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ARKANSAS RESOURCES FOR CRUSHED-STONE CONSTRUCTION AGGREGATE

by
Stephen W. Kline, Ph.D.
Arkansas Center for Energy, Natural Resources, and Environmental Studies
Arkansas Tech University
Russellville, AR 72801-2222

ABSTRACT

This report is to convey the results of a project to evaluate the various bedrock units of Arkansas as to their
suiiability for producing crushed stone construction aggregate. To accomplish this goal, records of engineering tests run on
stone from throughout the State were obtained from the U.S. Army Corps of Engineers and the Arkansas State Highway and
Transportation Department. From these records, and from other sources, information has been obtained regarding 423
quarries, test pits, and other sites that have been cither utilized for crushed stone aggregate or tested for the same. Of these,
there are 274 sites from which 1775 samples have been taken and tested for one or both of two major parameters used in
identifying stone quality: the LA abrasion test and the sodium sulfate soundness test. There are also data on absorption and
specific graviiy for a number of siles, as weil as some information on alkali-silica reactivity. Based on site locations, the
geologic bedrock map unit for each site was determined. The test data were then compiled according to rock unit, in erder to
compare how products from these units have performed in the past. Based on these comparisons, the various bedrock units
of Arkansas are cvaluated in this report as to their relative quality for use as crushed stone aggregate, and particular
advantages and problems peculiar to the different units are presented.

In the northern Arkansas Ozarks region, limestones have consistently outperformed dolostones, becausc of a
tendency for about one third of the dolostone samples to have unacceptable soundness results. This is true for all three of the
dolostone-rich units for which test results are available: the Cotter and Powell Dolomites and the Everton Formation
(Ordovician}, The Pitkin Limestone (Mississippian) has been an important sedimentary unit for siting of aggregate quarries.
There are many successful guarries in the Boone Formation (Mississippian) also, but some problems have occwrred becanse
of porous chert in the Boone in places. In general, the Plattin and Kimmswick Limestones (Qrdovician) have obtained good
resuits, but there are some tendencies for soundness problems with the Plattin similar to, but not as severe as, the
delastones. The Fernvale Limestone (Ordovician) tends to degrade excessively under the LA abrasion test.

For the most part, sandstones in the main part of the Ozark region are either too friable or they are stratigraphically
w00 min for production of durabie aggregate. However, in the southern Ozarks and in the Arkansas River Valley, some
sandstones in the Bloyd. Atoka, Hartshorne, and Savanna Formations {Pennsylvanian) have silica cement and produce
durable, high-quality aggregate. Of these, some sandstones in the Bloyd have marginal results in the LA abrasion test.

In the Ouachitas region, durable sandstones in the Jackfork Sandstone (Pennsylvanian) have been extensively
utitized, though in some facies of the Jackfork there are slight tendencies to a more friable stone. The Arkansas Novaculite
(Devonian/Mississippian} has consistently produced durable aggregate, though higher operating expenses are common
because of wear on equipment. The Bigfork Chert {Ordovician) has very durable stone, but soft tripolitic chert and shale
interlayers are commonly too abundant for producing first class aggregates; on the other hand it is easily extracted and very
suitable for dressing unpaved secondary roads. In the Stanley Shale {Mississippian) a thick and somewhat extensive tuff
bed, the Hatton Tuff Lentit, makes a high quality source for aggregate in the southwest part of the Quachita Mountain
region, Also in the basal Stanley, the Hot Springs Sandstone Member has produced high quality stone in the Hot Springs
area. Plutons of nepheline-bearing syenite (Cretaceous) in the Little Rock area have long produced outstanding aggregate,
and much reserves remain. Very little of the alkaline igneous rock of the famous Magnet Cove intrusive complex has been
utilized for aggregate, but of late, hornfels (baked rocks of the Stanley Shale) from the contact metamorphic aureole has
been used with acceptable results.

Arkansas is geographically well situated for export markets to the south, where resources for crushed stone
aggregates are noncxisteat, and reserves in the State are abundant for long-term supply for both local and out-of-state needs.



INTRODUCTION
The crushed stone industry is important in
the economy of Arkansas. In spite of a

comparatively low population, Arkansas ranked 19th
in the nation in production of crushed stone in 1996
(U.S. Geological Survey, 1997a). In the same year,
crushed stone accounted for nearly 40% of Arkansas
non-fuel mineral production value, with a total raw
material production value of about $176 million
(1.8, Geological Survey, 1997b). Demand for this
commaodity has increased in recent years. Between
the years of 1971 and 1990 the total annual output
fluctuated between 12 and 19 million metric tons
(Tepordei, 1997), but in both 1995 and 1996 the
annual total exceeded 25 million metric tons (U.S.
Geological Survey, 1997h).

The demand for construction materials in
the future should continue to increase. Numerous
federal reports on the condition of the nations
infrastructure  indicate long term need for
infrastructure renewal (Sidder and Sims, 1993).
Population increase also will provide a steady market
pressure for construction materials, Population
forecasts (Swanson and McGehee, 1993) predict
continued growth in the area surrounding Little
Rock, and the northwest region of Arkansas may
have increases as much as 40% over the 1990 census
by the year 2010. '

Increasing demand for crushed stone as a
construction materiat will not only come from
economic factors, but also as a result of constraints
from technological advances. The Strategic Highway
Research Program (SHRP) was initiated to find ways
to improve highway construction in the United
States. A number of the recommendations that
resulted from those studies make crushed stone the
aggregate of choice over natural river gravels for
many appiications because of the angularity of
crushed rock (Cominsky et al., 1994). Arkansas and
other states are gradually implementing these
recommendations as required by the federal
government. However, southern and eastern
Arkansas and the neighboring states to the south do
not have outcroppings of rock suitable for producing
crushed aggregate. Therefore, the stone producers of
the hard-rock-bearing region of Arkansas (the
Ozarks, Arkansas River Valley, and Ouachitas) have
been increasingly involved in exporting crushed
stone.

