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ABSTRACT

A geological investigation of the northeast portion of Des Arc
Quadrangle in southeast Missouri was completed during the summer of
1958. Exposed Precambrian rocks include, from oldest to youngest,
undifferentiated purple rhyolites with an interlayered tile-red rhyolite,
andesine basalts with interlgyered tuff, and an andesite. A diabase
dike intrudes the lower purple rhyolites. The purple rhyolites account
for about ninety-seven percent of the Precambrian exposures.

Exposed Palsozoic rocks belong to the Bonneterre formation and
include three members: (1) Lower Brown dolomite; (2) Light Gray dolo-
mite with Tom Sauk limestone and arkosic sandstone and conglomerate
facies; and (3) Upper Brown dolomite. These members correlate with
zones 2, 3, and L, respectively, of McQueen and Stewart for the Bonne-
terre formation of the Fredericktown area. Residuum derived from the
Davis, Derby-Doerun, Potosi, Eminence, Gasconade, and Roubidoux forma-
tions covers much of the area.

The Precambrian rocks show gentle dips, possibly of primary
origin. Locally the tile-red rhyolite is inclined forty degrees.
Primary structures include flow layering and poorly developed bedding
in the rhyolites, plus contraction joints in all the Precambrian rock
units, At least one fault occurs in the purple rhyolites. Initial
dips off Precambrian knobs are the main structures in the Paleozcic

rocks., Joints related to differential compaction occur around these

knobs.,



Aeromagnetic data appear to correlate well with the calculated
susceptibilities for the various exposed igneous rock types of the area,
using Slichter's method of calculation,

Possible economic use might be made of the Tom Sauk limestone
exposed in larble Creek valley for agricultural lime, in manufacture of
portland cement, or for terrazzo. Small gquartz veins in the Precambrian
rhyoclites show no apparent metallic values., Aeromagnetic positive
anomalies in the area are not considered indicative of buried iron-ore
bodies. A tuff exposed near the Blue School, however, shows a relatively
high hematite content and might constitute low-grade iron ore of not
more than 5,000,000 tons reserves. Lead ores in the Bonneterre forma-
tion are unlikely in the area gince the favoravle stratigraphic hori-
zon of the nearby Fredericktown area (zone 1 of licQueen and Stewart)

is missing.



INTRODUCTION

To date the Des Arc Quadrangle, covering approximately 242
square miles in southeast Missouri, has never been completely mapped
geologically. This investigation of the northeast portion of the
quadrangle is a contribution toward that goal. It alsc adds to the
Missouri Geological Survey's over-all objective of complete geological
coverage for the state. The investigation has revealed a number of
misconceptions and errors in previcus work. It presents new inter-
pretations of some data gathered by earlier workers and adds geologic
detail to a previously unmapped area.

The report includes introductory data on location, objectives,
previous work, field methods, geography, and regional geology; details
of the Precambrian and Upper Cambrian rocks, Recent sediments, and
geologic structure; a brief resume' on aeromagnetic data in the area;
data on economic possibilities; a geologic history and summary; and con-~
clusions of the writer. An appendix of thin section descriptiocns of

representative igneous rocks and a bibliography complete the report.
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Location of Area

The area mapped consists of forty-seven square milss in the
northeast portion of Des Arc Quadrangle in southeast issouri. The
north and east boundaries coincide with the north and east boundaries
of the quadrangle., The southern boundary extends due east along the
section lines from the SW corner, sec. 5, T.31N., R.4E., to the eastarn
edge of the quadrangle. The western boundary is a straight line extend-
ing from the southern boundary to the point at which the northern =dge

of the quadrangle crosses the middle of R.LE. (See index map, Plate I.)
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Objectives

ajor objective of the investigation was to obtain geologic data
on a little-known area. This included classifying, subdividing, and,
if possible, correlating the Precambrian igneous rocks of the areaj; sub-
dividing and correlating the Paleozoic stratigraphy; preparing geologic
and structural maps; and relating structure and stratigraphy to possi-
ble mineralized zones.

Previous Work

Tew geological data are available for the area. Dake (1930, pp.
62-78)l several times mentions the ™"marble" beds of the Bonneterre
formation which are widespread in the northeast portion of the area of
this report.

Forbes Robertson (1949) compiled a map and manuscript on the
igneous rocks of the St. Francois lountains. Nost of the igneous rock
exposures for the area of this study are roughly outlined on this map.
Although some errors and omissions occur, his work is fairly accurate
considering its comprehensive nature. The lissouri Geological Survey
plans to publish his material.

An aeromagnetic survey map of the entire Des Arc Quadrangle has
been published by the United States Geological Survey (1949) at a scale
of one inch to one half mile. Ievel of flight was approximately 1,000
feet above the ground.

Herbst (1952) mapped the northwestern portion of the Des Arc

Quadrangle. His map adjoins the area under discussion on the west.

1. All references are in bibliography.



For better geologic correlaticn, the areas were overlapped about nine
to ten sguare miles.

Richard Zimmerman (1959), a graduate student at the Missouri
School of Minesg, mapped the adjoining area to the south.

Tield Methods

The summer of 1958 was devoted to field work in the area.
Headquarters were the small town of Annapolis, lMissouri. Field work
consigted of searching for and describing outcrops. ILithology, joint
orientation, planar and linear structures of the igneous rocks, and
strike and dip of the sedimentary beds were the main features described.

A United States Geological Survey fifteen minute topographic map
(scale, 1:62,500) served as a base map. Department of Agriculture
aerial photos (approximate scale, 1:20,800) were used to determine
location and to suggest possible outcrops.

Geography

The area mapped.consists of a series of knobs and ridges of
igneous rocks separated by valleys cut into sedimentary rocks. Total
relief exceeds 880 feet. WMaximum local relief is about 670 feet cut
into rhyolite in the SW3, sec. 2, T.32N., R.4E. North of Marble Creek,
average relief is considerably greater than elsewhere in the area. IHere
is exposed the bulk of the igneous rocks. South and west of Marble
Creek, the topography is an undulating surface of moderate-sized hills
and narrow valleys. A number of stream narrows, locally called "shut-
ins," have formed where streams cut across the exposed igneous rocks.

The present drainage system has many features in common with the
Precambrian drainage system, but in places it has departed radically.

For instance, Marble Creek now appears to flow up a former Precambrian



valley, cutting through the Precambrian rocks at the head of the valley
through recently formed narrows. This is probably the result of the
stream being superimposed during uplift.

Three principal streams drain the area. Marble Creek is the
most important and drains the northern and central portions. Crane
Pond Creek drains the southwest and lLeatherwood Creek the southeast.
These streams flow generally southeast to east and eventually empty
into the St. Francois River. Lower Rock Creek drains a small area
along the northern border and flows to the northeast, ILittle Rock
Creek drains a small portion in the northeast. These and a number of
other small, nameless streams in the eastern portion also empty into
the St. Francois.

The area is in a region of temperate forests and supports a
dense stand of trees, The tree cover consists chiefly of oak, though
pine predominates in some places. Maple, hickory, cedar, and walnut
are present in smaller numbers. Thick undergrowth causes many problems
in access for field work.

Some farming is done along the stream valleys. The narrowness
of these valleys, together with heavy, leaching rains and cherty soils,
relegates the industry to a minor economic position.

The region is sparsely populated and has few improved roads.
Highway E, which parallels Marble Creek, is black-topped in Iron County
but has a gravel surface in ladison County. It is the only hard surface
road in the area. Note that it has been rerouted from its position on
the map in Xadison County (see Plate III). Two other roads, one connect-
ing Highway E with Minimum to the south, and the other connecting Highway

E with Chloride to the west, have gravel surfaces. These are passable
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most of the time. None of the roads, including Highway %, are passable
during very heavy rainstorms. Many roads shown on the United States
Geological Survey topographic map have been abandoned. Numerous log-
ging trails are present throughout the area.

No towns exist within the mapped area. Arcadia and Ironton,
with a combined populaticn of 1,562 (1950 census), are about seven miles
north., Annapolis, population 490 (1950), lies an equal distance to the
southwest,

The Rural Electrification Administration has brought electricity
to most of the area's farms.

Regional Geologic Setting

The mapped area is in the Ozark Plateau province on the south-
west flank of the St. Francois Mountains. Precambrian granites, fel-
site flows, and diabase dikes make up the basement rocks. The granites
intrude the felsites, and the dikes intrude both the felsites and the
graniteg. Precambrian erosion formed a series of knobs and ridges
separated by deep valleys. Early Paleozoic seas inundated the area,
and sedimentary rocks formed in this envircnment. Present physiography
represents exhumed Precambrian hills and eroded Paleozoic sediments.

Paleozoic stratigraphy includes the Upper Cambrian Lamotte,
Bonneterre, Davis, Derby-Doerun, Potosi, and Eminence formations and
the Ordovician Gasconade, Roubidoux, and Jefferson City formations.
With the exception of the Lamotte sandstone, these formations are pre-
dominantly dolomite. Locally sandstone is dominant in the Roubidoux
and shale in the Davis. Maximum thickness of the formations is unknown

because of variability in thickness from place to place. However, if



the tops of the Precambrian knobs were covered by the end of Roubidoux
deposition (Dake, 1930, p. 196), the total thickness must have been
over 2,000 feet. ILack of later Paleozoic sediments in the St. Fran-
cois Mountains area makes it uncertain whether they were ever deposited
there.

Known Precambrian structures in the region consist of gently
dipping felsite flows and tuffs intruded by stock-like to batholith-
like granite masses.

Structural features of the Paleozoic sedimentary rocks include
initial dip on the Precambrian knobs and ridges; the northwest trending
Farmington anticline; several large, northwest trending faults; and

minor northeast trending faults.



PREC X BRIAN IGNEOUS ROCES

The Precambrian rocks in the mapped area are igneous. Iikewise,
the igneous rocks are all Precambrian. Three general groups are rec-
ognized according to lithology: rhyolites, basalts, and dacite-ande-
gites. In addition, a tuffaceous rock is interlayered with the basalts
in the vicinity of Blue School. The rhyolites are separated into tile-
red and purple vafieties.

Together these rocks are exposed over some forty percent of the
mapped areats surface. They cover nearly the whole northern portion
of the area and form scattered knobs and ridges through the remainder

of the area. As a group the igneous rocks produce more and larger out

crops than the sedimentary rocks.
Rhyolites

The rhyolites form numerous large outcrops. On the basis of
color and the number of phenocrysts present, they are divided into two
separate types. These include purple rhyolite porphyry and tile-red
rhyolite porphyry. The purple rhyolites are distinguished on the map
(Plate III) by three different colors. These three divisions are made
on the bases that one purple rhyolite underlies the tile-red rhyolite,
another overlies the tile~-red, and the third is undifferentiated.
The latter includes the bulk of the Precambrian rocks exposed in the
area,

Purple rhyolite porphyry. Undifferentiated purple rhyolite

porphyry is exposed across the large upland area north of Marble Crecik

and along the eastern border of the area. It also forms a number of
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scattered knobs in the south central and northwestern portions of the
area. oOSpecial mention is made of two small areas that might be over-
looked on the map. One occurs as a small mound in a field north of
Highway E in the center of the N3, NW3, SW., sec. 2L, T.32N., R.JUE.;
the other is a small exposure north of a road in the S¥ corner, sec. L
and the SE corner, sec. 5, T.31l., RJi®. The lower purple rhyolite is
the oldest rock exposed in the area.

