
the Powder River valley in Custer and Powder River
Counties in southeast Montana, according to W. R.
Miller. The channel ranges from 20 to 50 feet in depth,
is up to 500 feet wide, and in places is 20 to 30 feet
deeper than the present river channel. In southern
Custer County, the buried channel consists of thin, dis-
continuous layers of poorly sorted sand and gravel in-
terbedded with impermeable silt and clay. The total
saturated thickness in Custer County is less than 10
feet; upstream, however, the total saturated thickness
of sand and gravel is larger and locally exceeds 30
feet. Properly constructed and developed irrigation
wells yield up to 900 gpm in Powder River County.
Preliminary estimates indicate that the buried channel
contains at least 2,000 acre-ft of ground water in stor-
age between Moorhead and Powderville, Mont.

Electric analog used to evaluate bank storage
Previously developed geologic concepts were used by
D. L. Coffin to construct an electric analog of Libby
reservoir and associated aquifers in northwestern Mon-
tana. Preliminary model results indicate bank storage
will be from 3 to 6 percent of active reservoir storage.
The model shows the relative amounts of bank storage
along various sections of the reservoir. Sections where
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the amount of bank storage is small compared to active
reservoir storage may be eliminated from intensive
field investigation. If a water budget for the reservcir
can be measured accurately to 1 percent, then fie'ld
data needed to evaluate bank storage independently
need only be collected for about a third of the leng*h
of the reservoir. If the accuracy of the water budget is
greater, then field-data collection can be reduced ac-
cordingly.
NORTH DAKOTA
Ground-water resources identified in Benson and Pier-e
Counties

P. G. Randich reported that initial test drilling in-
dicated a preglacial channel nearly 400 feet de~p
across southern Pierce County, central North Dakota.
The channel contains more than 100 feet of saturat>d
sand and gravel in most places. Other glacial outwash
deposits were found with an areal extent generally less
than 20 sq mi and with 25 to 100 feet of saturated sand
and gravel. The aquifers contain a sodium bicarbonste
or calcium bicarbonate type water with total dissolved
solids ranging from 250 to 500 mg/l. The contact I~-
tween the Pierre Shale and Fox Hills Sandstone was
found to be about 30 miles east of its previously knovn
location. Only the upper 10 to 30 feet of the Fox Hills
Sandstone is a productive aquifer. Large ice-shcve
blocks of Pierre Shale and Fox Hills Sandstone, 10 to
30 feet thick, were found in channels and along the
distal sides of terminal moraines in the study area.

A major aquifer in Walsh County identified

According to J. S. Downey an area of about 28 sq
mi was delineated in south-central Walsh County,
northeast North Dakota, in which yields of over 200
gpm may be available from properly developed wells.
Water quality is generally within the U.S. Public
Health Service 1962 standards.

Near McVille, in southwestern Nelson County, t-st
drilling was used to locate a buried bedrock valley
complex. The fine-grained sand filling the valley has a
saturated thickness of about 200 feet. Well yields of
more than 300 gpm should be possible from this aqui-
fer. Water quality is generally within the U.S. Puklic
Health Service standards.

Test drilling indicated that there may be need for
revaluation of the mapped position of the Dakota
Sandstone across eastern Walsh County.

Aquifer tests completed of the Fox Hills and Hell Creek
Formations
Forty-nine aquifer tests were completed on flowing
wells that penetrate the Fox Hills and Hell Creek For-
mations in Mercer and Oliver Counties, N. Dak., by M.
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G. Croft and E. A. Wesolowski. The values obtained
for transmissivity ranged from 13 to 3,160 gpd per ft,
and the mean is 541 gpd per ft. The values for hy-
draulic conductivity are low and have a mean of about
16 gpd per sq ft. The wells have an average specific ca-
pacity of about 0.2 gpm per ft of drawdown.

Buried channel discovered in Burke County

C. A. Armstrong reported that test drilling indicates
a buried interglacial channel, nearly 500 feet deep,
traversing northern Burke County in northwestern
North Dakota. The channel generally ranges from 3/
to 114 miles in width and contains as much as 171 feet
of saturated sand and gravel in lenses. The stratigra-
phy indicates that there were at least three cycles of
fluvial deposition separated by glacial advances. The
deposits of sand and gravel more than 270 feet below
land surface appear to be hydraulically connected,
whereas the higher lenses appear to be separate.

