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GEOLOGY AND DOLOMITE RESOURCES, MILL CREEK-
RAVIA AREA, JOHNSTON COUNTY, OKLAHOMA

By WiLniam E. HaMm

ABSTRACT

The Mill Creek-Ravia area covers about 15 square miles in the
east-central part of the Arbuckle Mountains and contains the best

known and perhaps the largest reserve of high purity dolomite in
Oklahoma.

Exposed within the area is a suecession, 1,875 feet thick, of Upper
Cambrian sedimentary rocks, which in most places dip 10° to 20°
westward and are the oldest beds in a thick sequence of Paleozoic
strata that forms the west limb of the Tishomingo anticline. This
anticline is 7 miles wide in the mapped area and is sharply delimited
to the north and south by northwest-trending faults whose strati-
graphic displacement locally exceeds 7,500 feet. The principal
modification of the westward homoclinal dip is by minor faulting in
the central and southern parts of the anticline. In the northern
part of the area four inliers of pre-Cambrian Tishomingo granite
formerly stood as islands in the Upper Cambrian sea, around which
dolomites and sandstones were deposited with initial peripheral dips.
About 950 feet of strata was laid down before the highest island
was submerged.

The sequence of Cambrian formations consists, in ascending
order above the pre-Cambrian granite, of the Reagan arkosic sand-
stone, Honey Creek sandy dolomite, Fort Sill limestone and dolomite,
Royer dolomite, and Butterly dolomite. These formations were de-
posited in a marine environment, they are sparingly fossiliferous,
they contain practically no chert, and all are unmetamorphosed except
for local recrystallization and cementation in intensely disturbed
areas.

The arkosic Reagan sandstone was derived largely from the pre-
Cambrian granite and was deposited upon an irregular, eroded
surface, so that its thickness varies directly with pre-Reagan topogra-
phic relief, In the central and southern parts of the mapped area
the granite floor was essentially smooth and the Reagan is uniformly
about 350 feet thick. In the northern part, a conspicuous granite
hill that rose high above the basement floor was progressively sub-
merged by successively higher sandstone beds, until finally it was
covered by the uppermost 31 feet of the Reagan. Lithologically the
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Reagan is medium-grained sandstone containing 30 percent feldspar,
with a basal layer and many intraformational lentils of sandy quartz
conglomerate. (Glauconite and dolomite cement oceur sporadically,
chiefly in the upper part of the formation.

The Honey Creek formation consists of (a) a lower division of

glauconitic dolomite containing about 50 percent arkosic very fine
sand and silt, near the middle of which is a brachiopod zone char-
acterized by Billingsella cf. coloradoensis, and (b) an upper division
of non-sandy, non-glauconitic dolomite. These dolomite strata are
equivalent to limestone at the type locality of the Honey Creek near
U. S. Highway 77 in the Arbuckle anticline. The formation in the
Mill Creek-Ravia area is 63 to 234 feet thick, being thinnest in the
northern part of the area where buried granite highlands resulted
in local shallower seas. The lower sandy division is suitable for the
manufacture of rock wool.

The Fort Sill formation marks the base of the Arbuckle group
and is separated from the underlying Honey Creek by an erosional
unconformity. In the area of granite inliers the formation is 193

feet thick and is composed of dolomite, whereas southward from the.

inliers it is about 400 feet thick and consists of a lower division of
thick-bedded limestone, a middle division of dolomite and dolomitic
limestone, and an upper division of dolomite. The lateral gradation

of limestone into dolomite was thus favored in localities where the

strata are abnormally thin. Algae have contributed significantly
to the building of these carbonate rocks.

The Royer formation is consistently about 550 feet thick and is
composed of high purity, light-colored, coarse- to medium-crystalline
dolomite. Chert is lacking and arkosic sand is rare except around
granite inliers. Insoluble residue study reveals that silt aggregates
and authigenic, euhedral adularia are common impurities. The upper
part of this dolomite unit is equivalent to nearly all the Signal
Mountain limestone in the U. S. Highway 77 section.

The youngest Cambrian formation is the Butterly dolomite. Its
thickness ranges between 333 and 435 feet, the difference being the
result chiefly of erratic gradation into limestone of the overlying
McKenzie Hill formation of Lower Ordovician age. Arkosic sand
and quartz druse in small masses occur throughout the Butterly and
render it unfit for chemical use. Cream-colored, finely crystalline,
laminated thin beds of dolomite constitute the distinetive lithology
by which the formation ean be identified.

The reserves of high purity dolomite within the Mill Creek-Ravia
area are contained largely in the Royer. It crops out over about
1,400 acres and contains at least 150,000,000 tons of dolomite that is

readily accessible by open pit or open face quarry methods. From
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nine analyses of outerop samples, taken to represent the stratigraphie
and geographic range of the formation, it is known that the average

.eomposition is 96.86 percent theoretical dolomite, Ca,Mg(COy)s, and

2.24 percent excess calcite, CaCO,, or a total carbonate content of
99.10 percent. The calcite, present mostly in the form of radial-
fibrous aggregates encrusting cavities, is a weathering product and
does not oceur a few feet below the surface.

Commercial production of dolomite, began in June, 1948, with the
opening of a quarry in the Royer formation in the central part of the
area and shipment of the stone for flux in iron ore smelting and for
the manufacture of glass, The quarried stone contains 98.98 percent
theoretical dolomite.
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INTRODUCTION

Purpose of report. Beginning in 1942 the Geological Survey
received many requests concerning deposits of high grade dolomite
in Oklahoma. These requests resulted from interest in the use of
dolomite as an ore of magnesium metal, as fluxing stone for iron
smelting in east Texas, and in the possibilities of using Oklahoma
dolomite for glass-making and refractories.

Up to 1948 no dolomite had been quarried in the State for
purposes other than railroad ballast and agricultural or structural
stone, and but little information was available on the quality and
extent of the known deposits. Petrological information in 1928,
together with a few more recent analyses, indicated the possibility
of large deposits of dolomite in the lower part of the Arbuckle lime-
stone in the Arbuckle and Wichita Mountains. Field reconnaissance
in the Arbuckle region revealed that large deposits of high-quality
dolomite, accessible to railroad transportation, are centered in the
vicinity of the villages of Mill Creek and Ravia, Johnston County,
and this area was investigated in detail. The present report describes
the geology of the Cambrian rocks in the Mill Creck-Ravia area
and gives chemical analyses of high grade Royer dolomite. In-
cluded is 2 map of the area which shows for the first time the out-
crop of the Royer and associated strata, and from which a readily
accessible reserve of 150,000,000 tons of high grade dolomite is
indicated.

Location of area. The area mapped for this report lies near
the southern edge of the central part of the Arbuckle Mountains,
in south-central Oklahoma (fig. 1). It covers, roughly, the eastern
half of T. 2 S., R.4 E., together with 3 tiers of sections along the
east line of T. 3 S,, R. 4 E,, all in the west-central part of Johnston’
County. The strip is 10 miles long north-south, 1 to 3 miles wide,
and includes a total of about 15 square miles. Mill Creek, Ravia,

- and Troy are the nearest villages and from the first two the area

takes its name.
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The St. Louis-San Francisco (Frisco) Railroad runs between
Mill Creeck and Ravia, about 2.5 miles east of the mapped area
(PL. I). A graveled highway, Oklahoma State Highways 12 and
22, parallels the railroad. A network of paved roads surrounds the
area and provides easy access to the general region. From Mill
Creek, by road, it is 12 miles to Sulphur, 30 miles to Ada, and 40
miles to Ardmore. It is 91 miles, airline, from the center of the
area to Oklahoma City, 137 miles to Tulsa, Oklahoma, and 120
miles to Dallas, Texas.

The roads into and within the area itself are those used chiefly
by ranchers. The best road leads from Mill Creek to the South
and Daube ranch-houses. This road is graded, drained, and easily
passable except immediately after heavy rains. Another is a well-

marked trail entering the area from the north, from the Farm-

Market road 3.0 miles west of Mill Creek. Also there are many
secondary trails, made by the ranchers and used to truck cattle
feed in the winter. There are no roads leading eastward toward
Ravia from' the southern part of the area. ‘

- In June, 1948, a narrow-gauge rail and paralleling truck road
were completed by the Rock Products Manufacturing Company,
Ada, Oklahoma, from a siding on the Frisco Railroad 1 mile north
of Troy, to outcrops of the Royer dolomite in the NW14, SW4
sec. 36, T.2 S, R. 4 E. The distance by rail is 3 miles. With com-
pletion - of these roads and the opening of a quarry at the rail
terminus, the high-grade Royer dolomite is now being produced
and is currently being shipped as fluxing stone to the blast furnace
at Daingerfield, Texas.

Topography. The typical surface expression of the Arbuckle
Mountains is a peneplaned upland surface developed on the tilted
and eroded edges of the sedimentary rocks of the region, and dis-
sected to slight or moderate relief by small streams. On a small
scale this topography is characteristic of the Mill Creek-Ravia area.
The dominant feature is a broad upland, sfoping almost imper-
ceptibly from a maximum altitude of about 1,150 feet in the
northern part of the area to 900 feet at its southern edge! The

17, $. Geol. Survey, Topographic Map, Tishomingo Quadrangle, Oklahoma, 1903,
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lowest altitudes are along the channel of Mill Creek, which descends
from about 950 feet at the north edge of the map to 675 feet at the
south edge. Mill Creek is a perennial stream flowing near the
east margin of the Paleozoic sedimentary rocks and emptying into
Washita River 3 miles south of the area. Many spring-fed streams
flow eastward to Mill Creek from the upland divide. These streams

"have cut into the broad margin of the divide several widely flaring

valleys 100 or more feet deep. , Many of the smaller streams and
ravines have narrow, V-shaped valleys in which there are numerous
small falls and rapids. The outcrops of Royer dolomite are located
along this dissected margin of the upland and many natural quarry
sites have been formed.

The upland is almost devoid of trees and has many bare rock
outcrops of limestone and dolomite, so that it is locally known as
the “rock prairie”. There is a very thin covering of soil, except in
the swales or meadows where prairic grasses thrive. The land is
used mainly for pasturing beef cattle and is sparsely settled by
ranchers, there being only three ranch houses in the mapped area.
The area covers parts of the Penner, South, Chapman, and Daube
ranches.

The “rock prairie” extends about 3 miles west of the mapped
area to the valley of Oil Creek, where the topography is more
rugged, there is less grass for pasture, and good roads or trails are
lacking.

In the eastern part of the area oak and hickory trees grow in
profusion on the outcrop of the Reagan sandstone, Honey Creek
sandy dolomite, and granite. The sedimentary beds generally form
an east-facing escarpment, increasing in height southward along
Mill Creek, that overlooks the rolling granite plain. On the granite

lain there is little relief except for one hill that forms a prominent
landmark about 100 feet high in the SEY sec. 14, T. 2 S, R. 4 L.
In the same general locality, in parts of sections 14, 15, 22, and 23,
two small topographic basins have been eroded into Cambrian
dolomites on the upland divide, exposing the peaks of buried
granite hills.
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Previous work. The first detailed geological investigations of
the Arbuckle Mountains were those of J. A. Taff? published in
1902, 1903, and 1904. Taff’s Tishomingo Folio (1903) covers the
area of the present report and its map, although somewhat gen-
eralized, is remarkably good, showing accurately many of the con-
tacts and faults found by the present writer in his later work with
aerial photographs.

The principal geologic maps published since Taff’s that show
the Mill Creck-Ravia area are by Reeds® and Decker.* Both fol-
lowed Taff’s geology without revision, except that Decker’s map
erroneously shows Reagan sandstone surrounding the granite in-
lier in secs. 22 and 23, T. 2 S., R. 4 E. Decker has, however,
measured and described the stratigraphic section of the Arbuckle
limestone in this area.’

Considerable information has been published on the Arbuckle
limestone, its subdivision, and the position within it of the Cambrian-
Ordovician boundary. Most of the information relates to other
parts of the Arbuckle Mountains or to the Wichita Mountains but
is considered in the following discussion of stratigraphy.

The occurrence of dolomites in the Arbuckle limestone was
revealed first by Taff,® who stated: “A sample from approximately
the middle of the formation (Arbuckle limestone) yielded 29.4 per
cent of lime and 19.2 per cent magnesia, showing it to be a nearly
normal dolomite. A sample from the lower part of this dolomitic
zone showed contents of 33.1 per cent of lime and 14.3 per cent
of magnesia.”

2 Taff, J. A, U. S. Geol. Survey Geol. Atlas, Atoka Folioc (No. 79) 1902,

Taff, J. A, U. S. Geol. Survey Geol. Atlas, Tishomingo Folio (No. 98) 1903.

Taff, J. A, “Preliminary Report on the Geology of the Arbuckle and Wichita
Mountains in Indian Territory and Oklahoma”: U. S .Geol. Survey Prof. Paper 31,
1904 (Reprinted as Okla. Geol. Survey Bull. 12, 1928.)

3 Reeds, C. A., “A Report on the Geological and Mineral Resources of the Ar-
buckle Mountains, Oklahoma”: Okla. Geol. Survey Bull. 3, Plate XXIV, 1910.

4 Decker, C. E., and Merritt, C. A., “The Stratigraphy and Physical Character-
istics of the Simpson Group”: Okla. Geol. Survey Bull. 55, Plate I, 1931,

5 Decker, C. E., “Progress Report on the Classification of the Timbered Hills
and Arbuckle Groups of Rocks, Arbuckle and Wichita Mountains, Oklahoma”: Okla.
Geol, Survey Circular 22, pp. 39-42, 1939.

6 Taff, J. A., “Portland Cement Resources of Indian Territory”: in U. S. Geol.
Survey Bull. 243, p. 145, 1905.
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Decker, on the basis of field examination, and Merritt, after
microscopic study of samples collected by Decker, reported several .
hundred feet of calcite-free dolomite in the lower part of the
Arbuckle limestone;” and preliminary chemical analyses of samplés
collected from the Mill  Creek-Ravia area indicated the presence
of high quality dolomite in the Royer.® Additional analyses of the
Royer dolomite from this area appear in later publications.’

Present investigations. The writer began field work in the
Mill Creek-Ravia area in the fall of 1943 and continued inter-
mittently for a total of about 3 months until the project was com-
pleted in December, 1945, Aerial photographs (scale, about 3.2
inches per mile) were used for mapping the formations and by
using stereoscopic pairs it was possible to obtain geologic details
as well as accurate horizontal control.

Besides the mapping, many representative samples of high
grade dolomite were collected for chemical and mineralogical
analysis and three detailed stratigraphic sections of the Cambrian
beds were measured and sampled for insoluble residue study. A
brief description of the insoluble residues is included in the present
report. This study is part of a broad, comprehensive investigation
of the Arbuckle limestone as exposed in the Arbuckle and Wichita
Mountains, and found in wells drilled for oil and gas in Oklahoma.
It was undertaken in collaboration with the Fuels Section of the
U. S. Geological Survey, under its expanded program of regional
geologic studies for oil and gas, initiated in 1943, One map and
one chart have been issued.*

7 Decker, C. E., and Merritt, C. A,, “Physical Characteristics of the Arbuckle
Limestone”: Okla. Geol. Survey Circular 15, pp. 34-37, 51-53, 1928,

8 Beach, J. O., and English, S. G., “Dolomite and Magnesian Limestone (Okla-
homa)”: Okla. Geol. Survey Mineral Rept. 6, 1940.

? Burwell, A. L., “The Possibility of Magnesia from Oklahoma Oil Field Brines”:
Okla. Geol. Survey Mineral Rept. 14, Table IV, 1942,

Burwell, A. L., and Ham, W. E., “New Facts Regarding Oklahoma Raw Ma--
tzegrsialfgf%r the Ceramic Industries”: Bull, Am. Ceramic Soc., Vol. 24, no. 8, pp. 293-

, 1945,

10Treland, H. A., and Wishart, A, P., “Correlation and Subdivision of Subsur-
face Lower Ordovician and Upper Cambrian Rocks in Northeastern Oklahoma”:

U. S. Geol. Survey, Oil and Gas Investigations, Preliminary Chart 5, 1944.

Ireland, H. A., and Warren, J. H., “Maps of Northeastern Oklahoma and Parts
of Adjacent States Showing the Thicknrss and Subsurface Distribution of Lower
Ordovician and Upper Cambrian Rocks Below the Simpson Group”: U. S. Geol.
Survey Oil and Gas Investigations, Preliminary Map 52, 1946,



STRUCTURAL GEOLOGY

The Arbuckle Mountain region is composed structurally of five
major elements, each of which is dominantly anticlinal or synclinal.
The five elements, as originally named by Taff, listed from south-
west to northeast, are: Arbuckle anticline, Tishomingo anticline,
Mill Creek syncline, Belton anticline, and Hunton anticline (fig.1).
Each structural element is separated from adjoining ones by major
faults that strike uniformly N. 60°-70° W., and the traces of these
faults in most places are rather straight, indicating high angles of
dip. Many faults and structural units of lesser magnitude and of
diverse orientation occur within the major elements.

As interpreted by Dott, the first deformation regionally affect-
ing the Arbuckle Mountain region began in early Pennsylvanian
time, forming the broad anticlinal and synclinal trends."* More
intense deformation in late Pennsylvanian time further compressed
the beds into close folds, some of which were overturned, and pro-
duced overthrust faults. Evidence for late Pennsylvanian over-
thrusting near Sulphur has been presented in two recent publica-
tions.'

TisHOMINGO ANTICLINE

The Tishomingo anticline, the central portion of which con-
stitutes the area of the, present report, is a northwest-trending folded
fault block containing in its eastern part extensive outcrops of pre-
Cambrian granite and, in its western part, a thick sequence of
Cambrian through Mississippian sedimentary rocks that dip gen-
erally westward away from the granite. Only the core and west
limb of the anticline are known in surface outcrops, the rest of the

fold being covered by a veneer of Trinity sandstone (Lower

Cretaceous).

The fault block in most places is upthrown with respect to
structural units on either side, having stratigraphic displacement

11 Dott, R. H., *Overthrusting in Arbuckle Mountains, Oklahoma”: Bull. Am.
Assoc. Petrol. Geol., Vol. 18, No. 5, pp. 567-602, 1934.

12Lehman, R. P., “Thrust Faulting in Arbuckle Mountains, Oklahoma”: Bull.
Am. Assoc. Petrol, Geol., Vol. 29, pp. 187-209, 1945.

Ham, W. E., “Geology and Glass Sand Resources, Central Arbuckle Mountains,
Oklahoma”: Okla. Geol. Survey Bull. 65, pp. 4148, 1945.
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of at least 7,500 feet near Mill Creek, where pre-Cambrian granite
is in contact with middle Ordovician (Simpson) beds of the Mill
Creck syncline. Displacement of similar magnitude is indicated
along the south fault of the block near Ravia.

Within the Tishomingo anticline in the mapped area the
structure is homoclinal and is characterized by westward dip rang-
ing generally between 10° and 20°. In the northern part of the
area Cambrian strata have pcriphcral dips around granite inliers
but the dips are not the result of tectonic deformation.

The principal modification of the homoclinal structure is by
faulting. Faults are most abundant in the central faulted area of
the anticline, where they offset beds a maximum distance of about
05 mile and have a throw of 400 feet or less. These faults are
high-angle and probably normal, developed from stresses set up in
the axial part of the anticline.

Two northwest-trending faults of considerably greater magni-
tude and evidently of different origin are found in the southern
third of the Mill Creek-Ravia area. One of these is a branch of the
south fault of the Tishomingo anticline. It trends northwest
through the central part of sec. 30, T.3 S, R. 5 E. and presumably
dies out as a strike fault or bedding plane fault in sec. 24, T. 3 S.
R. 4 E. The stratigraphic displacement is greatest, about 6,500
feet, in the SE% sec. 30 and adjoining part of sec. 31, where pre-
Cambrian granite is in contact with Oil Creek limestone (Simpson
group) in a small graben of complex structure. In the N} sec. 30
the outcrop of north-striking Cambrian formations in the main
part of the Tishomingo anticline is abruptly terminated against
vertical beds of upper Arbuckle age.

A second fault that trends northwest through secs. 12 and 13,
T.3S., R. 4 E. and secs. 18 and 19, T.3S., R.5 E., may be a branch
from the south fault of the anticline, but cannot be traced through
an éxposurc of granite that separates the known fault traces. In
the SW14 sec. 18, Fort Sill limestone is in fault contact with granite,
indicating stratigraphic displacement of at least 700 feet. North-
westward from this locality the displacement decreases and the
fault dies out along the strike of the Honey Creek formation in sec.
12. Steeply dipping and overturned beds are found along this
fault in sec. 13.



STRATIGRAPHY
GENERAL STATEMENT

The exposed rocks in the Mill Creek-Ravia area consist princi-
pally of a sequence of Upper Cambrian and Lower Ordovician sedi-
mentary rocks, the base of which rests unconformably upon an
irregular surface of pre-Cambrian igneous rock. The igneous rock,
named the Tishomingo granite, apparently was a land mass during
late pre-Cambrian time as well as during the early and middle
epochs of the Cambrian period, for the Upper Cambrian Reagan
sandstone is the oldest sedimentary rock deposited on it in the
Arbuckle Mountains. No deposits of Lower or Middle Cambrian
age are known in Oklahoma.

The Cambrian deposits of the mapped area are 1,875 feet thick
and consist of a basal sandstone followed upward by sandy dolo-
mite, limestone, and finally a thick unit of dolomite. The overlying
Lower Ordovician beds are 4,400 feet thick and consist principally
of limestone.

With the exception of the basal sandstone, the Upper Cambrian
and Lower Ordovician strata of the Arbuckle Mountains were
grouped together by Taff in 1902" as the Arbuckle limestone, a
term which has gained wide acceptance in other areas, particularly
in Oklahoma and Kansas where rocks of this age produce oil and
gas. Taff also gave the name Reagan to the basal sandstone.™

Later modifications and subdivisions have expanded the no-
menclature very considerably. Ulrich in 1911 and 1932" applied
the name Honey Creek to glauconitic limestones that had been
assigned by Taff to the top of the Reagan sandstone, and the fossili-
ferous Honey Creek formation has since been found to have wide
distribution in the Arbuckle and Wichita Mountains. Decker in

13 Taff, J. A., U. S. Geol. Survey Geol. Atlas, Atoka Folio (No. 79) p. 3, 1902,
- 14Taff, J. A., op. cit, and U. S. Geol. Survey Geol. Atlas, Tishomingo Folio
(No. 98), 1903.
15 Ulrich, E. O., “Revision of the Paleozoic Systems”: Bull. Geol. Soc. Am.,
Vol. 22, p. 624, 1911

, “Preliminary Description of the Honey Creek, Fort Sill,
Royer and Signal Moutain Formations of Oklahoma”: Bull. Geol. Soc. Am., Vol. 43,
no. 3, pp. 742-743, 1932.
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1939' elevated the Arbuckle limestone to rank of group and
divided it into eight principal formations, four in the Cambrian
and four in the Ordovician, and combined the Reagan and Honey
Creck into the Timbered Hills group. Frederickson in 1942'" classi-
fied the four Cambrian formations of the Arbuckle limestone into
the Blue Creek Canyon group. Thus the Cambrian beds as now
recognized are placed into two groups, the Timbered Hills group
below, consisting of the Reagan and Honey Creek formations, and
the Blue Creek Canyon group above, consisting in ascending order
of Fort Sill limestone, Royer dolomite, Signal Mountain lime-
stone, and Butterly dolomite. It is with these Cambrian formations
that the present report on the Mill Creek-Ravia area is concerned.