Purple porphyry underlies the tile-red variety in two places:
on Crane Pond Creek in the S%, sec. 33, T.32N., R.4E., and on a stream
in the NW}, SW}, sec. 35, T.32N., R.4E. Purple porphyry overlies the
tile~red rhyolite in the NE:, NEj, sec. 28, the S¥,, sec. 3L, the cen-
ter of the Wi, W3, sec. 35, and the SE corner, sec. 36, T.32N., R.4E.,
and in the N&3;, sec. 3, and the NE, sec. 1, T.31N., R.IE.

The various purple rhyolite porphyries exposed in the area are
all very similar in appearance, in some cases almost indistinguishable
one from another. They vary from pinkish to reddish purple to very
dark purple. They contain from ten to forty percent phenocrysts of
plagioclase and potash feldspars and quartz. I1iagnetite phenocrysts
are also commonly visible in the hand specimen. Flow bands are common
but not universal.

Microscopic inspection reveals that the largest (about 3 mm. by
1.5 mm.) and most numerous phenocrysts are usually plagioclase {Abgp_gs).
Potash feldspar (perthites and orthoclase) and quartz phenocrysts are
about equally abundant. Together they constitute from five to thirty
percent of the rock. The quartz phenocrysts average somewhat smiller
than the potash feldspars (about 0.5 mm.) Magnetite phenocrysis (1.5

mm. to less than 0.1 mm.) form from two to eight percent of the rock
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and average about four percent. Accessory pledmontite is occasionally
present, MNinor secondary calcite sometimes partially replaces the
feldspars.

No definitive features were found by which the various purple
porphyries might be distinguished from each cther. This is true even
of those that underly and overly the tile-red rhyolite porphyry.

The subdivision is made merely on the basis of their spatial relation-
ships to the tile-red rhyolite.

Tile-red rhyolite porphyry. Tile—red?rhyolite porphyry is

exposed in the shut-ins on Crane Pond Creek in the NW:, sec. 3 and
Leatherwood Creek in the NE corner, sec. 1, T.3WN., R.JiE., and on the
hills in the S¥;, sec. 33, the SW, sec. 35, and the NEL, sec. 28, and
the NW3, sec. 27, T.32N., R.4E. Purple rhyolite lies both above and
below the tile-red variety. This relationship can best be seen in the
SWi, sec. 35, T.32N., R.IE.

The tile-red rhyolite porphyry is tile-red in color. FPheno-
crysts of perthites, plagioclase (Abéh-TO)’ magnetite, and occasionally
quartz average from three to five percent of the rock.

Perthites form the largest phenocrysts, about 2 mm. by 1 mm.,
average about 1 mm. by 0.5 mm. They consist of about forty percent
albite and sixty percent potash feldspar.

Plagioclase phenocrysts are about the same size as the perthites
but much less numerous. They seldom constitute over one percent of the
rock.

Accessory (less than one percent of the rock) magnetite pheno-

crysts average about 1 mm. across. Rare quartz phenocrysts are about

2. This color approximates the dark reddish brom (10:3/4) of
the National Reasearch Council Rock Color Chart (1548).
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the same size, but thin sections sometimes reveal up to ten percent
quartz phenocrysts about 0.1 mm. across.

The matrix is preponderantly potash feldspar. Plagioclase and
quartz together make up some thirty percent. Because of the extremely
small grain sizes involved, it is impossible to distinguish between
the plagioclase and the quartz of the matrix by optical means. The
potash feldspar can readily be determined by staining techniques.
Spherulite structures are abundant and indicate that much of the rock
was originally glass.

Orbicular structures occur in this rhyolite in the Leatherwood
Creek shut-in in the NE corner, sec. 1, T.3WN., R.4E. Many of the
structures are as much ag four inches in diameter. In this same
locality, the rock contains numerous inclusions of purple porphyry.

Color and scarcity of phenocrysts are the bases for mapping the
tile-red rhyolite separately. It is possible that all the tile-red
rhyolite is not the same flow. It may even be a phase or phases of one
or more purple rhyolite flows.

Basalts and Interlayered Tuff

The basalts cover much less area and produce much poorer and
more discontinuous outcrops than do the rhyolites. They are restricted
to five areas in the larble Creek drainage system. These include the
base of a large hill in the center of sec. 9; the Blue School area in
sec, U3 and 15; the knob just norith of Highway ® in the NE., SW¥.,
sec. 243 the base of a knob in the SW:, SEi, sec. 24, T.32N., R.IE.;
and the knob in the NW%, sec. 19, T.32N., R.5E. With the exception of
the exposures in the vicinity of Blue School, the basalts are not
subdivided.
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Undifferentiated basalts. The undifferentiated basalta are

rather typical. They consist of plagioclase feldspar laths in an augite
groundmass. Magnetite constitutes up to ten percent of the rock. The
plagioclagse and augite are present in approximately equal amounts.
Four-tenths millimeter hornblende grains are present in amounts up to
two percent. Basalt exposed on the knob south of Highway E in the NW.,
sec. 19, T.32N., R.5E., contains epidote that appears to have replaced
feldspar. Much of the feldspar has a coating of very fine grained
material (white in reflected light), probably a clay.

Blue School basalts and interlayered tuff. In the vicinity of

Blue School are two basalt flows separated by a layer of tuff. All rest
on a purple rhyolite porphyry. Outcrops are poor, and these relation-
ships were determined on the basis of float materials.

The lower basalt crops out just across Highwgy E from Blue
School in the SW%, NEi, SEX, sec. 15, T.32N., RJE. It contains 3 mm.
quartz-filled amygdules and tiny 1 mm., horizontal quartz veinlets.
Thin section study shows that about sixty percent of the rock consists
of lath-like plagioclase grains generally parallel to one another.
Interstitial augite constitutes some twenty-five percent of the rock,
magnetite another fifteen percent. Accessory hornblende is present.

The tuff lies above the lower basalt and crops out on the side
of the hill above Blue School in the SW., W, SW;, sec. 14, T.32X.,
R.4E., where it is approximately thirty feet thick. It is very dense
and dark purplish with a slightly speckled appearance due to patches
of white calcite that react vigorously with hydrochloric acid. Thin

section study shows that hematite constitutes some thirty-seven percent



of the rock, calcite about thirty-five percent, quartz five percent,
and magnetite three percent. The rest of the rock consists of a very
fine matrix that appears to be made up of plagioclase laths leas than
0.0l mm. in length. The calcite occurs in rounded grains about 1 to

2 mm. across separated from one another by matrix or interstitial hem-
atite. The quartz is generally associated with the maftrix and occurs
in grains about 0.05 mm. across. In thin section, the rocck shows very
definite lgyering, with alternating bands in which hematite, calcite,
and matrix predominate, respectively.

Small scattered outcrops of basalt occur on the same hill above
the tuff bed. The hand specimen is dull blue-grgy and amygdaleoidal.
Thin section shows the rock consists of some fifty percent plagioclase
laths about 0.1 mm. long, four percent plagioclase phenocrysts (Ab60)3
with an average length of about 1.0 mm. by 0.2 mm., fifteen percent
magnetite, twenty-four percent interstitial augite, and seven percent
amygdules containing plagioclase largely replaced by augite and calcite.
The magnetite is mostly in the matrix, but some is found in phenocrysts
up to O.4 mm. across. Magnetite occasionally replaces the edges of the
plagioclase phenocrysts.

Dacite-Andesite

Dacite and andesite appear to be the youngest of the Precambrian
rocks. A distinction between the dacite and the andesite may not be
valid since the quartz in the dacite occurs in amygdules and tiny con-
necting veinlets and might be considered distinct from the rock itself.

Taken as a unit, the dacite-andesite is found in three places:

on the crest of the hill just east of Blue School in the NWZ, NE, SWi,

3. Plagioclase composition suggests the name andesine basalt.
The rock was neted as a basalt on the basis of its color index.
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sec. i, I'3%7., RJE., and on the knob in the center of the E3, sec. 30,
and the nose in the center of the T}, W&, sec. 29, T.320., R.5E.

It crops out in only two places: at the crest of the hill east of

Blue School and on the south side of the nose in the center, E%, NEZ,
SW%, secs 29, Te32le, Re5E. The knob in sec. 30, T.32N., R.5E., is
covered with float but has no outcrops.

The rock is dark purple to wine colored and contains from five
to thirty percent pink and gray plagioclase phenocrysts (Ab63-69)
averaging about 3.5 mm. in length. A few magnetite grains are present.
Tiny quartz veinlets from 1 mm. to 0.1 mm. thick connect numerous
quartz—-filled amygdules which comprize from thirty percent of the rock
on the hill above Blue School, through five percent at the outcrop in
the center, Ei, WE:, SWi, sec. 29, T.32N., R.5E., to zero percent in
most of the float material. The amygdules are sometimes as much as
30 mm. across but average about L mm. Chlorite is comménly associated
with the quartz in the amygdules. Calcite, too,is sometimes found
with the quartz but never with the chlorite. Potash feldspar is pres-~
ent in the matrix and constitutes around eighteen percent of the rock.
It forms no phenocrysts. WMost of the matrix is composed of plagio-
clase laths. Chalcopyrite, chalcocite, and galena were found filling
an anygdule in andesite from the top of the igneous nose in the center,
E, W3, sec. 29, T.32N., R.5E. 1In polished section, galena appeared
to be present in numerous very small blebs (about 0.0l mm. across) as
well as in the amygdule with the copper sulfides.

It is possible that the dacite-andesite rock is a late differ-

entiation product of the same magma that produced the basalts.
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dabase Iike

A single diasbase dike occurs in the stream bed in the center,
Wi, Siw., sec, 35, T.228., 2.8, It occurs in the purple rhyolite
beneath the tile-red variety and can be follcwed for some 100 feet
along the stream bed. A maximum width of about four feet was observed.

The diabase is dark greenish-gray with minute plagioclase laths
seldom over one millimeter long immersed in a greenish-black pyroxene
groundmass. No thin section was made of this rock. The chief differ-
ence between it and the basalts appears to be that its ophitic texture
can readily be seen with the unaided eye while that of the basalts is
visible only under a microscope.

The dike is probably the same age as the basalts. If so, it
very likely penetrated the overlying rhyolites which have since been
ercded away. The stream found the dike less resistant than the heavy
chert residuum and cut down through the dike rather than along the
rhyolite-residuum contact.

Quartz Veins

Juartz veins of from less than one sixteenth inch to nearly
four feet thick are found locally in the rhyolites and lower basalt.
Individual veins have been traced for as much as a hundred feet before
disappearing beneath cover, Where present, they generally occcur in a
parallel vein pattern but are often connected to each other by thin
stringers. Sometimes, as in the stream in the E}, SU°, sec. 7, T.32N.,
R.SE., they form a branching vein pattern. The locations of these
various vein systems and their general dip and strike is given on the

aeromagnetic overlay (Aeromagnetic Overlay to Plate III). The largest
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of these veins, about four feet thick, is found in the upper end of
Lower Rock Creek in the SW corner, N#}, WNZ, SW;, sec. 6, T.32l.,

R.5E. It strikes generally W.L47%., and dips between 85 and 90 degrees
S.43E. Its length cannot be ascertained due to cover. A zone of
quartz breccia parallels the vein on its northwest side. A prospect
pit about ten feet square has been dug into the vein and breccia,
possibly in an attempt to explore the reddish brown staining associated
with the hematite cement of the breccia.