The lower aquifer contains a sodium sulfate type
water with 1,700 to 1,800 mg/] of dissolved solids. The
upper aquifers also contain sodium sulfate type water,
but the dissolved solids range from 2,000 to 3,500 mg/1.

SOUTH DAKOTA

Hydrogeology of Marshall County

A shallow water-table aquifer composed principally
of outwash sands and gravels underlies about 35 sq mi
in the southeastern part of Marshall County. A sys-
tematic program of test drilling and well inventory by
N. C. Koch and W. L. Bradford indicates that the
aquifer ranges in thickness from about 5 to 60 feet.
The bottom of the aquifer is generally within 75 feet
of the land surface, and depth to water in wells aver-
ages about 20 feet. The aquifer is virtually undevel-
oped except for two wells which supply the town of
Eden.

Hydrogeology of Brown County

Preliminary data compiled in the early stages of a
water-resources study of Brown County by N. C. Koch
and W. L. Bradford indicate that two glacial aquifers
of unknown areal extent are capable of providing
large yields to properly constructed wells.

An artesian aquifer south of the town of Hecla lies
from 100 to 160 feet below land surface. Irrigation
wells developed in this aquifer have pumped as much
as 1,000 gpm.

A water-table aquifer borders Elm Creek from the
town of Ordway to a point about 5 miles upstream. In
this area, there are numerous gravel pits from which
sufficient quantities of water can be obtained for irri-
gation needs.
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Water resources of Faulk, Edmunds, and McPherson
Counties

The Fall River Formation of Early Cretaccous age
is being rapidly developed as a ground-water source in
north-central South Dakota. The formation consists of
about 100 feet of loose to moderately cemented sand-
stones and is overlain by approximately 100 feet of
shale (Skull Creek Shale). The formation is ccmmonly
confused with the Dakota Sandstone which overlies
the Skull Creek Shale because both aquifers are pri-
marily sandstone and contain water under artesian
pressure.

The potentiometric surface of water from the Fall
River Formation is about 700 feet above the poten-
tiometric surface of water from the Dakota Sendstone.
Also, the waters from the two aquifers differ in chemi-
cal quality. Water from the Fall River aquifer is a cal-
cium sulfate type while the water from the Dakota
aquifer is sodium and calcium sulfate type. A water-
resources study of Faulk, Edmunds, and McPherson
Counties by D. G. Jorgensen indicates that develop-
ment of this aquifer is occurring in a manner similar
to the development of the Dakota aquifer in that wells
of unnecessarily high yields (80-150 gpm) cre being
constructed and allowed to flow freely. It is estimated
that 90 percent of the water from these wells is not
beneficially used.

Geohydrology of Mt. Rushmore National Memearial area

According to J. E. Powell, D. G. Adolphson, and J. J.
Norton, a well in mica schist at Mt. Rushmore National
Memorial, Black Hills, S. Dak., produced 7,300,000 gal-
lons of water in 1968. The well, which flows when not
being pumped, is influenced by a pegmatite sill which
was intruded into the country rock. The sill acts as a
dam and creates a reservoir of ground-water upgra-
dient in a small drainage basin of about 400 acres.

The fractured mica schist aquifer penetrated by the
well will sustain a pumping rate of about 70 gpm dur-
ing times of normal precipitation. Water from the well
is of excellent chemical quality, taste, and apmearance.
The volume of water is much greater than was formerly
believed to be available from a mica schist aquifer.

Preliminary evidence suggests that mica schist may
be extensively fractured in the vicinities of pegmatite
intrusives.

Geohydrology of Charles Mix and Douglas Ccunties
According to Jack Kume rotary test drilling during
1968 in Douglas County in southeastern South Dakota
revealed about 80 additional sq mi that is underlain by
buried outwash aquifers. The total known area of out-
wash is now about 180 sq mi. The aquifers consist of
10 to 50 feet of sand and gravel at depths of 100 to 380
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feet. The deposits are confined to a newly discovered
branch of a major preglacial stream channel. The aqui-
fers are artesian and contain water of the sodium cal-
cium sulfate type with dissolved-solids content of as
much as 2,300 mg/1.

