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DESCRIPTION

INTRODUCTION.

LOCATION AND GENERAL RELATIONS OF THE
: DISTRICT.

The area shown on the maps in this folio, which includes
Hot Springs and vicinity, in Arkansas, extends from latitude
34° 22" 57" to 34° 37’ 57" N. and from longitude 92° 55" 47"
to 93° 10’ 47" W. and includes one-sixteenth of a ‘“square
degree” of the earth’s surface, which in that latitude amounts

to 245.83 square miles. It is a little southwest of the center

of Arkansas, and most of it is in Garland County, but a narrow
strip along its southern side is in Hot Spring County. (See
fig. 1.) The city of Hot Springs is in the center of this area,
which in this folio is called the Hot Springs district.
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FigUrE 1.—Index map of northwestern Arkansas and portions of adjacent
' States.

The location of the area described in the Hot Springs folio (No. 215) is shown by the darker
ruling. Published folios describing other quadrangles, indicated by lighter ruling, are
the following: Nos. 119, Fayetteville; 122, Tahlequah; 182, Muscogee; 148, Joplin district;
154, Winslow; 159, Independence; 202, Eureka Springs-Harrison.

The Hot Springs district lies in the eastern part of the
Ouachita (pronounced wash’i-taw) Mountain region, which
extends from Little Rock, Ark., westward to Atoka, Okla., a
distance of 200 miles, and which throughout the greater part
of its extent is between 50 and 60 miles wide. The Ouachita
Mountain region is adjoined on the north by a less mountainous
region, most of it a wide, rather low valley which lies between
the Boston Mountains of the Ozark Plateaus on the north and
the Ouachita Mountains on the south. As a large part of
this valley is drained by Arkansas River it is here called the
Arkansas Valley. On the south and east the Ouachita Moun-
tain region is adjoined by a comparatively low, gently rolling
plain, which extends southward to the Gulf of Mexico and is
called the West Gulf Coastal Plain. (See fig. 2.)

A S'T]aer'\/ K
exarkana

west gurf 09 HE:

Bi<

FIGURE 2.—Qutline map showing the relations of the Ouachita Mountain
region to surrounding physiographie divisions.

The geologic and physiographic history of the Ozark
Plateaus and the West Gulf Coastal Plain differs markedly
from that of the Ouachita Mountain region, but that of the
Arkansas Valley is much the same as that of this region. The
boundaries of these regions are shown in figure 2, and the age
of the rocks that outcrop in them is shown in figure 3.

By A. H. Purdue and H. D. Miser.

GENERAL GEOGRAPHY AND GEOLOGY OF THE
OUACHITA MOUNTAIN REGION.
Surface features.—The Ouachita Mountain region consists of
a mountainous area known as the Ouachita Mountains and of
the Athens Plateau, which liex along the southern border of the
mountains, most of it in Arkansas. A part of the east end of the
Ouachita Mountains is embraced in the Hot Springs district.
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FIGURE 3.—Geologic map of parts of Arkansas, Oklahoma, and adjoining
States.

‘The Ouachita Mountains are composed of many ridges,
which trend in general nearly east, and several intermontane
basins. The ridges are narrow and have steep slopes and
sharp, straight, even crests. Just west of Little Rock and east
of Atoka they are low, at few points standing more than 750
feet above sea level or more than 250 feet above the valleys,
but they gradually increase in height westward from Little
Rock and eastward from Atoka to their culminating point at
the west end of Rich Mountain in eastern Oklahoma, near the
Arkansas-Oklahoma line, which is between 2,850 and 2,900
feet above sea level. The ridges in this part of Oklahoma and
the adjoining part of Arkansas stand about 1,750 feet above
the valleys. Many of the ridges are so grouped as to form
small ranges, some of which stand in part within the Hot
Springs district. (See fig. 4.)

Most of the intermontane basins are in Arkansas and in
southern Oklahoma, near the eastern border of that State.
They are wide areas, whose upland surfaces, which are lowest
at the east end of the Ouachita region, range from about 500
to 1,200 feet above sea level, and they are channeled by many
narrow valleys, most of which are less than 250 feet below the
general level of the upland surface. The southern part of the
city of Hot Springs is built in a basin that includes a large
area in the south-central part of the Hot Springs district.
Another basin is-in part embraced in the northeast corner of
the district. (See fig. 4.)

The Athens Plateau is a dissected piedmont plateau about
15 miles wide, which lies between the Ouachita Mountains on

the ‘north and the West Gulf Coastal Plain on the south.

Most of it is in Arkansas, and its northern edge lies 2 or 3
miles south of the Hot Springs district. It is greatly dissected
by the narrow, crooked valleys of southward-flowing trunk
streams and by many valleys of small tributary streams, which
flow at right angles to the trunk streams at levels 350 feet or less
below the upland surface. The upland surface of this plateau,
which is marked by the crests of low eastward-trending ridges,
ranges in height from 400 to 1,100 feet above sea level. It is

~ lowest at the east end and on the south side and highest on the

north side, in Pike, Howard, and Polk counties, Ark.

Drainage.—The northern part of the Ouachita Mountains is ., -

drained by Arkansas River and its tributaries and the south-
ern part by Red River and its tributaries. The waters of both
these streams reach the Gulf by way of the Mississippi.
Ouachita River, a tributary of Red River, runs southeastward
across the Hot Springs distriet.

The position of many streams in the Ouachita Mountains is
determined by the geologic structure. Most of the streams
flow for considerable distances along the valleys between the

OF THE HOT SPRINGS DISTRICT.

ridges, but other streams in all parts of the province have cut

their courses transverse to the ridges and thus run through
narrow, picturesque water gaps. ‘ :

Climate and wvegetation.—The climate of the region on the

whole is mild. The cold in winter is not extreme, but the
heat in summer is at times intense. The rainfall, which is
abundant, commonly reaches a maximum in the late spring
and early summer and decreases to a minimum late in the
summer and early in the fall, when in somefyears there are
droughts. In spite of the rather poor soil the precipitation
has produced a heavy forest cover over the entire region.
The white oak and a yellow or short-leaf pine are the most
abundant trees, and the pine predominates, especially on the
southern slopes. Trees of these two kinds and of many others
grow on the ridges as well as on the lower areas. Large areas

of the forest are virgin, and extensive tracts are included in

the Arkansas National Forest. .

Only a small part of the region has been cleared .and put
under cultivation, and most of the remainder is unfit for
agriculture. The cultivated land is on the upland, where the
soil is usually poor, and along some of the main streams, where
as a rule it is deep and good. Next to lumbering the chief
industry of the region is agriculture, including general farm-
ing, stock raising, and fruit growing. '

Stratigraphy.—The rocks of the Ouachita Mountains are

nearly all of sedimentary origin, but igneous rocks occupy two .

small areas in their eastern part. One of these areas is at
Potash Sulphur Springs, in the Hot Springs district, and the
other is several miles farther east at Magnet Cove.

The sedimentary rocks consist of shale, sandstone, chert,
novaculite, tuff, limestone, and conglomerate, named in order

of decreasing abundance. Except for induration to hard rocks -

they have been only slightly affected by metamorphism, which,
however, has changed some of the shale to slate and certain
beds of sandstone to quartzite. The total thickness of the beds
exposed in this province and in the adjoining Arkansas Val-
ley, according to present knowledge of the area, amounts to a
maximum of 37,000 feet or to a minimum of 23,000 feet. - The
beds range in age from Cambrian to Carboniferous. Their
distribution is shown in a general way in figure 3.

The igneous rocks consist of intrusive masses of nephelite
syenite and related types, which were injected upward into the
sedimentary strata late in Lower Cretaceous time or early in
Upper Cretaceous time. :

Structure.—The sedimentary beds in the Ouachita Mountain
region have been subjected to intense lateral compression, which,
besides lifting the area above the sea, has produced east-west folds
in the beds, whose eroded edges now appear at the surface.

Among the many structural features in the region is a pro-
nounced anticline whose axis extends west by south from a
point a few miles southwest of Little Rock, Ark., to the vicin-
ity of Glover, Okla. Tts east and west ends are concealed by
overlapping coastal-plain deposits, the east end by rocks of
Tertiary and Quaternary age and the west end by rocks
of Cretaceous and Quaternary age. The crest of this anticline
is much lower near the Arkansas-Oklaboma line than it is
either to the east or west, and it is in this way divided into
two parts. KEach of these parts is composed of numerous
minor folds and is really an anticlinorium, and the major

structural feature of the entire Ouachita region, in which they

are included, is also a large but compound anticlinorium.

The smaller folds are only a few miles long and overlap one
another lengthwise. Besides being closely compressed, they
are in many places overturned, so that the beds on both sides
of the structural axis dip in the same direction. Some folds
are overturned toward the north; others are overturned toward
the south. To the north, however, toward the Arkansas Val-
ley, the folds become more open, overturning ceases, and the
beds dip in both directions. At many places adjacent folds
are nearly equal in height, and the same beds appear at the
surface in each fold. In much of the Ouachita region most of

_the beds dip at angles of 40° or more.