Another vein about three feet wide and with a N.LCE. trend occurs
in a stream cut into the rhyolite in the SE corner, Nij, sec. 7, T.32K.,
R.4E. This vein zone varies from siliceous rhyolite to nearly pure
quartz and can be traced for nearly 150 feet up the stream. Many lesser
veins of similar trend are also present here.

Yellow quartz veinlets less than one sixteenth inch thick occur
in the lower of the Blue School bagalts at the outcrop just across
Highway E from Blue School in the SWi, NE%, SB%, sec. 15, T.32N., R.LE.
These veiniets are horizontal. Since the veins in the rhyolites consist
of white quartz and are generally vertical or steeply dipping, they may
be unrelated to the veinlets in the basalt.

The veins are all post-rhyolite, and at least some are post-early
b;salt. They may all be later. The general north-east trend of these
veins, if extended, would pass through the 3ilver Xine area which lies
five miles N.35E. from the northeast corner of the area under discussion.

This raises the possibility that they are genetically related to
the Silver Mine veins. However, the Silver Mine veins trend east-west

and dip steeply tc the south, though prominent joint sets strike



nertheast (Stevens, 1958, p. 6). Turther, emplacement of the Silver
Iine veins was accompanied by greisen-type alteration of the wall rock
(ivid., p. 17-23). No such alteration accompanies the veins described

in this report.

18



UFPER CAMBRIAN SEDIMENTARY ROCKS

Paleozoic gedimentary bedrock exposed in the area belongs to the
Upper Cambrian Bonneterre formation. Three distinct members are recog-
nized. These include a Lower Brown dolomite, a Iight Gray dolomite,
and an Upper Brown dolomite. The Light Gray member is further subdi-
_vided into a number of facies. (See the geologic map, Plate III.)
According to James (1951, p. 2L ), the earlier Lamotte formation was
not deposited in this area. Post-Bonneterre formations have apparently
been removed.

Lower Brown Dolomite

The Lower Brown dolomite is named for its brown color and for
its position at the base of the sedimentary rocks in the area. The unit
is confined almost entirely to Marble Creek valley and its tributaries
in the northwest portion of the area. The single exception is in the
NW%, NE}, sec. 3, T.31N., R.4E., west of the bridge crossing Crane Pond
Creek, It often forms low bluffs along the streams. The best exposure
is a fifty foot bluff on the west bank of Marble Creek in the NEZ, SE%,
S¥,, sec. 10, T.32N., R.UE. At this exposure, the overlying lLight Gray
dolomite ig in direct contact with it. Other good exposures occur on
the northeast bank of Marble Creek in the NE%Z, SE%, SEZ, sec. 15, T.32.,
R.UE.; about 1,400 feet upstream on the southwest bank of the creek;
and about 4,000 feet of near}y continuous outcrop in the bed and along
the banks of the small tributary to Marble Creek in the southern parts
of sections 9 and 10, T.32N., R.4UE. The contact with the overlying
Iight Gray unit is again exposed along the west edge of Highway £ in the

%’ %’ Sw%, sec, 3, T.32N0, RohEo
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The Lower Brown dolomite unconformably overlies the Precambrian
rocks. The exact contact between the two is not visible in the area,
but near-contacts occur on the west bank of liarble Creek in the SEj, SEZ,
S¥;, sec. 10, T.32N., R.4E., and on the northeast bank of Marble Creek
near Blue School in the NE., SE%, SEj, sec. 15, T.32N., R.4E. In both
cases the Precambrian rock is rhyolite.

Maximum thiclness measured is about fifty feet at the bluff on
the west bank of Marble Creek in the NE;, SE;, SN, sec. 15, T.32N.,
R.4E.

Iithologically, the Lower Brown unit is a uniformly brown, fine-
grained, dense, slightly vuggy dolomite. Beds vary in thickness from
less than an inch to about four feet., Beds fromn one to two feet thick
predominate. Abundant cross-bedding indicates a clastic origin, as do
numerous included pebbles and sand grains apparently derived from the
felsites. Dolomite grain sizes range from microscopic to about 0.4 mm.
Average size is about 0.1l mm. Small pockets of crystalline calcite
are common., At one outcrop, about LOO feet west of the bridge on Crane
Pond Creek near the center of the N%, N3, sec. 3, T.3IN., R.LE., quartz
druse is exposed.

This unit weathers sharp and blocky. The weathered surface is
usually faintly striated, sometimes showing cross-bedding. Closely
spaced vertical joints characterize the member. Erosion along the well
developed joints often forms small rounded pinnacles in the beds. The
joints are gometimes enlarged by solution, and small springs issue from
many of them.

Since no fogsils were found in this unit, it is correlated on the

basis of its lithologic character and its stratigraphic position. On this
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basis, it seems to correlate best with Stewart's (9hly, p. 2) and
Mcueen's (1943, p. 9) zone 2 of the Bonneterre formation.

Iight Gray Dolomite

The ILight Grgy dolomite conformably overlies the Lower Brown
dolomite. The member is named for its distinctive and persistent light
gray to negrly white coleor throughout the area. In addition to its
normal occurrence, the unit contains two other prominent facies: (1)
the Tom Sauk limestone beds, and (2) the Arkosic Beds. Plate II shows
the general relationships between the variocus facies of this member.

In its normal occurrence, the lLight Gray dolomite is more wide-
spread in the area than all the other sedimentary rocks. It outcrops
in all the major stream valleys and in most of the minor ones. Gcod
outcrops occur along Marble and Crane Pond Creeks. The best exposures
crop out on the east bank of Marble Creek in the NW corner, SW:, SW:,
S%%, sec. Ui, T.32N., R.4E., and again about LOO feet downstream; on
the north bank of Marble Creek in the NE}, SEZ, NEi, sec. 10, T.32N.,
R.4E.; and on the west bank of Marble Creek in the SW3, SE;, SWi,
sec. 34, T.33N., R.IE.

Although the Light Gray dolomite member conformably overlies
the Lower Brown dolomite, it overlaps in places and rests directly on
Precambrian rocks. In such areas of outcrop, the facies generally
changes from dolomite through sandy dolomite to arkosic sandstone and
conglomerate. Elsewhere, the ILight Gray dolomite directly overlies the
porphyry. Examples occur in the small tributary to Leatherwood Creek
in the NW corner of sec. 6, T.31N., R.5E.; on the southwest bank of

Leatherwood Creek in the SEZ, SW%, SEL, sec. 36, T.32N., R.LE.; in the
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small stream in the NJ corner, sec. 17, T.32N., R.5E.; and in Crane
Pond Creek, NE:, S¥j, sec. 33, T.32N., R.4E. In lower Marble Creek
valley, the dolomite is interbedded with Tom Sauk limestone.

The contact between the ILight Gray dolomite and the overlying
Upper Brown dolomite is exposed on the north bank of i'arble Creek in
the NE}, SE3, UEl, sec. 10, T.32W., R.4E., and also on the scuthwest
bank of Patterson Creek near its confluence with W arble Creek in the
NEL, SE%, sec. 3, T.32N., R.UE. Patterson Creek has changed its chan-
nel from that shown on the map and now parallels liarble Creek for some
1,200 feet in this vicinity.

Coarsely crystalline, calcareous, very vuggy, light gray dolo-
mite with numerous patches of green shale characterize the Light Gray
unit. It often shows a boxwork or honeycomb pattern both on the fresh
and on the weathered surface (see Tigure 1). One-half inch to one
inch pockets of white, crystalline calcite are common. Occasionally
these pockets are much larger and range to seventeen inches long and
five inches wide. The many vugs in the dolomite are usually lined
with brown to orange-stained calcite. The brown stain is due to limo-
nite and argillaceous material. TFelsite and quartz pebbles and sand
grains are present locally near Precambrian rock exposures. Insoluble
residue analysis of the Iight Gray dolomite shows small amounts of
shaley residues.

Beds range from less than half an inch to more than three feet
in thickness. Green shale partings are common. These change laterally
to coarse nodular appearing dolomite containing many pockets of green

shale,



Figure 1

Boxwork in the Light Gray dolomite member of the Bonneterre formation.

Figure 2

Outcrop of channel-like structures in the Light Gray dolomite member of the
Bonneterre formation along the east side of Highway E in the NW%, NE%, NE%, sec. 15,
T.32N., R.4E. The structures are numbered in order frem north to south. Vertical
and horizontal scales are equal, but the horizontal scale is broken between the
channel-like structures.
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Beds up to ten feebl thick of finely crystalline, laminated, buff
dolomite commonly occur within the more typical, coarsely crystalline
dolonite of this unit. This is especially true in lower lfarble Creek
valley, where they occur above the Tom Sauk limestone beds. An example
may be seen along the north edge of Highway E in the SV corner of
sec, 17, T.32l., R.5E.

No fossils were found in the Iight Gray dolomite. However, on
the basis of its lithology, stratigraphic position, and the occurrence
of Tom Sauk limestone beds within it, it is considered part of the Bonne-
terre formation and is correlated with zone 3 of ¥cQueen (1943, p. 9)
and Stewart (19Lk, p. 2).

The Arkosic beds. Where the Light Gray dolomite member laps

onto the Precambrian knobs, it commonly changes from coarsely crystal-
line dolomite to arkosic sandstones and conglomerates. These arkosic
beds are distributed about the flanks of the exposed igneous rocks,
especially in sheltered arcas away fros the open Upper Cambrian seas.
On the map the arkoses appear as narrow bands between the Light Gray
dolomite and the exposed Precambrian rocks. (Plate III.) Good expo-
sures occur in the bed and on the west bank of the small stream in the
SW¥;, sec. 9, T.32N., R.5E.; on the south flank of a hill some LOO feet
due east of the center of the &}, sec. 11, T.32M., R.iE.; and in a
small stream bed in the N, NE7, i, sec. 35, T.328., R.IE. The last
two mentioned outerops also show the arkose-porphyry contact as do
several outcrops on the side of the hill in the NJ corner of sec. 18,
T.32N., R.5E.

That these arkosic beds represent facies of the Light Gray dolo-

mite member and not the underlying Lamotte sandstone is shown at the
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outcrops along the north bank of ¥arble Creek near the center of the Wi,
Ndz, sec., 11, T.32N., R.4E.; in a stream bed in the SE corner, WE), SEZ,
sec. 3, T.32N., R.I4E.; and in a siream in the N3, S¥3, SEZ, sec. 36,
T.32., R.4E., where they directly overly dolomite and where gradational
beds of sandy dolomite and dolomitic sandstone are present. Sandstone
is also found interbedded with dolomite in the Marble Creck tributary

in the 3E%, N#%, SE}, sec, 11, T.32N., R.LE.

These sandstones and conglomerates vary from medium to coarse~
grained quartz sandstone to boulder conglomerate. Coarseness generally
increases down section and towards the knobs. The sand and gravels
which formed these beds were apparently derived from the porphyries.
Color is commonly reddish to orange-brown, but is sometimes green, pur-
ple, or gray. Cross-bedding is not generally present but does occur on
some outcrops. Current-ripple marks were noted at one exposure.

The maximum exposed thickness of individual units is eighteen
feet along the west bank of the stream in the W%, NEL, N/, sec. 13,
T32N., R.5E. This includes thirty-three inches of dark gray to brown,
fissile shale at the top of the outerop. Here it is directly overlain
by lLight Gray dolomite.

On the basis of their stratigraphic position and their inter-
fingering relationships with the Iight Gray dolomite, these beds are
considered facies of that unit.