Rotary test drilling in northern Charles Mix County
revealed a narrow preglacial channel containing buried
outwash. The aquifer consists of 10 to 50 feet of sand
and gravel. The depth to the top of this artesian aqui-
fer ranges from 150 to 230 feet below land surface, and
depth to water is about 105 feet below land surface.

Hydrogeology of glacial outwash between Sioux Falls
and Dell Rapids

Preliminary analysis by D. G. Jorgensen of data col-
lected at the City of Sioux Falls well field indicated
that the well field acts as an artificial-recharge system.
Recharge is induced from the Big Sioux River as a re-
sult of the supply wells lowering the water level in the
aquifer below the level of water in the river. This re-
charge accounts for more than half of the total water
pumped from the well field.

Preliminary analysis also indicates that subsurface
inflow from the adjacent till bodies is of a larger mag-
nitude at the well field than subsurface inflow from
the outwash aquifer itself.

Geohydrology of Crow Creek and Lower Brule Indian
Reservations

Dependable shallow ground-water supplies cannot be
obtained throughout most of the Crow Creek and Low-
er Brule Indian Reservations. In at least two-thirds of
the area, the Pierre Shale is at the surface or is over-
lain by only a few feet of alluvium, loess, or glacial
drift. Where thick deposits of unconsolidated material
are found the deposits are mostly clay till.

L. W. Howells found that within the reservations the
major outwash and terrace deposits in the Missouri
River valley are relatively non-water bearing even
though highly permeable and fairly thick (20 to 100
feet). The deposits are above river or reservoir level
and drain rapidly because of their high permeabilities
and the high relief of the underlying bedrock surface.
Terrace and alluvial deposits capable of yielding suffi-
cient water for irrigation have been found only in
southeastern Hughes County at the east end of an area
called the Pocket. The most dependable water supplies
are obtained from artesian wells 900 to 2,500 feet deep.

UTAH

Water supply adequate in central Wasatch area

C. H. Baker, Jr., found that water supplies are gen-
erally adequate for present needs in most of the He-
ber-Kamas-Park City area. Nearly all of the irrigable
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land is irrigated with surface water from the upper
Provo and upper Weber River systems.

The best ground-water aquifers are in the unconsoli-
dated fill in Heber Valley and Rhodes Valley. The hy-
draulic conductivity of the aquifers ranges from 20 to
50 cu ft per day per sq ft, and the estimated specific
yield is 12 to 15 percent. The valley fill is at least 370
feet thick under most of the two valleys and may be as
much at 800 feet thick locally. An estimated 500,070
acre-ft of water is stored under water-table conditions
in the upper 100 feet of valley fill in the two valleys.
Lesser thickness of valley fill in Round Valley and
Parley’s Park have similar hydrologic characteristics.

The consolidated rocks in the area also contain large
quantities of water. Water in the consolidated rocks is
mostly in fractures and solution openings. Most wells
in the consolidated rocks produce only enough water
for domestic use in single-family dwellings.

Ground-water conditions in southern Utah and Gosh=+n
Valleys

The most significant findings of the ground-water
study by R. M. Cordova in southern Utah and Gosh~n
Valleys are listed as follows:

1. Aquifers were traced from northern Utah Valley
into the area investigated by the use of gamma-
ray logging.

2. Aquifer tests showed that pumping from one ar‘e-
sian aquifer caused pressures to decline in the
shallower artesian aquifers.

3. Apparently a significant amount of recharge to the
valley-fill aquifers is by underflow from the con-
solidated rocks of the Wasatch Range and otl or
adjacent mountains.