CAMBRIAN STRATA

Within the mapped area the two lower Cambrian formations
offer no difficulties of mapping and correlation. The Reagan sand-
stone is easily recognized by its lithology and position on the pre-
Cambrian granite. No fossils have been found in the sandstone but
it can be unmistakably identified by lithology alone, as no other
similar arkosic sandstones occur in the Lower Paleozoic succession
of the Arbuckle Mountains.

The Honey Creek formation is a mappable unit of dolomite
that is sandy and glauconitic in its lower part. Lithologically it is
different from the type Honey Creek glauconitic limestone of the
western Arbuckle Mountains (Arbuckle anticline), and the dif-
ference is accentuated in the Mill Creek-Ravia area where solution
locally has removed dolomite from the lower sandy beds so that on
the outcrop the strata appear to be sandstones. Ulrich!® correlated

16 Decker, C. E., “Progress Report on the Classification of the Timbered Hills
and Arbuckle Groups of Rocks, Arbuckle and Wichita Mountains, Oklahoma”:
Okla. Geol. Survey Circular 22, pp. 15-16, 1939.

: Decker, C. E., “Two Lower Paleozoic Groups, Arbuckle and Wichita Mountains,
Oklahoma”: Bull. Geol. Soc. Am., Vol. 50, pp. 1311-1322, 1939,

17 Frederickson, E. A., “Cambrian Stratigraphy of the Arbuckle and Wichita
Mountains, Oklahoma”: University of Wisconsin Unpublished Ph. D. Dissertation,
1942,

18 Ulrich, E. O., “Preliminary Description of the Honey Creck, Fort Sill, Royer,
and Signal Mountain Formations of Oklahoma™: Bull. Geol. Soc. Am., Vol. 43, No.
3, pp. 742-747, 1932.

Ulrich, E. O., and Cooper, G. A., “Ozarkian and Canadian Brachiopoda”: Geol.
Soc. Am. Special Paper No. 13, Plate 58, 1938.
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these sandy beds with the Cap Mountain formation of Texas.. Cor-
relation of these beds with the Honey Creek could not be confi-
dently made until the discovery by the writer of brachiopods and
trilobites that are characteristic of the Honey Creek elsewhere in
the Arbuckle and Wichita Mountains. The most abundant and
widespread fossils are brachiopods that occur in a conspicuous bed
68 feet above the base and 165 feet below the top of the sequence,
in well-exposed outcrops in the NEY sec. 1, T. 3 S., R. 4 E., as well
as in adjoining sections to the north and south. The bed contains
chiefly Billingsella and Eoorthis. The Eoorthis was identified by
C. E. Decker as very close to or identical with E. remnicha, a guide
fossil in the Honey Creek, and the Billingsella was identified by
P.E. Cloud, Jr, as B. cf. coloradoensis. According to E. A, Frederick-

son, B. coloradoensis occurs in the Honey Creek in the Wichita-

Mountains. :

Trilobite fragments also are locally present in leached sandy
strata below and above the brachiopod zone. Several well-preserved
specimens, however, were found on weathered sandstone slabs that
were lying loose on a modified dip slope and whose position in the
sequence is not known. ‘These were examined by Frederickson,
who states that the forms are Taenicephalus and Crepicephalus, both
of which are characteristic Honey Creek fossils.

Overlying the Honey Creek formation are Cambrian strata of
the Arbuckle group, consisting of about 1,350 feet of carbonate
rocks. The sequence is similar to but does not conform entirely
with the succession west of U. S. Highway 77, which has been
considered standard for the Arbuckle Mountains. The Highway
77 succession, measured by the writer in September, 1944, and shown
graphically in fig. 2, consists in ascending order of the following
formations: Fort Sill limestone, 126 feet thick; Royer dolomite,
734 feet; Signal Mountain limestone, 365 feet; and Butterly dolo-
mite, 297 feet. This section is suitable for a standard because the
formations, consisting of thick units of limestones alternating with
thick units of dolomite, are easily recognized by lithology and
stratigraphic position. Fossils served to correlate the limestone
units with at least certain parts of the Fort Sill and Signal Mountain
formations, which have their respective type localities in the Wichita

© STRATIGRAPHY 21

Mountains; but the two dolomite formations, which are not typi-
cally developed in the Wichitas, were named from the good ex-
posures of the Highway 77 section,

In the Mill Creek-Ravia area, on the other hand, the fossil-
iferous limestone formations, which elsewhere serve as a key to
placing the unfossiliferous dolomite formations in their proper
stratigraphic position, have graded entirely or partly into dolomite.
This results in a thick sequence of dolomite in which limestone
equivalents are difficult or impossible to recognize in the field.
The sequence can be subdivided and mapped, however, by observ-
ing details of lithology and particularly by distinguishing one kind
of dolomite from another. It was found that three mappable units
may be recognized: (a) a lower unit of limestone that grades later-
ally into impure dolomite, (b) a middle unit of high-purity dolo-
mite, and (c) an upper unit of rather impure dolomite. These
units are here called Fort Sill formation, Royer dolomite, and
Butterly dolomite, with which formations of the Highway 77 sec-
tion they are most nearly equivalent in lithology and stratigraphic
position. The correlations, based on a comparison of detailed
measured sections, are shown in fig. 2.

That the gradation of limestone into dolomite is a facies change,
and not the result of unconformable stratigraphic relations, is indi-
cated by the fact that the Cambrian beds of the Arbuckle group
in the Arbuckle Mountains show little deviation from a total
thickness of 1,400 feet; and this is substantiated by the conclusions
of earlier investigators, who found little physical or paleontologic
evidence to suggest major unconformities within Cambrian strata
of the Arbuckle and Wichita Mountains.

The probability that the limestones grade into dolomite of
equivalent age also is strengthened by the knowledge that such
stratigraphic relations are well known from many examples through-
out the world. Limestone-dolomite facies have been demonstrated
recently by detailed mapping of the “Ellenburger limestone” of
central Texas,' the formations there being of the same lithologic

~ 1 Cloud, P. E.,, Jr., Barnes, V. E., and Bridge, J., “Stratigraphy of the Ellen.
burger Group in Central Texas—A Progress Report”: University of Texas Publi-

cation 4301, pp. 133-161, 1945.
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types and the same general age as the Arbuckle Mountain beds
here discussed. Within the Mil] Creek-Ravia area specific evidence
is furnished by the Fort Sill formation, which grades along strike
from limestone into dolomite, and where, in one locality, the
gradation is so abrupt that it may be observed directly by walking
beds a few hundred feet. The Honey Creek formation is like-
wise a well-authenticated example, being limestone in the western
part of the Arbuckle Mountains and dolomite in the eastern part.
The lateral passage of limestone into dolomite is in fact very com-
mon within all carbonate rock facies of Cambrian strata in the
Arbuckle Mountains.

Corrclation with the U. S. Highway 77 section. . The correlation
from measured sections between the Tishomingo anticline and
Highway 77 of the Arbuckle anticline are shown in fig. 2. The
datum for correlation is an horizon in the McKenzie Hill forma-
tion, at the base of a distinctive sequence of conglomeratic limestone
containing porous, tripolitic chert in reticulate masses and nodules.
Graptolites were found in this sequence in the Mill Creek-Ravia
area by C. E. Decker, who has also found them in the same strati-
graphic position and in similar lithology at the Highway 77 sec-
tion. In the mapped area this sequence crops out in a conspicuous
low ridge, easily identified in the field.

The Butterly dolomite as mapped in the -Tishomingo anti-
cline correlates in stratigraphic position as well as in details of
lithology with the Butterly near its type section on Highway 77.
The base of this formation, which was mapped at the base of the
lowest bed of laminated, cream-colored dolomite, and which appears
to be a reliable marker, is correlated with the base of the Butterly
along U. S. Highway 77. The thickness of the formation also is
reasonably constant in spite of the fact that its contact with the
overlying McKenzie Hill limestone is erratically gradational. Al-

though composed in part of indistinctive coarse- and medium--

crystalline dolomite, the Butterly is characterized lithologically by
thin beds of laminated, cream-colored dolomite and small aggregates
of quartz druse, both of which seem to be restricted mainly to this
formation in the two areas. -
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 The term Fort Sill is used in the Tishomingo anticline in a
slightly broader interpretation than was originally given. It includes
limestone and dolomite of equivalent age. This usage conforms
essentially to the established concept, however, for over most of the
.mapped area the Fort Sill formation is predominantly liméstone and
is the basal stratigraphic unit of the Arbuckle group, underlain by
the Honey. Creek formation and overlain by the Royer dolomite.

Owing to gradation of limestone into dolomite between the
Arbuckle anticline and the Tishomingo anticline, only the lower
part of the beds mapped with the Fort Sill for this report, namely,
the lower limestone division, is equivalent to the Fort Sill limestone
on Highway 77. The middle and upper parts, which locally con-
tain ycllowish;graiy, thin-bedded dolomite, correlate with similar
lithology in the lower part of the Royer formation on Highway 77.

The sequence of strata lying above the Fort Sill formation and
below the Butterly dolomite in the Tishomingo anticline is com-
posed almost exclusively of light-colored, mostly coarsely crystalline,
high-purity dolomite. ‘These features identify it as a mappable

unit and at the same time distinguish it from the thinner bedded,

yellowish dolomite beds in the underlying Fort Sill formation, and
from the cream-colored and siliceous dolomites of the overlying
Butterly. Its potential economic value as a source of large quantities
of high-purity dolomite makes it the most important unit mapped
for the present report. This unit is here mapped as the Royer
dolomite. '

It is evident from the measured sections in fig. 2 that the Royer
dolomite of the Tishomingo anticline correlates only in part with
the Royer of the Highway 77 section, where the type locality was
established by Decker. Asa result of limestone-dolomite facies, the
Royer in the mapped area (a) represents in its upper part the time
equivalent of nearly all the Signal Mountain limestone along High-
way 77, and (b) in its lower part it is equivalent in age and type
of dolomite to the upper part of the Royer at the type locality. The
upper part of the Royer at the type locality contains mostly light-
colored, coarsely crystalline dolomite whose base may be correlated
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satisfactorily with the base of the Royer as mapped in the Tisho-
mingo anticline.

Cambrian-Ordovician boundary. The position of the Cambriap—
Ordovician boundary in the Arbuckle Mountains probably hes
within or near the top of the Butterly dolomite. At its type section
on the Chapman Ranch, immediately west of U. S. I'-Ilg}.lway 77,
the Butterly dolomite is overlain by the McKenzie Hll'l 'hmcstonc
which contains, according to Bridge, a Lower Ordovmap fauna
(Van Buren and Gasconade of the Ozark region in MiSSOl:ll'l). The
underlying Signal Mountain limestone contains . . . tyglcal Upper
Cambrian assemblage characterized by the genera Eurekia, Stenopi-
lus, Euptychaspis, and Plethometopus” 2 The exact position of. the
Cambrian-Ordovician boundary lies at some unknown horizon
within the intervening unfossiliferous sequence, which inFludcs the
Butterly dolomite. As this horizon could not be determined from
the available evidence, the Cambrian-Ordovician boundary was ar-
bitrarily placed by Bridge at the top of the Butterly.

It is now known that the top of the Butterly is gradational
into limestone along strike and therefore that the top of t}.ﬁs formg—
tion is not everywhere of the same age. In the Tishomingo anti-
cline the top of the Butterly ranges through slightly more than 100
feet of strata, and detailed work elsewhere may show an even

grcatcr rangc.

The Butterly dolomite in the Mill Creek-Ravia area is apRroxi-
mately the time equivalent of the Butterly at the type locality (f1g. 2)
and, in accordance with Bridge’s interpretation, the Cambrian-
Ordovician boundary is placed at the gradational contact between
the Butterly dolomite below and the McKenzie Hill limestone

above.

Post-CAMBRIAN STRATA

Other sedimentary rocks which crop out near the margins of
the mapped area, mostly Ordovician formations of the Arbuckle

20 Bridge, J., “Position of Cambrian-Ordovician Boundary in”Section of Arbuckle
Limestone Exposed on Highway 77, Murray County, Oklahoma™: Bull. Am. Assoc.
Petrol. Geol., Vol. 20, p. 983, 1936.
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group, bear little relation to the purpose of this report and accord-
ingly they were not mapped or investigated in detail. The Mc-
Kenzie Hill and Cool Creck formations, for example, crop out
westward from the Butterly dolomite; and the Kindblade and West
Spring Creek limestones were found south of the south fault of
the Tishpmingo anticline in secs. 23 and 25, T. 3 S, R. 4 E.

. Formations of the Middle Ordovician Simpson group, together
with younger beds, lie in the Mill Creek syncline north of the
mapped area and in the small, down-dropped fault block near the
SW cor. sec. 29, T. 3 S., R. 5 E. The fault block also contains out-
f:ropsof dark-colored fissile shales with siderite concretions belong-
ing ta the Springer formation (Lower Pennsylvanian).

CAMBRIAN SYSTEM
REaGAN SANDSTONE

Thc term Reagan sandstone as used in this report is applied to
a unit of arkosic sand_stonc and conglomerate 31 feet to 381 feet
thick, that lies with an unconformity of great magnitude on pre-

Cambrian granite and is overlain with sharply defined contact by'
the Honey Creck dolomite. '

Distribution. The outcrop of the Reagan sandstone in this
area is a series of disconnected narrow bands that trend north to
northwest for about 9 miles across the Tishomingo anticline. The
outcrop is terminated abruptly on the north and south by major
northwest-trending faults. Whereas the normal outcrop width is
500 to 800 fect, the range is 0 to 1,700 feet, these extremes resulting
chicﬂy from transverse faulting within the anticline. ‘This faulting
and its accompanying drag folding, besides changing the trend of
the different outcrop bands, has displaced and offset the beds a
maximum distance of 1 mile; it has caused omission of outcrop in
the SW sec. 18 T. 3 S, R. 5 E., where the Reagan has been up-
th.rown and completely eroded; and it has caused narrow outcrop
width in sec. 13, T. 3 S, R. 4 E., and sec. 36, T. 2 S., R. 4 E., where
the dips are abnormally steep (PL I).

The differences in outcrop width that are well shown in secs.
14 and 23, T. 2 S,, R. 4 E. are related solely to differences in thick-
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ness of the Reagan formation as originally deposited on the ir-
regular granite surface.

Thickness. The Reagan sandstone is consistently about 350
feet thick through the southern 7 miles of the Mill Creek-Ravia
area and it is remarkably inconstant in the northern 1.5 miles, where
the formation ranges from 31 feet to 289 feet within a distance of
1,000 feet along the strike. The irregularities in thickness are owed
chiefly to the irregular configuration and moderately strong relief
of the granite floor upon which the Reagan was deposited. Taff
in his earlier work had gained this concept, stating: “The Reagan
sandstone is of variable thickness, due to its having been deposited
on the eroded and uneven surface of the granite. . . The thinning
is due to the loss of successive beds from the base upward. In its
thinnest part only the uppermost calcareous beds are prf:scnt.”21

Measurements made by the writer in the area under discussion
show that the formation is 325 feet thick in sec. 30, T.3S,R.5E,
at the southern edge of the Tishomingo anticline, and that it main-
tains nearly the same thickness northward for 4 miles to sec. 6,
T.3S., R.5E.and sec. 1, T. 3 S, R. 4 E., (measured section C),
where it is 348 feet. Between measured section C and a locality 2.5
miles northward, along the south line of sec. 23, T.2 S, R. 4 E,, the
formation increases in thickness to 381 feet, this being the maximum
thickness of the Reagan in the mapped area. Nearly 1 mile north,
in the SY% NW1; NEU; of the same section, the formation is 289
feet thick. At the N4 cor. sec. 23, and again near the center of
sec. 14, T. 2 S, R. 4 E., the Reagan is only 31 feet thick; and at the
northern edge of the Tishomingo anticline, in the north-central

part of sec. 14, it is 251 feet thick.

Character. The Reagan is a sandstone formation composed
principally of quartz grains with irregular distribution of pink

- feldspar and glauconite. It is poorly sorted and poorly cemented

except for local zones indurated by quartz cement that prcsumably
was 'dcpositcd from circulating ground waters, Bedding surfaces in

general are obscure, irregular, or cross-laminated, although locally

21 Taff, J. A., U. S. Geol. Survey Geol. Atlas, Tishomingo Folio (No. 98), p. 3,
1903.
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.thc beds are evenly stratified and well defined (PL II). The color
is predominantly buff but ranges through different shades of brown
and rc.d. It is non-calcareous in most exposures, the only notable
exception being a local pink dolomitic sandstone bed 29 feet thick

?{t ;h}cz top of the formation near the center SV sec. 23, T. 2 S.,

_ The basal beds normally are somewhat conglomeratic and con-
tain Pcbblcs of granite, rhyolite porphyry, and vein 'quartz in a
matnx.of sand. The texture of the overlying beds and of the
f01"mat10n as a whole is medium- to coarse-grained, with numerous
tbm pcbblc.laycrs of sandy quartz conglomerate. The following
sieve analysis representing the upper 243 feet of the Reagan from
measured section C, NEY; sec. 1, T. 3 S, R. 4 E., shows the wide
range of grain size (poor sorting) as well as the predominance of

coarse sand. A cumulative frequency curve plotted from this -

analysis shows the median diameter is 052 mm and i
coefficient (So) is 1.89.% m and the sorting

TABLE I

SIEVE ANALYSIS OF REAGAN SANDSTONE

Percent by Weight

Screen opening Retained - Cumulative Designation

(mm) (Wentworth Scale)
gg 0.4 0.4 pebble

1.0 132 6.7 granule

0.5 26'6 25.1 very coarse sand
0.25 27.1 51.7 coarse sand

0.12 . 78.8 medium sand
0'06 lgg ggg fine sand
R . . very fin

Pan 1.6 99.9 s;ilty o sand

. Examination under a binocular microscope shows that feldspar
u.mfo.rmly is a prominent constituent, even though it is not dis-
tinguishable by the naked eye in all outcrops, and the typical rock
sh'ould be classed as a feldspathic sandstone or true arkose. De-
tailed grain counts under a petrographic microscope of the above
243-foot. sample gave a ratio of 27 percent feldspar to 73 percent ‘
quartz in the medium, coarse, and very coarse sand fraction, and a

”Krumbein, Ww. C., d Pettijoh “ . .
Appleton Century, pp. 3 231.1233'e1t9|%%. n, F. J., “Manual of Sedimentary Petrography”:
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ratio of 39 percent feldspar to 61 percent quartz in the fine and
very fine sand fraction. The weighted average ratio of feldspar to
quartz in all sand sizes of the Reagan sandstone is 30:70, ie., the
sand contains 30 percent feldspar. Thin section photomicrographs
are shown in Plate IX, A-D.

The microscopic examination also reveals that the quartz grains
are subangular to subrounded, pitted, and frosted, and many have
partial crystal faces of secondary growth. Some of the feldspars
likewise have secondary crystal faces. Glauconite in small, rounded,
green pellets is of uncommon occurrence and apparently is localized
in the upper part of the formation.

Doubtless the Reagan sandstone in the Mill Creek-Ravia area
was deposited along the shore line of an advancing sea, deriving its
granitic materials from residual detritus of the granite mainland.
The mineral composition alone offers ample evidence for this
statement, because the abundance of feldspar and granite frag-
ments in the sandstone clearly shows granite to be the source
rock, and glauconite is indicative of a marine environment. Field
relations, specifically the erosional, overlapping contact of sandstone
on granite, indicate a local source of the sand. It is clear also that
the granitic material had been subjected to prolonged decomposition,
for a considerable part of the feldspar now present in the Reagan
sandstone is altered and clouded with numeous streaks of sericite.
The poor sorting of the sand particles, together with the cross-
bedding that is observed locally, indicates rapid deposition from
swiftly moving currents of the kind that are common in shallow
water along marine beaches. ‘

Field identification. The coarse-textured, arkosic sandstones of
the Reagan are quite unlike any other strata in the mapped area,
and ordinarily lithology alone is adequate for field identification,
even in isolated exposures. The typical outcrop of the formation
is an east-facing, forest-covered escarpment that rises above the low-
lying, gently undulating surface of the granite. Although the es-
carpment locally is rather inconspicuous, particularly where the
Reagan is thin, over much of the area its total height is at least
50 feet. The topographic break at the base of the escarpment as
a general rule marks the base of the formation.
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- Where a well-defined escarpment is lacking, some difficulty
may be encountered in locating the sandstone-granite contact, as
both weather to an arkosic sandy soil which covers the outcrops.
In a few such localities it is possible to determine the boundary
where dikes of fine-grained igneous rock (rhyolite porphyry or
diabase) can be found. -These dikes weather less rapidly than
the granite and form low ridges that are traceable to the base of
the sandstone, where the topographic ridges disappear. Near the
north fault of the Tishomingo anticline, in the north-central part
of sec. 14, T. 2 S, R. 4 E,, the lower part of the Reagan sandstone
is somewhat harder than normal and stratification in it is indefinite.
Its general appearance is so much like granite that close scrutiny
with a hand lens must be resorted to, relying on the rounded out-
lines of quartz grains to indicate sandstone.

. The top of the Reagan formation is marked by the contact of
its coarse-grained sandstones with fine-grained sandy dolomite of

t%lc <;vcrlying Honey Creek formation. (See Honey Creek forma-
tion.

Stratigraphic relations. 'The Reagan sandstone rests uncon-
formably on the underlying pre-Cambrian granite. The time
interval represented by the unconformity is of very considerable
magnitude, including all of Lower and Middle Cambrian time as
well as an unmeasured part of the pre-Cambrian.

Relief on the granite floor, and its accompanying effect on the
thickness of the Reagan sandstone, differs from place to place in
vthc Mill Creek-Ravia area. In the southern 8 miles the floor was
relatively smooth and sand was deposited uniformly on it. In the
northernmost mile of the area, however, the Reagan was deposited
on the sides of a granite hill that was about 260 feet high. The
oldest beds of the formation were' deposited at the base of the hill
as it existed at the beginning of Reagan time, and successively
younger overlapping beds were laid down along its flanks. Event-
ually the hill was submerged and covered by sands in the upper 31
feet of the Reagan formation. The overlapping relation of sand-
stone on granite is conclusively demonstrated by field mapping as
well as by projecting strike of the sandstone beds directly into
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granite outcrop. This relation can be seen directly in the field by
looking northward from the road at a point 1,900 feet west and
1,200 feet south of the NE cor. sec. 23, T.2 S, R. 4 E. Careful
search precludes the possibility of a fault at this locality.