Tom Sauk limestone beds. The Tom Sauk limestone was named from

the type section along Little Tom Sauk Creek in the E%, sec. 25, T.33N.,
R.2E., and sec. 30, T.33¥., R.3E., on the Reynolds~Iron county line, by

G. F. Brightman (1938 p. 248). Dake (1930, p. 62) called it the ™"jarble
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Phase of the Bonneterre," and referred to several outcrops within the
area of this report. These include outcrops near the center, Si, sec.
17,; near the center of the Ni, sec. 20, and near the center of the I3,
sec. 19, T.32N., R.5E., in ¥adison County. Good outcrops in Iron County
are mentioned in the 3%, sec. 2L, T.32N., R.LE.

In the area of this study, known occurrences of Tom Sauk lime-
stone are restricted to the lower part of Marble Creek valley and its
tributaries. Based on the distribution pattern of the Precambrian
rocks, this area appears to have been the upper reaches of a Precambrian
valley, more or less sheltered from the open sea on three sides. Actual
outcrop areas are shown on the aeromagnetic overlgy to Plate III.

The limestone forms two distinct units within the coarsely crys-
talline dolomite of the Light Gray member. The lower of these two units
locally rests directly upon the FPrecambrian basement. Examples are
known in the small stream valley in the S%, S3, sec. 17, T.32N., R.5E.;
along Highway E in the NW%, SE., SWZ, sec. 2, T.32N., R.4E.; on the
southeast slope of the small hill in the center of the S%, S%, sec. 2.,
T.32., R.4E.; and in the small stream bed in the SE,, N7., sec. 19,
T.32N., R.5E.

The lower limestone attains a maxdimun thickness of about twenty-
five feet along the west bank of Marble Creek where old Highway E
crossed in the SW!, HEL, sec. 19, T.32N., R.5E. 1In this same area and
slightly downstream, the upper limestone develops a thickness of about
twenty feet. Two feet of coarsely crystalline dolomite lies above this,
then ten feet of cover and three and a half feet more of limestone.

The upper and lower limestones are separated by about twenty-one feet
of coarsely crystalline, pinkish-gray dolomite containing numerous

patches of green shale.
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On the east bank of a small tributary of Liarble Creek near a
- bend in the stream, in the SV}, ¥E., NE:, sec. 23, T.32N., R.4E., an
outcrop of about 200 square feel appears to be gradational between
Light Gray dolomite and the upper limestone unit. This is the main
basis for calling the limestone a facies of the Iight Gray menmber.

Iithologically, the two limestone units are very similar.
Following is a description of a typical exposure of the lower unit.
The section was measured along the southwest side of Highway E near
the center of the S}, sec. 24, T.32., R.LE.

Typical Exposure of Tom Sauk Limestone

Description Thickness (inches)
Top
1. Dense, blue-grgy limestone with brown 21

veinlet network. Ifassive. Weathers
grgy with velvet-like appearance.

2 Covered. 12

3. lledium to massive, very dense lime- 63
stone. Upper 19 inches are slightly
pinkish; lower Ll inches are gray.

Heathers smooth with velvet-like
appearance.

L. Similar to 3, but reddish througuout. 10

Se Reddish to greenish-gray limsstone 5
containing green shale.

6. Similar to 3, but gray throughout. 18

Te Very dense, reddish limestone contain- 17

ing green shale. ‘leathers irregularly.
dreaks off in small chuniks when hit by
hammer. Dedding is medium, bedding
surface irregular. Veinlets of brown
calcite run in all directions through
rock. Upper surface marked by small,
long, and narrow troughs (about 5 to 6
inches long, 1 inch wide) trending in
all directions.
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8. Very dense, blue-gray, massive lime- 32
stone with pockets of green shale.
Contains some pinkish limestone.
‘Weathers smooth to rough, with many
tiny ridges on surface. Jeathered
color is blue-gray. In places it
chips off in chunks as 7 does.

9e Very dense, blue-gray limestone con- 13
taining green shale. Pinkish in
places. Weathers irregularly and
light gray. Thin bedded with irreg-
ular bedding surface. Chunks off
like 7 and 8.

Bottom of outcrop
Dip: 9° s.65W.
The limestone breaks with a conchoidal fracture and often
weathers with a nodular appearance. This description bears striking
resemblance to that of Brightman for typical Tom Sauk limestone;

The typical Tom Sauk limestone is light gray or white in
color and so fine grained as to appear dull on a broken surface,
like lithographic stone. It has well-developed conchoidal frac-
ture and an almost chertlike appearance.... The dense gray lime-
stone is very commonly cut by irregular veinlets and patches of
coarser grained, clear, secondary calcite. Thin wavy discon-
tinuous veinlets of green clgy occur in many of the specimens,
and some of these c¢lay veinlets contain coarse brown dolomite
crystals, obviously secondary.

Many of the limestone varieties d ffer from the normal type
only in color. There is a continuous variation from the very
1ight~gray limestone through the faintest flesh-pink colors to
deep reds and browns. Cther variations from the normal are
dark grays with a faint purple tinge, light-greenish grays,
and dark-purple browns. The colored beds of the Tom Sauk are
frzquently mottled or varigated.... (Brightman, 1538, pp. 255-
256.)

The lithologic similarities, stratigraphic position, and the
observations by both Dake and Brightman on the Tom Sauk limestone are
the bases for correlation of the limestone units within the area with
the Tom Sauk limestone. This also strengthens the éonclusion that

the ILight Gray dolomite is a member of the Bonneterre formation.
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Channel-like structures in the Light Gray dolomite: Seven chan-

nel~like structures composed of silt and porphyry and quartz sand and
pebbles crop out within the Light CGray dolomite along the east side of
Highway E in the N4 , kE), W% ., sec. 15, T.32N., R.4%. These trend
generally perpendicular to the road in an easterly direction. Figure

2 1is a sketch of the outcrops. The outcrops become progressively
smaller and lower stratizraphically from north to south., The northern-
most channel is eight feet wide and thirty-two inches thick in its
central part. Exposures can be traced for about twenty-five feet.
Forty-five feet to the south a similar lense-~like body, fifty-two
inches wide and thirty inches deep crops out. Some eighty-~five feet
farther south is the third and about twenty-five feet south of it the
fourth channel. These last are both approximately two feet by one foot.
The fifth channel lieg seven feet farther south, the sixth another ten
feet, and the seventh twelve feet more. These three are all about one
foot by a half fool in cross~section. Grain sizes become smaller from
the largest to the smallest channel. They range from one-half inch
pebbles to fine silt and clay.

The southern-most channel is about three and a half feet lower
stratigraphically than the northern-most.

The origin of these channel-like structures is uncertain. At
first they were considered stream chainnels cut intc the dolomite, but
the fact that they are parallel and show a progressive change in strat-
igraphic position suggests that they may be near-shore sandbars formed
at successively higher levels on the sea floor or beach structurcs repre-

senting progressive changes in sea level.
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Upper Brown Dolomite

The Upper Brown dolomite is named for its brown color and its
stratigraphic position above the ILight Gray dolomite.

This member crops out in five general areas: about the base of
the knob in the northeast portion of sec. 3, T.32N., R.4E.; on the hills
in the southwest part of the same section; on the south flank of the
knob in the northeast part of sec. 10, T.32N., R.LE; in the stream
valleys in the northern parts of sec. 21 and 22, T.32N., R.LE.; and
along the tributaries to Crane Pond Cresk in sec. 2, T.31N., R.4E.

The best exposures occur along the tributary tc liarble Creek in the
northern parts of sec. 21 and 22, T.32N., R.UE. Here, in the SE;, NWl,
NEj, sec. 21, it shows a thiclmess of about forty-five feet. It is
undoubtedly thicker, but this is the thickest nearly continuous expo-
sure known in the area.

Contacts between this unit and the ILight Gray dolomite were
discussed in the previous section. In addition, the Upper Brown dolo-
mite occurs above the Light Gray dolomite on the hill in the NEZ, S,
gec. 3, T.32K., R.4E., though the direct contact is not visible. This
hill is the only place in the area where all three members are known to
crop out together in the normal stratigraphic sequence.

Iithologically, the Upper Brown dolomite is very similar to the
Lower Brown. It is finely crystalline, usually dense, brown dolomite,
locally containing felsite pebbles. Dolomite grains range from micro-
scopic to O.4 mm., average about 0.2 mm. Gray, orange, and brown
mottling characteristics help distinguish it from the less-often mot~

tled Lower Brown dolomite. In addition, it sometimes shows alternating
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half inch, orange and brown, horizontal bands, as at the outcrops in the
divide near the center of the SW:, sec. 3, T.32N., R.JE., and on the
southwest bank of Patterson Creek in the NEZ, SE., of the same section.
This banding is a feature not observed in the Lower Brown dolomite.

The very porous parts of the Upper Brown dolomite also serve to dis-
tinguish it from the Lower Brown unit. 3Bedding ranges in thickness

from less than an inch to more than twelve feet. Individual beds will
not serve to mark stratigraphic position since massive beds can some-
times be traced laterally into thin beds through a distance of twenty

to thirty feet,

The unit weathers sharp and blocky and is very strongly Jjointed.
It usually shows bedding striations on the weathered surface.

No fossils were found in this unit. On the basis of its lithol-
ogy and stratigraphic position, it is correlated with zone l} of the
Bonneterre of the Fredericktown area after Stewart (1944, p. 2) and
Mcjueen (1943, p. 13).
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JUATERNARY SEDILINTS

An indurated conglomerate in a shut-in on Crane Pond Creek in the
SWi, sec. 33, T.32N., R.4E., is probably either Quaternary or Tertiary.
Quaternary and recent sediments consist of a heavy residuum on the hills
and a thin alluvial cover over much of the larger stream valleys.

Quaternary (?) Conglomerate

A poorly sorted, indurated, non-bedded conglomerate occurs in a
Crane Pond Creek shut-in in the WW%, WEZ, SW,, sec. 33, T.32N., R.LE.
This is the only place in the area it has been observed. Here it rests
on an irregular erosional surface of the Precambrian rhyolite and occurs
in discontinuous outcrops for a distance of six to seven hundred feet
along Crane Pond Creek.

The conglomerate consists of material derived from the Paleozoic
and Precambrian rocks and includes clay and silt, pebbles, cobbles, and
boulders of banded Potosi druse, subangular Gasconade and Eminence cherts,
and Precambrian rhyolite porphyry. One such porphyry boulder measured
ten feet across. The cement is limonite. The material is considered
Quaternary, but it may be older. Its indurated character suggests it
may be older than the residuum and is definitely clder than the normal
alluvium,

Residuum

Residual material covers more than half the area, but liberal
interpretation of the geology has restricted it to a smaller area on the
geologic map (Plate III). Such interpretations are indicated by weight-

ing of the contact lines. The residuum is especially thick in the
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southern porticn of the area where it covers all but the igneous hills.
ifost of the small stream valleys are also filled with residuum.

Locally, the residuum mgy be in contact with each of the rock
units, from the Precambrian rhyolites to the Upper Cambrian Upper Brown
dolomite. Virtually every Precambrian knob and ridge is either par-
tially or completely surrounded by residual rock materials. The Upper
Cambrian units were mapped from isolated outcrops surrounded by residuaum.