The gealogy of resources for crushed stone
aggregate in Arkansas was previously described by
various workers and summarized by Stroud and
others (1969), The present report can be considered

as an update on that report, although the scopes of the
two reports are not equivalent. The purpose of the
present study is to discuss characteristics of the
various bedrock types throughout Arkansas as they
relate to suitability for producing crushed stone
aggregate. The distribution of bedrock types has been
napped throughout the State by vartous workers with
differing degrees of detail and compiled on geologic
maps available through such agencies as the Arkansas
Geological Commission (AGC) and the United States
Geological Survey (USGS). The data presented in this
report will be used to evaluate the relative quality of
stone produced from the various bedrock units shown
on these maps, and to identify problems and/or special
benefits peculiar to specific bedrock units. By using
the available geologic maps and the information about
bedrock units presented in this report, producers
seeking to establish new quarries for crushed stone
can better target areas for exploration.

Aggregates are used in a variety of
construction applications, and each application has its
particular requirements as to the aggregates
properties. The focus of this report is on aggregates
that generally are used in applications that require
durable stone, that is, stone that is resistant to
mechanical breakdown through such things as freeze
and thaw action and stone-to-stone grinding caused by
loads on the aggregate. Stone of this nature, such as is
used for aggregate in large concreie structures and
highways for heavy traffic, generally commands
higher prices and is more difficult to obtain. On the
other hand, there are numerous pits and guarries that
have been opened to obtain materials for less rigorous
applications, such as laying highway subbase, dressing
mnpaved secondary roads, and naving drivewave
Although such enterprises are important, materials
acceptable for these applications are not subject fo
stringent requirements and are generally easier to
locate and of lower value. Only a few comments are
made in the report on materials for these applications.

METHODS OF STUDY

Stone Quality Data

For construction applications, stone used in
aggregates must be sufficiently durable to meet the
rigors placed on the aggregate by its intended use. A
number of techniques have been devised by research
engineers to test stone tor its suitability in construction
applications (Marek, 1991). For purposes of
comparison, these physical tests have been
standardized as to procedure, and these slandard
procedures  are  authorized and  published by
organizations such as the American Society for



Testing and Materials (ASTM) and the
American Association of State Highway and
Transportation  Officials  (AASHTO). It s
performance on these standard tests that determines a
particular stones durability, not just how “hard” it
seems to be when striking it with a hammer.

An approach one could take for comparing
the suitability of various bedrock types in Arkansas
for construction aggregate would be to take a suite of
samples from outcrops representative of the various
geologic map units in the State and then to run a
battery of definitive tests on each sample. Use of
such an approach, however, would be an expensive
proposition. The method for comparison chosen for
this study was instead to use records from past tests.
The Arkansas State Highway and Transportation
Department {AHTD) and the U.S. Army Corps of
Engineers have both used much Arkansas crushed
stone in various construction projects in the State,
and both have testing regimens required for
acceptance of stone before it is used. Since the many
projects of both organizations are in the realm of
public works, the records of engineering tests on the
stone submitted for those projects are also public-
domain information,

Test data sheets from Corps of Engineers
projects dating back to the 1940's have been
compiled by the Waterways Experiment Station,
Vicksburg, Mississippi, in a document entitled Test
Data: Concrete Aggregates and Riprap Stone in
Continental  United States and Alaska. The
compilation updated as of July 1990 for the area
including Arkansas was obtained for this study. The
AHTD Division of Materials and Research has
records of tests performed by their Materials Testing
Lab dating back to 1970. These records were
acquired in various forms including photocopies of
original hand-written data logs, typed data sheets,
and some in-house compilations.

The Corps of Engineers data sheets present
data from a wide range of analyses, as well as data
regarding the location from which samples were
obtained. The types of analyses reported vary
considerably among the data sheets, varying from a
narrow to a wide range of tests having been
performed on any one sample. The more common
tests performed include bulk specific gravity,
absorption, Los Angeles abrasion, magnesium sulfate
soundness, sodium sulfate soundness, Deval
abrasion, reactivity with NaOH, percent flat and
elongate particles, mortar-bar expansion, linear
thermal expansion, freeze and thaw, and petrographic
analysis.

The data that was obtained from the AHTD
came from tests run on stone submitied yearly by
companies that intend to bid on AHTD jobs.
Occasionally drill core or stone from a test blast site
might be submitted, but usually samples are from
quarries, either from the quarry ledge, unprocessed
“shot rock”, or from a stockpile. A number of tests are
performed, the specific ones depending on the
intended use of the stone. Of all the tests performed,
records of results from the Los Angeles abrasion test
and the sodium sulfate soundness test are the most
consistently available data in their archives (dating
back to 1970). Data records from 1987 forward
generally include specific gravity and absorption as
well.

The engineering tests used in the present
study to evaluate the various bedrock types of
Arkansas are the ones most consistently reported in
both the AHTD records and the Corps of Engineers
data sheets. Because the AHTD test battery is
generally more restricted than that of the Corps of
Engineers, the analysis is done primarily with those
tests listed in the preceding paragraph. These are also
the most consistently run tests by the Corps of
Engineers. Reference is also made to petrographic
analyses reported on the Corps of Engineers data
sheets. A brief description of the significance of each
of these tests follows.