The configuration of the granite hill is reflected in the thickness
of the sandstone and its rate of overlap. On the north flank of
the hill, in the north-central part of sec. 14, T.2 S, R. 4 E,, the
Reagan is 251 feet thick only 2,000 feet horizontally from the
peak of the hill where the sandstone is 31 feet thick. This indi-
cates sedimentary overlap at the rate of 580 feet per mile, or an
average slope on the granite floor of about 6 degrees. The south
flank of the hill, in the north-central part of sec. 23, is even steeper,
for on it the thickness of the sandstone is 31 feet at the crest of the
slope and 289 feet about 1,000 feet farther south. Here the rate of
overlap is slightly more than 1,300 feet per mile and the calculated
slope of the granite is 14° 28’. From this point southward the
granite floor is comparatively smooth and the Reagan has a nearly
uniform thickness of about 350 feet. These relations are shown
graphically in fig. 3.

Whether the contact of the Reagan with the overlying Honey
Creek dolomite represents a break in sedimentation is a debatable
matter. There is no evidence of erosional or angular unconformity
at this contact, yet the pronounced contrast in lithology above and
below, and the sharp line of demarcation between the two forma-
tions, indicates a sudden change in sedimentary environment from
one in which coarse clastics of the Reagan were deposited, to an
environment in which dolomite and very fine-grained clastics of
the Honey Creek were deposited. Such relations suggest that an
hiatus may be present, probably a non-depositional period of
short time duration.

Honey Creex ForMATION

The Honey Creek formation in the Mill Creck-Ravia area
consists of sandy and non-sandy dolomite 63 to 234 feet thick, over-
lying the Reagan sandstone and underlying, with slight discon-
formity, the Fort Sill limestone.
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PLATE III

Laminated, sandy dolomite in lower division of Honey Creek
formation; 3,000 feet east and 1,000 feet south of the NW cor.

sec. 30, T. 3 S, R. b E.

Inlier of pre-Cambrian granite surrounded with unconformable
contact by dolomite of the Fort Sill formation. In foreground
the dolomite dips 40° toward observer; in small scarp across
flat surface of granite the dolomite dips 6° away from observer.
Tree line in background marks approximate position of fault
between the Tishomingo anticline and Mill Creek syncline.
View toward northeast, in the NW1 NWY sec. 14, T. 2 8.,

R. 4 E.

PLATE IV.
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PLATE V.

DOLOMITIC ALGAL LIMESTONES IN MIDDLE DIVISION OF FORT SILL FORMATION.

A. Bedding surface view showing Cryptozoon algal colonies,
slightly dolomitized, set in a calcite-dolomite matrix. Largest
colony is about 10 inches in diameter; 2,100 feet east and
700 feet south of the NW cor. sec. 30, T. 3 S, R. 5 E.

B. Oblicue view on bedding surface showing crudely circular areas
of d_olomite in calcitic limestone, Along eroded joint crack
at right center may be seen dim outlines of vertically oriented
cylindrical algae, composed of fine-grained calcite, with dolo-
mite iilling the inter-algal space. NE}4 SE1 SW1i1, sec. 26,
T.2 S, R. 4 E.
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Distribution. 'The outcrop of the Honey Creek formation
parallels that of the Reagan sandstone. It trends northward as a
band generally about 200 to 1,300 feet wide along the eastern part
of the mapped area and, in the central part, it is offset by several
diagonal faults. The outcrop is cut by a strike fault of considerable
displacement that trends northwestward through sec. 13, T. 3 S,
R. 4 E. and adjoining sections, locally reducing the outcrop width
to 50 feet or less. Fort Sill limestone is in contact with granite in
the SWY, SWY; sec. 18, T. 3 S., R. 5 E., the Honey Creck and
Reagan having been eroded from the upthrown side of a fault.
The outcrop is widest (1,300 feet) in sec. 1, T. 3 S., R. 4 E. and
sec. 36, T. 2 S., R. 4 E., because the formation here is thickest, it
has a relatively low dip, and the upper half of the formation crops
out on a modified dip slope.

Thickness. The Honey Creck formation ranges in thickness
from 63 to 234 feet, being thinnest in the northern part of the area.
It is 63 feet thick near the center sec. 14, T. 2 S., R. 4 E. and 2,000 feet
north, practically at the north fault of the Tishomingo anticline,
it is 97 feet thick. Southward there is a progressive increase to 138
feet in the southern part of sec. 23, T. 2 S, R. 4 E., and then to 234
feet in sec. 1, T. 3 S, R. 4 E. 'This thickness remains virtually
constant to the south edge of the Tishomingo anticline, in sec. 30,
T. 3 S, R. 5 E., where the formation is 230 feet thick.

From a cross-section diagram of the Honey Creek and Reagan
formations in the mapped area, in which the top of the Honey
Creek is used as datum (fig. 3), it may be seen that at the be-
ginning of Honey Creek time there was substantial relief on top
of the Reagan sandstone, attaining a maximum of 171 feet in the
4.mile distance between sec. 1, T. 3 S., R. 4 E. and sec. 14, T. 2 S,
R. 4 E. The relief was caused chiefly by the influence of the pre-
Reagan granite hill in sec. 14 which, although just previously
covered by a thin vencer of Reagan sandstone, still was topographi-
cally high beneath the sca. This locality apparently remained
high throughout Honey Creck. time, so that here the sea was shal-
lower and the sediment deposited in it was thinner than at other
parts of the area. Thicker sediment was deposited in decper parts
of the basin, and at the close of Honey Creek time the sea floor,
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for the first time in the Paleozoic depositional history of the. Tisho-
mingo anticline, was built up to a nearly level surface. The ir-
regularities of the granite floor had not yet been completely ob-
viated in the entire region, however, for there still remained islands
of pre-Cambrian granite in the open sea to the west.

Character. . The Honey Creek formation of the Mill Creck-
Ravia area consists of a lower division of sandy dolomite (Pl III, A)
and an upper division of relatively pure dolomite. The two divisions
are readily distinguishable over most of the area, but in the NW4
'sec. 14, T. 2 S., R. 4 E. nearly the entire 97-foot thickness of the
formation is coarsely crystalline dolomite with erratic distribution
of coarse-grained arkosic sand, obviously derived from adjacent
granite hills.

Lower division: The lower division is 80 to 150 feet thick. In
it the dolomite beds contain approximately 50 percent very fine sand
and silt and are characterized by a noticeable content of glauconite.
The percentage of sand is inconstant, however, and those beds with
relative scarcity of sand weather to massive-bedded ledges 0.5 to
3 feet thick or to rounded blocks with smooth to slightly pitted,
light brown to nearly black surface. Beds with abundant sand
may have much or all of their dolomite leached by surface waters
and appear on the outcrop, if not -covered by soil, as intervals of
Joose sand or thin beds of laminated, buff-colored, porous sandstone.
That the sandstone beds on the outcrop are sandy dolomites beneath
the surface is proved by churn drill cuttings from wells in sec. 1,
T.3 S, R. 4 E. and sec. 36, T. 2 S, R. 4 E. Three wells, drilled
in the Honey Creck to a depth of 100 feet and bottomed at or near
the top of the Reagan sandstone, penetrated a uniform section of
sandy dolomite without any suggestion of interstratified beds of
sandstone.

On a fresh surface of most outcropping beds the color ranges
from light gray to brownish-gray, and to greenish-gray in beds
having high glauconite content. The dolomite is uniformly of
fine-crystalline texture, but the individual crystals are large enough

to reflect light from cleavage surfaces and to give a distinct crystal-

line appearance. The detrital constituents also are of fine size, and
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in some specimens they are so evenly distributed and inconspicuous
in the dolomite that one is mistakenly led to suspect a relatively
pure dolomite. In other beds sand and glauconite are conspicuous
on a weathered outcrop as interlaminations with dolomite. In

eneral the laminated strata are even-bedded but locally they are
cross-bedded on a small scale. Certain of the laminated beds con-
tain well preserved brachiopods and trilobite fragments.

A chemical analysis of a composite sample taken from out-
cropping ledges (excluding covered strata which probably are higher
in sand) in the lower half of the Honey Creek formation, SEY4
SEY; sec. 36, T.2 S, R. 4 E, is given in Table II.

TABLE Il

CHEMICAL ANALYSIS oF HONEY CREEK SaNDY DOLOMITE
A, C. Shead, Analyst

SH0;  ceeemmeeerem e teeemnasnenss e 32.28 1260 TS
N 0 T U .. 4.88 B £ 0 J U
FEo0; womeemeereeccrecreast s et snnaes 1.13 H.0(—105°C.)
CaO 18.68 1,083 on ignition
MgO 11.66
L A0S 729 K

This sample, tested in the experimental rock wool plant at the
research laboratory of the Oklahoma Geological Survey, produced
without blending an excellent commercial grade of rock wool,
suitable for insulation. A plant to utilize sandy dolomite from the
Honey Creek formation of the Mill Creek-Ravia area has been
planned for construction at Ada.

An examination of three thin sections under the petrographic
microscope reveals that dolomite, the dominant mineral, occurs in
sub-rhombic to highly irregular crystals, generally about 0.1 mm in
diameter. Associated with dolomite are the detrital minerals
orthoclase, microcline, quartz, glauconite, zircon, and shreds of
clear mica (sericite), named in order of abundance (Pl IX, E-F).
These minerals have random distribution but prevailingly they are
concentrated in laminae about 0.3 to 1.0 mm thick. The feldspars
and quartz are of very fine sand and silt size, ranging mostly from
about 0.04 to 0.07 mm in diameter. '
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Grain counts of the detrital constituents show about 60 percent
feldspars, generally as rhombic cleavage fragments or subangular
grains that are partly clouded by incipient alteration products, and
about 35 percent quartz, occurring as subrounded to angular clear

ains. Glauconite, occurring as bright green rounded pellets or
irregular fibers, ranges from less than 1 percent to about 15 percent
in different samples. Zircon and sericite together contribute about
1 percent.

A sieve analysis of the insoluble residue portion of the lower 115

feet of the Honey Creek formation, representing practically the

entire thickness of the lower division, was made from samples ob-

tained from churn drill holes in the NEY sec. 1, T. 3 S, R. 4 E.
Fifty-one percent of the composited sample was insoluble residue,
chiefly detrital quartz and feldspar. The analysis as given in Table
IIl shows the predominance of silt (62.6 percent) and the fine
size of even the coarsest fragments. The median diameter cal-
culated from a cumulative frequency curve is 0.052 mm.

TABLE III

SIEVE ANALYSIS OF DETRITAL CONSTITUENTS IN
Lower DivisioN oF HONEY CREEK FORMATION

Screen opening Percent by weight Designation
(mm) retained cumulative (Wentworth Scale) -

0.246 0.2 0.2 medium sand
0.177 0.2 0.4 .
0.124 1.0 14 } tine sand
0.088 12.9 14.3
0.061 23.0 37.3 } very fine sand
0.043 39.6 76.9
Pan 23.0 99.9 } silt

The percentage of insoluble residue ranges between 35 and 60
percent, averaging very close to 50 percent. In general the lower
part of the lower division of the Honey Creck contains more in-
soluble residue (sand) than dolomite, but this ratio is reversed in
the upper part, so that there is a gradation into the upper, relatively
pure dolomite beds of the Honey Creck formation.

Upper division: The upper division of the Honey Creck
formation ranges in thickness from about 60 to 80 feet. It is com-
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posed of gray, tan, or pink, medium- to coarse-crystalline dolomite
in beds 2 to 6 inches thick that weather light brown to dark gray.
The dolomite contains much less sand and glauconite than the
Jower member of the formation, the insoluble residue ranging be-
tween 6 and 12 percent over most of the area. The sand is poorly
sorted arkose distributed in thin layers and the glauconite has the
form of green, waxy flakes instead of rounded pellets. The glau-
conite is observable only in the insoluble residue under a microscope.
Atthetopisa bed 6 to 22 feet thick that contains abundant coarse-
grained arkosic sand.

The beginning of deposition of Honey Creek sediments in the
Mill Creek-Ravia area shows a marked change in sedimentary en-
vironment over that which prcviously existed in Reagan time. The
Honey Creek formation is composed dominantly of carbonate rock
(dolomite) with conspicuous glauconite and rather abundant fossils
in its lower part, whereas these three elements either are incon-
spicuous or completely lacking in the Reagan sandstone. This
condition represents a change from deposition of granitc—dcrivcd
coarse clastics in shallow water near the beach, to precipitation of
non-clastic dolomite from marine waters farther offshore, this being
the normal sequence of deposition in a sea that is advancing on a
submerging land mass. The environment appears to have been
modified quite suddenly, for there is little or no gradation of
typical Reagan lithology into the Honey Creek rocks.

That the. shore line in Honey Creek time was advancing con-
tinually over a submerging land mass is indicated by the abundance
of very fine sand, about 50. percent, in the lower division of the
formation and its nearly complete absence in the upper division.
The upper division is composed of dolomite that was deposited
too far from shore to receive significant contributions of clastic
material from the mainland.

Field 1dentification. ‘The most distinctive lithology in Honey
Creek strata of the Mill Creek-Ravia area is the fine-grained, sandy
to silty, glauconitic dolomite that occurs in about the lower half of
the formation. No similar beds were found in any of the other
Cambrian formations examined in the area, and accordingly this
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lithology has been a valuable element in field identification of the
Honey Creck. A brachiopod zone (Billingsella) and a zone of
abundant trilobite fragments, both in the lower part of the sandy
dolomite unit, are also helpful.

It is a comparatively simple field problem to map the contact
of the Honey Creek with the underlying Reagan sandstone because
of the sharp lithologic contrasts. The coarse-grained, arkosic, thick-
bedded sandstones of the Reagan are easily distinguished from the
fine-grained, thin-bedded, laminated, glauconitic dolomites of the
Honey Creck which crop out as black-weathering boulders or
rounded pedestals. That the Honey Creek contains about 50 per-
cent very fine sand and silt probably would not be suspected from
field examination alone, except that surface weathering locally
has leached the dolomite and produced a laminated, friable, buff
sandstone. Such sandstone need not be confused with the Reagan,
as it is much finer grained than typical Reagan lithology. The
topographic expression and vegetative cover of the Reagan forma-
tion and the lower part of the Honey Creck are essentially the same,
however, for both normally crop out in a single scarp face which is
covered indiscriminately by a thick growth of oak and hickory trees.

Approximately the upper half of the Honey Creck formation
is composed of an indistinctive medium- to coarse-crystalline dolo-
mite, of a type that occurs also in the Fort Sill, Royer, and Butterly
formations, and which has little value as a stratigraphic guide. For
mapping the top of the Honey Creek, reliance was placed chiefly
on the base of the fine-grained, algal-containing limestones of the
overlying Fort Sill formation.

Stratigraphic relations. The contact between the Reagan and
Honey Creek formations is quite sharply defined at a point 1,500
feet north of the S¥ cor. sec. 23, T. 2 S., R. 4 E. The sharp contact,
together with the abrupt, non-gradational change in lithology from
massive-bedded, coarse-grained sandstone to thin-bedded, fine-
textured sandy dolomite, indicates a sudden change in depositional
environment and may be indicative of an hiatus.
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The few exposures available in the mapped area show that the
upper contact of the Honey Creek formation is disconformable.
This contact is well exposed in a small ravine about 2,100 feet west
and 1,000 feet south of the NE cor. sec. 1, T. 3 S, R. 4 E. Here
the basal limestone bed of Fort Sill has channeled 1 foot into the
upper dolomite beds of the Honey Creck along a horizontal distance
of 25 feet. The channeling represents relatively slight erosion and
possibly is of local significance only.

Fort SiLL FORMATION

The Fort Sill formation as used in this report is a mappable unit
of limestone, dolomitic limestone, and dolomite that overlies with
slight unconformity the Honey Creek formation and underlies
conformably the Royer dolomite. The thickness ranges between
193 feet and 425 feet. At one locality in the central part of the
area (N sec. 1, T.'3 S, R. 4 E.) the formation is composed of a
lower limestone unit 105 feet thick, a middle dolomitic limestone
unit 252 feet thick, and an upper dolomite unit 44 feet thick. Map-
ping has shown that the dolomitic limestone in the middle unit and*
the limestone in the lower unit grade into dolomite in the northern
part of the area.

Distribution. The Fort Sill formation crops out in the Tisho-
mingo anticline as a north-trending band 500 to 3,000 feet wide,
parallel to and between the outcrops of the Honey Creek formation
on the east and the Royer dolomite on the west. In the central part
of the anticline the Fort Sill and other formations are offset by
several transverse faults. Northward from sec. 1, T.3 S, R. 4 E. the
regional dip to the westward is normally between 10° and 15°, giving
greater breadth of outcrop than in the southern third of the area
where the dip is between 25° and 90°.

The peculiar distribution of the Fort Sill in the northern part
of the area is caused partly by the overlapping deposition of this
formation against the sidés of three granite islands. The islands
now are exposed as inliers that are surrounded by the Fort Sill and
Royer formations. The granite inliers crop out as topographic
basins in an upland plateau of dolomite, so that the outcrop of the
sedimentary beds is curved down dip, westward, around the s%dcs
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of the basins. The curve is accentuated by a northwest-plunging
syncline between the largest inlier in secs. 22 and 23, T.2S,R.4E.
and the smaller inliers to the north.

Thickness. Throughout most of the Tishomingo anticline the
Fort Sill formation has a thickness of about 400 feet. There is 2
slight increase in thickness from 380 feet at the south edge of the
anticline, in sec. 30, T. 3 S, R.5 E., to 401 feet in the N¥ sec. 1, T.
38, R. 4 E, and to 425 feet in the SW1 sec. 23, T.2 S, R. 4 E.
Northward the thickness decreases to 193 feet in the NW14 sec. 14,
T.2S., R. 4 E., where the formation was deposited on and around
two small granite islands.

Character. A reconnaissance survey in the Mill Creek-Ravia
area by the writer, early in the field investigations, revealed that
strata in the stratigraphic position of the Fort Sill limestone are
represented by two different facies of essentially contemporaneous
age. One facies, cropping out in"the southern and central parts of
the area, constitutes the bulk of the outcrop and may be considered
typical. It consists of limestone and dolomitic limestone, with sub-
ordinate beds of dolomite, aggregating about 400 fect in thickness.

In contrast, the northern facies consists predominantly or en-
tirely of dolomite. That the northern dolomite facies is equivalent
to the southern limestone facies is clearly demonstrated by field
mapping, chiefly by tracing the base of the Royer dolomite and the
top of the Honey Creek formation. The basal limestone division of
the Fort Sill formation, so well developed in the southern part of
the area, also can be traced into the area of dolomite facies; and in
one locality, the gradation of limestone into dolomite can be ob-
served directly by walking beds a few hundred feet or less.

SOUTHERN AREA

In about the southern 7 miles of the Mill Creek-Ravia area the
Fort Sill consists of three recognizable lithologic divisions: a basal
division of fine-grained, massive-bedded limestone; a middle division
of interbedded dolomitic limestone and dolomite; and an upper
division of fine-grained, yellowish-gray dolomite. These divisions,
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exemplified in measured section C, are characteristic of the area
south of the north line of sec. 26, T.2 S, R.4 E. (Seefig. 4 and

Appendix.)
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F IORT SILL FORMATION SHOWINU

F1q. 4. GENERALIZED SECTION 0.
ATION OF LIMESTONE INTO DOLOMITE.

MAJOR DIVISIONS AND GRAD

Lower division: The lower division is about 100 feet thick and
makes up approximately the lower fourth of the formation (meas-
ured section C, zones 29-36). The entire unit normally is com-

osed of massive-bedded, fine-grained limestone that contains a
small, almost unnoticeable, amount of dolomite. In a few places,
and particularly at the base of the division, the limestone bcd§ grade
along strike into 1ight-weathcring, coarse-crystalline dolomite.

Most of the beds consist of fine-grained calcite of light gray,
white, or greenish color, and locally small crystals of cream to pale
orange dolomite are scattered through the rock, giving 2 motFled
appearance. A compact structure and smooth, sub—conchm.dal
fracture are typical. On scarp faces the strata crop out as massive-
bedded ledges 1 to 2 feet thick; and on gentle slopes they commonly
weather to rounded boulders of dove-gray, pale green, or white

color.
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Close examination with a hand lens reveals that the rocks are
made up of very fine-grained limestone in rounded pellets 0.5 to 2
mm in diameter, embedded in a matrix of fine- to medium-crystalline
calcite (Pl IX, G-J). It is believed that the pellets are rounded
fragments derived by fragmentation of algae, for Girvanella-type
algae are abundant in the same beds farther north.

The lower division of the Fort Sill of this area contains the
thickest sequence of nearly pure limestone of all the Cambrian
formations examined in the mapped area.

Middle division: The middle division is about 250 feet thick
and makes up approximately two-thirds of the Fort Sill formation
in the southern part of the area (measured section C, zones 37-57).
It is composed of dolomitic limestone and dolomite, ‘interstratified
mostly but also intergrading along the strike. The dolomitic. lime-
stone typically is composed of dark gray, fine- to medium-crystalline
calcite which is cut by many irregular stringers of medium-crystal-
line, light brown dolomite, the rock containing 10 to 40 percent
dolomite. The dolomite stringers have characteristic anastomosing
and reticulate patterns, easily observed on a weathered surface be-
cause the dolomite is etched into positive relief, but in some beds
these stringers coalesce to form irregular knots of nearly pure dolo-
mite in an otherwise dolomitic limestone. Knots of this type range
in diameter from a few inches to lenses 15 feet long and 2 feet thick.
Cryptozoon algal colonies about 1 foot in diameter, and composed
of extremely fine-grained calcite, are prominent in some beds. Out-
crop photographs of dolomitic limestone from the middle division
of the Fort Sill are shown in Plates IV and V.

Most of the dolomitic limestones are massive-bedded and
weather to ledges 1 to 3 feet thick. A few units of thin-bedded"
shaly limestone that weather to grass-covered benches, and a few
thin beds of limestone conglomerate, are intercalated with the
thicker, hard beds. The weathered color prevailingly is light
yellowish-gray or brownish.

The few beds of relatively pure dolomite in the middle division
of the Fort Sill are persistent along strike. The dolomite beds are
non-calcitic and gray to yellowish-gray, with even-grained, medium-
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crystalline texture. They crop out as thin-bedded, slightly pitted,
brownish beds in layers mostly 5 to 10 feet thick.

Of the entire 252-foot thickness of the middle division, 236 fect
is dolomitic limestone and 16 feet is dolomite.

Upper division: The upper division of the Fort Sill formation
in the southern part of the Tishomingo anticline is about 50'fcet
thick (measured section C, zones 58-60). Itis composed of medium-
grained, brownish, relatively thin-bedded dolomite of the same type
that occurs interbedded with dolomitic limestone in the middle

- division of the formation.

The insoluble residues of the three divisions of the Fort Sill
are essentially alike in containing a mixture of angular, arkosic silt
and very fine sand, together with silt aggregates of irregular shape,
tiny euhedral crystals of glassy feldspar, and green waxy flakes (?f
a material that may be glauconite. The feldspar is. the adularia
variety of orthoclase, of the type described by McKnight from the
Everton dolomite in northern Arkansas.?® The crystals typically are
about 0.01 to 0.05 mm in diameter and have 6 equally developed
faces, the unit prism (110) and basal pinacoid (001), the combina-
tion of which produces a rhombohedral form (Pl XI, E) In a
few elongated or flattened crystals the clinopinacoid (010) is present.
The perfectly clear euhedral faces and sharp edges and corners of
the crystals unmistakably prove that the feldspar was not Frans.pqrtcd
as detrital fragmenté, and clearly point to their authigenic origin.