Faults are common, though they are not so common as
might be expected in beds that have been so closely com-
pressed, because the great thicknesses of shale distributed
throughout the folded beds permitted them to adjust themselves

to the crustal shortening by shearing and crumpling instead of
by great thrust faulting. Practically all the faults are parallel
with the folds and are thrust faults. Most of them were pro-
duced by the breaking of the beds in closely compressed anti-
clines. The great Choctaw fault of southeastern Oklahoma,
the largest in this region, is at least 120 miles long.
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TOPOGRAPHY.
SURFACE FEATURES.

The surface of the Hot Springs district, which is in the east-
central part of the Ouachita Mountains, is at most places
rough. About half the area consists of mountains and the
other half of intermontane basins. The mountains are groups
of high, narrow ridges, which in any particular group are
parallel or nearly so and which are separated by narrow
valleys. At most places these valleys are parallel to the
ridges, but at others they cut through them in gorges called
water gaps. The ridges and most of the valleys, both large
and small, are closely related to the structure and hardness of
the rocks. The valleys that are parallel to the ridges were
eroded in the softer rocks, and the hard rocks were left stand-
ing above the general level in the form of ridges or mountains.

The slopes of the ridges are steep and rugged and are scored
by deep ravines, and the line of their crests, though it appears
from a distance to be sharp and fairly even, is in reality
broken in many places by saddles, low peaks, and the water
gaps just mentioned. In the northwest half of the district the
ridges range in general height from 1,100 to 1,300 feet above
sea level, or from 500 to 700 feet above the basins, but in the

southeast half they gradually become lower toward the south-

east, until in the corner of the district they stand only about
700 feet above sea level, or from 200 to 300 feet above the
general surface of the adjoining basins. Several low peaks on
the crests of the ridges rise to elevations that range from 1,300
to 1,400 feet above sea level. '

The intermontane basins lie mainly between 500 and 700

feet above sea level, and the narrow valleys that trench them

reach depths of 200 to 250 feet.
Although the surface features of the district have certain
general characteristics, some of which have just been noted, the

district may be divided into five more or less distinet topo-

graphic divisions—three mountain groups and two basins,
whose location is shown in figure 4. Of these the Zigzag
Mountains and the Mazarn Basin comprise much the larger
part of the district. ‘
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F16URE 4. —Map showing the physiographic divisions of the Hot Springs
digtriet.

The Zigzag Mountains occupy a belt 6 to 8 miles wide,
extending from the vicinity of Hawes post office, 6 miles north-
west of Hot Springs, southeastward beyond the district to the
western edge of the Gulf Coastal Plain, a distance of 25 miles.
Their name, which was first applied to them by Brannmer, is
clearly suggested by the peculiar zigzag course of the ridges,
which have a northeastward trend, almost at right angles to
that of the group. Mountains of this peculiar type have been
formed by the truncation of parallel plunging anticlines and
synclines. The intervening valleys, like the ridges, are narrow
and rough and contain very little level land. The ridges,
which are rather short, terminate abruptly to the southwest
in the Mazarn Basin and to the northeast in the Saline Basin
and have been cut at a number of places by streams. Note-
worthy among the water gaps through which streams flow
is the one between West and North mountains, which is
traversed by Central Avenue, the principal thoroughfare of
Hot Springs. The highest point on the ridges and also the
highest point in the district is a peak near the west end of
West Mountain, which stands a little more than 1,400 feet
above sea level, or 900 feet above the level-crested hills in the

- Mazarn Basin. (See Pl. L.)

A small part of the east end of the Crystal Mountains,
including Blakely, Cedar, and a few adjacent ridges, occupies
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the northwest corner of the district. The Crystal Mountains

were so named from the abundance of quartz crystals in the
hard sandstones that form their ridges. The ridges in this
district are sharp, rugged, and narrow, trend northeastward,
and have been cut through at several places by streams.
- The Trap Mountains are represented in the Hot Springs
district by a belt of high country, 2 to 3 miles wide, along its
southern border, but most of the group of ridges to which this
name is applied lies outside the district. The ridges have an
eastward trend. They are separated by deep, narrow valleys,
and have been cut through at many places by streams.
Several of the ridges terminate with steep ends in the Mazarn
Basin. A rather conspicuous feature of the group is the union
here and there of two or more ridges, which produces zigzag
ranges like those of the Zigzag Mountains but smaller. The
most striking example of this type is Trap Mountain and its
adjacent ridges, which unite within the quadrangle in the form
of the letter M with its base to the west.

The Mazarn Basin, the east end of which is included in the

- Hot Springs district, is bounded on the north by the Zigzag

Mountains, which project irregularly into it, and on the south
by the more even edge of the Trap Mountains. It has been
s0 greatly dissected by erosion that it contains little compar-
atively level upland. Its surface is undulating and consists of
narrow parallel valleys and low ridges and hills that trend
east by north. The ridges have been cut transversely by many
small streams. The crests of the ridges and hills are fairly
even, and most of them are between 500 and 600 feet above sea
level. The highest are in the southwest corner of the district.
The largest streams have cut their valleys 200 to 250 feet
below this upland surface. The lowest point in this basin and
in the district is at the place where Ouachita River leaves the
district, where the surface stands a little less than 260 feet
above sea level. '

A small part of the Saline Basin, which extends eastward to

- the Gulf Coastal Plain, is included in the northeast corner of

the district. This part of the Saline Basin is bounded on the
south by the Zigzag Mountains, many ridges of which project

‘into it. About the bases of these ridges, as well as farther to

the northeast in the part of the basin that is included in the
district, there are low, irregular foothills that rise 860 feet

above sea level or 200 feet above the large streams, but a short -

ridge 3 miles southeast of Mountain Valley rises more than
1,080 feet above sea level. Away from these foothills the
character of the surface of the Saline Basin differs greatly in
different places. In the valley areas the surface is mnearly
everywhere gently rolling, though there are many steep hill
slopes and a few low cliffs near the streams.

In the basin areas the few level tracts and the more gentle
slopes are thinly mantled with stony residual soil or with wash
from the higher ground. Rock ledges are common, especially
on the steeper slopes, in road cuts, and in stream beds. In the
mountainous areas the surface is very rough, the slopes are
steep, and rock outcrops are numerous. There are, however,
no large surfaces of bare rock except on the crests of some
of the higher ridges and in the gaps, and there are few
cliffs. Some of the slopes are bare ledges; others are cov-
ered with talus, which consists chiefly of boulders and small
fragments of rock. Such material collects in large quan-
tities at many places, especially near the heads of steep-sided
ravines, where it forms barren talus slopes. A slope of this
kind on Indian Mountain, east of Hot Springs, is known as
Hell’s Half Acre.

DRAINAGE.

The district is drained through two principal basins, which
are separated by a crooked divide in the northeastern part of
the Zigzag Mountains. These two basins coincide roughly
with' the Mazarn and Saline intermontane basins, just
described. The principal stream of the Mazarn Basin is
Quachita River, which enters the district from the west and
leaves it on the east. The Saline Basin is drained by South
Fork of Saline River and other small streams which flow to

~ the northeast and join Saline River after they leave the

distriet. -

Most of "the streams are parallel with those of the near-by .
- ridges, and the drainage basins that contain the larger streams

coincide with the intermontane basins. Many of the streams,
however, flow through the ridges, forming water gaps. In the
Mazarn Basin Ouachita River and its larger tributaries have
in many places cut their valleys transverse to the trend of the
low ridges.

This arrangement of the streams, in which many are parallel
with the ridges and many are transverse to them and which
forms what is commonly known as the “trellis” system of
drainage, is fairly well developed in parts of the Trap and
Zigzag mountains and in the Mazarn Basin. (See fig. 5.)
Drainage of this type is largely the result of the partial adjust-
ment of an ancient system of drainage to the geologic structure,
some of the streams having entrenched their courses across the
strike of the beds of rock and many of them having cut their
valleys wholly or partly in the more easily eroded strata. The

cause of the development of this system of drainage is more

fully stated under the heading “Geologic history” (p. 10).

"Most of the streams are perennial and are supplied by clear
water from numerous cold springs, nearly all of them in the
mountains. Hot Springs Creek, however, is fed mainly by the
waters from the famous hot springs at Hot Springs, whose
daily flow aggregates a little more than 800,000 gallons. All
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F1aURE 5.—Map showing the drainage of the south half of the Hot Springs
distriet, which illustrates in places a trellis system.

the streams, including Ouachita River, can nearly always be
easily forded, but after heavy rains they become dangerous
muddy torrents, which subside within a few hours after the
rain ceases. The streams form numerous riffles separated by
quiet reaches, and they flow in deep, narrow valleys. The few
flood plains are narrow and short.

CULTURE.

The district is not densely populated, though all parts of it
except the mountainous areas are inhabited. The rural popu-
lation, most of which is engaged in agriculture, is sparse,
because much of the area is unfit for cultivation. Hot Springs,
whose population in 1920 was 11,695, is the only city in the
district. It has been built around the famous hot springs that
issue from the southwest base of Hot Springs Mountain and
has become a noted health and pleasure resort. In fact, the
growth of the city has been due almost wholly to the utiliza~
tion of the hot waters for bathing and for medicinal use. The
thousands of visitors who annually patronize the springs find
accommodation at numerous boarding houses and hotels, the
largest of which have a capacity of a thousand guests. The
mountains adjacent to the springs are permanently reserved as
a national park, which, together with the springs, is under the
control of the National Park Service.