The residual material consists of clagys, silts, cherts, quartz
druse, sandstone, and porphyry boulders. The larger chert boulders,
ranging to fourteen feet across, are apparently remnants of the Gasco-
nade formation. The smaller cherts may be from the Potosi, Eminence,
or Gasconade formations. Large sandstone boulders up tc ten feet across
are probably from the Roubidoux formation, though some may be from the
Gunter sandstone, the basal member of the Gasconade. The quartz druss,
which is usually banded, has come from erosion of the Derby-Doerun and
Potosi formations. The clay and silt were derived from all the eroded
formations.

Alluvium

Alluvial deposits fill much of the stream valleys. This is
especially true of the larger stream valleys such as liarble, Little Rock,
Crane Pond, and lLeatherwood Creeks. DBedrock shows through this alluvial
cover in many places and indicates that the alluvium is rather thin.

It consists of reddish brown clay and silt, and of pebbles and boulders
of chert, quartz druse, porphyry, and sandstone which have besn moved
and deposited by stream action., Occasionally it consists of fine gray
clay. The major difference between the residuum and the alluvium is the

finer texture and better sorting of the latter.



STRUCTURE

Structural features of both the Precambrian and the Paleozoic
rocks appear relatively simple, but much work still remains to be done
on the Precambrian. Principal Precambrian structures consist of
inclined volcanic flows and tuffs with dips from about zero to forty
degrees, primary flow structures in the volcanic rocks, joints, a small
diabase intrusion, and at least one fault. Inclination of the volcanic
flows is usually gentle, though at one place it reaches forty degrees.
Structures in the Cambrian rocks consist of initial dips in the sedi-
mentary rocks off the Precambrian knobs and ridges and joint sets which
are probably related to differential compaction of the sediments about
the knobs and ridges. The structural overlay to Plate III summarices
the structural data for the area. The cross sections, Plates IV and V,
show the relationships between the variocus rock units.

Precambrian Structure

For the most part, the Precambrian extrusive volcanic rocks appear
to be nearly horizontal or gently inclined, though the purple rhyoclites
are so gimilar that it is difficult to determine thelr exact attitude.

At the roadcut in the WW3, WW., RE., sec. 19, T.32N., R.53., they appear
to dip three or four degrees to the west beneath the basalt. The Blue
School basalts also appear to be inclined four to five degrees westward.

The tile-red rhyolite in the S¥;, sec. 35, T.32N., R.L4E., dips
about forty degrees W.70 ¥. This steep dip may be explained either as
a local flexure or as a fault block tilted westward. General position

of the contact between the tile-red rhyolite and the overlying purple
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porphyry shows that the tile-red unit dips very gently southeastward
through sections 28, 27, 33, and 34, T.32N., R.4E.

Judging from the little evidence available on the attitudes of
the flows, there appear to have been at least two different source areas
for the lavas. If the purple rhyolites at the roadcut in the NWl, wivl,
NE., sec. 19, T.32H., R.58., and the basalts and tuff at Blue School
are indicative, these units may have had their source in the east.

On the other hand, the gentle inclination of the tile-red rhyolite to
the southeast indicates it had its origin from the northwest. Another
explanation of the attitude of the extrusive rocks might be that the
basement rocks have been reglonally warped since emplacement of the
lavas.

Flow structures. Tlow layering is quite common in the rhyolites

but rarely seen in the basalts. In fact, only one basalt outcrop west
of Highway & near Blue School in the SW;, iUE., SE,, sec. 15, T.32i.,
R.A4E,., showed this feature. There they are vertical. Planar and linear
gtructures were not observed in the dacite-andesite,

Flow layering occurs in all the rhyolites. The most conspicuous
develooment is in the rhyolites of the northeast portion of the area.
This feature is expecially abundant along the ridge in the NE;, sec. 8,
and the SW., sec. 5, T.32N., R.58., and in the “arble Creek shut-in in
gsection 21, T.32N., R.5E. Ab these localities it has no general trend
but suggests intricate involutions of the original lava. However, the
lgyering in the shut-in does seem most often to parallel the joint set
dipping thirteen degrees 5.637. The flow layering weathers into suall

ridges on the rock surface throughout the northeast portion of the area.
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“hile too little work has actually been done to determine the
over-all attitude of the flow structures with certainty, the flow lary-
ering most often observed is nearly horizontal or dips slightly west-
ward. This may be supporting evidence for a source area to the east.

Joints. Joint patterns in the Precambrian rocks are shown for
various locations on the structural overlay to Plate III. Since at
each location two or more joint sets intersect, the various joint pat-
tern are listed as "joint systems" on the overlgy.

The numerous joints measured in the area have been plotied to
show mutual relationships (see Figure 3). Each dot on the diagram rep-
resents the projection onto the upper hemisphere of a perpendicular to
a joint plane passing through the center of a sphere. These joints
show no distinct pattern except that most of them are vertical. This
indicates that horizontal pressures were less than vertical pressures
when they were formed. Such conditions would prevail in a cooling and
shrinking lava flow. Lack of a preferred orientation in the over-all
joint pattern indicates that the forces causing the joint fractures
were local and not regional.

Inspection of the joint patierns on the overiay may give the
impression that there is a general parallelism to many of the sets, but
the writer feels that the apparent parallelism is only local. In some
cases the change in dip and strike is rapid even within a few feet.

An extreme case of such a rapid change occurs in the center, N3, S3,
sec. 10, T.32N., R.L4E., where the joint sets were measured at two places
150 feet apart. Four sets were measured at the first place and six at

the second., Except for horizontal sets at both places, no two sets
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Joint pattern in the
Precambrian extrusive
rocks.

West East

Each dot represents the projection on the upper hemisphere of a tormal
to a joint plane passing through the center of a sphere. Two hundred seven
joints from all the exposed Precambrian rocks in the area are reonresented.

Figure 4

Idealized joint pattern in
the Bonneterre formation.
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Precambrian Kuob
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Joint sets intersect to form acute angles that face updip.
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were parallel. In order to avoid crowding and so as not to obscure the

sedimentary dip symbols to the south, these joint patternswere left off

the structural overlay. For the sake of completeness they are given

here:
First system:

1. UNearly horizontal, moderate.

2. N.lOB., vertical, strong.

3. N.Lhw., dips 58° N.L6E., strong.

. WN.53E., vertical, moderate to strong.

Second gystem:

1. Nearly horizontal, moderate.

2. N.28B., vertical, weak.

3. N.5W., dips 55%N.39E., strong.

he N.56V., dips 80° 3.3LW., moderate.

5. N.26E., vertical, moderate to strong.
6. N.lOT., dips 29° N.50E.

Note that joints number three in either gystem are fairly par-

allel and probably represent the same joint set. However, even so small

a variation, occurring as it does through the distance of 150 feet,
would seem to deny the set regional control.

Another indication that the joints are controlled by local ten-
sion rather than by regional stresses is the tendency of many of the
joints to curve into one another. This tendency was noted especially
for the three northeast trending, vertical joints in the NEj, 7.,
sec. 3, T.32N., R.E.

At first glance, the northeast trending joints in the vicinity
of King fault appear to be generally parallel, but closer inspection
shows that they vary in dip by as much as fifty degrees.

The structural overlay shows that joint systems of three verti-

cal joint sets intersecting at approximately sixty degrees are common.



Lo

These are probably crude counterparts of the joints that develop in
columnar basalts to form the hexagonal columns. The majority of the
Jjoints in the igneous rocks probably originated as contraction joints
due to cooling of the hot lavas.

King fault. A fault occurs in the Precambrian purple rhyolite
porphyry in the SW,, sec. 7, T.32N., R.5E. It is here called the King
fault because it is exposed on Bob King's land., The exposure is visi-
ble on the west bank of the stream in the WWi, SB;, SWi, sec. 7. Here
the rhyolite forms a butitress that juts into the siream from the west.
Horizontal flow bands in the rock are separated by quartz veins up to
two inches thick that strike N.S5E. and dip approximately forty-two
degrees east. Fault breccia clings to the north face of the buttress.
The breccia is about thirty inches thick and consists of gouge and fel-
site breccia fragments. The quartz veins pass from the buttress into
the breccia where they have been broken and dragged upward indicating
that the northern side is upthrown. HNorth of the buttress, the felsite
appears to have been shattered for about twenty feet and is covered with
small, shaley, fissile chunks of rhyolite.

Heave and throw cannot be determined. If the contact between the
breccia and the north face of the buttress can be considered the fault
face, it strikes almost due east and dips between seventy-five and
eighty degrees south. This indicates a normal fault since the north
gide is upthrown.

Other faults probably occur in the Precambrian rocks, but the
similarity'in appearance between the purple rhyolites hinders recog-

nition of fault zones.
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Upper Cambrian Structure

The Bonneterre formation appears to have no structures other
than original dip, due to sedimentation, and joints and increase of
original dip, due to differential compaction. Compaction faults may
also be present, but none were obsgerved.

Herbst (1952) shows a fault across sections 15, 16, and 22,
T.320., R.LE. Apparently it was used to explain the position of fine-
grained brown dolomite above the Light Gray dolomite. le considered
the brown dolomite as equivalent to the Lower Brown dolomite of this
report. Data from the present investigation indicate it belongs to
the Upper Brown dolomite member rather than the lower. On this basisg,
the fault of Herbst is unnecessary; and stratigraphic relationships
are normal.

Buried hill structures. The Cambrian sea invaded an area of

igneous knobs and ridges separated by deep valleys. In this environ-
ment, the sediments that were deposited received an original dip from
the slope of the sea floor. Ilater, differential compaction probably
increased the original dip to what it is today, with the sedimentary
rocks dipping away from the Precambrian kmobs and ridges.

The dip of the rocks varies continually both in direction and in
degree making it difficult to project any sedimentary unit without some
knowledge of the position and shape of the controlling Precambrian hills.
Thus the simple processes of sedimentation and differential compaction
have given rise to relatively complex structures which are difficult
to follow beneath the residuum. The structure is of little aid in
strata projection due to rapid variation in strike and dip of the sed~

imentary beds over short distances.
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Buried hills give an indication of their presence by the atti-
tude of the overlying sedimentary rocks., Based on this, it is proba-
ble that buried hills exist in the center, E}, NWi, NEj, sec. 21, near
the center of the line between sections 15 and 22, in the SW¥3, NE7,
sec. 15, and the SEZ, SEi, NEZ, sec. 23, T.32N., RJ4E. The saddle in
the S3, SE%, sec. 26, T.32M., R.hE.,Ais also probably underlain by
rhyolite. The buried hill indicated in the E%, NW%, NEZ, sec. 21,
T.32N., RJE., is probably either deeply buried or quite small judging
from the gentle dip of the sedimentary rocks above.

Joints. The Cambrian rocks are almost universally jointed.
These joints do not parallel the joints in the Precambrian rocks.
Evidently they have a different origin.

Generally a sedimentary outcrop has two vertical joint sets
that intersect forming an acute angle facing up dip toward the Precam-
brian knob or ridge on which the rock is resting. A third vertical
joint often trends parallel to the strike of the beds. An example of
this general relationship is seen in sec. 9, T.32l., R.4E., in the
sedimentary beds: dipping off the Precambrian knob. In the NEj, 5ij,
SE;.of that section, vertical joints strike N.58{. and N.737. A third
set strikes N.13E. and nearly parallels the strike of the beds. In the
center, S%, NEI of the section, joints strike N.28%¥. and N.BSE.