NORTHERN AREA

The Fort Sill formation in the northern part of the Tishomingo
anticline, in the 2 mile distance northward from the south line of
sec. 23, T. 2 S, R. 4 E., is characterized by the predominance of
dolomite over limestone. The lithologic divisions recognizable in
the southern area, discussed above, can be traced to the southern
part of sec. 23 with little change except that the middle member con-
tains more dolomite than dolomitic limestone; but in the northcr.n
part of secs. 14 and 15, T. 2 S, R. 4 E,, the Fort Sill formation 1s

23 McKnight, E. T., “Zinc and Lead Deposits of Northern Arkansas”: U. S.
Geol. Survey Bull. 853, pp. 32-33, 1935.
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composed entircly of dolomite, and individual members are indis-
tinguishable.

No measured section in the northern area can be called typical.
The section measured in the SW14 sec. 23 (measured section A)
contains a lower limestone division (zones 24-26), a middle dolo-
mite and dolomitic limestone division (zones 27-46), and an upper
dolomite division (zones 47-50).

The lower division, 116 feet thick, is composed of fine-grained,
white-weathering limestone, mottled with orange dolomite crystals
and containing spherical algae of the Girvanclla type about 1 inch
in diameter. Interstitial filling between the algae consists of rounded
pellets, probably fragmented parts of algae, that are set in a matrix
of medium-crystalline calcite (PL. IX, G-J). A chemical analysis
representing 40 feet of the Girvanella beds, NElY4 SW4 sec. 23,
showed 92.29 percent CaCO; and 5.23 percent MgCOs.

The middle division, 258 feet thick, is composed of alternating
units of dolomite and dolomitic limestone. A conspicuous séquencc
of dolomite 144 feet thick occurs in the middle part of the division.
The dolomite mostly is yellowish-gray, fine- to medium-crystalline,
and arkosic. It crops out as thick, slightly pitted ledges or as thin-
bedded layers a few inches thick. The limestone invariably is
dolomitic, of light to dark gray or yellowish-gray color, and fine
grained; it crops out in thick- to thin-bedded strata. Much of the
limestone is of clastic origin, containing abundant granules and
pebbles of fine-grained limestone set in a matrix of calcite, dolomite,
and arkosic sand.

In the middle division, 179 feet or 69.4 percent is dolomite and
the remaining 79 feet is limestone. '

.Thc upper division of the Fort Sill formation in measured
section A is 51 feet thick. It consists of yellowish-gray, finely crystal-

line dolomite, occurring in tough, compact beds about 3 to 5 inches
thick.
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The upper and middle divisions contain about 10 percent
arkosic sand, derived from a granite hill that now is exposed as
an inlier about 1,000 feet north of the line of measured section A.

A measured section in the SWi% NWY; sec. 14, T.2 S, R. 4 E,,
(measured section B), near the north boundary of the Tishomingo
anticline, reveals that the Fort Sill formation is abnormal both in
thickness and lithology, as compared with other parts of the mapped
area. The differences probably are explainable at least partly by
the fact that in this locality the formation was deposited on and
around two small granite islands. Almost certainly the decrease in -
thickness to 193 feet, which is less than half the average of 400
feet, resulted from deposition of thinner sediments in shallow water
around the islands, and not from unconformities or overlapping re-
Jations at the top, base, or within the formation itself.

The upper 110 feet of the Fort Sill at measured section B is
dolomite of fine- to coarse-crystalline texture and gray, yellowish-
gray, greenish, or lilac color. Many of the beds are highly arkosic.
The coarse-textured dolomites are unlike the prevalent type occur-
ring in the formation clsewhere. The lower 83 feet of the forma-
tion is composed of fine-grained, greenish-gray, compact limestone
in beds a few inches to 1 foot thick. Traced northward a few
hundred feet to the granite inliers, the limestone beds grade into
coarsely crystalline, pale green dolomite. On the north side of the
inliers, in the vicinity of the NW cor. sec. 14, the Fort Sill forma-
tion is composed exclusively of dolomite.

Geologic history. The Fort Sill formation in the Tishomingo
anticline was deposited in two strongly contrasting geological en-
vironments. One environment, represented by strata in the southern
7 miles of the mapped area, may be considered that of normal
marine limestone deposition on a comparatively smooth floor. The
second environment, represented by rocks in the northern 2 miles,
was characterized by deposition of dolomite, or limestone later
converted to dolomite, on a highly irregular sea floor above which
granite islands were projecting.

The normal sequence, which consists of a basal unit of nearly
pure limestone, a middle unit of dolomitic limestone, and an upper
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unit of dolomite, is persistent in lithology and thickness in the area
south of the north line of sec. 26, T. 2 S., R. 4 E. Such characters
indicate a stable, gradually subsiding basin in which the type of
rock formed was governed chiefly by the relative supply of calcium
and magnesium in the sea water. Algae grew in profusion and
contributed significantly to rock building. The remains of these
colonial plants are preserved virtually intact in some beds, whereas
in other beds the colonies were broken into pellets or pebbles, prob-
ably by strong currents developed during storms. In the middle
division of the Fort Sill the interstratification of hard (algal) and
soft (shaly) beds suggests cyclic deposition, whereby algal growth
was interrupted periodically by the influx of clay and production
of muddy water. The clay became mingled with the lime muds
which later were consolidated into thin-bedded limestone. From
the absence of arkosic sand in most of the carbonate rocks it may be
inferred also that the shore line lay far away, with the result that
very little land-derived, coarse clastic material was contributed to
the depositional basin, except that derived from localized granite
islands.

Quite dissimilarly, the rocks in the northern part of the area,
in secs. 14, 15, 22, and 23, T. 2 S,, R. 4 E., were deposited around
granite islands that now are exposed as inliers surrounded by
strata of Upper Cambrian age (Plate I and Frontispiece). Four
inliers, all of crudely elliptical outline, are known at present. The
largest of the inliers covers about 80 acres in the eastern part of sec.
22 and the western part of sec. 23. On the southwest margin it is
covered by Royer dolomite, elsewhere by the Fort Sill formation.
The other three inliers, which lie in an east-west line about a mile
north, in secs. 14 and 15, have a combined outcrop area of about
50 acres; the westernmost, with an area of 30 acres, is the largest.
They are surrounded by beds of the Reagan, Honey Creek, Fort
Sill, and Royer formations (Pl. III, B.).

Although the three northern inliers are isolated as separate
areas now, it is clear that each is a peak on a larger granite mass.
The strips of sedimentary rocks on either side of the middle inlier
are so narrow and thin that both will be removed by erosion in
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relatively short geologic time, exposing one large granite outcrop ‘of
irregular outline.

The complete history of the granite islands involves many ir.1-
teresting features of sedimentation, and embraces more geologic
time than that of the Fort Sill alone. It is evident, for example,
that all the exposed inliers were present as hills on the g{anitc main-
land just prior to the first invasion of the Upper Cambrian sea, and
with the advance of the sea the hills became islands. Sedimentation
kept pécc with regional submergence and the islands gradually
were covered, chiefly by overlapping deposition,

Whereas sedimentation in the southern part of the mapped

_area was continuous in areal extent, areal continuity around the

granite inliers was interrupted because of non-deposition on those
parts of the granite which projected as islands at?ovc sea level. Re-
gional tilting in Pennsylvanian time, plus erosion to the present
surface, has produced an outcrop pattern wherein the strata are
disconnected linear bands separated by granite outcrops.

Where beds overlap granite inliers, they contain abundant
arkosic sand of medium and coarse size, and the sand disappears
in less than 1,000 feet from thé contact. The presence of sand and
the absence of granite cobbles and boulders indicate that the slopes
of the granite hills were too steep for the accumulation of coarse-
-textured detritus.

An accurate index to the minimum height of these granite
islands at the beginning of Reagan time may be gained from the
thickness of sediments deposited before they were covered. The
height of the southern island, which was covered uniformly by the
basal beds of the Royer dolomite, may be determined from the
combined thickness of pre-Royer sediments deposited nearby, which
total 944 feet (Reagan, 381; Honey Creek, 138; and Fort Sill, 425).

Judging from present exposures, the north island was irregular
in profile and had three peaks of different elevation. The eastern-
most, represented by the smallest inlier (Plate I), was lowest and
was covered first, by Honey Creek dolomite. The middle peak,
intermediate in height, was covered in mid-Fort Sill time; and the
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highest, or westernmost, was covered in mid-Royer time. Its max-
imum height was approximately the same as that of the southern
island.

PERIPHERAL DIPS AROUND GRANITE INLIERS

It is of interest to note here that the dolomites of the Honey
Creek, Fort Sill, and Royer formations which surround the granite
inliers show peripheral dips, that is, the formations dip away
quaquaversally from the buried hills. Such relation, according
to Bridge and Dake,?* are common in the St. Francois Mountains
of southeastern Missouri, where Upper Cambrian dolomite and
sandstone beds rest with 10° to 30° peripheral dips on pre-Cambrian
porphyry hills. In the Tishomingo anticline the peripheral dips
show a range between 4" and 40°, the steeper ones being on the west
and the gentler ones on the east sides of the inliers. Whereas the
observed dips in the St. Francois Mountains are believed to be the
initial depositional dip, the Arbuckle Mountain dips have been
modified by regional tilting, so that the present recorded dip is

reater or less than that ascribable to initial deposition. The regional
tilting of the Tishomingo anticline that took place in Pennsylvanian
time, and resulted in the present dip of the rocks, averages about 15°
westward for the area of granite ‘inliers. To restore the correct
initial dip it is necessary, therefore, to deduct 15° from all west dips
and to add 15° to all east dips. For example, a 30° W. recorded
dip becomes 15° W. initial dip and 8° E. recorded dip becomes 23°
E. initial dip; and similarly a 4° W. recorded dip becomes 11° E.
initial dip because the subtraction is algebraic and in this instance
the dip direction is reversed. When corrected for regional tilting
in this manner it is evident that the initial dips around the pre-
Cambrian hills invariably are peripheral and range between 1° and
25°, averaging about 10°. The irregularities in magnitude of dip
undoubtedly are owed to the irregular configuration of the surface
of the granite hills at the time the sedimentary beds were de-
posited.

Field identification. The most distinctive lithology in the Fort
Sill of the Mill Creek-Ravia area is in the lower limestone division

. 24 B.ridge, J., and Dake, C. L., “Initial Dips Peripheral to Resurrected Hills”:
Missouri Bureau of Geol. and Mines, 55th Biennial Report, Appendix 1, 1929.
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of the formation. The fine-grained, compact, light-colored, Gir-
vanella-bearing limestone does not occur in any other Cambrian
formation in the area. This lithology also is valuable in mapping
the lower contact of the Fort Sill, for the light-weathering limestone
beds are quite in contrast to the dark gray and brownish dolomites
of the underlying Honey Creek formation. Locally the color con-
trast can be used in mapping the contact from aerial photographs.

Reticulated and mottled dolomitic limestones, commonly in
association with colonial algae (Pls. IV and V), also are useful for
field identification in the mapped area because they are restricted
to the middle division of the Fort Sill formation. Similar lithology
has been observed by the writer in the Fort Sill of the Wichita
Mountains, in sec. 26, T. 6 N, R. 14 W., Kiowa County, about 12

miles southwest of Carnegie.

The dolomite beds of the Fort Sill, persistent throughout the
area in the upper division, as well as composing most of the forma-
tion in the vicinity of the granite inliers, are typically thin-bedded,
fine- to medium-crystalline, and brownish or dark gray in color.
They weather to slightly yellowish-gray, pitted, thin slabs. These are

dominant characters in any given sequence of Fort Sill dolomite

strata, although individual beds show a wide range in color, texture,
and bedding, particularly around the inliers.

Using the dominant characters, it is possible to map the con-

‘tact of the Fort Sill with the overlying Royer dolomite, the basal

beds of which are light-colored, coarsely crystalline, thick-bedded,
and weather to massive, honeycombed, nearly black crags. With
a little experience this contact, in most places, can be mapped with
confidence. The general differences in lithology and outcrop
character between the Fort Sill and Royer formations are well dis-
played in the NEY; SWY sec. 26, T. 2 S., R. 4 E., where the main
trail to the South ranch house passes practically along the contact
for about 1,500 feet (PL VI, A). .

Stratigraphic relations. 'The contact between the Fort Sill
formation and the underlying Honey Creek formation in most
places is partly or wholly obscured, so that exact details are lacking.
At one locality of exceptionally good exposure, 2,100 feet west and,
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1,000 ft?ct south -of the NE cor. sec. 1, T. 3 S,, R. 4 E,, the basal
sandy limestone bed of the Fort Sill has channelled 1 foot ,into'uppcr
Hor_xcy Crf:ck dolomite along a horizontal distance of 25 feet, sug-
gesting minor unconformity. Considered regionally, howcve;' the
uniform thickness of the lower limestone division of the Fort’ Sill
together with correlations from measured sections, indicate that thé
beds are essentially conformable and parallel.

o The pcrithral .diPs and overlapping relations at the granifc
1ql1crs, occurring within the stratigraphic boundaries of the Fort
Sill, have been described on a previous page. '

The Fgrt Sill-Royer contact has been shown by mapping to
represent virtually a time horizon and the beds are believed to be
conformable.

Royer DoLoMITE

. As mapped for this report, the Royer consists mostly of mas-
swc—bcc-l.dcd,l coarsely crystalline, nearly pure dolomite about 550
fc.ct thick, _having apparently conformable contacts with the Fort
Sll! forn}ation below and with the Butterly dolomite above. A
unit qf fine-grained limestone about 50 feet thick occurs localiy in
t;l;c middle part of the formation in the southern half of the mapped

ea.

Distribution. The Royer is the thickest formation i

the Mill Creek-Ravia area and accordingly it has the lc:r,reatlc?;:l %Ezgdg
oif outcrop. Like the other formations, the Royer crops out for a
distance of. about 9 miles in a northerly direction across the Tisho-
mingo anticline and is terminated on the north and south by major
faults. The outcrops can be divided conveniently into northern
central, and southern geographical units of approximately equai
area, the central unit being characterized by faulting and an east-
yvard offsetting of the formations. For the Royer the outcrop width
in most places ranges between 1,000 and 1,500 feet and reaches
g:fct;;r:‘:ts 1(:2020(;;2: 3,000 feet. The total outcrop covers an area
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In the northern gcographical unit the outcrop of the Royer
dolomite is a north-trending band averaging about 1,500 feet in
width that extends northward from the SWY; sec. 26 to the southern
part of sec. 10, T.2S,R. 4 E. There 1s a pronounccd curvature in
the outcrop in secs. 22, 15, and 10, caused by (1) irregularities of
deposition around the isolated granite outcrops, to the contours of
which the strike of the beds originally conformed in a general way,
(2) erosion around the topographically low granite masses, which
tends to increase curvature by swinging the outcrops downdip to
the west, and (3) a small anticline and syncline between the two

granite areas, chiefly in sec. 15.

The Royer outcrops in the central faulted area, mostly in secs.
35 and 36, T.2 S, R. 4 E, and secs. 1 and 2, T.3 S, R. 4 E., occur
in discontinuous, offset bands of slightly different orientation 1n
which the normal dip is about 11° westward. The exceptionally
wide outcrop of 3,000 fect in secs. 35 and 36 results from the low dip
of the beds and relative flatness of the ground surface.

The Royer dolomite crops out in the southern unit as a north-
west-trending, slightly curved strip about 1,500 feet wide that ex-
tends from the NW; sec. 30, T.3 S, R.5 E. to the SEV4 sec. 2,
T.3S, R.4E. The diversity of dip, which ranges between 12 and
30 degrees, results from proximity to the large fault in sec. 30 and
to a similar fault in sec. 13, T.3 S, R. 4 E.; the width of outcrop
is in turn determined largely by steepness of dip.

Thickness. In the Mill Creek-Ravia area the thickness of the
Royer dolomite ranges between 513 feet and 567 feet and averages
about 550 feet. It is 551 feet in the NW14 sec. 13, T. 3 S, R. 4 E.;
567 feet in secs. 35 and 36, T.2S., R. 4 E.; 559 fect in secs. 22 and
23, T.2S,R.4E, about 0.3 mile southwest of the largest granite
inlier; and 513 feet in the east-central part of sec. 15,T.2S,R. 4 E.

Character. The Royer formation in the Mill Creek-Ravia area
is composed almost exclusively of dolomite, the few beds of lime-
stone making up only a trivial part of the formation. The entire

. thickness of about 550 feet is essentially similar in being non-cherty,
non-sandy, and non-argillaceous, and like most dolomites in the
Arbuckle Mountains the beds have a conspicuous crystalline tex-
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ture. Despite these similarities there are sufficient differences in
degree of crystallinity and outcrop characters that textural types
may be recognized. The textural classifications here adopted for
field identification of dolomite crystallinity, in which a 10X hand
lens was used, is as follows:

Diameter (mm) Crystallinity
>1.0 very coarse
1.0 -05. coarse

0.5 0.25 medium
0.25-0.12 fine

<0.12 very fine

One kind of dolomite clearly predominates. It is typically
coarse-crystalline, the individual crystals of which range in diameter
from 05 to 1.0 mm in most beds and locally reach the exceptional
coarseness of 50 mm (Pl VII, B). The prevailing color is very
light gray to white, grading into beds that are mottled in shades of
gray, pink, lilac, or yellow. A few beds are dark gray to light
chocolate. © The dolomite occurs in poorly defined, massive beds
that weather to dark-colored, honeycombed crags standing 2 to 3
feet above the ground surface (Pl. VI). Where the dip of the rocks
is'15° or less the outcropping beds are eroded into low, pinnacle-
like blocks by solution along widely spaced joints. The rock is
compact but not tough, and readily crushes to- powder under the
hammer, owing to the relative softness, coarse texture, and excellent
cleavage of the dolomite crystals.

Thin sections show that the rock is virtually pure, calcite-free
dolomite, the dolomite occurring in subhedral to irregular crystals
containing dark-colored, dust-like inclusions (Pl. X, A-D). In
hand specimen the texture- appears equigranular, and most thin
sections. show similar uniform-grained texture with sharp crystal
boundaries, but in some an inequigranular texture is evident. In
these the crystals have sutured, interlocking boundaries and show
indistinct mortar structure,”® both of which indicate recrystalliza-
tion (PL X, B). Such features appear to be of local development.

One noteworthy optical character is that nearly all the large
crystals have fan-shaped or flamboyant extinction, caused by the

25 Grout, F. F., “Petrography and Petrology”, McGraw-Hill, pp. 353-354, 1932,

ROYER DOLOMITE 53

distortion during crystal growth of the kind that produces the
familiar saddle-shaped crystal form of dolomite.

The solution cavities and pits visible on weathered outcrops are
in part aligned along bedding planes (Pl. VII, A), but in greater
part they have no apparent relation to bedding structures. They are
believed to result from differential solution of the rock, the cavity
formation being governed chiefly by differences in texture rather
than differences in mineral composition. In some ‘of the cavities
there is a thin encrustation or partial filling of fibrous calcite (Pl
X, D-E). The fibrous form and occurrence of the calcite ex-
clusively in solution pockets on the outer, weathered surfaces of the
outcropping beds proves that it is a deposit from surface waters.
Probably no calcite of secondary origin will be found below a depth
of a few feet over most of the area, and none was encountered in the
new quarry.

The insoluble residue from this dolomite is very small, that from
most of the 30 gram samples used being so small that it can hardly
be weighed on an ordinary trip-scale laboratory balance, which is
supposed to be accurate to about 0.1 gram. The insoluble residue
consists of milky silt aggregates, finely granular to smooth, with
impressions or molds from which dolomite crystals have been
leached and which have been termed dolocasts by McQueen,* and
dolomolds by others.” Associated with the silt aggregates is loose
material of coarse silt (about 0.01 to 0.05 mm) size that consists of
angular, detrital arkose; euhedral crystals of orthoclase feldspar of
the glassy or adularia type, undoubtedly authigenic (PL X1, E); and

a few small, waxy flakes of a green, micaceous mineral.

Strata of the coarsely crystalline type constitute the typical high-
grade dolomite in the Mill Creek-Ravia area. Chemical analyses
given on a following page show a uniform, close approximation to

26 McQueen, H. S., “Insoluble Residues as a Guide in Stratigraphic Studies”:
Appendix I in Missouri Bureau Geol. and Mines, 56th Bienn. Rept., p. 9, 1931.

27 Crowley, .A. J., and Hendricks, Leo, “Lower Ordovician and Upper Cambrian
Subsurface Subdivisions in North-Central Texas”: Bull. Am. Assoc. Petrol. Geol.,
Vol. 29, p. 417, 1945. :

Ireland, H. A., “Terminology for Insoluble Residues”: Bull. Am. Assoc. Petrol.
Geol., Vol. 31, pp. 1479-1490, 1947.
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theoretically pure CaMg(CO;)2 with low percentages of the com-
mon impurities.

A second type of dolomite is of common distribution, although
subordinate to strata of the coarsely crystalline type. It is char-
acterized by light cinnamon-brown color, close to Ridgeway’s
15.Y-O. K;*® even-grained, medium-crystalline, sugary texture; and
occurrence in beds 4 to 10 inches thick that weather non-pitted and
brownish-gray, with a rough surface. In thin section the individual
crystals are seen to be subhedral rhombs about 0.2 to 05 mm in
diameter, arranged in interlocking mosaic but showing no evi-
dence of recrystallization (Pl X, A). The crystals are slightly to
moderately clouded with minute inclusions. Beds of this type
have no other visible constituent except very thin seams or en-
crustations of secondary calcite. The insoluble residue and chemical
composition are like that of coarsely crystalline dolomite. A
chemical analysis of a 55.foot section of these beds is given in table
V, laboratory number 9294.

Least extensive of the dolomites in the Royer is a type that is
~ dark blue-gray, locally mottled with yellowish or bxfownish patches,
and of medium-crystalline to fine-crystalline texture. The beds are
2 to 6 inches thick and weather to yellowish or dark gray, slightly
pitted slabs and blocks. They are tough and resistant to the hammer
and to. a certain extent resemble quartzites. The stone has a little
argillaceous material and slightly more insoluble residue than the
other types. The residue itself, however, is indistinguishable from

the others.

In*addition to the dolomites, there are a few outcrops of lime-
stone in the Royer of the Mill Creek-Ravia area. One outcrop of
limestone 42 feet thick and 187 feet above the base of the formation
was observed near the center SW4 sec. 36, T.2 S, R. 4 E. Another,
of similar thickness and in about the same stratigraphic position, was
noted in the SW14 sec. 19, T. 3 S, R. 5 E., but none was found
between these outcrops and none in the northern part of the area.
These limestones are lenses that grade laterally into dolomite. The
limestone is dark gray, fine-grained and compact and contains a

28 Ridgeway, Robert, “Color Standards and Color Nomenclature”: Washington,
published by author, 1912. :
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small amount, probably 10 percent or less, of dolomite in lacy,
crystalline aggregates. The beds are about 6 to 12 inches thick and
weather to light blue-gray, thin-bedded slabs.