Hot Springs is the terminus of three railroads — the
Memphis, Dallas & Gulf Railroad, which enters. the district
from the west, a branch of the Missouri Pacific Railroad, and
a branch of the Chicago, Rock Island & Pacific Railway,
which enter it from the east. All parts of the district are
reached by public roads, but as the soil is stony, the grades steep,
and the rainfall heavy, nearly all the roads are poor. The
travel is generally so light that little attention is paid to most
of the roads, but a few of the main roads are maintained in
good condition.

Most of the rural inhabitants are engaged in agriculture, but
some of them are employed in lumbering. The dperation of
bathing establishments in Hot Springs and the sale of water
from several cold springs in different parts of the area are
important industries. The quarrying of novaculite for oilstones
is the only mining done in the area, though some of the clays
and shales have been mined from time to time for making
brick and pottery, and a small amount of building stone is
quarried here and there for local use. ’

GENERAL GEOLOGY.

SEDIMENTARY ROCKS.
STRATIGRAPHY.

The rocks exposed in the Hot Springs district are all of
sedimentary origin except those in two small areas composed
of igneous rocks and numerous associated dikes and sills that
were intruded into the sedimentary series late in Lower Cre-
taceous or early in Upper Cretaceous time. The sedimentary
rocks consist of shale, slate, chert, limestone, sandstone,
novaculite, and conglomerate and have an estimated maximum
thickness of about 8,500 feet. They are grouped into ten for-
mations composed of beds whose sequence, thickness, character,
and diversity are shown in the columnar-section sheet. The
fossils, lithologic character, and stratigraphic position of these
formations show that they belong to the Ordovician, Silurian,
Devonian, and Carboniferous systems. At a few places these
older formations are overlain by beds of gravel of Tertiary or
Quaternary age. The ages and names assigned to these for-
mations from time to time as further knowledge of the Ouachita
region has been gained are shown in the correlation table on
page 12. '



ORDOVICIAN SYSTEM.
LOWER ORDOVICIAN SERIES.

MAZARN SHALE.

Character and distribution.—The Mazarn shale is so named
from Mazarn Creek, at the headwaters of which, in the north-
east corner of the Caddo Gap quadrangle, it is conspicuously
exposed.

In the Hot Springs district the Mazarn shale is exposed in
narrow northeastward-trending rough valleys in the vicinity of
Blakely and Cedar mountains. The formation consists pre-
dominantly of shale, although in places it includes some chert,
limestone, and sandstone. ' Not all of it is exposed in the dis-
trict, but about 1,000 feet of it is exposed in the valley north
of Cedar Mountain, where the outcrop is widest, though the
beds are so intricately folded that an accurate determination of
the thickness is impossible. Much of the shale is black,
clayey, and fissile, but some of it consists of green layers about
an inch thick and alternating darker layers. Slaty cleavage at
an angle to the bedding has been developed in the beds at
many places, where the differently colored layers produce rib-
boned shale. (See P1. IV.) Most beds of the shale weather to
a red plastic clay, but some form a light-colored clay. Numer-
ous thin veins of white quartz cut the shale in all directions,
and in the more level areas where this formation is the surface
rock much residual quartz derived from the veins is scattered
over the surface.

The limestone, which appears to be near the middle of the
Mazarn formation, is several feet thick, is hard, blue, fine
grained, and thin bedded, and is also intersected by numerous
veins of white quartz. '

The sandstone of the formation, though small in amount, is
found at many places. It is gray, laminated, fine grained, and
quartzitic, and it occurs in layers that in some places reach a
thickness of a foot or more. Flint in thin beds was observed
near the top of the formation at a few places. It is dense, is
gray to black, and breaks with a perfect conchoidal fracture.

Age and stratigraphic relations.—The Mazarn shale contains
few fossils. Those that have been found in it and in younger
Ordovician formations in this region consist chiefly of grapto-
lites, which may generally be looked for only in black shale
that splits into slabs that have smooth surfaces parallel to the
bedding planes. On such surfaces the graptolites appear as
white or black delicate pencil-like markings, which are usually
toothed like a saw on one or both sides. No graptolites have
been obtained from the Mazarn shale in the area here described,
but two collections have been made from it near Womble,
Montgomery County, and another at a locality 12 miles west
of Little Rock. According to Ulrich the graptolites in these
two collections indicate that the Mazarn shale is of the same
age as the lower part of the Beekmantown (Lower Ordovician)
limestone of the Appalachian region.

The base of the Mazarn shale is not exposed in the area here
described, but it is exposed in the Caddo Gap quadrangle,
where the Mazarn is underlain, conformably, it seems, by the
Crystal Mountain sandstone, probably of Ordovician age.

An unconformity at the top of the Mazarn is suggested by
~the local occurrence of a conglomerate at the base of the
overlying Blakely sandstone, but the unconformity is not
established.

BLAKELY SANDSTONE.

Character and distribution.—The Blakely sandstone is so
named from Blakely Mountain, in the northwest corner of
the Hot Springs district, where it is typically developed.

The Blakely sandstone is exposed in the Hot Springs dis-
trict in narrow northeastward-trending belts, which are all in
the vicinity of Blakely and Cedar mountains, theugh there is a
small exposure on a ridge about 3 miles southeast of Moun-
tain Valley. The narrowness of these belts is due to the high
inclination of the strata. The formation consists of about 500
feet of interbedded shale and sandstone, of which the shale
forms probably 75 per cent. Though the shale thus prepon-
derates, the sandstone is resistant enough to form sharp, rugged
ridges that in places attain an elevation of 600 feet above the
valleys and that form some of the roughest topography in the
district. The shale is black and argillaceous and much of it is
ribboned, and it iz therefore not unlike the Mazarn and
Womble shales. (See Pl. IV.) The sandstone occurs in beds
that are at most places only a few feet thick but at others
measure as much as 40 feet; and one bed on Little Glazypeau
Creek is 80 feet thick. It is made up of medium-sized quartz
grains firmly cemented together, in most beds by silica but
in others by calcium carbonate. Thus there are two kinds
of sandstone, one quartzitic and the other calcareous. The
quartzitic sandstone is light gray to bluish gray, laminated,
extremely hard, and much jointed, and it disintegrates slowly
on weathering. As a result of its resistance to weathering the
crests of the ridges are generally covered with large quantities
of angular boulders, which are piled up in great heaps, suggest-
ing numerous massive beds, though in fact most of the beds
are thin and are separated by thick beds of shale. The calcar-
eous sandstone is bluish black, and its limy material dissolves

Hot Springs.
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out on weathering, leaving a friable stone that ranges in color
from gray to brown.

The sandstone is intersected by numerous veins of quartz,
most of them less than half an inch thick, which are so abun-
dant that they are found in most of the larger fragments.
Magnificent quartz crystals, many of them clear and as much
as 5 inches long, are found here and there in the thicker beds,
where they form combs that line fissures along joints and bed-
ding planes. Small quantities of these crystals are mined and
are sold in Hot Springs as cabinet specimens or souvenirs.
Most of the beautiful quartz crystals found in Arkansas, how-
ever, are obtained from the Crystal Mountain sandstone, which
is exposed farther west in the State.

A conglomerate that is only a few inches thick and that con-
sists of small rounded pebbles of black chert in a sandy matrix
was observed at a few places at the base of the Blakely sand-
stone. Moreover, near the middle of the formation there is a
conglomerate a few feet thick, which consists of small rounded
pebbles of chert and limestone embedded in a sandy, calcareous
bluish-black matrix. At one place near the top of the forma-
tion there is a conglomerate 18 inches thick, which consists of
a black shale matrix with small pebbles of sandstone and
numerous cavities that were once probably occupied by pebbles
of limestone.

Layers of sandstone occur near the top of the shale that

underlies the Blakely sandstone as well as near the base of the-

shale that overlies it, and the lower and upper contacts of the
formation are therefore fixed arbitrarily except where they are
marked by a characteristic bed, like the conglomerate at the
base. This conglomerate suggests that the Blakely sandstone
may be unconformable with the Mazarn shale below.

Age.—Graptolites have been obtained from shale near the
middle of the formation in the deep ravine in the NE. 1 sec.
29, T. 1 8., R. 20 W., which contains a northwestward-flowing
intermittent stream. They indicate that the lower part, at
least, of the Blakely sandstone is equivalent to the upper part
of the Levis shale in Quebec, which is correlated by Ruedemann
and Ulrich with the Beekmantown (Lower Ordovician) lime-
stone of the northern Appalachian region.

WOMBLE SHALE.