There are many exceptions to this general rule; and sometimes,
as beside Highway E in the center, S%, sec. 2L, T.32N., R.LE., one
joint set nearly parallels the dip and two others form an obtuse angle
facing updip. Insofar as the joints intersect to form an acute angle
facing updip, they tend to form radial joint patterns about the Precam-

brian highs. (See Figure L.)



The relationship of the joint patterns to nearby Precambrian
knoba sugzests that the fractures were formed through differential

o

compaction of the sediments during and after diagenesis.
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CORRELATION OF THE PREC AMBRIAN ROCKS WITH AERMWAGNETIC DATA

An aeromagnetic survey was made of the Des Arc Juadrangle in
March and April, 1946, by the United States Geolegical Survey in coop-
eration with the KMissouri Geolcgical Survey. The outcome of this work
was an aeromagnetic map of the gquadrangle. Survey data are given on
the map:
ee+s North-south traverses were flown at quarter-mile inter-
vals over the whole area, and were tied to nine east-west base-
line traverses used to correct for instrument drift and diurnal
variation. A constant barometric altitude of 1,800 feet above
sea level was maintained except in areas above 1,400 feet in
elevation, where the altitude was increased to clear all peaks
by about 500 feet.... The flight path of the aircraft was
recorded by a gyrostabilized continuous-strip camera, and a
gyrostabilized vertical sight was used to increase positional

accuracy. ("Total Intensity Aeromagnetic lMap of Des Arc Quad-
rangle, Missouri,' 1949.)

A portion of this map has been reproduced as an overlay for the
geologic map in this report in an attempt to correlate the Precambrian
rocks with the aeromagnetic data. (See the aeromagnetic overlay to
base Plate III.) In general one would expect that the aeromagnetic
regponge would be related tc the magnetite content of the various rock
types and to their topographic expression.

Magnetic susceptibilities (k) for the various igneous rock types
of the area were calculated using Slichter!s method (Dobrin, 1952, p.
108). 4According to this method, the volume magnetic susceptibility of
magnetite (0.2 cgs) is multiplied by the percent of magnetite present
by volume in the rock to obtain the magnetic susceptibility of the rock.

The following table lists the calculated susceptibilities:
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Magnetic 3Susceptibiiity of the Various
Igneous Rock Types in the Area

Rock Type Susceptibili ty
Undifferentiated

purple rhyolites (0.012 cgs)
Tile-red rhyolite (0.003 cgs)
Undifferentiated

basalts (0.030 cgs)
Lower Blue School

basalt (0.0L45 cgs)
Blue School tuff (0.009 cgs)
Upper Blue School

basalt (0.0L5 cgs)
Andesite (0,012 cgs)

Except for the tile-red rhyolite and the andesite, these values
are all higher than the maximum values given by Dobrin (p. 109) for
the respective rock types. The value for the andesite is slightly below
his average value of 0,0135 cgs for andesites; that for the tile-red
rhyolite is the same as his average value for rhyoclites.

On the aeromagnetic map of the Des Arc Quadrangle, the entire
area of this report stands out as a magnetic plateau with individual
highs rising above the plateau. This indicates that the area differs
essentially from the rest of the quadrangle to the south and west.

It apparently shows that the mapped area is covered by a relatively
thin veneer of sediments over the Precambrian basement while most of
the rest of the quadrangle has a heavy blanket of sediments penetrated
only occasionally by Precambrian knobs.

Within the area, the acromagnetic data generally correlate weil

with the calculated magnetic susceptibilities of the various rock types.
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Igneous areas where the tile~red rhyolite is exposed show much smaller
closures than the undifferentiated purple rkyolites or none at all.
The basalt areas give more pronounced magnetic highs than do the pur-
ple rhyolite areas of similar elevation.

The major exception to this correlation is over sections 1, 2,
11, 12, and 13, T.32N., R.4E., and sections 6 and 7, T.32W., R.5E.
Here topographically low rhyolite shows relatively high magnetic relief;
while topographically high rhyolite actually shows a magnetic depression.
Part of the difficulty may be in contouring. Evidence from the quad- .
rangle map shows that control is lacking for the valley area in the
center of the line between sections 11 and 12. The high through the
area might just as well have been contoured so as to show two separate
highs. Nevertheless, the problem of a magnetic high over relatively
low rhyolite and vice versa remains.

Three possible explanations for this incongruity are offered:
(1) an error was made in flight location; (2) the rhyolites beneath the
magnetic high contain more magnetite than is assumed, and those that
form the hill on the Iron-Madison county line contain less; or (3) a
body of rock with higher magnetite content is contained within the
rhyolite beneath the magnetic high. In support of the first possibil-
ity, the quadrangle map states that ten percent of its area had to be
corrected for locational errors, though it does not specify where.
However, the errors were termed minor; and it seems doubtful that errors
of as much as a mile were involved. Further sampling and thin section
study are needed to confirm or eliminate the second possibility.

A ground magnetic survey or profile would check on the third.
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The magnetic high in sec. 9, T.32N., R.4E., can be correlated
with topograpbically high basalt that rises to an elevation of 1,466
feet off the map to the west of the area. The magnetic readings rise
from a low of 2,250 gammas to 2,850 gammas within the area and tc a
nigh of 3,245 gammas about two miles to the northeast where a surface
guartz-specularite vein has been worked (Hayes, 1951, p. 126). Maxdimum
gradient over this anomaly within the mapped area is 600 gammas in
0.37 miles, This compares to a gradient of 2,725 gammas in 0.70 miles
at the Pea Ridge anomaly, 335 gammas in 0.35 miles at the Vilander
anomaly, and 1,095 gammas im 0.50 miles at the Kratz Spring anomaly
(Searight, Williams, and Hendrix, 195L, pp. 12-13). Realization that
the Sullivan-Bourbon area anomalies are due to a source buried beneath
a thousand or more feet of non-susceptible sediments while the anomaly
in section 9, T.32N., R.L4E., of this report occurs over exposed basalt
shows the latter anomaly to be an improbable indication of important
iron ore, A ground magnetic survey or profile could help verify this
conclusion,

Correlation of the aeromagnetic data with rock types indicates
that a buried igneous hill, probably purple rhyclite, should be found
beneath the residuum in the SEX, sec. L, T.3IN., R.UE.; in the WEZ,
sec. 29, T.32N., R.JUE.; and in the SW corner, sec 2, T.31N., R.LE.
However, the aeromagnetic data appear less sensitive in defiring small
buried Precambrian knobs than are the dips in the sedimentary rocks.
Note that none of the buried hills indicated by the attitude of the sed-
imentary rocks (see "Buried hill structures") is defined by the aero-
magnetic overlgy. A ground magnetic survey might prove more sensitive

in this respect than the aeromagnetic survey.



ECONOKIC POSSIBILITIES OF THX AREA

The Tom Sauk limestone as a source of agricultural lime, for use
in cement manufacture, or as terrazzo is the most promising economic
prospect in the area. Other possibilities include Precambrian iron
ores and the possibility of lead in the Bonneterre formation.

Tom Sauk Iimestone

The Tom Sauk limestone represents a potential scurce of agricul-
tural lime to replace the dolomite now being quarried at the little
towmm of Vulcan, about six miles south of the area, and at Piedmont in
Wayne County. Limestone, with its relatively low content of magnesia,
is superior as a source of lime to dolomite, which when pure contains
21.9 percent magnesia (Pettijohn, 1957, p. L18).

The Tom Sauk limestone occurs as two separate beds in the area.
Each bed is about twenty feet thick and separated by some twenty feet
of dolomite from the other. Both units could be quarried together with
the interbedded dolomite. The resulting calcium oxide content would
still be higher than the dolomite now mined. This would permit quarry-
ing of a sixty foot interval of rock material.

Actual outcrop areas of Tom Sauk limestone are shown on the aero-
magnetic overlay to Plate IIT. Likely localities for lime quarries
include the small nose in the center, SEZ, WW;, sec. 2L, T.32N., R.UE.,
and along the south side of the hill to the west where the upper lime-
stone crops out, attaining a thickness of about twenty-five feet; the

predominantly limestone hill that runs north-south through the I3,

sec, 18, T.3MN., R.5E.; the SW corner, sec. 17, T.32W., R.5Z., where 3



rock quarry was ornce started; tho soithwest bank of l'arble Creek in the
SW,, KE,, sec. 19, T.32N., H.58.; and the south bank of Marble Creek in
the S%, sec. 20, T.32'., R.58. 4 modest drilling program would proba-
bly reveal other possibilities.

Of the locations mentioned, the most favorable for a quarry
appears to be the hill in the E3, sec. 18, T.32N., R.5S. A quarry 100
feet wide and averaging Wirly fect deep along the west side of this
hill would yield 923,000 tons of rock, figured at thirteen cubic feet
per ton. The structural overlsyy to Plate III suggests that the hill
sits in the center of a sedimentary trough. If this is true, the juarry
strip coald be made wider and a higher tonnage obtained.

Besides use as an agricultural lime, the Tom 3auk limestone
might be used as a source of lime for manufacture of portland cenent.

To check on this possibility, twelve chemical analyses were obtained
from the Missouri Geological Survey for samples of Tom 3auk liriestone
taken from various localitics in “adison, Iron, and Reynolds Counties.
Although no samples were taken froa the arza under discussion, they can
probably be considered generally represantative of the Tom Sauk lime-
stone there.

Kagnesgia (¥g0) varies in amount from 0.7 percent tc 7.51 percent.
Average for the twelve samples is 2.52 percent. MNagnesia for a portland
cement lime must be kept low since in the final product it cannot exceed
five percent.

Iime (CaQ) ranges from 45.24 to 5Sh.O4 percent and averages 5C.39
percent. Ranges of other constituents that might be of interest in

. . 8 verceib: 1.7
cement manufacture are given as follows: 5105, 0.79-3.58 perceat; 1l,04,
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0.35-3.25 percent; Fezoj, 0.16-0.68 percent; P»0g, 0.006-0.021 percent,
with one anomalous high of 0.004 perceunt; Ti0,, 0.98~0.2)y percent; and
1n0,, 0.034~0.106 percent.

Dake (1930, p. 70) gives'a single analysis of Tom Sauk limestone.
It was probably taken from the area of this report since it was said to
have been "on i‘arble Cr=ek, in Iron County..." <EEE§" p. 69). Though
he states that it is from the S3%, sec. L, T.327., R.J4E., he must have
meant the S;~of section 2l since the first location is not on NMarble
Creek. The analysis is as follows: (a0, 53.73 percent; kg0, 2.20 per-
cent; 5105, 0.31 percent; Feplds, 0.17 parcent; Al,03, 0.95 percent;
(Na,K)50, 0.1h percent; and loss on ignition, L3.12 percent.

Another possible use for the Tom Sauk limestone is for maldng
terrazzo. The stone has beautiful colors and texture, and it takes a
fine polish. If it were not for the numerous clay and calcite veinlets
running through the rock, it could be used as commercial marble.

Among the chief obstacles to use of the limestone is lack of rail
and good highway facilities. Though Highway E is blacktopped in Iron
County and graveled in Madison County, it would not support much heavy
traffic in its oresent condition. The Missouri Pacific Railroad has a
line between Ironton and Annapolis. It might be feasible to run a
branch line down Marble Creek valley to the limestone area, a distance
of about eleven miles.

Besides transportation difficulties, use of the limestone in
cement manufacture faces three other problems: (1) no large ceument

market is nearby; (2) the interbedded dolomite could not be used with

the limestone (also true if it is to be used as terrazzo); and {3) no



shale is available as a source for 510, and A1203. The last problen
might be solved by using alluvial clays from Marble Creek valley.