Maijor springs in Utah evaluated

Although the number of springs in Utah is not
known, the locations of several thousand mapped or
reported springs were compiled. Additional thousards
of springs undoubtedly occur in remote mountain arsas
and unmapped areas. Most of the major springs are in
or adjacent to the major mountain belt that extends
from the Utah-Idaho state line on the north to the
Utah-Arizona state line on the south. No first order
springs (average discharge 100 cfs or more) occur in
Utah. Maximum measured discharge of Mammoth
Spring in southwestern Utah according to J. C. Mun-
dorff was 314 cfs during a 3-year period; maximum
discharge of Swan Creek Spring in extreme northern
Utah has exceeded 200 cfs. Maximum discharge of
most large springs in Utah occurs during or immedi-
ately after snowmelt in May or June. Dissolved-solids
contents of the major springs are generally less than
500 mg/1, and many are less than 200 mg/1. All springs
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that had dissolved-solids contents of 500 mg/1 or less
were of the calcium bicarbonate or calcium magnesium
bicarbonate type. The relatively few nonthermal springs
having dissolved-solids contents ranging from 500 to
about 2,500 mg/1 were of mixed types ranging from so-
dium chloride to sodium-calcium-magnesium chloride
bicarbonate.

Source of recharge identifled in Spanish Valley

Reconnaissance study of ground water in Spanish
Valley in southeastern Utah by C. T. Sumsion shows
that the small mean annual precipitation on the valley
and infiltration from streamflow is insufficient to ac-
count for the ground water consumed and discharged
to the Colorado River. Recharge to the valley basin oc-
curs by ground-water flow from higher areas in the La
Sal Mountains where precipitation and recharge are
greater. Annual ground-water withdrawals for irriga-
tion and other uses are about half the estimated annual
rate of recharge. Chemical quality of ground water in
the valley is generally good; only in the lowermost
part of the valley is it slightly harder than desirable.

Prolific aquifers in Cache Valley

According to L. J. Bjorklund and L. J. McGreevy the
valley fill in Cache Valley, in northern Utah and
southern Idaho, consists of Quaternary and Tertiary
alluvial and lacustrine deposits as much as 5,000 feet
thick. The fill includes extensive Quarternary gravel
beds along the eastern half of the valley in the general
area of Smithfield, Logan, and Hyrum. Yields to wells
tapping these deposits are as much as 8 cfs to a
pumped well and 6 cfs to a flowing well. A smaller al-
huvial aquifer, consisting of gravel and sand, along the
western and northern margin of the valley in Idaho
yields as much as 3 cfs to a pumped well. Ground wa-
ter in both aquifers occurs under artesian and water-
table conditions.

Quality of surface water in Bear River basin

Quality-of-water data collected for surface water
during 1967-68 by K. M. Waddell and Donald Price
and selected miscellaneous data collected previously at
124 sampling sites in the Bear River basin indicate the
following:

1. The concentration of dissolved solids at most of the
tributary sampling sites ranged from 100 to 500
mg/l; along parts of Sabratus Creek, Thomas Fork,
Deep Creek, Big Malad, Little Malad, and Malad
Rivers, the water had concentrations exceeding
1,000 mg/l. The comparatively high concentrations
of dissolved solids at sites on the Malad River are
attributed to inflow from highly mineralized
springs.
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2. The concentration of dissolved solids at main-stem
sampling sites above Cutler Reservoir ranged from
less than 100 to 750 mg/l; at main-stem sites below
Cutler Reservior, the concentration ranged from
about 250 to 4,000 mg/l. The higher concer trations
below Cutler Reservior are attributed principally
to inflow from ground water, the Malad River,
and Salt Creek.

3. The highest concentrations of dissolved solids at most
main-stem and tributary sampling sites were
generally observed during the late irrigation and
postirrigation periods.

Sediment data collected during snowmelt periods in
June 1965 and May 1968 indicate:

1. Sediment concentrations due to snowmel* runoff
were less than 200 mg/] at all main-stem sampling
sites.

2. Battle Creek had the highest concentration of sus-
pended sediment, with 4,010 mg/l.

Preliminary appraisal of National parks in Utah

Water-resources investigations in Canyonlands Na-
tional Park by C. T. Sumsion and E. L. Bolke indicate
water supply for park use is restricted by diverse geo-
logic and hydrologic controls to small areas where
ground water is of sufficient quantity and qual‘ty to be
usable. In Dinosaur Nantional Monument, the Weber
Quartzite is an excellent aquifer where hydrologic con-
trols are favorable; the quartzite aquifer has not been
developed. A well in stream gravels of the East Fork
Sevier River will provide additional water of excellent
quality for Bryce Canyon National Park.