Character and distribution.—The Womble shale is named
from the town of Womble, part of which is built on the base
of the formation. It is exposed over small areas in the Saline
Basin, in the northeast corner of the Hot Springs district, and
in the vicinity of Blakely and Cedar mountains, in the north-
west corner. 'The exposures form narrow northeastward-trend-
ing belts, the largest of which is in the Saline Basin. These
belts are valley areas containing low, irregular hills. ”

The formation is about 250 feet thick in the extreme north-
west corner of the distriet, but farther south and east it is
about 900 feet thick. It consists of shale and some thin beds
of sandstone and limestone, and it closely resembles the
Mazarn shale. The shale is black, rather hard, and argilla-
ceous and splits into thin pieces when struck with a hammer,
but on the whole it is somewhat darker than the Mazarn shale
and its green layers are less numerous than those of the Mazarn.,
The occurrence of slaty cleavage at an angle to the bedding in
the shale with the green layers produces ribboned surfaces.
(See P1. IV.) At the top of the formation there is some black
chert in thin layers and black siliceous shale, both of which
become gray on weathering. These beds greatly resemble the
basal beds of the Bigfork chert, and the Womble shale there-
fore seems to grade lithologically into this chert. Most of the
shale changes to light-colored plastic.clay on weathering, but
in many places the clays have been stained with iron oxide.
White vein quartz is abundant in the formation, and the thin
mantle of soil contains enough of it in places to make the sur-
face white. The limestone occurs in lentils 20 feet or more
in thickness and is confined almost entirely to the northwest
corner of the district, where it is exposed at a few places. It
is hard, blue, and compact, occurs in layers that range from
half an inch to 12 inches in thickness, and is intersected by
numerous quartz veins half an inch or less in width. The
sandstone, which is a very subordinate constituent of the for-
mation occurs as widely separated beds near its base and is
exposed over considerable areas. It is hard, ranges in color
from gray to blue, and its layers are commonly 6 inches or
less in thickness, though some of them have a thickness of 3
feet. . =
 Age—~Graptolites representing two faunas have been col-
lected in the quadrangle. One of these faunas is represented
in the Beekmantown of New York and in contemporaneous
beds of the Levis shale in Quebec, and the other, the younger,
in the Normanskill shale in New York. The younger fauna
is commonly known as the Nemagraplus gracilis or Normans-
kill shale fauna.

The older fauna is represented by a single collection, obtained
from a bed near the base of the Womble shale in the NW. 1
sec. 29, T. 1 S,, R. 20 W, and said by Ulrich to be a Mazarn
shale fauna, but the field relations apparently indicate that the
shale yielding the fauna overlies the Blakely sandstone.

MIDDLE OBRDOVICIAN SERIES.
BIGFORK CHERT.

Character and distribution.—The Bigfork chert is named

from Bigfork post office, Polk County, Ark., where it-is typ-
ically developed over a rather large area. '

It crops out in northeastward-trending belts in the Zigzag

Mountains and the Saline Basin and in two small areas in the
extreme northwest corner of the district and two narrow east-
ward-trending belts in the Trap Mountains in the southeast
corner. These belts are characterized by shallow valleys and
low, steep-sided rounded knobs. Owing to the intense crump-
ling of the beds its thickness can not be accurately measured,
but it is estimated to be about 700 feet. (See PI. II.)

The formation consists of chert interbedded with some shale
and a little sandstone. It gradually passes into the overlying
Polk Creek shale by a thickening of its shale beds at the top
and a decrease in the number of its chert layers. The chert is
commonly in even-bedded layers, but in places these layers
become thinner or thicker abruptly. The thickness of the
layers ranges from 1 to 18 inches and is commonly from 3 to
6 inches. Parts of it are finely and beautifully laminated. It
is very brittle and under the blows of 2 hammer flies into small
pieces that show an uneven or, less commonly, a conchoidal
fracture. Where unweathered it is black and dense, but

where weathered it varies from slate-colored to dark gray,

chiefly the former, and some of it is'rather porous. Parts of
the formation contain small quantities of disseminated calcite
and pyrite. Numerous joints, many of which are straight and
have remarkably smooth glossy surfaces, form a network that
cuts the layers in all directions. So numerous are these joints,
along which the stone readily breaks, that it is rather difficult
to obtain a hand specimen that shows fresh surfaces. Most of
the joints are occupied by fine quartz veins, which contain a
little calcite. The layers are generally very intricately folded,
and the strain that accompanied this intricate folding probably
produced the network of joints. (See PL II.) As a result of
the minute jointing the formation breaks down rapidly on
weathering, so that large quantities of finely broken material
collect at the base of the knobs; but good exposures of rock
are numerous along the steeper slopes and in the stream beds.

The shale, which is black and graphitic, occurs in layers
that range from a fraction of an inch to several feet in thick-
ness and is distributed in greater or less amounts through the
formation. The thickest beds lie at the base, where much of
the material is siliceous and on weathering changes to a light-
gray rock that disintegrates into splintery fragments that have
needle-like points.

The sandstone is exposed in places in the Zigzag Mountains.
It is fine grained, gray, and thin bedded and is confined to the
top of the formation. At one place on the northwest slope of
Glazypeau Mountain it reaches a thickness of fully 50 feet.

Limestone was observed within a few feet of the top of the
formation half a mile east of Bonanza Springs. It is dense,
finely crystalline, and bluish black, occurs in layers that are
1 foot in maximum thickness, and is interbedded with chert
and shale. ' :

Age.—Fossils are rare in the Bigfork chert and consist
chiefly of graptolites, though other invertebrate remains, which
are indeterminable, have been found at a few places in the
Ouachita Mountains. Sponge spicules occur in the chert in
southeastern Oklahoma, but they have not been found in
Arkansas. The only fossil collection from this formation in
the Hot Springs district consists of poorly preserved graptolites

from shale at the top of the formation half a mile east of -

Bonanza Springs. Ulrich states that these graptolites and also
the graptolites from other parts of west-central Arkansas sug-
gest species found in the lower Hartfell shale of Scotland
rather than any found in standard American sections. The
age of the Bigfork, according to the American standard, may
thus be anywhere between lower Trenton and Utica.

Other fossils, consisting of fragmentary shells, have been
found in a layer of chert and in associated limestone within
50 feet of,the top of the formation on Blaylock Creek in the
De Queen quadrangle. Concerning them Ulrich says that
they represent possibly a dozen species, but aside from a small
Hindia it is difficult to be certain even of their respective
genera. For the present it will suffice to say that the collection
indicates definitely that the Bigfork chert is of Mohawkian
(Middle Ordovician) age. ‘

TUPPER (?) ORDOVICIAN SERITES.

POLK CREEK SHALE.

Character and distribution.—The Polk Creek shale was
named from Polk Creek, in the Caddo Gap quadrangle, along
the headwaters of which it is typically exposed. In the Hot
Springs district it is exposed on the slopes of the Zigzag
Mountains or in valleys near their bases and is similarly
exposed in two long, narrow areas in the Trap Mountains, in
the southeast corner of the district. The outcrops form nar-
row belts whose slight width is due to the thinness and to the
steep dips of the formation and whose trend is parallel with
that of the higher ridges on or near which the exposures occur.
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' Most of the outerops of this formation are found along ravines ‘

and stream beds; at other places it is covered by residual
material either from the shale itself or from adjacent beds that
crop out higher on the slopes. The shale is thickest near

Hawes, at Hot Springs, at Potash Sulphur Springs, and in the -

Trap Mountains. At all of these places it reaches a thickness
of 200 feet, but it becomes thinner northeastward, in the Zig-
zag Mountains, so that near the ends of the ridges, a few miles
north and northeast of Hot Springs, its thickness at most places
probably does not exceed 25 feet.

The Polk Creek shale is black, fissile, and graphitic. Some
beds of it are clayey and are soft and graphitic enough to soil
the fingers; others, especially in its lower part, have been
changed to hard sonorous slate, which has a cleavage that is in
places at an angle with the bedding and in others is parallel

with it. On weathering it becomes a soft gray platy stone or

changes to clay. Thin layers of dense black chert, like that of
the Bigfork formation, and beds of hard quartzitic sandstone
are common, but they constitute a very small part of the for-
mation. The Polk Creek formation, like the formations below
and above it, has been intensely crumpled and therefore con-

tains many slickensides and joints. Thin veins of white quartz

occur along the joints and bedding planes, and small crystals of
disseminated pyrite can be found in nearly all fresh exposures.

Age and stratigraphic relations.—Fossils consisting almost
entirely of graptolites are rather plentiful in the Polk Creek
shale, especially in its basal part, and can be found in nearly all
good exposures. According to Ulrich the graptolites are com-
parable with British species found in the Hartfell shale, chiefly
in the upper Hartfell, which is at the top of the Ordovician.

In the Trap Mountains the Polk Creek shale is overlain by
the Blaylock sandstone, of Silurian age, and in the Zigzag
Mountains, where the Blaylock is absent, by the Missouri
Mountain shale, also of Silurian age. That an unconformity
exists between the Missouri Mountain and Polk Creek shales
where the two are in contact is indicated by the presence and
the character of a conglomerate between them. No physical
evidence of an unconformity between the Polk Creek shale
and the Blaylock sandstone has been observed in the Hot
Springs district.

SILURIAN SYSTEM.
BLAYLOCK SANDSTONE.

Character and distribution—The Blaylock sandstone is
named from Blaylock Mountain, on Little Missouri River, in
the southwest corner of Montgomery County, Ark., where it is
well exposed at the east end of the mountain. The Talihina
chert in southeastern Oklahoma, as defined by Taff, does not
include the Blaylock sandstone, for the Blaylock is not found
in Oklahoma except in McCurtain County, but the Talihina
chert includes beds that are both older and younger than the
Blaylock. (See correlation table on p. 12.)