The Royer formation at the type locality in the Arbuckle anti-
cline is composed of strata similar to those described in the area of
the present report, with the exception that limestone and dolomitic
limestone are more abundant in the type locality. The formation
is well exposed in the SW4 sec. 1, T. 2 S, R. 1 E. Murray County,
where it is 735 feet thick, according to the writer’s measurements.
Near the middle of the formation are two units, aggregating 100
feet in thickness, of fine-grained, french-gray limestone in which
the calcite crystals are about 0.01 to 0.02 mm in diameter. Certain
beds grade irregularly into mottled dolomitic limestone containing
about 50 percent dolomite in the form of coarse-crystalline, orange-
colored aggregates; and some of the dolomitic limestones grade
further into pure dolomite of very coarsecrystalline texture, in
which individual crystals, as shown in thin sections, are 3.0 to 5.0
mm in diameter. Such relations are significant because they sug-
gest very strongly that the dolomite originated by replacement of
limestone. It also is evident that the crystallinity of the dolomite
is related to some process other than metamorphism because the
associated limestone is only slightly if at all re-crystallized. The
dolomites are not metamorphic in origin and therefore they are
not marbles within the geologic meaning of the word.

Origin. Enough evidence has been accumulated to point out
with reasonable assurance the probable origin of the Royer.and
most other dolomites in the Arbuckle Mountains. The dolomites,
particularly those that are coarse- to medium-crystalline, probably
are of exclusively secondary origin because field and textural rela-
tions show that they have replaced limestones. The dolomite strata
are so thick and so extensive, however, that it is difficult to conceive
of them having been formed by hydrothermal solutions of magmatic
origin, for no adequate source of such tremendous quantities of
magnesium is believed to have been available. On the other hand
the sedimentary rocks of the Arbuckle group were deposited in a
typical marine environment, as shown by the presence of trilobites,
brachiopods, graptolites, and other fossils, so that the magnesium
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normally present in sea water would be sufficient for the precipita-
tion of almost any amount of dolomite.

 The dolomitization probably took place syngenetically, in
marine water of normal temperature 2 short time after the limestone
was deposited and lithified, and before the ocean floor was uplifted
above sea level. Although replacement was virtually complete for
the Royer and Butterly formations, logally and at certain times there
was insufficient magnesium in the sea to cause complete dolomitiza-
tion and this resulted in partial replacement and the production of
dolomitic limestone.

The size of the dolomite crystals probably depended more
"than any other factor on the rate of deposition from the sea and
the rate of replacement of the limestone, the larger crystals being
deposited at a slower rate. The large crystal size does not indicate
metamorphism because there is very little evidence of recrystalliza-
tion. The slight amount of recrystallization that. was noted prob-
ably occurred in localized areas of intense fracturing where the
rocks were partly granulated, at a time when the strata were deeply
buried and therefore under comparatively high pressure and some-
what elevated temperature. Under these conditions dolomite may
be dissolved at loci of granulation and precipitated in the form of
irregular patches or to a lesser extent in veins.

The bedding features of the dolomite probably are determined
by the original characters of the limestone, that is, thick beds of
limestone will yield similar thick strata of dolomite and thin-bedded
limestone will be converted to thin-bedded dolomite. This con-
“clusion can not be relied upon with complete confidence, however,
because the coarse crystallinity of the dolomite obliterates many of
the primary textures and structures of the limestone and this tends
to make dolomite strata appear thick-bedded and massive regard-
less of bedding in the stone which the dolomites replaced.

The formation of calcite in surface cavities of dolomite strata is
explained by the fact that sub-aerial solution of dolomite yields bi-
carbonates of calcium and magnesium. The two salts are not
reprecipitated together as dolomite at surface temperatures and pres-

PLATE VL

OvuTcrors OF ROYER DOLOMITE.

A.

Typical exposure on the “rock prairie”. Contact in foreground
of dark-weathering, pitted crags of coarsely crystalline dolomite
in lower part of the Royer, ‘with light-weathering, non-pitted
dolomite at the top of Fort Sill formaion. View toward north-
west, in the NW1, SWi sec: 26, T. 2 S.,-R. 4 E.

Detail of pitted surfaces characteristic of coarsely crystalline
Royer dolomite. ~Same locality as above.



POLISHED SURFACES OF ROYER DOLOMITE.

A,

B.

PLATE VIIL

inches

Coarsely crystalline dolomite showing tendency
for alignment of cavities along bedding planes.

Very coarsely crystalline dolomite from middle
part of Royer formation near type locality in
Arbuckle anticline, NWi, SWi, sec. 1, T. 2 S,
R. 1 E.,, Murray County.

PLATE VIIL

inches

LAMINATED DOLOMITE IN BUTTERLY FORMATION.

A,

Surface exposure illustrating light color and typical weathering
of beds to smooth blocks or “flags”. Thickness of bed is 5 feet.
Base of Butterly dolomite, looking west from a point 600 feet
west and 400 feet south of the NE cor. sec, 2, T. 3 S., R. 4 E.

Detailed view of weathered specimen, showing strongly de-
veloped laminations.



PLATE IX.

. PHOTOMICROGRAPHS OF REAGAN SANDSTONE (A-D), HoNEY CREEK SANDY DOL-
MITE (E-F), AND FORT SILL LIMESTONE (G-J).

PLATE IX.

A, B. Coarse-grained phase of Reagan sandstone, poorly sorted, showing

subrounded quartz (light gray) and partly decomposed orthoclase
feldspar (nearly black). In upper right corner of A is a grain with
micrographic intergrowth of quartz and feldspar. Plain light, 17X.
Medium-grained phase, illustrating wide range in size of particles
and abundance of unaltered microcline feldspar (grid pattern).
Crossed nicols, 17X.

Fine-textured phase, an uncommon type in the Reagan formation.
The grains are predominantly quartz. Crossed nicols, 17X,
Typical sandy dolomite from lower member of Honey Creek forma-
tion. Angular fragments, mostly less than 0.07 mm in diameter,
of quartz and feldspar (white), and rounded pellets of glauconite
(black) in a matrix of dolomite (dark gray). Plain light, 17X.
Subangular quartz (white), angular cleavage tragments ot feldspar
(dark-gray), rounded grains of glauconite (black), and zircon (grain
with high relief in lower right), all surrounded by mottled dolo-
mite. Plain light, 40X,

Pellet limestone typical of lower limestone division of Fort Sill for-
mation. Plain light, 17X.

Same lithology as G, but pellets of larger gize. Pellets of fine-grained
limestone, probably rounded fragments of algae, cemented by
medium-crystalline calcite. Crossed nicols, 17X.

Parts of Girvanella algae, shown at right and left, are composed of
fine-grained calcite. Pellets of gimilar composition, probably frag-
mented algae, occur between them in a matrix of coarser grained
caleite. Plain light, 17X. Compare with pellets in G. and H.
Girvanelle algae, pellets, and cement partly replaced hy rhom-
bohedrons of dolomite. Plain light, 17X,

PLATE X.

Typical coarsely crystalline, even-textured dolomite from middle
part of Royer formation. Subhedral crystals about 0.5 mm in
diameter, some of which are partly clouded with dust-like inclusions.
Plain light, 100X.

Coarsely crystalline dolomite with irregular, sutured boundaries,
probably recrystallized in part. Crossed nicols, 17X.
Fine-grained, local phase of high-grade dolomite in Royer formation.
Plain light, 40X.

Feathery calcite, probably a ground-water precipitate, in cavity of
coarsely crystalline Royer dolomite. The central part ol the well-
formed dolomite crystals is clouded with dark-colored particles,
whereas the outer part is colorless. Plain light, 17X.

Fibrous structure of calcite in dolomite cavity. Crossed nicols, 17X,

PLATE XL .

Laminated, finely crystalline dolomite characteristic of the Butterly
formation (see Pl. VIII, B). Two laminae are shown by concen-
trations of dark-colored clay extending horizontally across photo-
graph. Plain light, 17X.

Same as A, 40X, illustrating gub-rhombic outline of dolomite grains.
Siliceous oolite from upper part of Butterly formation, cut by vein
of dolomite in upper left corner. Dark circles and wavy bands con-
tain reddish-brown iron oxide. Plain light, 17X.

Same as C, crossed nicols. Note growth rings of fibrous chalcedony
and cavity filling of granular quartz.

Insoluble residue from Butterly dolomite, containing feldspar
(adularia) of authigenic growth in six-sided euhedral crystals, and
a few doubly terminated crystals of quartz. Crystal form of the
adularia consists of the basal pinacoid (001) and prism (110).
Similar crystals are found in the Fort Sill and Royer formations,
both in limestone and dolomite. 45X.



. PLATE XI.

PHOTOMICROGRAPHS OF DOLOMITE, SILICEOUS OOLITK, AND EUHEDRAL FELDSPAR
PHOTOMICROGRAPHS OF ROYER DOLOMITE, FROM BUTTERLY FORMATION.



PLATE XIIL

A. The Rock Products Manufacturing Corporation’s quarry in Royer
dolomite, cen. N1, SW1; sec. 36, T. 2 S., R. 3 B, Johnston County.

B, C. Crushing plant of The Rock Products Manufacturing Corporation,
one mile north of Troy. :
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sures and the magnesium salt is carried away in solution. Calcium
carbonate, however, is stable under surface conditions and is preci-
pitatcd as calcite in rock openings upon evaporation of the solution.

Field identification. The Royer formation in the Mill Creek-
Ravia area is composed almost exclusively of dolomite. As there
are several kinds of dolomite in the Royer, based on details of texture,
bedding characters, impurities, and weathering effects, and because
each of these kinds may be found in other Cambrian formations of
the area, only mass characters as a whole are valuable in identifying
the Royer as a formation. The Royer consists zypically of light-
colored, coarsely crystalline, massive-bedded dolomite, without
quartz druse and lacking detrital sand in most beds. A sequence of
this lithology 200 feet or more in thickness almost certainly could
be identified safely as Royer. Coarsely crystalline dolomites occur
likewise in the Butterly, but such beds are likely to be less than
about 50 feet in total thickness, and in addition they are likely to
contain quartz druse or sand, or both. Moreover, the Butterly is
characterized by interbedded thin strata of laminated, finely crystal-
line dolomite, 2 type which is lacking in the Royer.

Coarsely crystalline, light-colored dolomite also has been ob-
served in the Honey Creek and Fort Sill formations in the mapped
area, but in each of them it occurs in units less than about 25 feet
thick, interbedded with finer-grained and thinner-bedded dolo-

mites.

In mapping, the base of the Royer was placed at the base of the
massive-bedded, coarsely crystalline, rough-weathering dolomites
which crop out above the relatively thin-bedded, yellowish-brown
dolomites at the top of the Fort Sill formation (PL VI, A). In
most places the lower massive beds of the Royer are 100 feet or
more in thickness, and this is the first thick sequence of massive-
bedded dolomite encountered above the Reagan sandstone. The
top of the Royer has been mapped at the base of the lowest (oldest)
dolomite bed that is laminated, cream-colored, and finely crystal-
line, this bed being regarded as the base of the Butterly dolomite
(Pl. VIII, A). The bed is a convenient mappable unit and is be-
lieved to be a single time horizon in the Mill Creek-Ravia area.
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Stratigraphic relations. The Royer dolomite as delimited in
this area has conformable contacts with the underlying Fort Sill
formation and with the overlying Butterly dolomite. There is no
evidence of unconformity from field observations and the formation
consistently is of uniform thickness within the mapped area. At
two localities in the northern part of the area, however, the Royer
rests not on Fort Sill strata but on buried hills of pre-Cambrian
granite. In the eastern part of sec. 22, T. 2 ., R. 4 E. the base of
the Royer is unconformable on granite; and in the NEY; sec. 15
of the same township, beds in about the lower half of the formation
overlap and cover a similar granite island.

BurrerLy DoLomrTe

The Butterly formation in the Mill Creek-Ravia area includes
strata of dolomite 333 to 435 feet thick that lie conformably on the
Royer dolomite below and grade upward into limestone beds of the
 McKenzie Hill formation. The differences in thickness are caused
by irregular gradation into limestone at the top of the formation.

The Butterly in the Mill Creck-Ravia area is underlain by Royer
dolomite, the Signal Mountain limestone being unrecognizable be-
cause of facies change. The recognition of the Butterly in the area
of the present report was established through lithologic similarities
with the Butterly dolomite of the type area in the Arbuckle anti-
cline; and measured section correlation indicates the probable time

"equivalency of the Butterly in the two areas (fig. 2).

Though subordinate in aggregate thickness, beds of laminated,
cream-colored, finely crystalline dolomite, about 5 feet thick, con-
stitute the most distinctive lithologic feature of the formation. These
are interstratified with much thicker units of medjum to coarsely
crystalline gray dolomite. Many beds contain quartz druse or
sand. '

Distribution. The Butterly formation, like the other Cambrian
formations of the area, crops out in a series of disconnected, north-
ward-trending, narrow bands across the Tishomingo anticline.
These bands range in width from 800 to 2,000 fect. The outcrop
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pattern is comparatively simple, consisting of a north and a south
segment, each about 3 miles long, and a group of three smaller off-
set blocks in the central faulted area of the anticline.

Thickness. Four measurements of the Butterly formation in
the Mill Creek-Ravia area show a range in thickness from 333 feet
to 435 feet and an average of about 400 feet. Inasmu.ch as the bgsc
probably is conformable on the Royer, as here recognized, all varia-
tions are believed to take place in the upper part of tl.lc formation,
chiefly by erratic dolomitization of limestone beds in the lower
part of the overlying McKenzie Hill formation. There is no reason
to believe that the thicknesses of the Butterly were influenced by
deposition over the granite hills which affected the thicknesses of
pre-Royer strata. The irregular topographic surfagc developed on
the granite was completely covered by mid-Royer time, so that the
Butterly sediments were deposited on a comparatively flat surface
at a low initial dip.

. The greatest thickness, 435 feet, is in the north-central part of
the area, in sec. 22, T.2 S, R. 4 E. (measured section A). About 1
mile northward, in sec. 15, near the northern edge of the Tishomingo
anticline, the Butterly is 423 feet thick (measured scction B). The
thinnest section, 333 feet, was measured in the central part of the
area, in sec. 2, T.3 S, R.4 E. (measured section C), this being about
25 miles southward from the locality of greatest thickness. Two
miles farther southward, in sec. 14, T. 3 S,, R. 4 E,, the thickness is
376 feet.

In the Arbuckle anticline the thickness of the Butterly forma-
tion is rather consistently about 300 feet, being 286 feet at the type
Jocality in sec. 18, T. 2 S, R. 2 E.2 and 297 feet in sec. 1, T. 2 S,
R. 1 E., about 2 miles northwestward along the strike. In this area
both the upper and lower contacts of the Butterly are erratically
gradational into limestone. -

Character. Strata here referred to the Butterly formation in-

clude interbedded layers of crystalline-textured dolomite. Thin
20 Decker, C. E., “Progress Report on the Classification of the Timbered Hills

and Arbuckle Groups of Rocks, Arbuckle and Wichita Mountains, Oklahoma”: Okla.
Geol. Survey Circular 22, p. 22, 1939.
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beds of very finely crystalline, laminated, cream-colored dolomite
are characteristic but these constitute only about 10 percent of the
total thickness of the formation and the remaining dolomite types
are very similar to those of the underlying Royer formation. In
general, however, dolomite in the Butterly is more impure and
ccontains more quartz druse and sand than the Royer.

The characteristic beds of laminated dolomite, of which 4 to 7
.are exposed throughout the area, range in thickness from 5 to 8
feet. The lowest marks the base of the formation. They weather
cither to platy “flags” or to smooth partly rounded blocks showing
prominently developed parallel laminae 1 mm or less in width
(PL. VIII, B). These beds are conspicuous in the field because of
the contrast between their pale cream to dead-white color, and the
prevailing dark colors of the other rocks (Pl. VIII, A).

The texture of the laminated dolomites is uniformly very finely
crystalline and equigranular. As seen in thin section under the
petrographic microscope, the dolomite grains are rhombic in out-
line and have an average diameter of about 0.05 mm. The lamina-
tion is caused principally by slight differences in size of the dolo-
mite grains, by thin layers containing detrital quartz grains, and to
a lesserextent by thin streaks of dark-colored clay material (Pl
XI, A). The rock nevertheless is nearly pure, as the insoluble resi-
due is only about 1 percent. It consists of an indistinctive suite of
granular quartz druse, silt aggregates, and silt-sized quartz grains.

About 60 percent of the total thickness of the Butterly is com-
posed of dolomite that is massively bedded, coarsely crystalline,
light in color, and weathers to dark gray honeycombed crags. These
strata are virtually indistinguishable from the Royer except that
they are likely to contain 1 to 10 percent of quartz druse. Through-
out most of the formation dolomite of this type occurs in units about
10 to 50 feet thick, interbedded with finer textured dolomite.

Beds of fine and medium-crystalline dolomite are predominant
in about the upper third of the formation. The fine-crystalline
dolomite normally is compact and tough, dark gray to yellowish
gray in color, and crops out in slightly pitted beds 2 to 6 inches
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thick, whereas the medium-crystalline dolomite has a sugary texture
and occurs in beds about 4 to 10 inches thick. Many of these beds
contain a small amount of arkosic sand and disseminated quartz
druse. Strata of similar lithology but with less impurities are ’
present in the Royer formation.

A bed of siliceous oolite (Pl. XI, C-D) about 6 inches thick
occurs locally in the upper part of the Butterly formation. It is
a useful marker in the northern part of the mapped area but in the
southern half, southward from sec. 26, T. 2 S., R. 4 E., no evidence

of this bed could be found.

Field identification. Beds of laminated, cream-colored dolo-
mite 5 feet to 8 feet thick constitute the most useful lithologic type
in field identification of the Butterly. They are fully distinctive of
the Butterly, for no similar type was found in other formations of
the mapped area. Laminated dolomite beds in the lower member
of the Honey Creek formation resemble them superficially, but can
be distinguished by their greater thickness," gray-green color, and
high content of fine sand and glauconite.

A comparison of dominant lithologic characters in the Royer,
Butterly, and McKenzie Hill formations of the Mill Creek-Ravia
area is shown in Table IV. The various distinctions may be used
together to typify any of the given formations.

TABLE IV
LITHOLOGIC CHARACTERS OF ROYER, BUTTERLY, AND McKENZIE HiLL FORMATIONS
Royer ) Butterly McKenzie Hill

Laminated, eream-colored absent common absent
dolomite

Coarsely crystalline abundant common absent
dolomite

Fine- or medium- uncommaon common uncommon
crystalline dolomite

Limestone rare absent abundant

Finely granular . very rare common common
quartz druse

Smooth or tripolitic absent absent abundant
chert .

Siliceous oolite absent ° 6-inch bed locally uncommon,
. . in upper part in nodules only
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In mapping, the base of the Butterly was placed at the base of
the lowest beds of laminated, cream-colored dolomite. From de-
tailed field work it appears that the same bed has been mapped in
all places, and thus represents a single stratigraphic unit. On
aerial photographs the outcrop of this basal bed, and others like it
within the Butterly formation, can be distinguished as narrow,
light-colored bands.

The top of the Butterly.is mapped at the contact of the sequence
of dolomite stratd containing the laminated, cream-colored dolomite,
with the first overlying persistent strata of limestones, the limestones
being assigned to the McKenzie Hill formation.

Stratigraphic relations. The Butterly dolomite in the Mill Creek-
Ravia area is conformable on the underlying Royer dolomite as here
mapped, and grades upward into limestone of the overlying Mc-
Kenzie Hill formation. In sec. 1, T. 2 S, R..1 E., near the type
section of the Butterly in the Arbuckle anticline, the Butterly dolo-
mite is erratically gradational into limestone at both its upper and
lower contacts. -

ORDOVICIAN SYSTEM
‘MCKENZIE HnL ForMaTiON

The McKenzie Hill formation, of Lower Ordovician age, is
composed mostly of dark-colored, fine-grained limestone. It crops
out as units of massive-bedded, hard, compact strata alternating
with thin-bedded, marly limestone. Many beds contain a small per-
centage of dolomite in disseminated crystals; and a few: beds of
nearly pure dolomite have been found, particularly in the northern
part of the mapped area.

Nodules of smooth chert occur in some beds, but much of the
chert in the formation is in porous, light-colored aggregates. The
porous chert is a weathering product, much like tripoli, derived by
leaching calcium carbonate from an intimate mixture of calcite and
fine-grained silica. As a general rule the porous, tripolitic chert
occurs in a distinctive unit of conglomeratic' limestones, and fills
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the interstitial matrix between pebbles. The conglomerate itself
is the intraformational, flat-pebble type.*

The cherty conglomeratic limestone crops out in the Mill Creek-
Ravia area as a low ridge that is readily identifiable in the field as
well as from aerial photographs. It contains graptolites, which,
according to C. E. Decker,*! are found in similar lithology and in
about the same stratigraphic position in the McKenzie Hill forma-
tion of the Arbuckle anticline. It has been a valuable key bed in
mapping, and it is equally valuable as a datum for correlating
measured sections of the Cambrian beds in the Arbuckle anti-
cline with corresponding strata in the Tishomingo anticline (fig. Z).

The McKenzie Hill formation is underlain with gradational
contact by the Butterly dolomite and is overlain by the Cool Creek
formation. The Cool Creck is composed of limestones and dolo-
mites which contain much chert in the form of boulders, nodules,
and oolite. No well-defined boundary has been established between
the McKenzie Hill and Cool Creek and no attempt was made to
map this boundary for the present investigation.

© 30 Walcott, C. D., “Paleozoic Intra-formational Conglomerates”: Bull. Geol. Soc.
Am., Vol. 5, pp. 191-198, 1894.
81 Decker, C. E., personal communication.



ECONOMIC GEOLOGY OF THE ROYER DOLOMITE

PuysicaL ProOPERTIES

The Royer dolomite in the area of the present report is char-
acterized by a crystalline texture, which is readily observable on a
broken surface by its “sparkle”, or reflection of light from the many
cleavage surfaces of the individual dolomite crystals. These crystals
normally range between 05 and 1.0 mm in diameter, and are
packed together in random and uniform distribution. Although
crystal shape is difficult to determine from hand specimens, a sub-
rhombic to irregular outline can be seen in thin section with medium-
power magnification of the petrographic microscope.

The stone is easily sawed and takes a high polish. One common
‘lithologic type of the Royer dolomite in particular bears a very close
resemblance to commercial marbles and possibly could be used for
this purpose. It occurs in light brown beds 4 to 10 inches thick
and consists of uniform-textured dolomite crystals 0.2 to 0.4 mm in
diameter.