Hydrologic reconnaissance of Grouse Creek vallev

J. W. Hood and Donald Price in a continuing study
of western desert basins estimated average annual in-
put to and output from the water-resources system in
the Grouse Creek Valley, in northwestern Ut~h, to be
21,000 acre-ft per yr; of this amount, about 17,000
acre-ft is readily diverted. Most of the water in the
system is of suitable chemical quality for domestic,
stock, and irrigation use.

The source of water in the 430-sq-mi drains.ge basin
is precipitation which averages about 276,007 acre-ft
annually; almost all of this water is consumed by evap-
otranspiration within the drainage basin. Fr-ecipita-
tion on lands above 6,000 feet provides both runoff to
the 110-sq-mi valley area and recharge to th~ forma-
tions that underlie the valley. An estimated 7,000
acre-ft of runoff reaches the valley; of this amount,
6,000 acre-ft is probably available for diversion. A
very small amount of surface water reaches the Great
Salt Lake Desert south of the valley.
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Although water is recharged to formations ranging
from Precambrian to Holocene in age, the principal
ground-water reservoir is in alluvial channel fill of
limited areal extent and in consolidated sedimentary
rocks of Tertiary and Quaternary (%) age. The chan-
nel fill is the most permeable, but the consolidated
rocks contain most of the stored water. Recharge to
and natural discharge from the ground-water reservoir
is estimated to average about 14,000 acre-ft annually.
Pumping of a few irrigation wells may divert a part
of the natural discharge and has caused local water-
level declines. Total average annual discharge is esti-
mated to be 11,000 acre-ft through evapotranspiration,
2,000 acre-ft through wells, and 2,000 acre-ft by sub-
surface outflow to the Great Salt Lake Desert. Only
about 3,000 acre-ft of nonbeneficial discharge is subject
to salvage.

Most of the water in the Grouse Creek drainage bas-
in is a calcium bicarbonate water with a low concentra-
tion of dissolved solids. The highest concentration ob-
served (1,100 mg/1) was found in shallow water and
probably is the result of evapotranspiration.

COLORADO
Rapid ground-water development in northern High Plains
of Colorado

The number of irrigation wells in the northern High
Plains of Colorado increased from 500 to 1,800 in the
past 5 years (1963 to 1968) according to W. E. Hofstra
and A. J. Boettcher. Changes in water level since 1964
indicate that discharge exceeded recharge in the area,
and the average decline was about 2 feet. Near Bur-
lington and south of Akron, however, the declines were
as much as 10 feet.

Evaluation of local overdraft of aquifer underlying
Pueblo Army Depot

Studies by F. A. Welder and R. T. Hurr showed how
local overdevelopment of the aquifer underlying the
Pueblo Army Depot, 5 miles west of Pueblo, Colo., can
be relieved. The overdevelopment resulted from pum-
page for the past 25 years of 6 closely spaced Depot
supply wells. A cone of depression about 1 sq mi in
area has been created around the wells, and in this de-
pression the saturated thickness has been reduced by
about 50 percent. As a result, well yields have declined
to such an extent that peak demands cannot be met.
Test drilling and analysis of well data have delineated
areas where replacement wells can be drilled to relieve
the overdraft of the aquifer in the present well field.

Water-use pattern changed in South Platte River valley

D. R. Albin, D. R. Minges, and P. A. Schneider, Jr.,
reported that increased utilization of the ground-water
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reservoir to regulate irrigation supplies significantly
changed the pattern of water use in the South Platte
River valley in Colorado. From 1930 to 1946, annual
water use for irrigation averaged 890,000 acre-ft, near-
ly all of which was supplied by surface-water diver-
sions. Since 1947, the annual use has averaged 1.2 mil-
lion acre-ft; and, during dry years, as much as half of
the water was pumped from wells. Utilization of the
ground-water reservoir has helped the irrigation econ-
omy by providing a larger and more dependable sup-
ply. However, increased ground-water withdrawals
have reduced return flow to the river, thus affecting
surface-water rights and creating problems of water
administration.