The Blaylock sandstone is exposed only in the Trap Moun-
tains, along the southern border of the Hot Springs district.
Its outcrops, which are rough rocky strips that trend nearly
east and west, lie in narrow valleys between high ridges.
The estimated thickness of the sandstone on the head of Cooper
Creek in the southeast corner of the district is 300 feet and
that part exposed in the southwest corner is 550 feet. The
formation thins out northward and is absent in the Zigzag
Mountains, north of the Mazarn Basin.

The formation consists of sandstone and of varying though

" subordinate amounts of shale. At some places it is composed

almost wholly of sandstone; at others of alternating beds of
sandstone and shale. The sandstone occurs in remarkably
even-bedded layers, most of them 1 to 6 inches thick, though
at a few places they reach a thickness of 3 feet. Most of the
sandstone is hard, dense, light gray to dark gray or green,
homogeneous, and quartzitic, but some of it is soft, yellow, and
laminated and splits into more or less parallel plates when
struck with a hammer. It consists of fine grains of quartz and
a little mica, with quartz as the cementing material. Flattened
clay pellets and rather fine, crooked markings that are prob-
ably worm trails are common. Joints are numerous, and many
of them are filled with thin veins of white quartz. On weath-
ering the sandstone breaks up into loose angular fragments
that lie scattered over the surface, and in places it has become
brown, though in others it remains gray. The interbedded

shale, which makes up a considerable part of the formation, is.

micaceous and dark and in many places black and fissile.

Age.—The Blaylock sandstone is very sparingly fossiliferous.
A few remains of Diplograptidae have been noted in sandstone
layers at three or four.localities in the Ouachita Mountain
region, but these are too poorly preserved to be identified
specifically. The interbedded shale on Little Missouri River
at the south base of Blaylock Mountain, in the Caddo Gap
quadrangle, has yielded a small collection of graptolites belong-
ing to species that, according to Ulrich, are not comparable
with any found in America but that bhave been found in the
Birkhill shales of Scotland, which are considered the base of
the Silurian system in Great Britain. Ulrich therefore regards
the Blaylock as of early Silurian age.
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Stratigraphic relations.—The Blaylock sandstone is con-
formable with the underlying Polk Creek shale so far as can
be determined in the Hot Springs district, but a local conglom-

erate in the De Queen quadrangle suggests a stratigraphic

break at this horizon. An unconformity at the base of the
succeeding formation, the Missouri Mountain shale, also
regarded as of Silurian age, is indicated by a conglomerate
found at its base in the Zigzag Mountains, but the Blaylock
sandstone, as already stated, is not found there. The sudden
appearance of the Blaylock sandstone and its abrupt thicken-
ing from the north toward the south suggests an unconformity
at its top, but the explanation here offered to account for this
change in thiekness is that it was laid down in a rapidly sub-
siding trough whose northern border extended east and west
across the southern part of the Ouachita area.

MISSOURI MOUNTAIN SHALE. .

Character and distribution.—The Missouri Mountain shale
is named from the Missouri Mountains, in Polk and Mont-
gomery counties, Ark., where it iz well developed, but the
term slate is applied to the formation in those areas because it
has been so greatly changed by regional metamorphism that it
can be split into thin, even sheets, which are in places suitable
for commercial use.

The Missouri Mountain shale includes, in the area here
described, from 50 to 150 feet of shale. The thinnest part is
on the northeast ends of the ridges a few miles north and
northeast of Hot Springs, and the thickest part is at their
southwest ends. In the Trap Mountains it is generally about
100 feet thick, but in places it appears to be somewhat thicker.

The formation crops out in narrow belts in the Trap and
Zigzag mountains. These belts are in some places on one side
and in others on both sides of the ridges, their position
depending on the structure, which may be either monoclinal
or synclinal. The surface in these belts is in large part

‘covered with residual material from the formation itself and

with débris from other formations higher up on the ridges.
Consequently exposures of the shale are not common except
on the steeper slopes and in or near stream beds.

The formation consists of shale, a bed of conglomerate at the
base, of at least local occurrence, and a few thin layers of sand-
stone and quartzite. The conglomerate as exposed on Glazy-
peau Creek, at the western edge of the district, is 4 feet thick
and is composed of limestone pebbles and cobbles, the largest a
foot in diameter, and of waterworn chert pebbles in a matrix of
black sandy shale. A few other outcrops of the conglomerate

were found at places in the Zigzag Mountains, but in these

places the bed is thinner than it is on Glazypeau Creek and the
pebbles are smaller. o ‘

The shale is soft and argillaceous, contains minute flakes of
light-colored mica, and ranges in color from dark greenish drab

" to black, though in some exposures it is red and in others it is

prevailingly black, as it is, for example, in the stream bed
about half a mile southwest of Big Chalybeate Spring. The
exposed parts are commonly buff, green, yellow, and reddish
brown, and in many outcrops the black shale on weathering
gradually changes through green to buff. In Polk and Mont-
gomery counties, to the west, where the formation is thickest,
the prevailing colors are red and green. In most if not all
these places the green shale is less common. The shale is dis-
sected by numerous joints, which run in all directions. Where
it has been altered to slate it has well-developed cleavage, in
some places parallel with the bedding and in others oblique to
it, so that it can be split into thin pieces, which usually have
even, glossy surfaces. Small crystals of iron pyrites are com-
mon in the shale.

The sandstone and quartzite are in layers 3 to 5 inches
thick, near the base and the top of the formation. They are
gray and hard and are composed of rounded translucent grains
of quartz. : ‘

Age and stratigraphic relations.—In the Trap Mountains,
along the southern border of the. Hot Springs district, the
Missouri Mountain shale overlies the Blaylock sandstone, of
Silurian age, with apparent conformity. Farther north, in the
centra] part of the district, it overlaps that sandstone and rests
unconformably on the Polk Creek shale, of Ordovician age.
The Missouri Mountain shale is apparently conformable with
the overlying Arkansas novaculite, into which it seems to
grade lithologically, as indicated by the presence of thin beds
of shale, like the Missouri Mountain shale, in the lower part of
the novaculite; but in the northern part of Hot Springs and
on Indian Mountain the novaculite is separated from the
Missouri Mountain shale by a 2-foot bed of conglomerate.
This conglomerate, however, can not be considered basal. It
may have been derived by surface wash from near-by land
areas.

The position of the Missouri Mountain shale, which lies
between the Blaylock sandstone, of early Silurian age, and the
Arkansas novaculite, the lower part of which is probably of
Oriskany (Lower Devonian) age, suggests that this shale also
may belong to the Silurian system. This suggestion is sup-
ported by some indications of an unconformity at the top of

‘the shale, but it is negatived by the fact that a conglomerate

occurs, at least locally, at the base. The nearest exposures
of Silurian rocks outside the Ouachita Mountains are in the
southern Ozark region of northern Arkansas and northeastern
Oklahoma, in the Arbuckle Mountains in southern Oklahoma,
and on the southwest flank of the Nashville dome in Tennes-
see. The beds of this system are poorly represented in-the
Ozark region and the Arbuckle Mountains, and no part of
them resembles the Missouri Mountain shale. They are, how-
ever, well developed on the southwest flank of the Nashville

. dome, where they are succeeded by strata of Helderberg,

Oriskany, and later age. Their stratigraphic position with
respect to the overlying rocks is thus essentially the same as
that of the Missouri Mountain shale, except that rocks of
Helderberg age are absent in the Ouachita Mountains or, if
présent, have not been recognized. Although these Silurian
rocks of Tennessee consist mainly of pure limestone, they
include considerable thicknesses of gray earthy and shaly lime-
stone, which, in the basal part of the strata of Niagara age,
becomes red as the Mississippi embayment is approached. It
therefore seems reasonable to assume that the Missouri Moun-
tain shale is equivalent to at least a part of the Silurian beds
in Tennessee. The land area that supplied the red mud for
these rocks probably lay to the south, in northern Louisiana
and eastern Texas.

DEVONIAN SYSTEM.

ARKANSAS NOVACULITE.

Name.—The Arkansas novaculite consists predominantly of
a rock to which the name novaculite was first applied by
Schooleraft in 1819. This name is now in general use. The
authors of this folio regard the rock as a chert, though many
different opinions concerning its origin have been expressed by
other writers.

As compared with other sedimentary rocks, such as shale,
sandstone, limestone, and ordinary chert, novaculite is uncom-
mon; but in the Hot Springs district and in other parts of the
Ouachita Mountains it is widely distributed, for its outcrops
extend through much of their length, a distance of about 200
miles. It is thickest and best developed and has its largest
areal extent in Arkansas, and the formation has therefore been
appropriately called the Arkansas novaculite. In southeastern
Oklahoma it constitutes the upper part of the Talihina chert.

Distribution and surface form.—The Arkansas novaculite is
exposed at many places in the Trap and Zigzag mountains.
In these places, as in others in the Ouachita area, the outcrops
form narrow, more or less parallel belts, whose narrowness is
due to the steep dips of the formation. The novaculite is very
resistant to erosion and therefore forms high ridges, but in the
Zigzag Mountains, where it is overlain by the Hot Springs
sandstone, this sandstone forms many of the crests of the
ridges. 'The crests produced by the Arkansas novaculite,
though generally even, are in places interrupted by low peaks,
such as the one at the west end of West Mountain and one at
the east end of Trap Mountain.