The Royer is compact and has high crushing strength, which
results from the interlocking contacts of its randomly oriented dolo-
- mite crystals. There is no true cementing material and practically
no impurities such as chert or clay. A 100-pound block of typical,
coarse-crystalline dolomite from the outcrop (not a freshly quar-
ried specimen), tested in 1942 for the Lone Star Steel Co., Dainger-
field, Texas, was found to have a compressive strength of 27,100
pounds per square inch.

Despite its high compressive strength the stone can be crushed
by commercial grinding equipment, owing to the coarse-crystalline
texture and the excellent rhombohedral cleavage of the dolomite
crystals. The ease of crushing is an advantage to producers of
crushed and ground stone for glass plant and agricultural use, and
its compactness is such that it could be quarried for crushed stone
without excessive loss of fines.
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The prevailing color is nearly white to light drab-gray, some-
what lighter than Ridgway’s “pale drab-gray” designated 17 ".0-Y.L.
A pale pink, lilac, or very light brown shade- is a common over-
tone, being superimposed uniformly over the prevailing color. A
very faint mottled or banded effect is noticeable in some outcrops.
Invariably, the color is somewhat lighter when the stone is powdered.

Extensive observations on the outcrop, together with thin sec-
tion examination and chemical analyses, indicate that minerals like
pyrite and marcasite are present only in very small traces, so that
there is no likelihood of undesirable staining resulting from the de-
composition of such minerals.

Typical coarsely crystalline Royer dolomite crops out in most
places as massive-bedded strata that weather to pitted or honey-
combed masses. The pitting is thought to have resulted from dif-
ferential solution of the dolomite by surface waters in small localized
areas of coarser-than-normal grain size. Such surface pitting 1s
common in coarse-textured limestones, a good example being in the
Fernvale (Ordovician) limestone at its outcrop near Lawrence,
Pontotoc County, Oklahoma. Quarries in the coarsely crystalline
Fernvale limestone at Lawrence, however, show that the fresh stone
is only slightly pitted a few feet below the surface. This limestone
is known from chemical analysis and mineralogical examination to
consist of nearly pure calcite; therefore, the surface pitting is not
caused by solution of different minerals, but probably results from
textural differences in the calcite of the limestone. It may be
inferred by analogy that the coarse-textured Royer likewise has been
pitted by selective dissolving of different-sized crystalline grains of
dolomite.

The dolomite occurs generally in beds about 2 to 3 feet thick,
being separated by bedding planes that are distinct but not sharply
defined. Except at the quarry opened near a major fault, it is not
known to what extent these bedding planes will be present in fresh
rock, nor to what extent they would aid in quarrying the rock for
such purposes as dimension stone. Locally, bedding planes are very
poorly developed, even at the outcrop, and it is suspected that a
quarry face would show a homogeneous surface without prominent
separation planes.
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In very few places near large faults the Royer is much brecciated
and closely jointed. Elsewhere it is not shattered into small blocks,
but shows a system of widely spaced vertical joints that trend about
at right angles to the strike of the dolomite. The joints are spaced
irregularly, distances between them ranging from about 5 to 20
feet. Again, this observation is based on examination at the out-
crop, where joints, however slight, have been widened and brought
into prominence by dissolving action of water, whereas in subsurface
the joints might well be insignificant. =

A partial check on the inferences regarding subsurface pitting,
jointing, bedding, and staining is made possible by observations at
the newly opened quarry of the Rock Products Manufacturing
Corporation in sec. 36, T. 2 S, R. 4 E. Here the Royer dolomite
exposed in the 25-foot face is in part compact and free from notice-
able cavities, but certain of the coarse-textured beds contain abundant
cavities that range in diameter downward from about 1 inch. These
cavities are encrusted with euhedral dolomite rhombohedrons that
project from the walls and nearly fill some of the voids. The
botryoidal calcite common in vugs on surface outcrops is not present
in the fresh stone. No staining by .decomposition products of iron
minerals was observed.

The dolomite in the quarry face is much jointed, bedding planes
are obscure, and some crush breccia is present. The closely spaced
joint pattern and the crush breccia undoubtedly are ‘the result of
readjustment during faulting, for the quarry was opened less than

50 feet away from a fault on which the stratigraphic displacement is
about 700 feet. Because of this tectonic disturbance, observations
in the Rock Products quarry, as opened in mid-1948, may not be
safely applied in less-faulted portions of the Mill Creek-Ravia area.

CuHeMIcAL 'COMPOSITION

Significance of sampling method. Samples of Royer dolomite
for chemical analysis were taken in the field from natural rock out-
crops. The outcrops in the Mill Creek-Ravia area are exceptionally
good, and where sampled at least 95 percent of the stone actually is
exposed. Thus the samples have a high order of integrity and they
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are believed to be fair representations of the dolomite. Analysis of
dolomite from thc recently opened quarry confirms this supposition.

According to the sampling method adopted, a sequence of rock
outcrop was examined with the aid of a hand lens for visible im-
purities like chert or sand. If this preliminary inspection revealed
insignificant amounts of these impurities, the thickness of the rock
was calculated and the stone sampled with an ordinary geologists’
steel hammer-pick.

Each sample, in detail, is a close approximation to a channel
sample, being a composite of chips taken at right angles to the strike
of the beds. It was intended that every inch of the exposed rock
be represented. The sample contains about 6 cubic inches of chips
per stratigraphic foot of stone, each chip being carefully trimmed of
weathered surfaces that contain lichens and surface soil. To sample
about 100 feet of stone in this manner requires approximately 1 day
for a geologist working alone.

In spite of the precautions in trimming the chips, it is inevitable
that some coﬁtaminating materials were included, leading to the
conclusion that fresh rock beneath the surface probably would be
even lower in impurities than indicated by analysis of the surface
samples.

On the outcrop some of the pits in the dolomite are partly
filled with encrustations of botryoidal calcite, which are responsible
for the free calcium carbonate that is shown by analysis to be about
2 percent. No attempt was made to remove these encrustations,
but it is known that they have been deposited at the surface by
ground waters and are not present in a quarry face of fresh roqk.

Chemical analyses. Detailed chemical analyses of carefully
sampled outcrops invariably show that the Royer dolomite in the
mapped area is a high grade stone suitable for the most exacting
specifications of many chemical industries. The combined mag-
nesium and calcium carbonates in 9 samples representing 791
stratigraphic feet average more than 99 percent, and in the best
stone analyzed these carbonates total 99.51 percent. Dolomite from
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the quarry contains 98.98 percent theoretical dolomite. The analyses
are given in Table V.

Distribution of mineral impurities. From a mineralogical ex-
amination of many samples, it is apparent that the Royer is
essentially a pure dolomite. The other minerals present include
calcite, quartz, feldspar (detrital orthoclase and microcline, and
authigenic adularia), clay, pyrite, and limonite—all in very small
quantity. Except calcite, which occurs in surface cavities, these
minerals are distributed as scattered particles throughout the rock
or concentrated along bedding planes. They account for the silica,
alumina, sodium, potassium, sulphur, and part of the iron.

The iron reported by analysis occurs in large part as ferrous
iron (Fe++), which is well known as an isomorphous replacement
of magnesium in the dolomite crystal. A small part of the iron
occurs as dustlike inclusions of hematite in dolomite grains,
as pyrite (FeS;) in widely scattered crystals, and as limonite
(Fe;05.nH,0), the alteration product of pyrite. Pyrite also accounts
for sulphur.

Silica occurs as free quartz or in combination as silicates. Quartz
itself is present as minute drusy aggregates and as detrital grains,
normally of very fine sand or silt size.

Alumina, alkalies, and part of the silica are present in feldspar
and clay. The feldspar consists of authigenic adularia (colorless

orthoclase) together with detrital orthoclase and microcline. AllL

have the composition (KAISi;Os), in which Na replaces some of
the K. The clay, an unidentified type occurring as micaceous

slivers and aggregates, undoubtedly is a hydrous aluminum silicate
with alkalies and/or alkaline earths.

COMPARISON OF ROYER DOLOMITE WITH SILURIAN DOLOMITE FROM OHIO

In order to show the high quality of the Royer dolomite from
the Mill Creck-Ravia area, a comparison was made with the Silurian
dolomites of western Ohio, which have long been used in large
quantity and are recognized as a standard of excellence. According
to onc publication:
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‘‘Ohio produces more dolomite than any other state in the
country. In 1940 more than 800,000 tons was used as flux and
more than 100,000 tons of raw stone was sold for refractory use.
This does not include the much larger volume reported.
as dead-burned for refractory use. Sandusky and Seneca
Counties produce more than half of the dead-burned dolomite
consumed in this country. Northwestern Ohio is the most pro-
ductive lime-producing area in the country, and most of this
lime is high-magnesian. The lime in this region is particularly
well adapted for use in finishing-coat plaster, which, because
of its high plasticity, is widely used and distributed to all parts
of the country. Mason’s lime and prepared masonry mortar also
are made here. Other large users of dolomite are nearby glass
factories.

‘“ Another large dolomite-producing area runs from Clark
to Adams Counties in southwestern Ohio. The Clark County
product is used as a refractory, in paper manufacture, for the
manufacture of Epsom salts, and for calcining into lime. In
Clinton and Greene counties the stone is used both for furnace
flux and as a refractory,’’s?

From a table of about 300 analyses of Ohio carbonate rocks
made by the Ohio Geological Survey, 25 were selected as representa-
tive of the best grade of Silurian dolomite. The analyses selected
were made from quarry face samples of operating companies that
use the stone for calcining or other chemical purposes; and all
these quarries are in beds of Niagaran (including Cedarville and
Guelph) and Monroe age. Quarries operated for crushed stone,
fluxing stone, or agstone, most of which have more than 1 percent
silica, were not included. The average of the 25 analyses are com-

pared in Table VI with the average of 9 analyses of Royer dolomite

from the Mill Creek-Ravia area.

Most striking of the comparisons to be made from Table VI is
the close similarity in chemical composition between Oklahoma and
Ohio dolomites, both containing 0.41 percent silica and more than
986 percent Ca and Mg carbonates. Considered in detail, the
Oklahoma dolomites contain less iron, sulphur, and phosphorous
than Ohio dolomites; and the Ohio dolomites are superior in con-
taining less alumina and alkalies. In the outcrop samples of Royer

32 Colby, S. F., “Occurrences and Uses of Dolomite in the United States”:
U. S. Bureau of Mines Inform. Circ, 7192, p. 17, 1941.
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dolomite from Oklahoma the percentage of theoretical dolomite is
less than expected because free calcite present in surface cavities
reduces the MgO-CaO ratio. Dolomite from the quarry of the
Rock Products Manufacturing Corporation, which probably is
representative of subsurface stone throughout the Mill Creek-
Ravia area, contains no free calcite, it corresponds closely to the
theoretical MgO-CaO ratio, and the total dolomite content is 98.98
percent. This is slightly higher than the average for Ohio dolomites.

Despite the close similarity, certain intrinsic differences may be
noted in mineral composition. The Oklahoma dolomite contains
small but apparently consistent amounts of authigenic feldspar which
increases, relatively, the percentage of ALO; and alkalies (K,O and

'Na;0). On the other hand, the Ohio dolomites. commonly con-
tain small amounts of celestite (SrSO), which increases the per-
centage of SO,
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TABLE VI
CHEMICAL ANALYSES OF OKLAHOMA Doromite CoMPARED WITH OHIO DoOLOMITE
Royer Dolomite from High Grade Silurian
Mill Creek-Ravia, Okla. Dolomite from Western
Nine analyses from ., Ohio. 25 analyses
Outcrop. See Table V. from quarries.®
Average Range Average Range
S10, 0.41 0.26 -0.71 0.41 0.06- 1.70
Al,04 0.177 0.10 -0.26 0.07 0.02- 0.25
Fe,0, : 0.057 0.02- 0.25
: FeO : 0.155 0.09- 0.23
Total Fe
as Fe,0y 0.167 0.12 -0.18 0.229
Ca0 30.71 30.50-30.79 30.02 29.00-30.33
MgO 21.18 20.91-21.34 21.53 20.79-21.77
K0 0.051 0.028-0.075 low <0.01- 0.06
Na,0 0.029 0.011-0.044 low <0.01- 0.03
SO, 0.031 0,019-0.050 0.218 <0.01- 1.70
P.0O; 0.004 - 0.002-0.008 0.042 <0.01- 0.09
H,0 at 105° C. o1 0.04 -0.20 0.133 0.02- 0.40
Loss on ignition
(105°-950° C.) . 47.26 47.09-47.317 47,092 45.49-47.607
RECALCULATION
CaCO,? - b4.81 54.44-64.95 53.67 51.76-54.13
MgCO,* 44.29 43.63-44.73 45.03 43.48-45.63
. Total 99.10 98.17-99.58 98.60 95.24-99.65
.CaMg(CO0y)4 96.86 95.64-97.61 98.47 95.09-99.67
(dolomite)
excess CaCO, 2.24 ¢ 1.78- 2.99 0.13 0.08- 0.15
(calcite)
2CO, * calculated from CaO 4 calculated from MgO

1 Stout, Wilbur, «Dolomites and Limestones of Western Ohio”:
Geol. Survey of Ohto, (4th ger.) Bull. 42, 1941. Analyses from
table facing page 424, sample numbers 45, 46, 51, 52, 63, b4,
107, 108, 115, 114, 111, 112, 113, 193, 195, 182, 179, 1177, 178,
180, 176, 89, 310, 309, and 311. The gsamples are from the
Niagara-Cedarville (6), Niagara (10), Monroe (6), and Niagara-
Guelph (3).

It may be said in conclusion that the very best of the Ohio
dolomites are without question of very high quality and justly
deserve their long-standing reputation for use as lime, refractories,
fluxing stone, and in glass making. It-is also true that the Royer
dolomite in the Arbuckle Mountains likewise is of high quality
and suitable for these same uses.
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. CoMMERcIAL ProbucTioN

 The field mapping of 1943, 1944, and 1945, together with the
chemical analyses of outcrop samples, enabled the Geological Survey,
- to recommend to prospective operators the most favorable dolo-
mite quarry sites in the Mill Creck-Ravia area. A quarry site was
selected in high purity dolomite of the Royer formation, and con-
struction of a crushing mill and 3-mile narrow-gauge rail line began
in 1946. The project was completed, the quarry opened, and ship-
ments of stone were first made in June, 1948.

Examination of the quarry has provided information on the

chemical composition of the Royer dolomite that was not available

* from outcrop investigations. Of most significance is the improve-

ment in quality of the dolomite below the ground surface, particu-

larly by an increase in the ratio of MgO to CaO. . The free calcite

present in cavities on the outcrop disappears below, and the stone
there shows close approximation to theoretically pure dolomite.

The quarry, owned and operated by the Rock Products Manu-
facturing Corporation of Ada, Oklahoma, is in the central part of
the N, SWY4 sec. 36, T. 2 S., R. 4 E. Stone is hauled from the
quarry over the narrow-gauge railroad 3 miles east to the crusher
and shipping point on the Frisco railroad 1 mile north of Troy.

In the fall of 1948 the quarry was 500 feet long and about 25
feet high (P XII, A). The face is elongated east-west and is being
driven southward into the side of a gently sloping hill, where the
beds dip 10° SW. The height of the face gradually increases as the
workings go forward and eventually will be about 65 fect. The
quarry floor is maintained as nearly level as possible in order to
facilitate laying and moving the rail line, which advances parallel
with the face as it is worked back. No water has yet been encounter-
ed in quarrying; in fact, water must be obtained for blast-hole drill-
ing from a nearby spring-fed stream.

The principal blast holes are 6 inches in diameter, drilled with
gasoline-powered churn drill on 10-foot centers with 15-foot burden,
to a depth 6 fect below the quarry floor. Along the lateral margins
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of the quarry accessory blast holes are drilled with a wagon drill
driven by compressed air. Stone broken by blasting is loaded by a
gasoline-powered shovel with 1}4-yard dipper into 7-ton, side-dump,
all-steel quarry cars and hauled to the crushing plant by gasoline-
powered locomotives.

. The quarry is in the lower beds, nearly at the base, of the Royer
dolomite. The original opening was made very close to a fault
with a displacement of about 700 feet which brings Royer dolomite
into contact with Reagan sandstone. The fault contact is identified
in Plate XILA by the tree line in the left background. Trees grow
on the Reagan sandstone whereas the outcrop of Royer is nearly
bare. The overburden at the quarry consists of a thin covering of
dark-colored soil, mostly contained between outcropping dolomite
crags and extending downward 1 to 3 feet into the quarry face.

The quarried stone is nearly identical with medium-crystalline
dolomite described from the outcrop, with the important exception
that botryoidal calcite is lacking entirely from the voids, which in-
stead are lined with perfectly formed rhombohedrons of dolomite.
Irregular patches of crush breccia, containing angular fragments of
medium-crystalline gray dolomite embedded in orange-colored .
microcrystalline dolomite, occur locally in the quarry face. A small
amount of greenish-gray plastic shale likewise occurs locally, in
places as a half-inch seam following bedding surfaces and in other
places filling joints normal to bedding. The strata are closely
and irregularly jointed, undoubtedly because they are here so close
to a major fault.

At the crushing plant (Pl. XII, B,C) the dolomite is unloa}dcd
and crushed by a 24 by 36-inch primary jaw crusher to minus 6-inch
size. This product may be marketed as such or classified into
different grades which in turn may be sold or used as feed to a
24-inch cone crusher or 40 by 24-inch roll crusher for further reduc-
tion. In Plate XII,B the primary crushing house may be seen on the
right, the secondary crushing and screening house in the middle,
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and storage bins for direct car loading on the left. Open gondolas
are loaded directly from the secondary crushing house. The plant
has equipment designed to handle 275 tons of broken stone per hour.

The principal use of the dolomite at the time of this writing is
for flux in iron ore smelting. About 300 to 500 tons of 1- to 6-inch
stone is shipped per day for this use, all shipments being made to the
Lone Star Steel Company at Daingerfield, Texas, where East Texas
brown iron ore is smelted to pig iron. Another product is minus
ten mesh stone for glass-making, for which there is considerable
market in the glass plants of Oklahoma and neighboring states.
Crushed and ground products for prepared fertilizers, construction
stone, and agstone also will be marketed.

The exceptional purity of the quarried stone is indicated by
analysis of a sample representing 500 tons of fluxing stone taken
from loaded cars ready for shipment (Table V, laboratory number
9821). A recalculation of the analysis shows 98.98 percent theo-
retical dolomite and 0.11 percent excess calcite. The high magnesia,
together with low content of silica, alumina, iron oxide, sulphur,
and phosphorus, compares favorably with the best grades of Ohio
dolomite. '

The Rock Products Manufacturing Corporation, which was
organized with the late W. E. Ryder as president has its office
in Ada, Oklahoma, P. O. Box 81. W. D. Ryder is president, and
Abe C. Davis is superintendent of the quarry and mill.

FavoraBLE QUARRY SITES AND RESERVES'

The Royer dolomite, as described on previous pages, is about
550 feet thick, it crops out in a belt 9 miles long and 700 to 3,000
feet wide, and has a surface exposure of about 1,400 acres. Analyses
of outcrop samples, taken to represent the stratigraphic and geo-
graphic range of the formation, show that most of the stone is high
grade dolomite; and, from geologic considerations and from ob-
servations in the recently opened quarry, it is believed that the
formation in subsurface will show slight improvement over that
on the outcrop. It is thus possible to make an estimate of stone
available in the district. Using conservative data—45,000-foot

QUARRY SITES AND RESERVES (ks

length and 1,500-foot breadth of outcrop, and a sloping outcrop
surface that is 60 feet higher at the top of the Royer dolomite than
at its base—it is calculated that there is slightly more than 150,000,000
tons of dolomite readily accessible for quarrying. This estimate
includes stone lying above a horizontal plane projected from the low-
est point of outcrop, with no rock overburden and an insignificant
amount of soil, and a maximum quarry face height of 60 feet. A
very much larger additional volume, about 2,600,000,000 tons, could
be obtained at lower depths if quarrying operations were carried
below the assumed horizontal plane to the basal beds of the forma-
tion. Neither of these estimates considers Royer dolomite that
underlies the outcrop of the Butterly formation, but the 150,000,000-
ton reserve alone is sufficient to meet the largest commercial re-
quirements.

The method of quarrying at any particular site will be gov-
erned largely by topography. Where the surface is rather level,
as at certain localities in the central part of the district, pit-quarrying
methods probably would be used. In the northern and southern
parts, relief is greater and the surface somewhat dissected by streams,
with many small bluffs and gently sloping, east-facing scarp faces.
Such natural faces offer excellent sites for bluff or open-face quar-
ries. It appears likely, furthermore, that open-face quarries would
not encounter ground water in significant amounts, for the outcrop
of the dolomite beds is above the level of permanently flowing
streams.

Electric power for quarrying operations could be supplied
conveniently from the 66,000 volt transmission line of the Oklahoma
Gas and Electric ‘Co., which crosses the dolomite outcrop in two
places and is accessible to the entire area (see Plate I).

Although sites could be worked by open-face quarries along
most of the ravines and intermittent stream valleys that cross the
dolomite outcrop, several localities having favorable characters are
worthy of brief description here.

At the southern edge of the area a maximum relief of 90 feet
has been developed in the Royer by a drainage system tributary to
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Mill Creek. About 155 acres of dolomite are available for open-face
quarrying, including 60 acres in the SW4 sec. 19, T. 3 S, R. 5 E,,
25 acres in the NW sec. 30 of the same township, and 70 acres in
the E}5 sec. 24, T. 3 S,, R. 4 E. The beds dip 15°-25° southwest. -

Brushy Creek apd its tributaries cross the Royer outcrop in the’
NW!4 sec. 13 and the SEY sec. 11, T. 3 S,, R. 4 E., where about 115

acres of dolomite could be worked in openface quarries. The
favorably exposed outcrop in this locality is about 5,000 feet long and
1,000 feet wide; the maximum relief is 60 feet; and the rocks dip
20° to 30° southwest. An analysis of 125 feet of dolomite from the
upper part of the formation is shown in Table V, laboratory num-
ber 9391. : ’

Three east-flowing tributaries to Mill Creek cross the outcrop
of the Royer dolomite in a fault block in the east-central part of
sec. 2 and the northwestern part of sec. 1, T. 3 S, R. 4 E.  About
100 acres of dolomite are available for quarrying in the vicinity of
these tributaries, which are V-shaped ravines with gently sloping
inter-ravine divides. The height of the scarp face is about 60 fect
and the formation dips 11° west. : " :

At another fault block in the central part of the Mill Creek-
Ravia area, chiefly in the SEY4 sec. 35 and the SW sec. 36, T. 2 S.,
R. 4 E,, an outcrop of Royer covering about 240 acres is dissected
slightly lby tributaries to Bee Creek. Maximum relief is about 75
feet and the strata dip 11° southwest. Exposures are typical of
the “rock prairie”, the ground surface having very little soil and few
trees. Analyses representing 297 stratigraphic feet of dolomite
from this locality are shown in Table V, (laboratory numbers 9292-
9296, inclusive). It is in this locality that the quarry of the Rock
Products Manufacturing Corporation was opened in 1948.