The Los Angeles abrasion test (AASHTO T-
96; ASTM C 131) is designed to measure an
aggregates resistance to degradation by abrasion and
impact. The test is intended to indicate whether an
aggregate will hold up under action of mixer blades,
commpaciing  equipment, and heavy wheel loads
{Marek, 1991). The test involves placing a sample of
crushed stone with a prescribed grading in a drum
with steei balls and rotating the drum for a prescribed
time period. The more durable a stone, the less it will
be degraded during this process. Analyzing the
amount of material passing a prescribed sieve at the
end of the trial shows a percent loss as a resuit of
degradation. A low percent loss indicates a superior
stone,

The sodium sulfate (or magnesium sulfate)
soundness test (AASHTO T-104; ASTM C 88) is a
test that simulates freeze-thaw action in weathering. A
graded sample is placed in a container of sodium
sulfate (or magnesium sulfate) solution and allowed to
soak for a prescribed period of time. If the sample has
any degree of permeability, the solution will work its
way into the pores. The sample is then removed and
dried under a [ow heat, causing the sodium sulfate (or
magnesium sulfate) to crystallize. This constitutes one



cycle of the test. The complete test consists of five
such cycles of soaking and drying. The process of
repeated  crystallization and then rehydration
produces repeated expansive forces in the pore
spaces of the rock, simulating the force of ice
crystallizing from water under freezing conditions.
Thus material that would be susceptible to freeze-
thaw degradation is broken up during the test. An
analysis of the size grading at the end of the test
indicates a percent loss due to the process. Again, a
low percent loss indicates a favorable material for
construction.

There is a problem with including the Corps
of Engineers test data for soundness in with the
AHTD data, because most of the Corps tests were
with magnesium sulfate, while all of the AHTD tests
were done with sodium sulfate. On the average, if the
same stone is tested with both of the solutions, the
test using magnesium sulfate wifl be more severe by
a factor of 1.5, so the recommended acceptance
“loss” is 12% or less for the sodium sulfate
soundness test and 18% or less for the magnesium
sulfate soundness test (ASTM C 88). Based on this,
the data for the magnesium suifate soundness test
from the Corps of Engineers was converted by a
factor of 1.5 to a sodium sulfate soundness
equivalence and included in the data sets.

In all the data, therc are 28 quarries for
which there are records of tests done by both the
Corps of Engineers and the AHTD. After the
conversion for soundness values discussed above
was made and the data were compiled, these 28
quarries were singled out, and comparison was made
between values recorded by the two agencies for
both the soundness test and the LA abrasion test.
There are no single quarries for which both agencies
reported many tests so that a statistical comparison
might be made: in most cases where there are records
of multiple tests from one quarry, there are many
more AHTD tests than Corps of Engineers tests.
However, in most of the cases, the Corps of
Engineers values for both the soundness test and the
LA abrasion test are within the range of values
reported by the AHTD. In cases where the Corps of
Engineers values arc outside the AHTD range, some
are higher and some lower than the range. There is
no recognizable pattern of values reported by one
agency being consistently higher or lower than the
other. Because both agencies designed their testing
procedures according to ASTM standards, it is
considered that the data from both agencies can be
compiled together, including the soundness values
after the modiftcation discussed above.

Specific gravity and absorption (AASHTO
T-84 & T-85; ASTM C 128 & C 127) are tests that
relate primarily to stone destined for use as riprap and
asphalt pavement, respectively. Specific gravity is a
number related directly to density, which in turn
indicates the weight per volume ratio. A material with
a low specific gravity (or density) is lightweight
material that could more easily be moved around by
wave action or currents and thus is unsuitable for use
as riprap. Absorption, measured as increase in weight
from water absorbed after submersion of a sample, is
related to the permeability of the sample. A sample
with a high absorption value will absorb greater
amounts of the bituminous binder into the aggregate in
an asphalt pavement application and thus increase
costs.

Petrographic analysis (ASTM C 295) is
performed chiefly in order to ascertain if there are
potentialty reactive minerals contained in the stone
that will be used as aggregate in portland cement
concrete (PCC). Several types of reactions are
possible between certain natural minerals and the
ingredients of portland cement, the most common
being alkali-silica reaction (ASR). Petrographic
analysis involves inspection of thin sections of the
prospective stone using a petrographic microscope, a
special instrument equipped with light polarizers and
generally operated by a trained mineralogist, to search
for the presence and abundance of potentially reactive
ingredients.

Sample Site Locations

In their descriptions of the locations from
which samples were obtainad, individual data sheets
from the Corps of Engineers have differing degrees of
both precision and accuracy. Site descriptions were
compared with USGS 7.5 minute topographic
quadrangles. When site descriptions matched or very
nearly matched quarty symbols on the quadrangles,
those sites were considered as accurately focated, and
the location of the quarry symbol was used to
determine the latitude and longitude of the site. in
some instances the symbol on the quadrangle map
shows a gravel pit where a data sheet specifies a
quarry. Field checking indicated that many gravel pits
shown on the topographic quadrangles are actually
hard-rock quarries.

In instances where a data sheets location
description does not have a corresponding symbol on
a topographic quadrangle, a field search was
implemented to find the site. In some cases, county
road maps published by AHTD were helpful because
they show approximate locations of many of the



quarries and gravel pits (again with some of the sites
shown as gravel pits actually being hard-rock
quatries). When a site was found in the field, its
location was determined wusing a Magellan
ProMARK V GPS Receiver coupled with inspection
of local topography. In all, there are a fotal of 72
different Corps of Engineers localities for which the
site-focation information is adequate, including
quarries, test pits, diamond drili holes, and rock
outcrops. The data sheets contain records of tests
performed on 106 samples from these sites.
However, there are other data sheets obtained from
the Corps of Engineers that were unusable because
locations could not be determined with certainty.

Regarding AHTD materials test data, the
locations given with the data are very general at best;
in some cases locations are totally absent. Most
often. a town or community near the sample site is
given along with a quarry name. The most useful
document that was used for determining locations of
the sample sites is a report (AHTD, 1984) entitled
Materials _Availabiliny Study (MAS). This study
compiled the locations of all aggregate sources
known by AHTD personnel in 1984. In the MAS, on
a county by county basis, quarries are listed. giving a
quarry name, a site location, the land owner, and the
quarry’s status (active or inactive). The quarry name
given in the MAS is usually a designation based on
the property owner’s name, such as Smith Quarry,
but in some cases the quarry is designated by the
quarry superintendent’s name, or the name of the
company that operated the quarry. Regarding
location, usually both a verbal description and U.S.
General Land Office Grid System coordinates are
given. By comparing the test data records with the
MAS document, information leading to site locations
for many quarries and test pits was acquired.