The novaculite is brittle and much jointed, and it therefore
breaks down into angular blocks of many sizes, which at many
places on the ridges form a layer of surficial material. At
other places, however, particularly along the crests of the

~ ridges and in the water gaps, the edges of the beds themselves

project through the surficial material and form rough, bare
ledges.

Thickness.—The formation ranges in thickness from a maxi-
mum of 800 feet on Mount Carmel Creek, at the southern
border of the district, to a minimum of 100 feet, near Hawes.
Its thickness on Central Avenue, in Hot Springs, is about 510
feet. This thinning toward the north is partly due to an
unconformity at the top of the formation and to one or more
local unconformities within it. '

Character—In the Hot Springs district and in many other
parts of the Ouachita Mountains the Arkansas novaculite con-

. sists of three-lithologic divisions—a lower division, composed

almost entirely of massive white novaculite; a middle division,

composed mainly of thin layers of dense, dark novaculite
‘interbedded with shale; and an upper division, composed of

massive, highly calcareous novaculite. 4
The lower division reaches a maximum thickness of 425 feet

on the south side of the district, but, like the whole of the

formation, it abruptly becomes thinner to the north. It is
only about 275 feet thick at Hot Springs and is absent at a
few places near Hawes. This division is composed almost
wholly of typical novaculite, whose color and massiveness

~ make it the most conspicuous part of the formation. In fact,

it is this division that occupies the crests of the high ridges
produced by the formation. The beds are from 2 to 10 feet
thick and are commonly of uniform thickness, though at some

~ .places they occur as thin lenses. Some of the exposed bedding

planes show large uneven ripple marks. Thin layers of lami-
nated gray sandstone, which is composed of rather well rounded
quartz grains 0.25 millimeter or less in diameter, are inter-
bedded with the novaculite at a few places in the lower part of
the formation.
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A 2-foot bed of conglomerate and a few thinner beds occur

at the base of the formation on the northwest slope and near -

the southwest end of North Mountain in Hot Springs; they
are separated from the heavy novaculite by 4 feet of red clay
shale, like that of the Missouri Mountain shale. These con-
glomerates consist of partly rounded pebbles of sandstone and
novaculite in a matrix of dense novaculite. In other parts of
the district, as well as at other places in the Ouachita Moun-
tains, a foot or more of such shale occurs near the base of the
formation and is underlain by thin beds of novaculite.

The massive novaculite is commonly dense, gritty, fine
grained, homogeneous, highly siliceous, translucent on thin

edges, and white with a bluish tint or, where unweathered, ‘

bluish gray. Though the rock is mostly white, much of it
shows various shades of red, gray, green, brown, yellow, and
it is in many places black. These shades are produced by iron
and manganese oxides and carbonaceous matter. It has an
uneven to conchoidal fracture (see Pl III) and a waxy luster
like that of chalcedony. In places, especially near the base, it
exhibits fine parallel laminae, and here and there it contains
cavities that are oval in cross section and half an inch in their
longest dimension, besides other cavities that are smaller or of
irregular shape. The rock contains a little calcite, but expo-
sures of the calcareous stone are not common and have been
found only in stream beds. Much of the white novaculite, as
pointed out by Owen, is “equal in whiteness, closeness of tex-
ture, and subdued waxy luster to the most compact forms and
white varieties of Carrara marble; and, though of an entirely
different composition, it resembles this in external physical
appearance so closely that, looking at specimens of these two
rocks together, it is difficult to distinguish them apart.”

Joints in several sets are numerous and run in all directions,
but the most noticeable are those that are normal to the bed-
ding. (See PL VII.) Many of them are occupied by white
quartz veins, most of which are so thin as to be inconspicuous.
Slickensides along both joints and bedding planes are common.

The middle division of the formation ranges in thickness
from 10 feet, on Hot Springs Mountain, to 345 feet, in the
Trap Mountains. It consists of interbedded shale and novac-
ulite. The novaculite is similar to that in the lower, massive
division of the formation, except that it is dark gray to black
and that the beds are much thinner, generally 1 to 6 inches
thick. Some thin layers are argillaceous and possess a fairly
good cleavage, resembling in these respects a highly siliceous
shale. The shale is in beds that range in thickness from a few
inches to as much as 100 feet. It is commonly black, fissile,
and clayey, and much of it weathers buff or reddish brown,
but near Hawes this division of the formation contains 100
feet of red slate. This red slate, which is fairly hard and
has a good cleavage, has at a few places been prospected for
use as building material. Although its color is the same as
that of parts of the Missouri Mountain shale, it differs from
that rock in having dull cleavage surfaces and in exhibiting
faint elongated markings on surfaces that are parallel with the
bedding.

At some localities in the Zigzag Mountains layers of con-
glomerate from 1 inch to 2 feet thick replace the layers of
novaculite of this division. The matrix of this conglomerate
is very compact novaculite, and the pebbles are small and well
rounded to subangular. Most of them are novaculite, though
some are sandstone or other hard material. (See Pl V.)
The fragments of this conglomerate form conspicuous débris,
attracting attention because of the smooth, spotted joint sur-
faces, which are straight and even, irrespective of the hard
pebbles. A similar though thicker conglomerate, which is of
wide extent northwest of Hot Springs, rests at some places
upon the massive novaculite and at others, where the heavy
novaculite is absent, upon the Missouri Mountain shale.

The upper division of the formation is persistent in the Trap
Mountains, where it generally ranges in thickness from 10 to
30 feet, but it occurs only here and there in the Zigzag Moun-
tains. The maximum observed thickness, 179 feet, is at Hot
Springs. This bed is so resistant that it produces many low
ridges or knobs on the slopes of the high ridges of the Trap
Mountains. It consists chiefly of massive, highly calcareous
light-gray or bluish-gray to bluish-black novaculite, but it
contains some thin layers of ordinary dense chalcedonic novac-
ulite like that which is so characteristic of the middle and
* lower parts of the formation. Close lamination parallel with
the bedding is common. On weathering the rock loses its cal-
cium carbonate and becomes white or cream-colored, porous,
and soft enough to receive impressions from the hammer with-
out breaking. At Hot Springs and northwest of it, much of
the rock weathers to a soft, porous fine-grained stone, which in
some places consists of tripoli and in others resembles sandstone.

The study of thin sections of the novaculite shows that the
calcite occurs as small thombohedrons and irregular-shaped
aggregates, which are embedded in what may be considered a
fine-grained groundmass consisting entirely of cryptocrystalline
quartz. The calcite contains a trace of magnesium, and some
of it has been replaced by secondary quartz. Most of the
rhombohedrons are 0.05 to 0.08 millimeter across and are

Hot Springs.

5

bounded by straight walls of quartz, in which the granules are
packed like courses of masonry, none of them being included
in the calcite. Elsewhere the quartz granules have an irreg-
ular arrangement but fit closely together, without any pore
space between them. They are angular and generally average
less than 0.01 millimeter in diameter, though a few widely
separated grains are much larger and have rounded outlines.
The fine grains are not cemented but, as Griswold states, seem
merely to be jammed together, the tenacity of the stone
apparently being due to the interlocking of the irregular edges
of the grains.

The following analyses show the chemical composition of
several varieties of novaculite from this formation:

Analyses of Aﬂcansas novaculite.

1 2 3 4 5 6
Siliea _.___._______________ 99.45 | 99.47 | 99.49 | 99.06 | 99.12 | 499, 635
Alumina____________.___ % o6 { L1 .18 .80 .48 .118
Iron . _________.___ L12 .06 .08 .02 | Trace.
Lime ______ . __ .12 .09 .04 .09 A .
Magnesia . ______________. bYTrace. .05 .08 .18 .06 . 087
Potash ______ . ________ .19 .07 .16 .13 .14} Trace.
Soda_____ .. .54 .15 .10 .18 .24 . 165
Loss on ignition ___.______ .06 .12 .14 .08 RR |
100.62 | 100.24 | 100.20 | 99.98 | 100,40 | 100, 000
2By difference. bVery slight.

1. *“White novaculite,” Hot Springs, Ark.

2. “Gray Arkansas stone,” Rockport, 2 miles northwest of Malvern, Ark.

3. “Fine Ouachita,” Sutton’s quarry No. 6, on Indian Mountain.

4. ‘““Ouachita,” Barnes’s big quarry, on Indian Mountain.

5. “White Ouachita stone,” Ten Mile quarry, 8 to 10 miles east of Hot
Springs. ‘

6. “White novaculite,” Hot Springs.

1-5. R. N. Brackett, analyst. Arkansas Geol. Survey Ann. Rept. for
1890, vol. 8, p. 161, 1892.

6. C. E. Wait, analyst. Am. Jour. Sci., 3d ser., vol. 7, p. 520, 1874,

The material used for the analyses was probably novaculite
from which much if not all of the calcite had been leached out
by weathering. The designations ““ Arkansas” and “Ouachita”
refer to certain varieties of novaculite suitable for oilstones,
which are described under the heading “ Economic geology”
(p- 10). . .