Other Economic Possibilities

Other economic possibilities in the area include the Blue School
tuff as a possible low-grade iron ore, and the Bonneterre dolomite as
a possible host for lead ores. 4iny iron ore body related to the mag-
netic high in section 9, T.32N., R.4E., is improbable since the high
occurs over exposed basalt that has a magnetic susceptibility of 0.030
czgs., In addition, the basalt forms a topographic high. A ground sur-~
vey or profile over the area would demonstrate whether the anomaly is
dus to a deep seated source or to the surface rocks.

Thin section study shows the Blue School tuff in the 3i,, N7V,

Wi, sec. 14, T.3M., R.4E., consists of approximately twenty-eight
percent iron. This percentage is estimated on the basis that the rock
is thirty-seven percent hematite and three percent magnetite by volume.
Calculated on a weight percentage, the iron content would be even higher
since the other constituents present (calcite, plagioclase, and quartz)
are relatively light.

The tuff appears to be about thirty feet thick and apparently
underlies the whole hill. If it maintains the same iron content
throughout, it could constitute a low grade iron ore. Very rough cal-
culations based on inferred distribution suggest a maximum tonnage of
about 5,000,000 tons,using ten cubic feet per ton. Detailed surface
mapping and thorough sampling are needed to define the potential of the
body and to determine if further work is justified.

Compact and spongy hematite float, pseudomorphic after pyrite

i3 found in the streams at the base of the igneous knob in the E%, SeC e
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9, Te32., RJE. Such float was probably derived from filled sink

structures so common in goutheast ¥issouri. In these, pyrite and mar-

[¢]

asite have besn oxidized to hematite and limonite (Grawe, 1945, p.
139). These deposits are of little economic importance.

lead ores occur in the Bomneterre formation throughout the St.
Francois Mountains area, so the possibility exists that such bodies
could be present in the mapped area. 4 local resident presented the
writer with a galena pebble that allegedly came from the hillside in
the NW&, S?i, NW%, sec, 23, T.32N., R.4E. However, the fact that zone
1 of the Bonneterre, the most favorable lead-bearing zone according to
Mcueen (1943, p. 8), is not exposed in the area makes it improbable
that lead ore will be found there. Neither can the favorable Lamotte

pinch-out zones be expected since the Lamotte is not present.



GECLOGIC HISTORY AND SUMMARY

This brief swamary of the geologic history of the area is pre-
sented as a review of the foregoing sections. The objective is to
focus the reader's attention on the more important concepts presented.

The oldest rocks exposed in the area are Precambrian rhyolite
flows. These appear to have come from the east. Later, rhyolite of
slightly different composition, with a possible source area to the
northwest, flowed across areas of low relief in the original rhyolites.
More basic magmas then gave rise to basalts. Later, probably through
a process of fractional crystallization, andesitic flows were extruded.
This basic magma was evidently of the tholeiitic type (as defined by
Turner and Verhoogen, 1951, pp. 176-177) since no olivine is present in
the basalts and since the andesites contain much quartz in amygdules
and connecting veinlets. Even the basalts contain some amygdaloidal
quartz. The gquartz was probably a late differentiation product of the
tholeiitic magma, much of it trapped within the already crystallized
rock, some of it probably segregated and free to move through cpenings
in the rocks.

How much time elapsed between emplacement of the rhyolites and
emplacement of the basalts is unknown, but it must have been consider-
able since the rhyolites appear to have been deeply eroded before the
basalts were erupted. The latter are restricted to a low area in the
rhyolites through central Marble Creek valley.

Numerous contraction joints formed in all the flows during cool-

ing. Faulting, i.e., the King fault, occurred at some time, though



57

when i1s uncertain. All that can be said positively is that it was post-—
early rhyolite, The sams i3 true of the introduction of the quartz veins,
Those in the lower Blue Scheol basalt, however, can be dated as post-
early basalt. Evidence for intense deformation of the extrusive igneous
rocks was not observed in this area. Much work remains to be done on
structural relationships in the Precambrian rocks.

A long period of terrestrial erosion and apparent stability
followed extrusion of the andesites, though possibly not before other
rocks, later removed, were extruded. During this period the Precam-
brian rocks were eroded essentially to tne forms they show today.

A drainage pattern with a general southwest trend developed. Slow inun-
dation of the area by Upper Cambrian seas allowed deposition of the
Bonneterre, Davis, Derby-Doerun, Eminence, and Potosi formations. The
seas remained into Ordovician times that resulted in deposition of the
Gasconade and Roubidoux formations. Whether later sediments were
deposited in the area is purely speculative since no remnants of these
are found.

During Bonneterre times, conditions favoring formation of lime-
stone over dolomite prevailed locally for short periods of time, as
evidenced by the presence of the Tom Sauk limestone beds. This assumes
that the dolomite was syngenetic or was formed during early diagenesis.
Tavorable locations in this area appear to have been areas sheltered
from the open Cambrian seas. Introduction of fresh waters from the land
areas into such isolated embgyments kept them fresher than the open sea
and more favorable to limestone accumulation (Brightman, 1938, pp. 263-

265). Near the felsite knobs, deposition of clastic materials produced
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the arkosic sandstone and conglomerate facies in the Iight Gragy dolomite
member. After deposition, differential compaction increased the origi-
nal dip of the sediments and caused joints to form.

Using purely deductive reasoning, the long time span between
Roubidoux deposition and the present, some 367 million years, would
seem to necessitate deposition of later rock units than the Roubidoux.
If the area were uplifted immediately following the deposition of the
Roubidoux formation, surely 360 million years of erosion would have
reduced the area below its present-day surface and removed all the
sediments. If, on the cther hand, uplift did not take place , further
accumualation of sediments should be expected., I'rom this, two possible
éonclusions can be drawm: Either further accumulation toolk place, or
the sea remained so near the land surface that neither substantial
erosion nor accumulation took place. Of course, further accumulation
of sediments would not eliminate the possibllity of there being periods
of erosion other than the present. At any rate during some period after
Roubidoux deposition, uplift occurred and the formations overlying the
Bonneterre were eroded and removed. A heavy residuun formed over much of
the land, and present-day topography expressed itself.

Tectonically, the area has been relatively stable throughout

geologic times.



CCNCIUSIGHS

The numerous conclusions drawn during the course of this study
are presented in the general order in which they occur in the fore~
going sections., The chief objectives of this investigation have been
realized with the exceptions that the purple rhyolites and some of the
basalts have not been subdivided and the Precambrian rocks have not
been correlated. A more comprehensive study that would include the
Preqambrian rocks of the St. Francois Mountains area altogether is needed
to make such a correlation properly. Other conclusions not originally
contempiated, such as correlation of the igneous rock types with aero-
magnetic data, have been realized.

Earliest rocks exposed in the area are the Precambrian rhyolites.
Two varieties are recognized in the field: tile-red rhyolite porphyry
and purple rhyolite porphyry. Next in age are the diabase dike in
section 35, T.32N., R.L4E., and the basalts. At least two basalt flows
are present as indicated by the Blue School basalts which enclose a
tuff. The same magma that produced the basalts, probably later gave
rise to an andesite through a process of fractional crystallization.

Both varieties of rhyolite form very fine, extensive outcrops
while the basalts and andesite produce very poor, small outcrops. This
indicates that the rhyolites are much more resistant to weathering and
erosion,

The many small northeast trending quartz veins found in the Pre-

cambrian rhyolites are probably all part of the same system and are
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post-rhyolite. They may be related to the Silver Mine area veins, but
the latter have an east-west trend and contain metalliferous values.
The veins within the area do not show such mineralization.

The Bonneterre formation is the only Paleozoic rock unit exposed
in the area. Younger formations have all been removed by erosion, and
the older Lamotte sandstone was never deposited. Three members of the
Bonneterre are recognized. These are ccrrelated with zones 2, 3, and
L proposed by YcQJueen and Stewart for the Bonneterre of the Frederick-
town area. Their zone 1, the most favorable for lead ore, is not
exposed in the area and probably was never depcsited.

The Light Gray dolomite member, correlated with zone 3 of
McQueen and Stewart, contains interbedded Tom Sauk limestone and arkosic
sandstone and conglomerate facies, Two digtinct units of Tom Sauk lime-
stone separated by dolomite are recognized. These beds formed in shel-~
tered areas of the Cambrian sea., The arkosic facies were formed from
clastic materials deriwved from the Precambrian rocks.

Channel-like structures beside Highwgy E in section 15, T.32N.,
R.IE., need further investigation to determine their origin. It is
suggested they may be sand bars formed at subsequently higher levels on
the sea floor or beach structures formed beside a rising sea.

Residual materials covering most of the upland areas have been
derived from the Davis, Derby-Doerun, Potosi, Eminence, Gasconade, and
Roubidoux formations.

Precambrian structure consists in gently dipping flows, primary
flow structures, joints, a diabase intrusion, a fault, and a local flex-

ure or tilted fault block. More work is required to resolve the flow
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structures in the rhyolites. Most of the joints in the Precambrian
rocks probably resulted from contraction of the rocks during cooling.
Faults other than King fault possibly occur in the rhyolites but have
gone undetected due to the lithologic similarities of the various
rhyolite flows.

Chief structures in the Bonneterre formation are initial dip and
differential compaction joints. Buried Precambrian knobs are indicated
by the dips in the overlying sedimentary rocks.

J For the most part aeromagnetic data correlate well with the rock
types in the area. The major exception is data for sections 1, 2, 11,
12, and 13, T.32N., R.4E. This may be explained as due to locational
errors, to major changes in rock susceptibilities, or to the presence
of a buried body of higher magnetite content than the surrounding rock.
No buried iron ores are indicated by the magnetic data.

The aeromagnetic data are not sensitive to the presence of small
buried Precambrian hills despite their general correlation with the
igneous rock types. A ground survey might prove more sensitive in this
respect.

The aeromagnetic map for the whole Des Arc Quadrangle shows the
mapped area to be a magnetic plateau and suggests that it differs
essentially from the rest of the gquadrangle.

The Tom Sauk limestone is the best economic mineral prospect in
the area. It might be used for agricultural lime, manufacture of port-

land cement, or terrazzo if transportation and other problems could be

solved.

There is some possibility that the Blue-School iron-bearing tuff

might prove to be a small, low grade iron ore. More surface work and
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sampling are necessary to check this possibility. Tonnage estimates
for the known exposures do not exceed 5,000,000 tons and are not
encouraging.,

Evidence for lead ores in the Bonneterre formation is discour-—
aging, especially since the most favorable lead-bearing zone, zone 1
of McQueen and Stewart, is not exposed in the area and was probably not

deposited.



APPENIIX:

THIN SECTION STUIY

0

REPRESENTATIVE IGNEOUS ROCKS



SAMPIE NUMBER: 11294-13-1 (Tile-red rhyolite porphyry).

LOCATION: Leatherwood Creek shut-in, NEL,NEX, NEi, sec., T.3I1N., R.LE.,
Iron County, Missouri.

AGE: Precambrian.

HAND SPECIMEN IESCRIPTION

Rock 1s uniformly tile-red in color and contains § to 6 percent
feldspar phenocrysts that range from microscopic to 2 mm. across. The
rock breaks with a smooth, conchoidal fracture. No grain orientation
or flow structures are visible.