Regarding quarry names and locations,
much internal confusion exists in the AHTD stone
test records, and there is also confusion in
correspondence between test records and the MAS.
The main factors for this confusion are (1) for some
sites, property ownership and/or the company
extracting stone have changed through the years, thus
changing the “guarry name” in entries for the same
site in different years, and (2) personnel entering data
often changed through the years, and different
persons called the same quarry by different names
and/or associated the quarry site with a different
nearby community. Although much of this confusion
was resolved by site visits and discussion with
various individuals, many data entries had to be
discarded because their relation to known sites could
not be determined.

For locations of quarries opened more
recently than {984, much information was gained
from discussions with AHTD personnel, primarily
W.J. Pay of the Division of Materials and Research.
William Ritchie of the Federal Mine Safety and
Health  Administration {(MSHA) also rendered
assistance.

As with the Corps of Engineers data, if a
location that was obtained, either from the MAS or
through personal communication, matched or ncarly
matched a site designated as a quarry or gravel pit on
a USGS quadrangle, it was accepted as a valid
location. For all others, site visits (combined with
discussions with involved people) were used to
determine location, as outlined above. The reader
should be cautioned here that through this exercise it
was found that the majority of locations given in the
MAS are inaccurate. Most locations are off bv a
quarter mile to two miles, some by more. A number of
sites simply were not found.

Locations were obtained for 230 of the
AHTD sites, from which 1,669 samples of stone had
been taken and tested by the AHTD. Of these, 28 are
sites that were also tested by the Corps of Engineers.
A total of 274 sites are represented in the data set
formed by combination of the two sources. Thers
were, however, 178 data entries in the AHTD records.
from about 120 other sites that could not be located.

Bedrock Sources of Tested Samples

To determine the bedrock source for each
sample that was tested, either by the Corps of
Engineers or the AHTD, the location of each sample
site was plotted on the appropriate USGS 7.5 minute
quadrangle and then also on the corresponding
Arkansas Geological Commission geologic worksheet,
The geologic worksheets are 7.5 minute quadrangles
on which lines have been drawn that divide up each
quadrangle into areas underlain by the various
bedrock mapping units. Thus, based on the sample
location, the bedrock unit was determined. In cases
where the location was very close to a borderline
between two map units, fleld checking was done to
verify the assignment of the sample test to a rock unit.
Only on rare occasion was a guarry that plotted in one
unit on a geologic worksheet found to be actually in
the adjacent unit.

The mapping units used on the geologic
worksheets are, for the most part, those that are alse
designated on the Geologic Map ot Arkansas (Haley
et al, 1993). Most of the mapping units have a
dominant rock type, but also may have some other



interlayered rock types. For example, the Atoka
Formation is a map unit that is widespread. The most
abundant rock type in this formation is shale. but
there are many sandstone intervals in it, some of
which are thick enough to support quarry operations.
Figure 1 gives a brief description of each of the map
units and includes which rock type in each unit is
used for crushed stone aggregate. More detailed
stratigraphic  descriptions are given in  various
published geologic reports. Croneis (1930) provides
a useful detailed summary of the Paleozoic
stratigraphy. However, since then a number of
revisions have been made regarding formation
boundaries, especially in the area of the Arkansas
River Valley. Clarification of some stratigraphic
problems can be obtained from Hendricks and Read
{(1934), Hendricks and Parks (1930), Haley (1961),
Stone (1968), and several papers in Stone and others
(1977).

Appendix I lists the quarries (and test-hole
sites, etc.) that were located in this study, a total of
423 in all. This list does not include all quarries in
the State: it represents those in the sources listed
above, plus some quarries found in the field while
searching for other quarries, plus some referenced by
other professionals. Some sites listed in Appendix I
{149 in ally are quarries for which there are no test
data. Each site has been given a number, the
beginning of which includes two letters designating
the county in which it is located. For each site, the
USGS topographic quadrangle on which it is located
is given, as well as the bedreck map unit it is in, and
its location in terms of both latitude and longitude
and General Land Office Grid System coordinates.
Appendix [1 gives some of the names by which the
various quarries have been known.

Methods of Analysis

To evaluate the refative durability of stone
from the varicus bedrock units, LA abrasion and
sodium sulfate soundness data were grouped
according to the bedrock units of the sample sites
and compared statistically. The statistical analysis
employed here is not a rigorous one. The data were
simply compiled in the form of histograms and
compared by visual inspection. Some irregularities
with the data set make the wvalue of a rigorous
statistical analysis questionable. One potential
problem is that most of the samples that were tested
came from quarries operated by different individuals,
no doubt with variable competency. Also some
quarries had many samples submitted over a number
of years, while others were short-term operations
with only one sample having been taken during its

lifetime. In spite of these problems, some consistent
trends do appear in the histograms, and it is thought
that fundamental meaning can be derived from them.
Regarding the problem of different quarry operators,
this may not be a serious drawback because most of
the formations being compared had a large number of
quarries represented, and it is likely that a similar
range in competency could be found among operators
working in each of the formations. Concerning the
uneven number of samples being drawn from each
site, there was an attempt to look at the overall data
from a particular formation both with and without the
data from the large contributors. In most cases, data
from single large contributors in a particular formation
tend to mimic the data from the rest of the set. Where
there seems io be some difference, comments are
made about it in the discussion.