Within a belt from a quarter to three-eighths of a mile wide
about the igneous intrusive mass at Potash Sulphur Springs
the novaculite has been changed by contact metamorphism to
a rather coarse grained rock resembling quartzite. The grains
of this rock reach a diameter of 0.5 millimeter and gradually
decrease in size away from the intrusive mass until the novacu-
lite assumes its usual dense chalcedony-like appearance. Some
beds on the southwest end of Hot Springs Mountain near the
top of the formation have the appearance of weathered quartz-
ite of extremely fine grain, and the unweathered beds there
doubtless have the same texture. In this locality the difference
from the usual type may be due to metamorphism by the

‘waters of the hot springs.

The Indians used the novaculite extensively for their stone
implements. Many tools made of this rock and the old work-
shops along the streams where they were fashioned are found
in this region. Most of the material used was quarried from
the massive novaculite at the base of the formation. Three
excavations in this rock on Indian Mountain about a mile

“east of Hot Springs are said to have been formed in this way.

Stratigraphic relations and correlation.—The Arkansas novac-
ulite conformably overlies the Missouri Mountain shale, but
a conglomerate that is possibly of only local occurrence at the
base of the Arkansas novaculite indicates a shore line in this
region prior to or during the deposition of the lower part of
the novaculite. The formation is unconformably overlain by

‘rocks of Carboniferous age—in the Trap Mountains by the

Stanley shale and in the Zigzag Mountains by the Hot Springs
sandstone, a lenticular formation that underlies the Stanley
and that thins out south of the Zigzag Mountains. This
stratigiaphic break is shown by the thinning out of the beds
at the top of the novaculite toward the northwest and by a
heavy conglomerate that is of wide though not general distri-
bution at the base of the Carboniferous rocks.

The only fossils thus far found in the formation consist of a
single collection of numerous conodonts in a minutely pebbled
novaculite conglomerate and of conodonts, small linguloids,
and sporangites in the associated shale. These fossils were
obtained from the middle division of the formation at Caddo
Gap, Montgomery County, Ark., and upon them Ulrich bases
the opinion that the middle and perhaps also the upper divi-
sion should be correlated with the Woodford chert, in the
Arbuckle Mountains, and with the Chattanooga shale. As he
assigns the Woodford and the Chattanooga to the Mississippian
series, he accordingly assigns these two divisions of the
Arkansas novaculite to the same series, but the United States
Geological Survey classifies the Woodford chert as Upper
Devonian and the Chattanooga shale as Devonian or Carbon-
iferous, and as the whole of the Arkansas novaculite is still
treated as a unit, of which the lower part is known to be
Devonian, its upper divisions are also tentatively assigned to
that age.

A study of fossils collected from novaculite beds hear
Tuskahoma, Okla., by Ulrich has convinced him that the
lower division of the Arkansas novaculite is of Oriskany
(Lower Devonian) age.

Schuchert in 1908 regarded the Camden chert as of Oriskany
age, and the same opinion has been held by Ulrich, Pate, and
Bassler; but Dunbar, who has recently studied the Devonian
rocks and their faunas in western Tennessee, concludes that
the typical Camden chert is of Onondaga and not of Oriskany
age. Furthermore, Dunbar has identified and named certain
formations that have been included by others in the lower part

of the Camden chert. The oldest of those formations, which

he calls the Decaturville chert, he regards as of Helderberg age;
and both the next (his Quall limestone) and the youngest (his
Harriman chert) as of Oriskany age. Of these formations the
uppermost two (the Camden chert as restricted by Dunbar and
the chert which he designates the Harriman chert) are described
by him as really being novaculite, and it is these two formations
that the authors have observed at different places in Tennessee
and regarded as having much the same lithologic character as
the Arkansas novaculite. If the lower part of the Arkansas
novaculite is equivalent to the Camden chert, as restricted by
Dunbar, it is, according to Dunbar, of - Onondaga (Middle
Devonian) age; if it is equivalent to the Harriman chert of
Dunbar it is of Oriskany (Lower Devonian) age. The middle
and upper parts of the formation, as already stated, have been
tentatively assigned to the Upper Devonian series.

CARBONIFEROUS SYSTEM.
MISSISSIPPIAN SERIES.

HOT SPRINGS SANDSTONE.

Character and distribution.—The Hot Springs sandstone
has been so named from the city of Hot Springs, in and near
which it is exposed. In this city the formation is 1374 feet
thick. TIts thickness at some places diminishes to 86 feet, but
at some other places it is perhaps more than 200 feet.

The sandstone is exposed along the mountain slopes or crests
in the Zigzag Mountains, but it is not found in the Trap
Mountains. The outcrops form narrow bands, whose narrow-
ness is due to the thinness of the formation and to its steep
dips. In places where the sandstone produces the crests it is
no more resistant than elsewhere, but in those places the
underlying Arkansas novaculite is generally relatively thin
and contains considerable shale.

This formation consists of sandstone and some shale and
conglomerate. The shale occurs near the top and the princi-
pal bed of conglomerate at the base. The sandstone, which is
gray, hard, and quartzitic, is composed of grains of quartz
sand that range in size from fine to medium. Its layers are
from 3 to 8 inches thick, though here and there they reach a
thickness of 6 feet. (See Pl. VIII.) At many places the sand-

- stone shows close lamination parallel with the bedding.

Freshly broken surfaces of the rock reveal many fine particles
of white clayey material that may be a residue of grains of
feldspar or some other mineral. Joints are numerous and
extend in all directions, but they are generally normal to the
bedding or form a high angle with it. Many are filled by
veins of white quartz, the largest 6 inches thick. Some of the
veins on weathering show fibrous or comb structure, due to
the arrangement of the small crystals at right angles to the
walls of the vein. The sandstone layers at the top are sepa-
rated by thin beds of black shale, which increase in thickness
upward in the section, so that the formation passes by gradual
lithologic transition into the overlying Stanley shale. The
sandstone on weathering breaks up into angular fragments,
which lie scattered over the slopes and collect in large quan-
tities as rough material at the heads of steep-sided ravines, such
as the one at Hell’s Half Acre, on Indian Mountain, east of
Hot Springs. ’

The basal conglomerate appears to form a continuous bed,
whose common thickness is 10 to 15 feet, though 2 miles
southwest of Bonanza Springs the thickness is 30 feet and
near the city water pumping station it is 25 feet. The pebbles
are of all sizes up to a- diameter of 6 inches, are round to sub-

angular in shape, and consist of white to dark novaculite, 1

principally the white, and a less amount of sandstone. The

matrix is composed of sand and argillaceous material, which at .

a few places is so fine grained that it resembles novaculite.
One bed of conglomerate and at many places two beds like that
just described, though mnot so thick, occur higher in the
sandstone.

Stratigraphic relations.—The formation overlies the Arkan-
sas.novaculite, and the two are unconformable, as is shown by
the truncation of the beds of the novaculite and by the widely

distributed basal conglomerate. - The Stanley shale, which is

of Carboniferous age, conformably overlies the Hot Springs
sandstone, the two passing into each other by a gradual litho-
logic transition. These stratigraphic relations form the only
evidence available to indicate the age of this sandstone, but
they seem sufficient to show that it was the earliest Carbonifer-
ous deposit in this region. '



STANLEY SHALE.

Character and distribution.—The Stanley shale is named
from the village of Stanley, in the Kiamichi Valley, Okla.,
where it is extensively exposed. As the beds are plicately
folded and as none of them possess distinguishable lithologic
characteristics the exact thickness of the formation can not be
determined, but the part of it that lies in the Hot Springs
district is roughly estimated to attain a thickness of 8,500 feet.
The thickness of the entire formation in the Caddo Gap quad-
rangle is 6,000 feet. _

The Stanley shale is the surface rock over the whole of the
Mazarn Basin and in many of the narrow valleys in the Zigzag

~and Trap mountains on either side of that basin, its area of

outcrop comprising about half of the Hot Springs district and
being much larger than that occupied by any other formation.

The formation consists of shale and large but subordinate
amounts of sandstone. The shale is clayey and thinly fissile
and is in most places bluish black but in others black. Parts
of the base are sufficiently graphitic to blacken the fingers
when fresh surfaces of it are rubbed. The dark colors prevail
along most of the streams and in the deeper artificial exposures
where the shale is not weathered; but where the rock is more
or less altered by weathering, along the wagon roads and in
the shallow exposures high above the streams, the colors are
generally green, yellow, and brown. The shale breaks into
thin, hard plates with smooth glossy surfaces, on which small
flakes of mica are visible. Tt is so much crumpled in places
that the bedding can not be distinguished except where the
sandstone is exposed. The final product of weathering is red
or yellow clay, in most places only a few inches thick, which
covers the indurated rock.