THIN SECTION IESCRIPTION

Textural Characteristics

Grain sizes range from submicroescopic in the matrix to 1.8 mm. by
0.9 mm. Euhedral to anhedral phenocrysts from O.l mm. up comprize about
7 percent of the slide. No preferred orientation is shown. Many spher-
ulite structures are present in the matrix.

Mineralogz

Potash feldgpar: Potash feldspar makes up about 63 percent of
the rock. Three percent is in anhedral to euhedral perthite pheno-
crysts. Two percent of the slide is albite in the perthites. The
perthite phenocrysts range in size from 0.1 mm. long to 1.8 by 0.9 mm.;
average size is about 0.9 by O.h mm. The potash feldspar in the matrix
was determined by staining techniques. Much of it occurs in spherulites.

Plagioclase: Plagioclase phenocrysts (Ab67) comprize about 1
percent oI the rock. Average size is about 0.9 mm. by O.4 mm. More
plagioclase is present in the matrix.

Quartz: A single equant, 0.1 mm. phenocryst of cryptocnys?alline
quartz Is present in the slide. More quartz is probably present in the
matrix.

Matrix: The matrix comprizes about 93 percent of the slide.
Sixty percent consists in potash feldspar, and the remainder is very fine
grained quartz and plagioclase. The fine texture of the matrix pre-
vents distinction between the gquartz and plagioclase.

CLASSIFICATION

On the basis of this thin section study, the rock is classified
as a rhyolite porphyry according to the classification of Pirsson and

Knopf .
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SAVPIE NUMBER: 11294-26-1 (Blue School tuff).

LOCATION: Hillside east of Blue School, in the SWi, N¥;, SWi, sec. 1,
T3MN., R.AE., Iron County, Missorui.

AGE: Precambrian.

HAND SPECIMEN DESCRIPTION

Rock is dull, dark purple with elongated, reddish purple pat-
ches parallel to one another. The rock surface is speckled with small
patches of white calcite which react vigorously with dilute hydro-
chloric acid. Alternating bands of dark purple and reddish purple are
evident on the rock surface. The calcite patches are also elongated
parallel to the purple bands.

THIN SECTICN DESCRIPTION

Textural Characteristics

Most obvious textural characteristic is an alternating of bands
about 0.5 mm. wide, of predominantly calcite, hematite, and matrix,
regpectively. None of the bands consist exclusively of one material,
however. Hematite and matrix surround rounded calcite grains up to
Ot mm. long in the predominantly calcite zones. Hematite forms a net-
work of tiny veinlets through the zones that are predominantly matrix,
and calcite occurs in scattered grains. ILikewise, the predominantly
hematite zones contain grains of both matrix and calcite,

Mineralogx

Hematite: Hematite comprizes about 37 percent of the section by
volume. 1T occurs in bands, in a veinlet network in the matrix, and
interstitial to the calcite grains.

Calcite: Another 35 percent of the section consists of calcite

in rounded, egg-shaped grains ranging from less than 0.0l mm. to O.4 mm.
long. Average size is about 0.2 mm.

Matrix: The matrix, comprising some 20 percent of the rock, con-
sists in very fine grained plagioclase laths less than 0.0l mm. long in
a pyroxene groundmass. (A single plagioclase grain 0,1 mm. long was
observed.) Alone, the matrix has the mineralogy of a basalp, but it is
finer grained than the other basalts in the area. It contains numerous
round to tear-drop shaped fragments of like texture and mineralogy.
These fragments range from less than 0.01 mm. to 0.08 mm. in length.

Quartz: About 5 percent of the rock consists of equant grains
of gquartz in the matrix. These grains average about 0.05 mm. across.

Magnetite: About 3 percent of the secti?n is magnetipe associ~
ated in stringers and equant, anhedral grains with the hematite.
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CLASSIFIC ATION

On the basis of the rounded and tear-drop shaped fragments found
in the matrix, of the fine texture of the matrix, and of the apparent
layering in the rock as a whole, this rock is classified as a tuff,
though it has some characteristics of a welded tuff of unusually basic
composition. The shape of the fragments suggests particles blown into
the air, and the very fine texture in the fragments suggests rapid
cooling that would result from such an origin. The hematite and cal-
cite may be secondary replacements of the original basaltic tuff, which
was probably more porous than the overlying and underlying basalts.
Further work is needed to verify replacement as the mode of origin for
these minerals.
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SAMPIE NUMBER: 1129A-26~3 (Dacite-Andesite).

LOCATICH: Hilltop east of Blue School, in the NW., NEZ, sec. 1,
Te32N., R.LE.

AGE: Precambrian.

HAND SPECIMEN DESCRIPTICN

Rock is very dark purple with white quartz-filled amygdules and
plagioclase phenocrysts. Green patches of chlorite are associated with
the amygdaloidal quartz. Lineation and grain orientation are absent.
The quartz in the amygdules constitutes about 25 percent of the rock.
Chlorite constitutes L to 5 percent, and plagioclase phenocrysts an
additional 5 percent. The rest of the rock is too fine grained to
determine the individual constituents. Largest amygdule is 11 mm. long;
the smallest is just visible. Plagioclase phenocrysts range from micro-
scopic to 1.5 mm. long. Average size is about 0.7 mm. Chlorite patches
range up to 2.5 mm., average about 1.5 mn.

THIN SECTICN IESGRIPTION

Textural Characteristics

Grain sizes range from submicroscopic in the matrix to euhedral
plagioclase phenocrysts 1.5 mm. by 0.8 mm. Wo preferred orisntation is
evident., fontains network of quartz veinlets connecting quartz-filled
amygdules.

Mineralog[

Plagioclase: Thirty-seven percent (17 perceut in phenocrysts,
20 percent in the matrix) of the rock consists of plagioclase (Abgs)e
If the amygdaloidal and veinlet quartz is discounted, the rock is éifty
percent plagioclass. Phenocrysts are euhedral to subhedral and show
albite, carlsbad, and pericline twinning. Largest phenocrysts are
0.8 mm. by 1.5 mm. Average size is about 0.5 mm. hy 0.3 mm. Andesine
in the matrix consists of numerous thin laths ranging from submicro-
scopic to 0.2 mm. long separated by interstitial potash feldspar.

Potash feldspar: Potash feldspar comprises 18 percent of the
slide or, discounting the quartz, 2 percent. It all occurs in the
matrix, interstitial between the plagioclase laths.

Juartz: Cryptocrystalline guaritz in a network of wveinlets and
rounded amygdules constitutes about 35 percent of the section. Largest
amygdule present is 2.9 mm. by 5.2 mm. Veinlets range from less t?an.
0.1l mm. to 2.2 mm. wide. In places sharp-angled microscopic breccia is
interlaced by quartz veinlets. Veinlets sometimes cut andesine pheno-

crysts.
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. lMagnetite: Two percent of the rock consists of equant magnetite
phenocrysts with an additional 2 percent in the matrix.

Chlorite: Chlorite comprises about 5 percent of the slide.
It is associated in thes amygdules with the quartz.

Calcite: Calcite is also associated with the quartz, but not
with the chlorite. It comprises about 2 percent of the slide,

CLASSIFICATION

On the basis of this thin section study, the rock is classified
as an andesite according to the classification of Pirsson and Xnopf.
This assumes that the gquartz is not an integral part of the rock. If
the quartz is considered a part of the rock, it is a dacite.



69

SAMPLE NUMBER: 11294~27 (Lower Blue School basalt).

LOCATION: ‘West of Highway E, in the SW), NEZ, SE;, sec. 15, T.32M.,
R.JE., Iron County, Missouri.

AGE: Precambrian.

HAND SPECIMEN DESCRIPTION

Rock is grayish black and vesicular and so fine grained as to
obscure all the minerals present. Vesicles range from less than 1 mnm.
to L mm. and average about 1.5 mm. across. Density of the vesicles is
about one per square inch. The rock breaks with a slaty appearance
with many parallel surfaces 2 to 5 mm. apart. Occasional vesicles are
filled with quartz.

THIN SECTICN DESCRIPTION

Textural Gharacteristics

Section is exceptionally uniform in texture. Rare plagioclase
phenocrysts 0.2 mm. in length are present. 1lost of the rock consists
of plagioclase laths less than 0.l mm. long with interstitial augite.
Texture is ophitic.

Mineralogy

Plagioclase: Sixty percent of the section consists of plagio-
clase laths with an average length of 0,08 mm. The albite~anorthite
content was not determined due to the difficulty of finding properly
oriented crystals sufficinetly large to measure extinction angles.

Laths are subhedral to euhedral.

Augite: Interstitial augite comprises about 25 percent of thne
section. It is mostly anhedral, rarely subhedral, Individual grains

average about 0,01 mm. across.

Magnetite: The section contains about 15 percent magnetite in
equant, anhedral grains that average about 0.0l mm. across.

Hornblende: Rare grains of hornblende were observed. These
were all less than 0.005 mm. long.

CLASSIFICATICN

This rock is classified as a basalt according to Pirsson and
Knopf 's classification.
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SAMPLE NUMBER: 11294-35 (Purple rhyolite porphyry).

LOCATION: Streambed north of road in the center, W3, SW3, sec. 35,
T.32N., R4E., Iron County, Missouri.

AGE: Precambrian.

HAND SPECINEN DESCRIPTION

Rock is purple, porphyritic, non-porous. Phenocrysts are potash
and plagioclase feldspars, quartz, and magnetite. The feldspars are
both pink and gray and constitute some 30 percent of the rock. They
range in size from microscopic to 3 mm. long. Quartz phenocrysts form
7 to 8 percent of the rock and range in size up to 2 mm. lagnetite
phenocrysts constitute between L and 5 percent of the rock and range
f?ogb?icroscopic to 2 mm. No grain orientation or flow structures are
visible.,

THIN SECTICN DESCRIPTION

Textural Characteristics

Grain sizes range from submicroscopic in the groundmass to pheno-
crysts .1 mm. by 2.9 mm. The phenocrysts show no preferred orientation
or association. They range from euhedral feldspar laths to anhedral
quartz and magnetite, all embedded in the very fine matrix.

Plagioclase: Plagioclase phenocrysts (Abg,) form about 20 percent
of the Tock. They are in the shape of euhedral é% subhedral laths rang-
ing in size from 0.1l mm. long to 2.9 mm. by L.l mm. Average size is
approximately 2.3 mm. by 0.9 mm. An additional 15 percent of the rock
consists of plagioclase laths in the matrix.

Potash feldspars: Potash feldspar occurs mainly in perthite
phenocrysts with albite and in the matrix. It constitutes some 43 per-
cent of the section. Minor orthoclase phenocrysts are present. The
matrix is about 30 percent potash feldspar. The perthite phenocrysts
make up 13 percent of the section and are about 38 percent albite.
They range in size from O.1 mm. by 0.05 mm. to 1.2 mm. by 2.6 mme

Quartz: Quartz occurs in anhedral phenocrysts that range from
less than 0.1 mm, to 1.2 mm. 0.6 mm. across and constitute some 12
percent of the rock. Another percent quartz occurs in the matrix.

Magnetite: Anhedral magnetite makes up about 5 percent of the
section, Four percent is in anhedral, equant phenocrysts that range from

less than 0.1 mm. to 1.8 mm. across.



Calcite: About 1 percent of the section consists of calcite
which partially replaces both plagioclase and perthite phenocrysts.

CLASSIFICATION

On the basis of this thin section study, the rock is classified
as a rhyolite porphyry after the classification of Pirsson and Knopf.
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