Absorption and specific gravity data are also
treated with a simple statistical approach. The
petrographic analyses done by the Corps of Engineers
were also studied to see if any deleterious substances
were noted in samples from particular formations. In
addition to these analyses of the raw data, some
matters related to the suitability of stone from the
various formations are addressed based on discussions
with AHTD personnel in the Division of Materials
and Research, quarry operators, and other
professionals, and from personal observations.
Following a brief discussion of the geology of
Atkansas as it relates to aggregate resources, the
comparison of the various bedrock units, shown by
analysis of the data obtained for this study, will be
presented.

GENERAL GEOLOCY OF ARKANSAS

The distribution of bedrock types and the
variation in structural style of the rocks have
influenced development of topography in the State. As
a result, a map of the physiography of Arkansas (Fig.
2) is useful in describing the occurrence of bedrock in
Arkansas. The areas shown on Figure 2 as the West
Gulf Coastal Plain and Mississippi Alluvial Plain are
composed mostly of unconsolidated sediments ranging
in age from Cretaceous through Quaternary. There is
no bedrock suitable for crushed stone aggregate in
these areas, though coarse gravels have been crushed
to supply angular aggregate. Gravels coarse enough {o
crush and still make size requirements for most
construction applications are becoming scarce, though
some gravel production continues (W.J. Pay, personal
communication, 1995). Recent SHRP guideiines for
highway construction recommend that a high
percentage of the coarse aggregates particles should
have at least two fractured surfaces (Cominsky et al.,



Figure 1A. Stratigraphy of the Ozarks Region.

Atoka Formation
Age: Pennsylvanian

Interbedded shales, siltstones, and sandstones commonly in deltaically deposited
coarsening-upward sequences. Much of the formation is dominated by shale. In most
places where sandstones occur, they are interlayered with shales and siltstones, but
some thick sandstene sections oceur, commonly at the top of deltaic sequences, that
support major quarries. The Atoka may be as much as 25,000 ft thick in the southern
Arkansas River Valley, but thins to less than 3,500 ft in the Ozarks.

Bloyd Shale
Age: Early Pennsylvanian

In the western portion of the region, the Bloyd consists of marine shale with some
interbedded limestone. Towards the east, the limestone units thin and disappear and
there are more abundant tluvial/deltaic sandstones. Noteworthy is a thick bluff-
forming sandstone called the Middle Bloyd Sandstone. Other sandstone layers thick
enough to support quarries occur in the east. The Bloyd ranges from 175 to 350 ft in
thickness. A number of quarries occur in sandstones of the Bloyd Shale.

Hale Formation
Age: Early Pennsylvanian

The Hale Formation consists of two members. The lower member, the Cane Hill, is
composed of silty shale with interbedded siltstone and thin-bedded, fine-grained
sandstone. Some isolated thickly-bedded sandstones occur. Sections with sandstone
thick enough and free enough of shale o support quarry operations are not common.
The upper member, the Prairie Grove, consists of limey sandstone, or sandy limestone
with lenses of relatively pure fossiliferous limestone. The thickness of the Hale
Formation ranges from very thin to over 300 ft. The upper member is included with
the Bloyd Shale on the State geologic map (Haley et al, 1993).

Pitkin Limestone
Age: Late Mississippian

In most piaces the Pitkin is a coarse-grained oolitic fossiliferous limestone. In some
places, especiaily in the east, some black shale is interbedded with the limestone. Also,
shale is more common towards southern exposures. The average thickness ranges from
around 50 ft in the west to about 200 ft in the east, but it can be over 400 ft in places.
The Pitkin supports many quarries.

Fayetteville Shale
Age: Late Mississippian

Predominately black fissile shale. In north-central Arkansas some thin limestones are
interbedded with shales. In western Arkansas the Wedington Sandstone member
ranges from 0 to 55 ft in thickness. It is noted as being calcareous in places. Other than
possibly the Wedington Sandstene, the Fayetteville Shale is unsuitable for aggregate
quarries. The Wedington Sandstone reaches a maximum thickness of around 130 ft in
the Wedington Mountains northwest of Prairie Grove. Thickness the entire
Fayetteville Shale ranges from 10 to 400 ft.

Batesville Sandstone
Age: Late Mississippian

Fine- to coarse-grained sandstone with thin shale interbeds. The sandstone is noted as
being calcareous in places. In the west, much of the lower part or, in places, all the
formation is replaced with the Hindsville Limestone Member. The Batesville
Sandstone is noted by Croneis (1930) as being generally softer and thinner-bedded in
its lower part, and harder and more massive upwards. The Batesville Sandstone
thickness varies from very thin to over 200 ft. The Hindsville Limestone Member can
reach up to 50 ft in thickness, but averages no more than about 10 ft. Recently active
quarries are rare in the Batesville Sandstone, and there are no data on stone from those
operated in the past, such as those mentioned by Croneis (1930).

Ruddell Shale
Age: Late Mississippian

This unit is dominantly gray fissile clay shale with some limestone concretions. This
unit is considered by many to be the upper member of the Moorefield Formation. This
unit does not contain rock suitable for aggregate.

Moorefield Formation
Age: Late Mississippian

Black calcareous shale and siliceous limestone. Many geologists consider the Ruddle
shale 1o be an upper member, but units are mapped separately on the State geologic
map (Haley et al, 1993). The total thickness of Moorefield and Ruddle units is from
very thin to about 300 ft. No quarries have been located in the Moorefield.




Boone Formation
Age: Early & Middle
Mississippian

Gray fossiliferous limestone with interbedded and nodular chert. Abundance of chert
is highly variable, some areas may be almost 100 percent chert. Other areas may be
100 percent limestone. Chert beds are normally very discontinuous. Chert is more
commonty dark in color and hard in the lower part of the formation, and white in the
upper part of the formation. In places the chert is highly porous and soft. The lower 0
to 100 fi thick part of the Boone Formation is called the St. Joe Limestone Member,
which is generally chert-free, This limestone is commeonly shades of reds and browns
and can also be gray. The Boone Formation is generally 300 to 350 ft thick. The
Boone Formation supports numerous quarries for aggregate.