The sandstone, which occurs throughout the formation, is in
thick beds, but these are separated by thicker beds of shale.
The sandstone beds weather so easily that they produce no
prominent ridges. In fact the entire formation crops out only
in valleys. Most of the layers of sandstone alternate with
layers of shale and are only a few inches thick, but some of
them reach a thickness of 2 or 3 feet. The fresh sandstone is
hard, compact, quartzitic, rather fine grained, and greenish
gray or bluish gray, but the weathered sandstone is soft,
porous, and clayey and ranges in color from green to brown.
Small flakes of mica are common. Joints in great numbers
cut the sandstone and shale beds in all directions, and many of
them are occupied by conspicuous veins of white quartz from
half an inch to 6 inches thick. A few thin layers of conglom-
erate composed of small, rounded novaculite pebbles in a dense,
fine-grained siliceous matrix that resembles novaculite are
found near the base of the formation. Nodules of phosphate
rock, which attain a thickness of 2 inches, occur in the shale at
a few places. These nodules are black, have a rather high
specific gravity and a fracture that ranges from platy and even
to conchoidal, and weather white or yellow on exposed sur-
faces. Analyses of two similar nodules from the De Queen
quadrangle show 13.28 and 28.07 per cent of tricalcium phos-
phate respectively. '

Age and stratigraphic relations.—The Stanley, the younger
formation of Carboniferous age in the Hot Springs district,
conformably succeeds the Hot Springs sandstone but overlaps
that formation toward the south, so that in the Trap Mountains,
along the southern border of the district, it rests unconform-

ably on the Arkansas novaculite. Though a stratigraphic -

break separates these Carboniferous rocks from the Arkansas
novaculite, the erosion surface over which the Carboniferous
sea’ transgressed was very even. Except the Tertiary and

Quaternary gravels the Stanley is the youngest formation in the

district, but in the parts of the Ouachita Mountain region to
the north, south, and west of the district it is overlain by the
Jackfork sandstone and other rocks, also of Carboniferous age.

Although the Stanley shale attains a thickness of 6,000 feet
and is widely distributed in the Ouachita Mountain region, it
has so far yielded only a few fossil plants. The overlying
Jackfork sandstone, which is of equal extent and thickness,
has yielded only a few indeterminable invertebrate fossils, but
the Caney shale, which rests upon the Jackfork in parts of
Oklahoma, has furnished a rather large invertebrate fauna.
These three formations, together with the Hot Springs sand-
stone at the base of the Stanley, are believed from lithologic
and stratigraphic evidence to comprise essentially a single
series of beds and are assigned by the United States Geolog-
ical Survey to the Mississippian series. White reports that on
the whole the plant material from the Stanley shale, which
congists mainly of minute fragments, though it is in part closely

related to species known from the Pottsville, appears to be more

closely related to the floras of the Carboniferous limestone, prob-
ably of Chester age, of the Old World.

G. H. Girty has supplied the following statement regarding
the age of the Caney shale:

When the formation was first mapped and its fauna was first
described the Caney shale was referred, as it is now, to the upper
part of the Mississippian series, and since this conclusion was formed

much evidence has accumulated that tends strongly to corroborate .

the opinion that it is of Mississippian age. The Cahey fauna has
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conspicuously the facies of the Mississippian faunas of the adjacent
areas in Oklahoma and Arkansas. Furthermore, the fauna of the
‘Wapanucka limestone, which overlies the Caney shale, is closely
allied to that of the Morrow, which overlies the Mississippian rocks
in near-by areas, and without much doubt represents the same geo-
logic period.

TERTIARY (?) AND QUATERNARY DEPOSITS.

Unconsolidated deposits of variable thickness, ranging from
a thin mantle to a bed at least 30 feet thick, occupy a narrow,
flat-bottomed valley near the southeast corner of the Hot
Springs district and cap a few hills near Hawes and Lawrence
and a hill southwest of May. These deposits consist mainly
of pebbles of novaculite and sandstone, some of them several
inches in diameter, which are here and there interbedded and
intimately mixed with sand and clay. At some places the
pebbles are well rounded; at others they are subangular.
These deposits, which were once probably very extensive, were
probably laid down in Tertiary time or later by Ouachita
River and other streams when they ran at a higher level than
at present. Most of the loose material of these deposits was
removed while the streams were cutting their valleys into the
underlying hard upturned rocks. The deposit of gravel in
the valley near the southeast corner of the district may be an
outlier of larger deposits of Tertiary gravel that occur about 2
miles farther southeast. ’

Alluvial deposits are rare along the bottoms of the valleys,
but those that occur form small tracts of the best farming land
in the district.

STRUCTURE.

GENERAL FEATURES.

The sedimentary rocks of the Hot Springs district were
originally laid down on the bottom of the sea in nearly hori-
zontal beds. At present, however, the beds are not generally
horizontal but are inclined at many angles, so that their edges
appear at the surface. 'When the formations are crossed north
and south, they are seen to lie in a series of folds (anticlines

‘and synclines), and at a few places the beds have been dis-

placed by faulting. The beds in the district, as well as in
other parts of the Ouachita Mountain region and in the
Arkansas Valley, were compressed into folds near the middle of
the Pennsylvanian epoch, although they were slightly warped
%uch earlier.

NW

HORIZONTAL AND VERTICAL SCALE
1 2 3

— 1

MAZARN SYNCLINORIUM

in the valleys. Many adjacent folds are nearly of the same
height, and the same beds reappear at their several crests. The
dip of the beds in places changes in magnitude or in direction
within a mile along the strike, and this change may cause a
single fold to break up into two or a symmetrical fold to pass
into a closely compressed one in which the beds are parallel.
Two structure sections of the same mountain or valley only a
mile apart may therefore be quite different. Most of the folds
have been compressed until their sides are parallel, so that the
rocks on one side have been bent through an angle of more
than 90°. Folds whose sides are parallel and therefore dip in
the same direction are known as overturned folds. They are
numerous in the Trap Mountain and Crystal Mountain anti-
clinoria. The folds in the Crystal Mountain anticlinorium
have been overturned from the northwest, toward the Mazarn
synclinorium, whereas those in the Trap Mountain anticlino-
rium have been overturned from the south, toward the same
synclinorium.  (See fig. 6.) In most places the folds are
smallest, most numerous, and most closely squeezed in the
shales and thin-bedded sandstones and cherts. (See Pls. II,
V, and VI.) Joints in several sets and slickensides are found
in all the rocks but are most numerous in those just named.
(See PL VIIL.)

Faults are common, though not so common as might be
expected in beds that have been so closely compressed, because
of the great predominance of thin-bedded strata over massive
beds like the Arkansas novaculite. Thrust faults are the usual
type, and most of them were produced by the breaking of the
strata in closely compressed anticlines, so that they are gener-
ally parallel with the folds or nearly so, and the fault planes
dip in the same direction as the broken overturned strata.

The beds have been changed from unconsolidated sediments
to hard, compact rocks, such as sand to sandstone and clay to
shale, but have otherwise been metamorphosed very little.

FOLDING.

Crystal Mountain anticlinorium.—The small part of the
south side of the Crystal Mountain anticlinorium that is
included in the Hot Springs district comprises the Zigzag
Mountains and adjoining areas to the north. - The greatest
uplift of this part of the anticlinorium, as well as the greatest in
the district, is near Blakely and Cedar mountains, where the
Mazarn shale is exposed. From these mountains southeast-
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F16URE 6.-—Structure section across part of the Hot Springs district, showing the overturning of the folds of the Crystal Mountain and Trap Moun-
tain anticlinoria toward the Mazarn syneclinorium. Cs, Stanley shale; Chs, Hot Springs sandstone; Da, Arkansas novaculite; Sm, Missouri Mountain

shale; Sb, Blaylock sandstone; Opc, Polk Creek shale; Obf, Bigforkl chert.

The structure of the district is shown on the structure sec-
tion sheet by six cross sections, which represent the strata as
they would appear in the sides of a deep trench cut across the
country. These sections represent the structure as it is inferred
from the position of the layers observed at the surface, and as
the vertical and horizontal scales are the same the sections
show in miniature the actual form and slope of the land and
the actual dips of the beds. Sections drawn on the scale of the
map, however, can not represent the smaller features of the
structure; they are somewhat generalized from the dips
observed in belts a few miles wide along the lines of the sec-
tions. Faults are represented on the map by a heavy solid or
broken line and in the section by a line whose inclination
shows the probable dip of the fault plane, the arrows indicat-
ing the direction in which the strata have been moved on
opposite sides of the fault plane.

The Hot Springs district, which is in the eastern part of the
Ouachita anticline, the largest fold in the Ouachita area in
Arkansas, contains three rather broad structural divisions—the
Mazarn syncline, which comprises the Mazarn Basin; the Trap
Mountain anticline, a part of which occupies a strip along the
southern border; and the Crystal Mountain anticline, a part
of whose southern slope comprises the Zigzag Mountains and
the country north of them. These folds are much complicated
by numerous small folds, in consequence of which the Mazarn
gyncline is really a synclinorium and the above-mentioned
anticlines are anticlinoria.

These large, composite folds can be followed for considerable
distances, but the single folds overlap lengthwise, are narrow,

and can be traced only a few miles along their axes. They all

have the same direction as that of the ridges that compose any
particular mountain group—northeast and southwest in the
Zigzag Mountains and nearly east and west in the Trap
Mountains. In general they thus bear a close relation to the
topography, for the outcropping edges of the hard, upturned
beds have formed the ridges and the softer intervening beds lie

ward to Potash Sulphur Springs the individual anticlines
that constitute this large structural feature are not quite so
high, though, together with their intervening synclines, they
trend northeastward, like those of the Blakely Mountain and
Cedar Mountain area. The axes of the folds in this belt have
been tilted at comparatively high angles to the southwest, thus
exposing the oldest rocks to the northeast and the youngest to’
the southwest. The plunging anticlines and synclines alter-
nately int