Mining problems related to ground water in the Piceance
Creek basin

A study by D. L. Coffin, F. A. Welder, R. K. Glanz-
man, and X. W. Dutton (r2572) indicated that mines
excavated into leached zones within the Parachute
Creek Member of the Green River Formation may re-
quire pumping as much as 60 cfs to keep the mine de-
watered. Water from the leached zone in the nortl-
central part of the basin contains as much as 60,000
mg/1 of dissolved solids. This highly mineralized water
would present a disposal problem and would be of
doubtful value as a saline water resource.

Ground water in the Nussbaum Alluvium

Gravel in the Nussbaum Alluvium overlain by collu-
vium or wind-blown silt and sand, covers parts of the
Lamar 1:250,000-scale quadrangle in southeastern Colo-
rado according to J. A. Sharps. This gravel, an impor-
tant aquifer in the region, is underlain by shale of low
permeability along a contact that dips generally soutl-
eastward. Springs and seeps occur along this contact
where it is exposed on southeast-facing sides of val-
leys. It may be inferred from these data that ground
water moves southeastward through the gravel and
that water will be found where the gravel extends un-
interrupted far enough updip to the northwest to pro-
vide an adequate catchment area.

KANSAS

Pumpage increases in northwest Kansas

E. D. Jenkins, T. J. McClain, and R. H. Pearl re-
ported that the number of large-capacity wells that
tap the Ogallala Formation and alluvium in 6 counties
of northwestern Kansas increased 33 percent in the
past 3 years, whereas, the amount of water pumped ir-
creased 50 percent. The number of wells in 1968 was
about 1,200. The annual pumpage for 1966 was comr-
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puted to be 200,000 acre-ft and for 1968, 300,000 acre-
ft. During the 3-year period, water levels declined an
average of 2 feet, but in places of greatest develop-
ment, as much as 16 feet.

Pleistocene buried stream valleys

J. R. Ward reported that a major preglacial buried
stream valley eroded into Upper Pennsylvanian bed-
rock was discovered in Atchinson County, northeast
Kansas. It has a general west-to-east trend from south
of Muscotah to Atchison. A few buried tributaries cut
into the bedrock and join the major valley at the same
base level. Other tributaries are hanging on the major
valley, and are cut into glacial drift as well as bedrock.
The buried valley is filled by two tills of Kansan age
which are separated locally by glacial outwash, and
underlain by lacustrine and glacial outwash deposits.
The thickness of the glacial drift in these valleys
ranges from 0 to 250 feet. Water-table conditions pre-
dominate, but in four areas artesian conditions exist.
Yields of wells in the water-table areas range from 0
to much as 250 gpm. The largest artesian area is south
of Muscotah on the east side of the Delaware River
valley. The permeable glacial outwash deposits that
make up the aquifer in this locality are confined above
by relatively impermeable till and alluvium and below
by the relatively impermeable bedrock walls and floor
of the major buried valley. Artesian pressures are de-
rived from recharge in upland areas to the east, where
the bedrock surface abruptly rises to within approxi-
mately 20 feet of the land surface. Natural flows from
wells range from 2 to 5 gpm, and several springs and
swampy areas exist on the Delaware valley floor where
the confining alluvium does not constitute a perfect
seal.

ARIZONA

Water supply for Lake Mead Recreational Area

The Colorado River is the principal source of sur-
face water and ground-water recharge in the drainage
area along the east side of Lake Mohave. The permea-
ble alluvium and fanglomerate deposits receive re-
charge from Lake Mohave, and the aquifers in the de-
posits adjacent to the lake are capable of yielding
large amounts of water. A pump test was made by C.
B. Bentley in a flooded mine to evaluate the hydrolog-
ic characteristics of a fractured granite aquifer and
the production characteristics of the mine; the mine
has several thousand feet of horizontal excavations.
About 5.2 million gallons of water was removed from
storage in the mine, and the mine was only partially
dewatered.
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OKLAHOMA