Chattanooga Shale
Age: Late Devonian/Early
Mississippian

Dominantly a biack fissile clay shale. The Sylamore Sandstone Member occurs in the
lower part of the interval in some piaces and can dominate the entire formation. The
occurrence of the Chattanooga Shale is quite discontinuous in Arkansas ranging from
0 up to 85 ft, but normally no more than about 30 ft. The Sylamore Sandstone is
reported by Croneis as being generally less than about 5 fi thick and has extensive
distribution in Arkansas. It ranges up to a maximum of 75 ft on a bluff on the south
bank of the White River just east of Hickory Creek near Springdale. It is described as
being porous and quite friable in ways simiiar to the St. Peter Sandstone. No quarries
occur within the Sylamore Sandstone.

Clifty Limestone
Age:

This unit consists of sandy limestone or sandstone of similar nature to the Sylamore
Sandstone. This unit is only a maximum of 4 ft thick, and is therefore too thin to
support a quarry.

Penters Chert
Age: Early Devonian

Dense, massive, mottled gray chert overlying dolomitic limestone with some chert,
chert breccia occurring at some places at the top of the formation. This unit occurs
sporadically in Arkansas. Croneis (1930} says that the maximum thickness is 90 ft,
however, some reports indicate a maximum of 25 ft No quarries were found in this
formation,

Lafferty Limestone
Age: Middle/Late Silurian

This is an earthy red micritic [imestone that is gray-green in its upper part. The
formation is also more clayey in its upper horizons. The formation has a limited aertal
extent, averaging 5-20 ft thick with a maximum thickness of over 95 ft in the area west
of West Lafferty Creek in [zard County. No quarries are known within this formation.

St. Clair Limestone
Age: Early/Middle
Silurian

This is a thick-bedded to massively-bedded limestone that is coarse-grained and highly
fossiliferous, closely resembling the Fernvale Limestone. This formation is
discontinuous and limited to small areas of Independence, Izard, and Stone Counties.
The maximum thickness is about 100 ft. No quarries in this unit were located by this
study.

Brassfield Limestone
Age: Early Silurian

Light gray to red biosparite and biomicrite limestones. Stratigraphic thicknesses range
from 0 to 38 fi, and this formation has rather limited distribution in Arkansas. No
quarries in the Brassfield Limestone are known.

Cason Shale
Age: Late Ordovician

This unit includes phosphatic sandstone and shale, and oolitic limestone and
calcareous shale. This unit is discontinuous in Arkansas, ranging to a maximum of 23
ft thick. No aggregate quarries are known in the Cason.

Fernvale Limestone
Age: Late Ordovician

A coarse-grained massively-bedded echinodermal biosparite limestone. The formation
ranges from 0 to over 100 ft thick. Although it is thick enough to support a quarry, its
use as coarse aggregate is problematic (see text).

Kimmswick Limestone
Age: Middle Ordovician

Thin- to massively-bedded, fine- to coarse-grained biosparite limestone with a
characteristic sugary texture. This formation has discontinuous occurrence ranging
from O to 55 ft in thickness. Some aggregate quarries have been supported by the
Kimmswick.

Plattin Limestone
Age: Middle Ordovician

Thinly bedded to laminated, gray micritic limestone. Small scattered blebs of sparry
calcite are a characteristic. The formation does not extend west of Searcy County, but
in the eastern part of the Ozarks ranges up to 250 ft in thickness. Several aggregate
quarries cccur in the Plattin.

Joachim Dolomite
Age: Middle Ordovician

This formation contains fine-grained dolomite and dolomitic limestone with thin beds
of shale. Laminated horizons are common. The formation occurs from Newton County
thickening eastward to a maximum of 100 ft. No quarries are known in the Joachim.




St, Peter Sandstone
Age: Middle Ordovician

Massive bedded, medium- to fine-grained well-rounded calcite-cemented sandstone.
The formation ranges from very thin to 175 ft in thickness. The rock is generally too
friable to be suitable for an aggregate quarry.

Everton Formation
Age: Middle Ordovician

A highly variable formation consisting of dolomite, sandstone, and dolomitic
limestone. Sandstones in the Everton are composed of carbonate-cemented weil-
rounded quartz sand sitmilar to the St. Peter. The formation ranges from 300 to 650 ft
in thickness. A number of aggregate quarries are located in the Everton Formation,
primarily in the carbonates.

Powell Dolomite
Age: Early Ordovician

The Powell is a light gray argillaceous doJomicrite with occasional thin beds of shale.
In many places the dolomite is thinly laminated with clay partings. This formation is
about 200 ft thick and is widespread in northern Arkansas. There are occasional beds
of chert in the Powell. Many quarries have been located in the Powell Dolomite.

Cotter Dolomite
Age: Early Ordovician

Fine- to medium-grained dolomite with occasional minor shale beds. The Cotter
ranges from 340 to 500 ft thick, and is widespread in northern Arkansas. The
formation commonly contains chert nodules. There are numerous quarties in the
Cotter.

Jefferson City Dolomite
Age: Early Ordovician

Fine-grained dolomite with considerable chert. As to rock type, the Jefferson City
Dolomite is indistinguishable from the Cotter. It is distinguished only by fossils
present. Its exact distribution in Arkansas is not known, and it is included with the
Cotter on the Geologic Map of Arkansas (Haley et al., [993). It is not known which
quarries, if any, are in this specific unit.

Figure 1B. Stratigraphy in the Ouachitas and Arkansas River Valley Regions.