A north-trending band of Royer 2,000 feet wide and 1 mile long,
covering about 230 acres in the western part of sec. 26, T. 2 S,, R. 4
E. and parts of adjoining sections on the north and west, forms a
nearly level rock plain on which there are no major tributaries. The
beds dip 13° west. Quarrying in this area probably would be don.c
by open pits. The stone is of high quality, as shown by an analysis
representing the lower 169 feet of the formation (Table V, labora-
tory number 9379).
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At the northern edge of the mapped area the Royer crops out
in a curving, east-facing escarpment in a locality whose relief ex-
ceeds 100 feet. Several deep ravines increase the general rugged-
ness of the topography. Most of this outcrop, about 225 acres, is
in the EY sec. 15, T. 2 S, R. 4 E.. The dip of the formation ranges
between 13° and 30° west. Many open-face quarry sites are avail-
able in high grade dolomite, two analyses of which are given in
Table V, laboratory numbers 9262 and 9263.

DOLOMITE IN OTHER PARTS OF OKLAHOMA

Although the Royer in the Mill Creek-Ravia area apparently
represents the largest and most accessible deposit of high grade dolo-
mite in Oklahoma, other deposits that are less extensive, of lower
grade, or less convenient to railroad transportation are known in the
state. Outcrops of Royer in other parts of the Arbuckle Mountains
are more extensive than in the area mapped for the present report, but
most of these outcrops are located at - much greater distances from
existing railroads and they have not been investigated in detail.
Two analyses of the Royer at the southeastern edge of the Arbuckle
Mountains, in Atoka County, 1 analysis in easternmost Johnston
County, and 5 analyses from the west-central part of the Arbuckle
Mountains, in Murray County, give the general character of dolo-
mite in these areas. The analyses, given in Table VII, show higher
silica and lower dolomite content than the Mill Creek-Ravia stone,

" One outcrop area of Royer dolomite deserves special considera-
tion because a relatively large though definitely limited tonnage of
high-grade stone is located adjacent to a railroad. Three miles south
of Wapanucka, chiefly in sec. 36, T. 2 S., R. 8 E. and sec. L T.38S,
R. 8 E., Johnston County (fig. 5), a narrow block of Arbuckle dolo-
mite and older beds is faulted on the south against pre-Cambrian
granite and on the north against Caney shale. The block trends
N. 70° W. and is 400 to 500 feet wide in this area although it pinches
out westward at the west line of sec. 36 and becomes wider east-
ward beyond the east line of sec. 1.

Within the fault segment are outcrops of Royer dolomite, Fort
Sill dolomite, Honey Creek sandy glauconitic dolomite, and Reagan
sandstone. ‘The structure in detail is complex, as faults are present,
many beds show dips ranging from 10° to 60°, and some beds are
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overturned. Outcrops of the Royer dolomite are limited to the
northwestern third of the fault block, in the SWY; sec. 36, whereas
the older beds crop out in the southeastern part. '

The Kansas, Oklahoma, and Gulf Railroad crosses the eastern
edge of the Royer outcrop, and parallel with the railroad is Okla-
homa Highway 48, a graveled road. The Chicago, Rock Island, and
Pacific Railroad formerly operated a line across the central part of
the outcrop but it is now abandoned and the rails and ties have
been removed.

A quarry formerly was worked in the Royer dolomite from the
Rock Island railroad northwestward to the faulted limit of outcrop.
The quarry face is about 600 feet long and 35 feet high, and the
quarry floor is about 200 feet wide. Nearly all the readily accessi-
ble stone has been quarried. The dolomite is much jointed and
broken as the result of tectonic adjustment within the narrow fault
block and no reliable dip surfaces were observed. The stone is
light gray to light brown, medium-crystalline in texture, and con-
tains no chert or sand. Apparently the quarry was worked for
railroad ballast and possibly for concrete aggregate.

Between the old Rock Island roadbed and the Kansas, Okla-
homa, and Gulf Railroad is a bare-rock hill of Royer dolomite that
constitutes the principal reserve of high quality stone in this locality.
It is about 700 feet long and 400 feet wide and covers, therefore,
slightly more than 7 acres. The hill rises 50 feet above the K. O.
and G. tracks but an additional 50 feet is present on the steeply
sloping north flank of the hill below the railroad level. Hence
there is approximately 350 acrefeet of dolomite in the hill above
the lowest point of outcrop. Using 175 pounds per cubic foot or
3,800 tons per acre-foot as the weight of dolomite in the ground, a
volume of 1,330,000 short tons is indicated within the hill. Little
additional dolomite could be quarried conveniently in the vicinity
of this hill, with the possible exception of stone present below the
floor level of the abandoned quarry, which adjoins the hill on the
west.

A chemical analysis of a sample consisting of about 75 chips
taken from the eastern part of the abandoned quarry and from out-
crops on the hill is given in Table VII. The quality of the dolomite



DOLOMITE IN OTHER AREAS

“calculated from MgO

Ycaiculated from CaO

1 COo.

83 DOLOMITE RESOURCES I | ez, AR
' : g Eh23 &g 5
. . . . 2 wral e o8 |© ) moﬁmm-db-vmg-dw b WS | © o
is shown by the high percentage of total calcium and magnesium g|FwEile 150 |18/2|23050 423834 . 2| |ves|s |
. .ye . . K | .
carbonates (98.89 percent), and relatively low silica, iron oxide, and S | %EnE | 25| |s e D B e |
. SRl = {
alumina. C&® S5 = |
The Butterly dolomite, as well as dolomite beds in the upper §:§§ 5| [2agregddd gdg © IR2 |2 |9 i
part of the Arbuckle group (McKenzie Hill, Cool Creek, Kind- g s = SSgRcHAAgAE g |B%¥8 (8 | |
blade, and West Spring Creek), have not been investigated in de- 2 “as '
tail because preliminary examination reveals that sand, chert nod- - 8l | aeiE a ~ et
ul dru i i Ben g g le |2 (3nngRe<<side 5| 1833|858
es, or quartz druse are common constituents of these beds in both Bl glaing| o B |5|53c85Sdddgds < i P DU
. . . . o, o | b= ~H
the Arbuckle and Wichita Mountains. The few available analyses % E el Jl 81T | @ R~ R
. . . . 237 ] 0 ’
indicate an insoluble residue of 1 to 9 percent and MgO generally 1 - D NS I I b
' ol o bl = ol =
less than 20 percent. g s 5 ¢ |0 [R3]BRBIPS I 7| |RER IR |E |
. . e i ocoooroaqagA YA © K | b i
The Strange dolomite, probably of Lower Ordovician age, crops N EREEY: = = R B L '
. ] L. . Sz
out in 4 small hills south of the Wichita Mountains, Comanche 8l |eiig oo o o |mom o |«
. . . . B4 s ML oed §T
County, in southwestern Oklahoma (fig. 5). These hills project as E Pag S| |S3325S 644 Sa0 o ane 2 |5 |
« qe . [ o =9 i
inliers through lower Permian shales and sandstones, and cover S n v = ” '
hardly more than 100 acres. Analyses of the Strange as given in w = oo W '
vyl . ot a : 53 o |18 RN O YIRS @ | (e | S @ !
Table VII show that the average silica content is less than 1 percent EEl g2 |32 T8 |522232322232 S|o|das|a |=
.. .- < I
and magnesia in excess of 21 percent, thus comparing favorably = g8 (RS 9 ae - 3 - wwe | I
with the average of high grade Royer. There is sufficient stone at Z o ‘é":f 58] wleld |qennnb38ESowe 3|9 cvnla |o
iti i ; ; : g g 1 hal Rln|®[«ndntineSogeer @ | P Har e 19
these localities, convenient to railroad transportation, to warrant its B3l 243 |35 S |Heeggeseessg g0 |xdn (8 |
. . . . ) “
exploitation for all but exceptionally large requirements. Bl %08 |5 4 —orsion -
nites i - B B12°F (5| (g 235828235888 8= B8R\2 F
A few other dolomites in Oklahoma are worthy of mention, al 5@ = | 2% S recggdossssss 3 (@ B85 (3 |©
. . . . . [
notably the Pennsylvanian Wildhorse dolomite in Osage County.* g = g -
In sec. 21, T. 22 N,, R. 10 E. the Wildhorse is 18 feet thick and § . |53 elel |nonnecf8B8ss 2| |2eg(e |
contains about 25 percent silica and 18 percent magnesia. The sl |35, EE ~12|§ |Hocggdsesesg g |2d5|8 |7
. . . ;oh i
Cotter dolomite, probably equivalent to beds in the upper part of R D 7
ik / N ) S -~ . o @ .
the Arbuckle limestone in the Arbuckle Mountains, crops out in Bl |emBe EE 21219 |35523+83383H 8| |R88 |18 |3
e o . ; ! S| |RSEanteso SN : 85 [ i
northeastern Oklahoma (fig. 5) in widely scattered exposures, S IR 3| < [SSSgRAeeeees §| |BI8 (S
. v . « . ' < ~
most of which are not accessible to railroads. Preliminary analyses 5 -
. . . . =] - o0 )
indicate about 6 percent insoluble residue and about 20 percent MgO. gl ig€s [ 28 5 2anesESzIne 3 E8% 1% |2
. ' . LR e > rocggdocosey 2 Sos |
In western Oklahoma (fig. 5) there are several beds of Permian E 3 ;“‘.“’.é < & - -
. g ¥ Qe 2 "
dolomite,® mostly less than 5' feet thick, that may be used for local <|@alES |8 Bty |eRneesS882]s S -
. . e ' Few |8 S Coog sosceor o |H®@e (s o
consumption, but quarrying conditions are not favorable for large g7 = > |4 |TTTRRH M-I e b
: -~ . 2O~
scale operation. . g - SEG 2|8
33 Beach, J. 0., and English, S. G., “Dolomite and Magnesium Limestone”: Blg E 8l . S g,a’:% 8% 8"
Okla. Geol. Survey Mineral Report 6, 1940. ' 218 -] gleial 2 nEe "o | H | 0S
84 Suffel, G. G., “Dolomites of Western Oklahoma”: Okla. Geol. Survey Bull. 2|8 g ALY, 0 «Saby Sog |8 a3
49, 1950 . S|E |5 | £|4|d|d9398893090858| |GuE 3|88
‘ = [ al3|2 a<adSeErzanE3Ca OERI6T(82

1inanlnhla ranidna




SAMPLE CALCULATED

LooATION:

sE0. 23, T. 2 8., R. 4 B. (PL. I).

APPENDIX
MEASURED SECTION A

LITHOLOGY

SECTION BEGINS AT POINT 1,300 FEET EAST AND 200 FEET NORTH OF SW CoOR. 8EC. 22, T. 2 S,
R. 4 E., AND EXTENDS EASTWARD TO BASE OF REAGAN SANDSTONE AT A POINT IN THE SE4
STRIKE N. §5° W., pIP 22° WEST AT TOP.

INSOLUBLE RESIDUE

NUMBER THICKNESS (ft.) PERCENT DESCRIPTION
McKeNzIE HILL LIMESTORE (LOWER PART ONLY)

144-1564 115.5 Limestone, conglomeratic; gray to brownish, fine 10 Chert, light gray, smooth; grades either
grained; chert common in nodules and .reticulate to opalescent chalcedony or to chalk-
patches along bedding planes. Thick-bedded strata textured tripolitic chert, partly dolo-
alternating with soft marly limestone, mostly moldic or lacy. (D)*
covered. Silt aggregates, light brown, coarsely

granular, dolomoldic (C).
Quartz druse, milky, granular (R).
143a 1614 Covered across meadow, probably limestone. Large
boulders of 1imestone lying on surface.

143 10.4 Limestone: gray with brownish mottling, micro- 1 Silt, coarse-textured, with abundant.
crystalline, compact. Weathers light gray. . euhedral quartz (D).

Quartz druse, milky, granular, botryoi-
dal (R).
BUTTERLY DOLOMITE: 434.6 FEET THICK.

141-142 20.8 Dolomite, sandy: gray to light brown, medium- to 8 Silt aggregates, light brown, finely

fine-crystalline. Beds less than 1 foot thick. granular, highly dolomoldic (D).
Arkosic sand, poorly sorted (C).

140 5.4 Dolomite: cream-colored, very finely crystalline, 2 Silt aggregates, milky coarsely granu-
laminated. I lar, powdery.

139 16.4 Dolomite, sandy: gray, coarsely crystalline Massive- 10 Arkosic sand, poorly sorted; quartz

: bedded honeycombed ledges. subrounded, frosted, with crystal
faces of secondary growth (D).
Silt aggregates, milky, granular, dolo-
moldic (C).
Quartz druse, milky, granular botryoi-
dal (R).
* Letter symbols are used to designate relative abundance of insoluble materials as follows:
(D) Dominant: more than 50 percent (C) Common: b5-26 percent
(A) Abundant: 25-50 percent (R) Rare: 1-b percent
136-138 31.2 Dolomite: gray to light brown, medium-erystalline 5 Quartz druse, milky, finely granular,
(sugary), sandy, cherty. Weathers to smooth beds lacy to dolomoldic (A).
2-6 inches thick. Silt, coarse-textured, powdery (D).
: Arkosic sand, poorly sorted (C).
135 7.0 Dolomite: cream-colored, very finely crystalline, 4 Silt aggregates, coarsely granular, dolo-
-laminated. moldic.
128-134 80.0 Dolomite: gray to brownish, medium-crystalline 9 Arkosic sand, poorly sorted. Quartz
(sugary), some beds arkosic. Strata 2-6 inches thick. subrounded, frosted (A).
Silt, powdery or in aggregates (A).
Quartz druse, milky, granular (C).

127 0.5 Oolitic chert, in a continuous mappable bed. 100 Siliceous oolites, light brown, set in a
matrix of light blue chalcedony and
granular clear quartz.

Strike N. 16° W., dip 16° west.
124-126 39.7 Dolomite: brownish-gray, medium-crystalline (sug- 4 Arkosic sand and silt (D).
ary). Chert irregularly disseminated. Beds 2-6 Quartz druse, granular, milky (C).
. inches thick, weathering smooth and non-pitted.
122-123 24.4 Dolomite: gray, coarsely crystalline. Beds about 2 1 Feldspar (adularia), euhedral, trans-
feet thick, weathering pitted. parent to translucent (D).
Silt aggregates, milky, granular, dolo-
moldic (A).
Quartz, euhedral (R).
Glauconite (?), pale green waxy flakes,
dolomoldic (R).

121 8.0 Dolomite: gray to cream, very finely crystalline, 1 Silt aggregates, milky, powdery.

laminated.

120 10.9 Dolomite like 122-123 3 Feldspar, euhedral (D).

Silt aggregates, milky to pale green,
smooth to finely granular, dolo-
moldic (C).
119 8.0 Dolomite: light gray weathering cream, very finely 1 Silt aggregates, milky, coarsely gran-

crystalline, laminated. Weathers to thin plates and
flags.

ular, dolomoldic.
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109-118

108

104-107

103

102y,

102

95-101

93-94

88-92

77-87

b1-76

47-50
46

4514
44-45

43

111.9

6.0

43.6

5.0
9.8

7.0

76.3

26.8

64.6

119.9

283.4

51.0
8.0

5.0
25.0

160

Dolomite: gray, coarsely crystalline. A little dis-
seminated chert. Weathers dark gray, pitted.

Dolomite: laminated gray and brown, finely crystal- -

line; in smooth beds 1-2 inches thick.

Dolomite: gray to brownish-gray, sugary textured,
a little chert. Beds about 1 foot thick, weathering
smooth, :

Dolomite: cream colored, very finely crystalline,
laminated. '

" Dolomite: light gray, coarsely crystalline; weathers

dark-colored, massive-bedded.

Dolomite: cream-colored, very finely crystalline;
weathers to laminated flags 1,-2 inches thick.

ROYER pOoLOMITE: 560.9 FEET THIOK. \
Dolomite: gray to pink, coarsely crystalline; beds

2-3 feet thick, weathering dark gray, honeycombed
Typical Royer lithology.

Dolomite: gray, sugary-textured; beds 2-4 inches
thick, weathering smooth.

Dolomite: gray to pink; coarsely crystalline. Typical
Royer lithology.

Dolomite: gray to light brown, medium-crystalline.
Beds about 1 foot thick, weathering to non-pitted,
sugary-textured surface. Disseminated chert rare.

At SW cor. sec. 23, T. 2 S, R. 4 E. Strike N. 20° W.,

Dolomite: gray ranging to mottled in shades of
pink, lilae, or brown; mostly coarsely crystalline,
massive bedded, pitted ledges. Typical Royer lith-
ology.

ForT SILL FORMATION: 424.8 FEET THICK.

Dolomite: yellowish-gray, finely crystalline, tough
and compact. Beds mostly 3-5 inches thick.

Limestone, dolomitic: light gray, very fine grained,
sandy, compact, thick-bedded.

Dolomite like 47-50.
Limestone like 46.

Dolomite, arkosic: yellowish-gray, finely crystal-
line, weathering to yellowish beds 0.5-1.0 inches
thick. At top a massive-bedded coarsely crystalline
dolomite 3 feet thick.

1

1

1.5

10

Chert, opalescent botryoidal crusts (D
to C).

Silt aggregates, milky, smooth, dolo-
moldic (D to C).

Silt, milky, powdery (C to R).

Feldspar, glassy, euhedral (R).

Glauconite (?7), green waxy flakes,
dolomoldic (R).

Silt, milky, powdery.

Drusy quartz, milky, granular (D).

Silt aggregates, smooth, milky, dolo-
moldic (C).

Feldspar, glassy, euhedral (R).

Silt aggregates, milky, powdery (D).

Quartz druse, milky, finely granpular
(A).

Quartz druse, milky, finely granular,
grading to translucent light blue
chert.

Silt aggregates, milky, finely granu-
lar, dolomoldic.

Silt aggregates, milky, smooth to gran-
ular, dolomoldic (D).

Quartz druse, clear to milky (R).

Glauconite (?), pale green, interstitial,
waxy, dolomoldic (R).

Feldspar, glassy (R).

Silt- aggregates, interstitial,
smooth, dolomoldic (D).
Glauconite (?), pale green, waxy, dolo-

moldic (R):

Feldspar, glassy, euhedral (R).
Quartz druse, very {finely granular,
milky (R).

milky,

Silt aggregates, interstitial, milky,
smooth to granular, dolomoldic (D).

Glauconite.(?), pale green, interstitial,
waxy, dolomoldic (C).

Feldspar, glassy, euhedral (R).

Silt aggregates, interstitial,
milky, dolomoldic (D).

Arkosic silt (C).

Feldspar, euhedral (R)

smooth,

dip 14° west.

Silt aggregates, interstitial, milky to
brown, smooth to finely granular,
dolomoldic (D to A).

Arkosic sgiit (C).

Feldspar, euhedral (C to R).

Glauconite (?), dark to pale green,
interstitial, dolomoldic (R).

Arkosic silt amd silt aggregates.
Arkosic sand and silt, poorly sorted.

Arkosic sand and silt.

Arkosic sand and silt, poorly sorted
(D).

Silt aggregates, dolomoldic (C).

Glauconite, dark green flakes,
moldic (R).

Arkosic fine sand and silt (D).
Quartz sand, medium-grained, sub-
rounded, frosted (R). -

dolo-
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42

30-41

28-29

27

25-26

24a

24

233,

22-23

21
19-20

18

15-17

13-14
12

11

10

16.0

144.0

356.0

10.0

59.8

20.0

6.0

20.0

12.0

15.0

5.0

32.0

8.0

10.0

10.0

20.0

Limestone, dolomitic: light gray, fine-grained and
compact, arkosic, thick-bedded. Contains some
flat-pebble conglomerate. Uneven, probably erosional

_contact with underlying dolomite.

Dolomite: -gray to yellowish-gray. Beds that are
meaium-crystalline and massive-bedded alternating

with strata that are fine-crystalline and thin-bedded.
-Arkosic sand common. .

Limestone, dolomitic: light gray to yellowish-gray,
fine-grained. Alternating thick- and thin-bedded
strata. :

Dolomite: gray to buff, medium-crystalline, weather-
ing to pitted, light-brown, thin beds.

Limestone: light gray, mottled by orange coarse-
crystalline dolomite crystals, very fine-grained and
compact. Weathers to nearly white massive beds.
A few Girvanelle algae. :

Covered by soil. Local exposures of limestone along
strike.

Limestone: light gray, very fine grained and com-
pact, mottled with patches and stringers of orange,
coarsely crystalline dolomite. Numerous Girvanella
1,-1 inch in diameter. Strata weather light-colored,
pitted.

HoNEY CREEK DOLOMITE: 138.0 FEET THICK.

Dolomite: gray to pink, very coarsely crystalline,
with coarse arkosic sand. Thick beds.

Dolomite: gray to pink, very coarsely crystalline;
thick beds weathering dark gray, moderately pitted.
Dolomite, sandy: light brown, medium crystalline.
A few layers %-1 inch thick are highly arkosic.

Dolomite: gray to pink, very ccarse crystalline,
thick-bedded.

Dolomite, arkosic: cream-colored, coarse crystalline.

Dolomite, sandy: gray to buff, very finely erystal-
line, laminated in part. Very fine sand abundant,
glauconite rare.

Numbers omitted in field.

Sandstone, buff, very fine grained, slightly glau-
conitic. Dolomite leached.

Dolomite, sandy: light brown, finely crystalline,
slightly glauconitic, with abundant very fine sand.
Smooth-weathering, thin beds.

Sandstone, buff, very fine grained, glauconitic.
Dolomite leached.

Dolomite, sandy: light gray, greenish-gray or brown-
ish, very finely crystalline and compact; thin beds
weathering smooth to slightly pitted.

18

11

11

11

15

13

32

39

94

56

93

46

Arkosic fine sand ¢.nd silt,

Arkosic sand, ranging from coarse to
very fine In different beds. Quartz
subrounded, frosted; feldspar sub-
rounded cleavage fragments (A).

Silt aggregates, milky, granular, dolo-
moldic (A).

Feldspar, euhedral (C to R).

Silt aggregates, milky, granular, -dolo-
moldic (A).

Arkosic silt (A).

Feldspar, glassy, euhedral (A).

Fine sand (R).

Same as 28-29.

Feldspar, glassy, euhedral; 6-sided crys-
tals 0.05-0.10 mm in diameter show-
ing prism and basal pinacoid. (D).

Silt aggregates, milky to pale green
(C).

Limonite pseudomorphous after pyrite,
cube and octahedron (R).

Silt aggregates, milky to pale green,
smooth to finely granular.

Arkosic silt (D). i .

Medium sand; quartz subrounded, Irost-
ed; feldspar in pink cleavage frag-
-ments (C).

Glauconite, dark green, dolomoldic (R).

Arkosic-very fine sand and silt.

Arkosic very fine sand, angular (D).
Quartz sand, very coarse, subrounded,
frosted (R).

Arkosic very fine sand, angular (D).

Glauconite, in flakes and irregular in-
terstitial fillings (R).

‘Quartz sand, medium -grained, sub-

rounded, frosted (D).

Feldspar, pink, subrounded cleavage
fragments (C).

Glauconile, tiny green flakes and pel-
lets (R). )

Very fine sand and silt, consisting of
angular quartz and feldspar (D).
Glauconity, dark green pellets, chiefly

of coarse silt size (R).