Hydrology of the Platt National Park area, Murrev County

Preliminary investigations by D. L. Hart, Jr., indi-
cate faulting to be a major controlling factcr in the
quality and quantity of water discharging from
springs and flowing wells in the Platt National Park
area. Water from the two principal spring arras with-
in the park, about 2 miles apart, has widely different
characteristics. All the springs flow from a limestone
conglomerate of Pennsylvanian age. Below the con-
glomerate a major fault in the pre-Pennsylvanian rock
trends northwestward across the eastern edge of the
park and appears to control the movement of water
recharging the springs. Springs in the eastern part of
the park are recharged by water moving into the con-
glomerate from an upthrown limestone of O~dovician
age which is northeast of the fault. Individual springs
in this area flow as much as 2,500 gpm. The water is
primarily a calcium carbonate type with a total dis-
solved-solids content of 300 mg/l. Springs in the
western edge of the park are recharged by highly
mineralized water from rocks southwest of the fault
that are younger than the Ordovician limestone. Indi-
vidual springs flow less than 1 gpm. The water is pri-
marily a sodium chloride type with a total dissolved-
solids content of 4,000 mg/1. Water from springs and
wells between the two main spring systers shows
various degrees of mixing.

A reconnaissance of the water resources of the Tulsa
quadrangle, northeastern Oklahoma

A hydrologic reconnaissance by M. V. Marcher of
the Tulsa, quadrangle, covering about 5,600 sq mi in
northeastern Oklahoma, shows that several geologic
units have considerable potential for develonment of
ground-water supplies. Wells in the Roubidoux For-
mation yield up to 1,000 gpm of water in the north-
western part of the quadrangle and average about 300
gpm. The water is suitable for most uses as frr west as
central Craig County and as far south as central Dela-
ware County, although in many areas it has a hydro-
gen sulfide odor. At Vinita, in southeastern Craig
County, use of water from the Roubidoux is limited
because of excessive amounts of chloride in the water.

Wells in alluvium along the Arkansas River in the
vicinity of Tulsa yield up to 100 gpm. Terrac~ deposits
in the same general area provide similar yield's. Except
for rather high hardness, water from these aquifers is
of good quality.

Wells in Mississippian formations that underlie
most of Ottawa, Delaware, Adair, and Chero¥ee Coun-
ties yield up to 25 gpm, and considerably move locally.
The average yield, however, is about 5 gpm. The quali-



WATER RESOURCES

ty of water from the Mississippian rocks is generally
good.

The Mississippian rocks are the source of numerous
tubular springs. Yields of 25 large springs ranged
from 70 to 3,600 gpm in September and October 1968 ;
the total yield of these springs is about 25 mgd. The
quality of spring water is good to excellent as it gener-
ally contains less than 500 mg/1 of total dissolved sol-
ids. At present, few springs are used as a source of wa-
ter, but they maintain the perennial streams of the
area.

Rocks of pre-Mississippian age yield only limited
amounts of water of generally poor quality.

Yields of wells in Pennsylvanian rocks, which un-
derlie about three-fourths of the quadrangle, are gen-
erally less than 1 gpm, although yields of up to 10
gpm have been obtained locally from some of the
thicker sandstone units. The quality of the water from
the Pennsylvanian rocks is generally poor and in some
places is unsuitable because of excessive chloride.

Geology and hydrology of the Oklahoma panhandle

Subsurface geologic investigations according to R. B.
Morton have identified and outlined the distribution
of the rocks immediately underlying the Ogallala For-
mation (Tertiary) in the Oklahoma panhandle. Pre-
liminary information indicates that the Cheyenne
Sandstone Member of the Purgatoire Formation and
the Dakota Sandstone of Cretaceous age are important
sources of irrigation water and should be tested as a
possible source of additional water for the area. These
aquifers in places would supplement the Ogallala aqui-
fer and the lower part of the Dockum Group. The Cre-
taceous sanstone is present only in the western half of
Cimarron County, and the lower part of the Dockum
Group may prove to be a supplemental source of fresh
ground water in Cimarron County and western Texas
County.