Boggy Formation
Age: Pennsylvanian
{Desmoinesian Series)

In Arkansas, only the basal portion of the Boggy crops out, and in very limited aerial
extent. Basal Boggy consists of sandstone with minor siltstone and shale. No quarries
are reported in the Boggy Formation

Savanna Formation
Age: Pennsylvanian
(Desmoinesian Series)

This formation consists mostly of shale and siltstone with some fine-grained
sandstone beds. Sandstones are thickest near the base of the formation in Arkansas,
being about 100 ft thick near Paris and 300 ft thick atop Magazine Mountain. The
formation also contains some coal beds. The formation is estimated to have 1600 ft
total thickness, but only the lower 500 ft or so occur in Arkansas. A few quarries in
Arkansas have been located in Savanna sandstenes.

McAlester Formation
Age: Pennsylvanian
{Desmoinesian Series)

This formation consists predominantly of shale with thin sandstones. Some prominent
coal beds occur, The unit ranges from 500 to 2,300 ft in thickness. No major quarries
are known in this formation, though a couple of small quarries have operated in the
past, with no record of stone quality.

Hartshorne Sandstone
Age: Pennsylvanian
{Desmoinesian Series)

Predominately medium-grained, thick-bedded fluvial sandstones with minor
discontinuous shale layers. Stratigraphic thickness ranges from 10 to 300 fi, and in
most places in Arkansas it is over 100 ft. Many rock quarries are supported by
Hartshorne Sandstone.

Atoka Formation
Age: Pennsylvanian
(Atokan Series)

See description in Ozark stratigraphy. As in the Ozarks, the Atoka Formation in the
Arkansas River Vatley and in the Ouachita Mountains consists of shales and
standstones, but in the more southerly parts of its distribution, the Atoka was
deposited by deeper marine processes, such as turbidity flows, rather than by deltaic
processes as in the north. Despite this difference, there are thick sandstones that
support numerous rock quarries in this area as well. The unit attains about 25,000 ft
maximum thickness,

Johns Valley Shale
Age: Pennsylvanian
{Morrowan Series)

Dominantly black clay shale with intervals of siity, thin-bedded to massive sandstone
{possibly reaching 100 fi thick). In places large amounts of exotic cobbles and
boulders of limestone, dolomite, and chert occur. The formations total thickness is
difficult to discern because of structural complications, but may exceed 1,500 ft.
Some small quarries in large carbonate exotic blocks have been opened in the vicinity
of Boles (C.G. Stone, personal communication, 1998).




Jackfork Sandstone
Age: Pennsylvanian
(Morrowan Series)

This formation is dominated by thin- to massive-bedded, fine- to coarse-grained
quartz-cemented sandstones with smaller amounts of shale. Some intervals are
dominated by thin sandstone and shale, especially in the north, where sandstone
intervals in the Jackfork are generally fenticular within shale. The formation is
reported to range from 5,000 to 7,000 ft in thickness. Numerous quatries occur in
sandstones of the Jackfork.

Stanley Shale
Age: Mississippian

The Stanley Shale is dominated by dark gray shale, but is almost ubiquitously
interbedded with finc-grained sandstone layers. Sandstones are rarely very thick,
except for the Hot Springs Sandstene, which occurs near the base of the formation in
the vicinity of Hot Springs, where it reaches its maximum thickness of about 200 ft.
Another rock unit, the Hatton Tuff, occurs also in the lower part of the Stanley Shale,
predominantly in the western part of the Quachitas. The thickness of the Hatton Tuff
ranges from about 30 ft to a little over 100 ft. A few other tuff layers that are thinner
occur in the lower part of the Stanley. The Stanley Shale has a total thickness of 7,000
to 11,000 ft. Other than the Hot Springs Sandstone, sandstones in the Stanltey
generally are not sufficiently thick to support quarries for high-quality, shale-free
aggregate. One quarry occurs in the Hatton Tuff, and a few have been located in the
Hot Springs Sandstone.

Arkansas Novaculite
Age: Devonian and Early
Mississippian

The Lower Division consists predominantly of white, massive-bedded novaculite. In
the Middle Division is an interbedded sequence of dark gray shales and dark chert.
The Upper Division is a white, thick-bedded, in places calcarsous, novaculite. The
maximum thickness of the entire formation is about 900 ft in its southern exposures,
but thins to as little as 60 ft in the north. Numerous rock quarries have been located
primarily in the Lower Division of the Arkansas Novaculite.

Missouri Mountain Shale
Age: Silurian

This formation is predominantly shale with various amounts of thin-bedded
conglomerate, chert, and sandstones. The maximam thickness of this formation
reaches 300 ft. No quarries are known in this formation.

Blaylock Sandstone
Age: Silurian

This formation is dominated by finc- to medium-grained sandstones interbedded with
dark-colored shale. Sandstones are normally thin bedded, and although some fairly
thick-bedded intervals occur, shale-free intervals thick enough to support stone
quatrries are not known. Total thickness of the formation is as much as 1,200 ft in the
southwestern part of this outcrop area, but thins rapidly to the north.

Polk Creek Shale
Age: Late Ordovician

This formation is dominated by black fissile shale with minor dark chert. Its thickness
ranges from 50 to 225 ft, Rock in this formation is unsuitable for aggregate and no
quarrigs are known to be located in it.

Bigfork Chert Thinly bedded dark-gray chert interbedded with black siliceous shale and occasional

Age: Middle 10 Late thin limestone layers. The formation ranges from 450 ft thick in the northern

Ordovician Ouachitas to 750 ft in the southern Quachitas. Numerous pits in the Bigfork have been
opened for aggregate for gravel roads and other applications. Its use in premium-
quality aggregate applications is problematic.

Womble Shale Black shale with thin lavers of limestone. silty sandstone, and some chert. Limestones

Age: Middle Ordovician

occur predominantly toward the top of the formation, generally in thin to medium
beds. At least three locations in the Womble have linestone intervals that have
supported small aggregate quarries. The thickness of the Womble ranges from 500 to
1,200 fi thick.