Same as 15-17.

Same as 15-17.

Same as 15-17.

Quartz-feldspar sand, very fine, angu-
lar (D).
Glauconite, dark green pellets (C).
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29.2

86.9

80.9
321
30.9
32.6

48.7
27.0

Base of Reagan rests unconformably on pre-Cambrian Tishomingo granite.

REAGAN BANDSTONE:

381.0 FEET THIOK.

Dolomitic sandstone: buff to bright pink, medium-
grained to conglomeratic; thick beds weathering to
pitted layers 2-6 inches thick.

Arkosic sandstone: buff, medium-grained to con-
glomeratic, in part calcitic.

’

Arkosic sandstone: buff to reddish-brown, medium-
grained, with many thin conglomerate layers. Some
cross-bedding. Indurated by silica cement.

Arkosic sandstone: buff, medium-grained;
poorly bedded strata. Partly covered.
Arkosic sandstone: buff to pink, medium-grained,
with layers 1-3 inches thick of sandy quartz con-
glomerate.

Covered. Sandy soil. ’
Arkosic sandstone: buff to pink, medium-grained
to conglomeratic. Quartz pebbles 14, inch diameter.
Covered. Sandy soil.

Arkosic conglomerate: pink to light brown, poorly
sorted and stratified. Pebbles 1 inch in diameter
of quartz, coarsegrained granite, and rhyolite

thick,

porphyry.

n

92

99

98

98

99

100

Quartz sand, mostly coarse, sub-round-

ed, deeply frosteu (A).*

Feldspar, pink, subangular (A).

Glauconite, dark green pellets, very
fine sand size (R).

Quartz sand, subrounded to subangular,
secondary crystal faces common (D).

Feldspar, pale pink subrounded cleav-
age fragments (A).

Glauconite, tiny pale green flakes (R).

Quartz sand, subangular to subrounded,
pitted and frosted, some with second-
ary crystal faces (D). :

Feldspar, milky white to pale pink, is

subrounded rectangular cleavage frag-
ments (A).

Same as §.

Same as 5.

Same as §.

Arkose, coarse-grained, very poorly
sorted; quartz subangular, pitted,
frosted, and with secondary crystal
faces; pink feldspar, mostly angular
cleavage fragments. Many fragments
of granite, '

At point 850 feet west and

2,100 feet north of the SE cor. sec. 23, T. 2 S., R. 4 E, 3 miles southwest of Mill Creek village.

SAMPLE CALCULATED
NUMBER THICKNESS (ft.)
MoKENzZIE HILL LIMESTONE (LOWER PART ONLY)

111-114

110a

108-110

107a
102-107

101

99-100

* Letter symbols are used to designate relative abundance of insoluble materials as follows:

LOCATION:

43.0

138.3

315

42.0
63.0

8.0

30.6

(D) Dominant: more than 50 percent
(A) Abundant: 25-50 percent

MEASURED SECTION B

LITHOLOGY

Limestone, conglomeratic: dark gray; micro-
granular pebbles and small grains embedded in a
medium-crystalline matrix; chert abundant as re-
ticulate masses and irregular nodules in layers 1-3
inches thick. Beds 2-4 feet thick, weathering to
light gray, slightly irregular layers 1-3 inches thick.

Covered in grassy swale. Probably marly limestone.

BUTTERLY DOLOMITE: 423.1 FEET THICK.

Dolomite: gray, medium crystalline, in beds 4-8
inches thick, weathering moderately pitted.

Covered.
Dolomite like 108-110.

. Dolomite: gray to yellowish, very finely crystalline,

laminated, weathering eream-colored, smooth.

Dolomite, éandy: gray, medium-crystalline, weather-
ing smooth to moderately pitted.

(C) Common:
(R) Rare: 1-5 percent

12

6

12

5-26 percent

SECTION BEGINS AT POINT 800 FEET EAST AND 1,300 FEET NOETH OF THE SW coB. BEC. 15,
T. 2 S, R. 4 E.,, AND CONTINUES EASTWARD TO BASE OF REAGAN SANDSTONRE NEAR THE CENTER
OoF 8EC. 14, T. 2 S, R. 4 E. (SEE PL. I). StrIKE N. 10° W,, DIP 16° WEST AT TOP.

INSOLUBLE RESIDUE
PERCENT

DESCRIPTION

Chert, gray, smooth; grades to chalk-
textu;"ed, smooth or porous tripolitic
chert, in part dolomeldic (D).*

Quartz druse, clear to milky, partly

granular (R).

Quartz druse, milky, granular (A).

. Arkosic coarse silt (A).

i1t ageregates, light brown, granular,
S gradgiig gto milky and smooth; dolo-
D).

Arrﬂgzlel(iléc s(anZl, poorly sorted; quartz
gsubrounded, frosted, with many sec-
ondary crystal faces (C).

Chalcedonic chert, grading to quartz
druse, milky, granular (C).

Feldspar, glassy, euhedral (R).

Oolitic chert in 106. )

Silt aggregates, powdery, dolomoldic.

Arkosic sand, medium-grained, poorly
sorted.

* Letter symbols are used to designate relative abundance of insoluble materials as follows:

(D) Dominant: more than 50 percent
(A) Abundant: 256-50 percent

(C) Common:
(R) Rare: 1-b percent

5-25 percent
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981,
95-98

94

92-93
89-91

88

87
861,
86

85

84

81-83

80
7719
76

5

56-74

53-56
50-52

37-49

33-36

4.0°

420

0.6

26.0
33.0

8.0

9.0
6.0
11.0

7.0

16.0

138.0

5.0
39.6
6.0

10.9

202.7

315
315

135.8

36.0

Dolomite like 101.

Dolomite: gray to chocolate brown, coarseiy erys- 1

talline, weathering moderately pitted.
brachiopods and gastropods at top.

Oolitic chert in a laterally persistent bed.

Dolomite: purplish-brown, medium crystalline.
Dolomite: light gray, grading to purplish and brown,

coarsely crystalline, massive bedded, weathering

pitted.

Dolomite: yellowish-gray, very finely crystalline,

laminated.

Dolomite: gray, coarsely crystalline.
Dolomite like 88.

Dolomite: gray, coarsely crystalline.

Dolomite: yellowish to pinkish-gray, tinely crystai-

line, laminated, weathering to smooth blocks.

Dolomite: light purplish-gray, coarsely crystalline,
in massive, pitted beds.

Dolomite: dominately light gray grading to pink
and light chocolate brown, coarsely crystalline; in
massive, pitted beds.

Dolomite: yellowish-gray, very finely crystalline,

laminated.

Dolomite: gray to light brown, coarsely crystallme,
in beds 6 inches or less thick.

Dolomite: brownish-yellow, very finely crystalline,
weathering to smooth flags.

ROYER DOLOMITE: 513.8 FEET THICK.

Dolomite: gray to pink, coarsely crystalline, mas-
sive, honeycombed.

Dolomite: gray to light brown and pink, coarsely
crystalline, weathering to slightly pitted beds 2-6
inches thick.

Dolomite, cherty: gray to light" brown, medium-
crystalline; chert disseminated and in masses 4

_ inches in diameter.
‘Dolomite:

brownish-gray, medium-crystalline,
weathering to bluish-gray, slightly pitted beds 2-6
inches thick.

Dolomite: gray to pink, coarsely crystalline, mas-
sive, honeycombed.

Dolomite, sandy: gray to lilac, coarsely crystalline,
in massive, honeycombed ledges. At south edge of
granite inlier (Pl I).

Disseminated chert at top.

Silicified

100

(-]

10

20

10

Silt aggregates, porous to dolomoldlc. :

Arkosic sand, poorly sorted (C)

Botryoidal chalcedony,
kite) (C).

‘ Feldspar, euhedral, clear to milky (C).

Ghzt}l‘c)onite (?), pale green waxy ﬂa(kes

Pyrite, cubic crystals, dolomoldic (R).

Oolites, milky to light brown, sand-

centered in part, set in a matrix of

light blue chalcedony or clear crystal-
line to granular quarte.

Arkosic sand, poorly sorted.

Feldspar, glassy, euhedral (A).
Glauconite (?), pale green waxy flakes,
dolomoldic (A).

éilt, powdery.

Silt, powdery.
Silt, powdery.

Feldspar, glassy, euhedral (D).
Glauconite (?), pale green waxy flakes,
interstitial, dolomoldic (A).

Coarse silt, with some euhedral feld-
gpar.

Quartz druse, botryoidal, milky, gran-
ular (D).

Silt aggregates, milky, smooth, dolo-
moldic (R).

Silt aggregates (residue barely per-
ceptible). -

Arkosic silt.

Arkosic silt (D).
Feldspar, glassy, euhedral (C).

Arkosic silt (D).
Silt aggregates, golden brown to milky,
granular, dolomoldic (C).

Quartz druse, milky, granular (D).
Glauconite (?), pale green waxy flakes,
interstitial, highly dolomoldic (C).

Arkosic silt (D).

Silt aggregates, milky, smooth, inter-
stitial, dolomoldic (C).

Glauconite (?), pale to dark green,
waxy, interstitial, dolomoldic (C).

Feldspar, glassy, euhedral (C).

Quartz druse, milky, granular, lacy to
dolomoldic.

Arkosic fine sand (D).
Quartz druse, milky, granular (A).

Silt aggregates, brown to milky, gran-
ular to smooth, dolomoldic (C)."

Arkosic sand and silt (C).

Glauconite (?), pale green, waxy, in-
terstitial, dolomoldic (C).

Feldspar, euhedral (C).

Quartz druse, milky, granular (C).

Arkosic sand and silt (D).

Silt aggregates, milky, dolomoldic (A).

Glauconite (?), pale to dark green,
interstitial, dolomoldic (R).

milky (bee-
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27-82— -

21-26

20

17-19

16

14-15

5-13

34

2a

1a

66.4

938.8

163

50.0

10.0

23.0

97.2

41.0

43.3
37.9

59.5
68.7

Dolomite like 33-36, nhon-sandy.

Forr SILL FOBMATION: 192.6 FEET THICK.

Dolomite: gray, coarsely crystalline, interbedded
with yellowish, medium-crystalline dolomite. Many
beds very sandy.

Dolomite, sandy: eream to gray, medium crystalline,
weathering to thin, yellowish beds.

Strike N. 25° W,, dip 13° southwest.

Limestone: light gray to greenish-gray, fine-grained
and compact, slightly dolomitic, thick-bedded, weath-
ering to strata 1-2 inches thick. Erratically grada-
tional into dolomite along strike. At south edge
of granite inlier in the NW1; 8ec. 14, T. 2. S.,, R. 4
E. (PL I).

Dolomite, sandy: gray, coarsely crystalline.

Limestone like 17-19, grading to coarsely crystalline
dolomite along strike.

HorEY CREEK DOLOMITE: 97.2 FEET THICK.

Sandy dolomite: gray mottled with pink, brown, and
green, coarsely crystalline, slightly pitted beds 3-10
inches thick.
many beds.

REAGAN SBANDSTONE: 250.4 FEET THICK.

Sandstone: yellowish - to- brown, coarse grained,

partly covered.

Covered.

Conglomeratic sandstoneﬁ reddish brown, beds poor-
1y defined.

Covered. Thick sandy soil.

Arkose: pink to brown, coarse-grained, poorly
sorted, friable. Poorly defined, irregular beds 1
inch to 1.6 feet thick. Lower part covered.

Coarse arkosic sand abundant in

16

20

o

15

19

95

100

94

Arkosic silt (A).

8ilt aggregates, milky, smooth to gran-
ular, dolomoldic (A).

Feldspar, glassy, euhedral (A).

Glauconite (?), pale green, waxy, in-
terstitial, dolomoldic (R).

Arkosic sand and silt, poorly sorted.
Quartz in subrounded, frosted grains;
feldspar bleached and in part apple
green, perhaps an inciplent stage in
glauconitization (D).

Silt aggregates, milky to pale green,
granular to smooth, dolomoldic (C).

Arkosic sand, poorly sorted (D).
Silt aggregates, milky, granular, dolo-
moldic (R).

Silt aggregates, pale green, granular
(A

Arkosic fine sand (C).
Feldspar, glassy, euhedral (C).

Arkosic sand, ranging downward from
graing 2 mm in diameter (D).

Glauconite (?), pale green, waxy, in-
terstitial, dolomoldic (R).

Silt aggregates, milky to pale green,

smooth to granular, dolomoldic (A).

Feldspar, glassy, euhedral (A).
Glauconite (?), pale green, waxy, in-
terstitial (R).

Arkosic sand, poorly sorted, containing
some apple-green feldspar (D).
Silt aggregates, pale green, finely

granular, dolomoldic (C).
Glauconite (?), apple green, waxy,
interstitial, dolomoldic (C).

Arkosic sand, ranging from 2 mm dia-
meter downward to coarse silt.
Quartz grains irregular, subrounded,
frosted; feldspar milky, pale pink,
or pale green, subrounded.

Arkosic sand, ranging from 2 mm dia-
Glauconite, dark green pellets (C).*

Arkosic sand, poorly sorted; quartz

grains irregular, frosted.

Pre-Cambrian Tishomingo grahite exposed in stream bed. At point 2,500 feet east and 1,000 feet south
of the NW cor. sec. 14, T. 2 S., R. 4 E,, 2 miles southwest of Mill Creek village.

* Letter symbols are used to designate relative abundance of insoluble materials as follows:

(D) Dominant: more than 50 percent
(A) Abundant: 25-50 percent

(C) Common:
(R) Rare: 1-5 percent

5-256 percent

¥6
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1514

160a

149-150

146-148

145
133-144

LocaTION:

60+

64.0

22.0

36.0

11.0
132.0

POINT IN THE NW 8ec. 6, T.8 8, R. 6 E.
SOUTHWEST AT TOP.

SAMPLE CALCULATED
NUMBER THICKNESS (ft.)

MOKENZIE HILL LIMESTONE (LOWER PART ONLY)

MEASURED SECTION C

LITHOLOGY

Limestone, conglomeratic: dark gray to chocolate,
microcrystalline pebbles set in medium crystalline
matrix; chert abundant as reticulate masses, nor-
mally replacing the matrix, and as porous tripolitic
nodules; thin-bedded.

Covered across swale.
Strike N. 20° W., dip 11° southwest.

Dolomite: light brown, medium crystalline; in beds
1 foot thick.

Limestone: dark gray to chocolate, finely cfystal-
line to lithographic; about § percent disseminated
dolomite; massive beds in zones 6 to 10 feet thick,

interstratified with thin-bedded, marly limestone

that is largely covered.
Similar to above. Sandy.

Similar to above. Zone of chert nodules along
bedding planes 12 feet below top.

156

20

SECTION BEGINS AT EAST BASE OF S8CARP 1,300 FEET EAST AND 700 FEET SOUTH OF THE NW
COR. SEC. 2, T. 3 S., R. 4 E., AND EXTENDS EASTWARD T0O BASE OF REAGAN BANDSTONE AT A

-(SEg P1. 1). StrIkE N. 20° W, o 12°

INSOLUBLE RESIDUE
PERCENT

DESCRIPTION

Light gray chert, chalk-textured; grades
from smooth and translucent to
porous and drusy.

Quartz druse, milky, fine granular to
lacy (D).*

Very fine sand (A).

Very fine sand (D).

Silt aggregates, milky, fine-granular,
porous (C).

Quartz druse (R).

Sand, arkosic, medium- to fine-grained.

Fine- and very fine-grained sand, with

" many euhedral crystals of quartz
and feldspar (D).

Silt aggregates, finely granular, porous
to dolomoldic (C).

Chert, smooth, translucent (R).

132

128-131

127a
126-127

124

121-123

120

119

118

117

* Letter symbols are used to designate relative abundance of insoluble materials as follows:

17.0

44.0

44.0
33.0

11.0

33.0

5.0

12.0

6.0

25.0

(D) Dominant: more than 50 percent
(A) Abundant: 25-50 percent

Dolomite: gray, finely crystalline and compact;
disseminated and nodular chert; beds 6 inches
thick; weathers smooth, dark gray. - Silicified
brachiopods and cephalopods, poorly preserved.

Dolomite: gray to yellowish, medium- to coarse-
crystalline; a few beds sandy, drusy quartz; beds
6 to 12 inches thick; weathers gray to brownish.
Covered across meadow. Probably dolomite.

Dolomite: gray to yellowish, finely crystalline,
sandy; disseminated quartz druse; mostly thin beds,
2 to 6 inches thick, that weather light gray to pale
tan.

Dolomite: mottled gray and brick-red, coarse-crys-
talline; disseminated quartz druse; massive beds
1 to 3 feet thick; weathers dark gray, honey-
combed.

Dolomite: like sample No. 124, but lacking quartz
druse. ’ .

Dolomite: gray to tan, tinely crystalline, laminated;

beds 2 to 4 inches thick; weathers smooth and pale
cream to dead white.

Dolomite: gray, coarsely crystalline; massive beds
1 to 3 feet thick; weathers dark gray, honey-
combed.

Dolomite: like sample No. 120.

Dolomite: gray finely crystalline; quartz druse;
beds 6 to 12 inches thick; weathers light gray,
smooth to slightly pitted.

(C) Common:
(R) Rare: 1-b percent

10

5-26 percent

Chert, milky, translucent, mottled, as-
sociated with drusy quartz (D).
Fine-grained sand (A).

Medium- to fine-grained sand (D).
Granular quartz druse (C).
Silt aggregates, granular (C).

Medium- to fine-grained arkosic sand
Qu(agzz' druse, milky, granular to lacy
Sil(tcg.égregates, dolomoldic (R).
Quartz druse, milky, granular to lacy
Sll(thé'gregates, finely porous (R).

Fine-grained sand (A).

Euhedral feldspar, glassy (A).

Silt aggregates, milky, finely granular,
porous to dolomoldic (C).

Very fine-grained sand (A).
Druse, finely granular (A).

Very fine-grained sand with glassy
feldspar (D).
Silt aggregates, tan, dolomoldic (C).

Silt aggregates, milky, smooth, dolo-
moldic to lacy.

Quartz druse, milky, granular to lacy
(D).
Silt aggregates, milky, dolomoldic (A).

96
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112-116
11
108-110

107

106-106

98-104

97a
94-97

89-93

86-88

80-85

71-79

73-76

65-72

61-64

58-60

67

55.0
6.0
37.0

5.0

29.5

7.0

33.0
44.0

65.0

33.0

66.0

42.0

66.0

88.0

44.0

At point 1,100 feet north and 1,800 feet east of the SW cor. sec. 36, T. 2 S, R. 4 E.

Dolomite: gray, coarse-crystalline, massive beds 1

to 3 feet thick; weathers dark gray, honeycombed.

Dolomite: gray to tan, finely crystalline, laminated;
beds 2 to 4 inches thick; weather smooth and pale

-cream to dead white.

Dolomite: light gray, coarse-crystalline, dissemin-
ated -quartz-druse; massive beds 1 to 3 teet thick;
weathers dark. gray, honeycombed.

Dolomite: gray to tan, finely crystalline, laminated;
beds 2 to 4 inches thick; weathers smooth and pale
cream to dead white.

Rom DpOLOMTTE: §66.6 FEET THIOK.
"Dolomite: light gray to pink and light brown,

coarse-crystalline; disseminated quartz druse, and
chert; beds 2 to 3 feet thick; weathers dark gray,
honeycombed

D]flomite' like above, without quartz druse and
chert.

Covered across meadow.

Dolomite: light gray to pink and light brown,
coarse-crystalline; beds 2 to 3 feet thick; weathers
light to dark gray, honeycombed

Dolomite: tan to light chocolate, medium-crystal-
line, very uniform sugary texture; beds 4 to 10
inches thick; weathers to light gray smooth blocks
with rough feel

Dolomite: gray to tan, medium-crystalline; beds
2 to 3 feet thick; weathers gray, slightly pitted to
honeycombed.

Dolomite: gray to tan, medium-crystalline; beds 2
to 6 inches thick; weathers light tan to gray slightly
pitted blocks.

Limestone: dark gray, fine grained, contains 5 to
16 percent dolomite in lacy, crystalline aggregates;
beds 6 to 12 inches thick; weathers light blue-gray,
thin-bedded.

Dolomite: gray to tan, medium-crystalline; beds 3
to 10 inches thick; weathers smooth to slightly
pitted with sugary-textured surface.

Dolomite: light gray to pink, coarse-crystalline;
massive beds 1 to 3 feet thick; weathers dark gray,
honeycombed. )

Dolomite: light chocolate-brown to gray, medium
crystalline, sugary texture; beds to 2 feet thick;
weathers dark gray, slightly to deeply pitted.

Fine- and very fine-grained sand, with
glassy feldspar (D).

Siit aggregates, milky, dolomoldic (C)

Coarse-grained silt (D).

Quartz druse, granular (C).

Quartz druse, milky, granular to lacy.

Coarse-grained silt.

Chert, smooth, milky; grades into
granular, lacy, and crystalline druse.

Silt aggregates, milky, smooth to fine
granular, dolomoldic (D).

Coarse silt (A).

Green waxy flakes, some dolomoldic
(R).

Authigenic feldspar, euhedral, glassy

Coarse-grained silt with euhedral feld-
spar (C).

Silt aggregates, milky to pale green,
s;mooth to tinely granular, dolomoldic
D).

Green waxy flakes, dolomoldic (R).

Coarse - grained silt and fine- grained
sand, arkosic (D).

Silt aggregates, finely granular, dolo-
moldic (A).

Quartz druse (R).

Coarse-grained silt with glassy, euhe-
dral feldspar (D).

Silt aggregates, milky, finely granular,
dolomodic to lacy (A).

Coarse-grained silt with glassy, euhe-
dral feldspar and quartz (D).

Silt aggregates, milky, finely granular,
dolomoldic (C).

Green waxy flakes, gome dolomoldic

(R).

Silt aggregates, milky to tan, finely
granular, dolomoldic to porous.

Fine-grained sand, arkosic (D).

Euhedral feldspar (C).

Silt aggregates, milky, dolomoldic to
porous (C).

Fine-granular quartz druse (R).

Euhedral, glassy feldspar (adularia)
of coarse silt size (D).

Silt aggregates, milky (C).

Euhedral, glassy feldspar (D).

Silt aggregates, milky, smooth, dolo-
moldic (R).

Shifted line of

sampling about 0.5 mile to south, across fault, to point 1,400 feet east and 1,100 south of the NW .cor.
sec. 1, T. 3 S, R. 4 E. Strike N. 10° E,, dip 10° west.

44.0

11.0

FoRT SILL LIMESTORE: 400.6 FEET THICK.
Dolomite: gray to tan, medium-crystalline; beds 1 13

to 2 feet thick; weathers to dark gray blocks, some
smooth and some slightly pitted.

Limestone, dolomitic: gray, ifnely crystalline;
weathers to brownish-gray layers 1 to 2 inches
thick.

Very {fine-grained, arkosic sand and
coarse-grained silt.

Very finegrained arkosic sand and
coarse-grained silt.

86
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101

MEASURED STRATIGRAPHIC SECTIONS

DOLOMITE RESOURCES
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