D. B. Sapik reported that about 1,500 irrigation
wells (December 1968) withdraw water from artesian
and water-table aquifers in Cimarron, Texas, and Bea-
ver Counties. Nearly 400 of these wells were put into
use during 1967 and 1968. An estimated 10 percent of
these wells tap the Dakota Sandstone and the Chey-
enne Sandstone Member of the Purgatoire Formation
underlying western Cimarron County; some of these
also produce water from the overlying Ogallala For-
mation, the principal aquifer in the Oklahoma pan-
handle. Annual water-level declines are not consistent
over the area and range from 1 foot to more than 20
feet. The greater declines are in areas of high well
density or in areas where the water-bearing materials
are fine grained. Some of the greater declines are in
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northeastern Texas and northwestern Beaver counties
where wells are developed in a perched water-table
zone. Deep wells in this area drilled below the perchel
zone encounter poor quality water that has a range in
specific conductance from about 1,200 to 3,000
pmhos/cm, percent sodium from 30 to 60, and sodiurmr-
adsorption ratios from 3 to 8. Wells drilled in soutl-
eastern Texas and southwestern Beaver Counties some-
times produce a poor-quality water which is similar to
the water in the lower part of the Ogallala Formation
in northeastern Texas County. Elsewhere, the chemicsl
quality of ground water in the Ogallala Formation is
generally suitable for irrigation. The water has a spe-
cific conductance of 450 to 900 pmhos/cm, percent sc-
dium of 20 to 40, and a sodium-adsorption ratio of less
than 3. Ground water in the Dakota Sandstone and
Cheyenne Sandstone Member of the Purgatoire For-
mation is of variable chemical quality and ranges in
specific conductance from 350 to 900 umhos/cm, percent
sodium from 9 to 97, and sodium-absorption ratio frorm
0.2 to 20. Where red beds in the panhandle are pene-
trated, the water is unsuitable for irrigation.

PACIFIC COAST REGION

Programs in the seven states of the Pacific coast re-
gion increasingly reflect the diversity of the physicsl
environment as well as the advances in scientific meth-
ods available to the modern hydrologist. The habitat
of water, be it the limestone plateau of Guam, a desert.
basini in California, or the flood plain of an Alaskan
river, is under study through applications of new par-
ameters and more sophisticated techniques.

Local projects in areas of rapid growth are attempt-
ing to forecast near-term water requirements, and then
to discover new sources of supply or reevaluate exist-
ing sources for increased yield to meet the require-
ments. Larger scale studies, such as the study of the
hydrology of the Columbia River Group in Oregon,
Washington, and Idaho, will aid regional planning.
Expanding recreational needs have called for investi-
gations of potential water supplies at Crater Lake, Mt.
Rainier, Sequoia, and McKinley National Parks, Gls-
cier Bay National Monument, and the Whiskeytown
National Recreation Area in California.

Concomitant with the areal studies are projects in-
vestigating individual topics such as water quality in
Oregon and California and salt-water encroachment in
Alaska and Hawaii. An increasingly important topic,
especially relevant to California, is the assessment of
the effects of large amounts of imported water on th~
ground-water reservoirs. The monitoring of streams
and aquifers continues, adding to the base of informa-
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tion upon which water planners can make decisions re-
lating to longer periods of time. A notable trend in
studies throughout the region is for greater quantifica-
tion of the subsurface hydrologic system. Through in-
creased density of the data-gathering network, and
treatment of the data by means of computer modeling,
the hydrologist can better evaluate the development
and management of the subsurface reservoirs.
Significant results obtained by studies throughout
the region are summarized in the following sections.

HAWAI!

Rainfall-runoff relation on Haleakala

Mean annual rainfall on the northeastern and east-
ern slopes of Haleakala volcano on the island of Maui
increases from about 50 inches at sea level to more
than 350 inches in a wet belt between altitudes of 2,000
and 4,000 feet, and then decreases to less than 30 inches
at the altitude of the crater rim, 10,025 feet. Prelimi-
nary studies by K. J. Takasaki and George Yamanaga
show that more than 70 percent of the rain becomes
streamflow, of which an average of 175 mgd is divert-
ed along ditch and tunnel systems for irrigation of sug-
arcane on the relatively dry western slopes of the
mountain. Little water reaches the sea as underflow.

Additional water for Wailuku area

A reconnaissance study by George Yamanaga and C.
J. Huxel, Jr., showed that the most promising source
of additional water in the Wailuku area of West Maui
is a body of semiconfined water underlying older allu-
vium between the Waikapu and Waihee valleys. The
permeable Wailuku basalt is the aquifer; the consoli-
dated older alluvium, extending below sea level, is the
confining layer. Present pumpage from wells tapping
this body averages 10 mgd of water with a chloride
concentration of approximately 30 mg/l. A greater po-
tential yield will be limited by salt-water contamina-
tion.
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