Blakely Sandstone
Age: Middle Ordovician

This formation consists predominantly of shale, but with very hard, gray sandstone
interlayers. In many locations, the prominence of blocks of sandstone at the surface
give the false impression that it is a massive sandstone interval. The sandstone is
normally medium bedded with interlayered shales, but a sandstone interval that attains
80 ft of thickness is reported by Croneis (1930} on Little Glazypeau Creek near Hot
Springs. No quarries in the Blakely Sandstone were found during this study. The
formations thickness ranges from a few feet 1o aboui 700 .

Mazarn Shale
Age: Early Ordovician

Predominantly shalc with small amounts of siltstone, sandstone, limestone, and chert.
The thickness of this unit ranges from 1,000 to over 2,500 ft. No quarries are known
in this unit.

Crystal Mountain
Sandstone

Predominantly massive, coarse-grained, well-rounded sandstone with lesser amounts
of interbedded shale, chert, and limestone. The sandstone is usually strongly quartz

]
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Age: Early Ordovician

veined. The sandstone in the lower part of the unit is the most massive and stout
within the formation. The maximum thickness ranges from 500 to 850 ft thick. No
active quarries in this formation were located during the present study. However,
minor activity has occurred in the past, and some potential exists for aggregate
quarries in this formation.

Coliier Shale
Age: Late Cambrian to
Early Ordovician

Gray to black shale with occasional thin beds of black chert and an interval of thin-
bedded limestone. Total thickness of the formation exceeds 1,000 ft. One quarry has
been located in limestone of the Collier Shale,

Figure 1. Descriptions of the rock types in stratigraphic units of the Palcozoic terrane of Arkansas, with emphasis
on matters pertinent to stone for construction aggregate. The descriptions are simplified from references
mentioned in the text and are not intended to be complete definitions of stratigraphic units. Information is
also drawn from Lumbert and Stone (1992), from unpublished data of the Arkansas Geological
Commission (J.D. McFarland, personal commuiication, 1997; C.G. Stene, personal communication,
1998), and from personal observations of the author of this report. A. Stratigraphy in the Ozarks region.
B. Stratigraphy in the Arkansas River Vatley and Ouachitas regions.

1994). To meet this specification, crushed river
gravels would require two rounds of crushing. This
requirement raises even further the necessary initial
size of the gravel. For these reasons, the West Gulf
Coastal Plain and Mississippi Alfuvial Plain are not
considered significant long-term sources for crushed
stone aggregate

The remaining central, western, and northern
parts of the State (the Interior Highlands, comprised
of the Ozark Plateaus, the Arkansas River Valley, and
the Ouachita Mountains) contain bedrock suitable for
producing crushed stone. The Ozark Plateaus region
typically consists of nearly horizontal, bedded
sedimentary rocks of Paleozoic age (the rock
sequence there spans much of the 570-245 Ma range
of the Paleozoic Era). The stratigraphy of tha Ozarks
is presented in Figure lA. This stratigraphy includes
many disconformities, especially below the Boone
Formation, so many rock units are not continuous
across the entire Ozark region. Also, many formations
have facies changes from east to west, so the
lithologic character of a single unit can vary across
the region. The rock types in the northern two-thirds
of the Ozarks are dominantly limestone and
dolostone, with some shale and carbonate-cemented
sandstone. The southern third is dominated by shale
with some sandstone that is cemented by silica and/or
iron oxide. The limestones, dolostones, and silica-
cemented sandstones are the components that have
been quarried for crushed stone aggregate. The
horizontal bedding is warped in some places by broad
gentle folds, but bedrock rarely is inclined more than
about 5. Also, some nommal faults occur, but they
generally are widely spaced and rarely are a problem

to quarrying.
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The topography in the Ozark Plateaus region
is mountainous in the southern part, much of that area
being in steep slopes, requiring tortuous roads.
Population density in that area is low, much of it
being National Forest. The northern pairt of the area
also has some mountains, but more of it is rolling
topography. It is mostly an agricultural region, but
some urbanization is occurring, especially in the
northwest,

The rock types present in the Arkansas River
Valiey are typically similar to those in the southern
part of the Ozark Plateaus, mostly shales and sifica-
cemented sandstcnes of Paleozoic age. The
stratigraphy of the Arkansas River Valley is shown in
Figure B (bedrock units of the Arkansas River

Wallaw and the Ouachize Mountaineg are groupss

together in the figure, following Haley and others
[1993], because of regional differences based on
structure, not solely on aerial distribution of mapped
bedrock units}. Bedding in the Arkansas River Valley
is, for the most part, horizontal to gently dipping;
however, there are places where compression from
the OQuachita orogeny generated large-scale folds
and/or thrust fauits, and bedding can be steeply
inclined or even vertical. This kind of structural
disturbance increases southward in the region. In
comparison to the Ozarks, the Arkansas River Valley
has a higher density of normal faults, but still they are
widely spaced and rarely pose problems in quarry
operations.

Most of the Arkansas River Valley is of low
roliing hiils, but there are also some isolated flat-
topped mouniains, including the highest point in the
State, Magazine Mountain (839 m [2753 ft]). An
important surficial feature in this area relevant to the




stone industry is the Arkansas River, which trends
east and west and connects with the Mississippi River
and, because of a system of locks and dams, is
suitable for shipping stone by barge to the states to
the south.

The Ouachita Mountains region is a system
of long ridges and valleys that trend generally east
and west, though with some variation, especially in an
area of northeast-trending ridges in the vicinity of Hot
Springs. North-south transportation routes (crossing
the topographic grain) in this region are generally
fewer than those trending east west, so haul distances
can be longer in the north-south direction. The
topography is structurally controlled by a complex
system of folds and thrust faults. Because of this
deformation, the Paleozoic sedimentary rocks which
form the bedrock of this region are rarely found in
horizontal crientation; moderately dipping to vertical
bedding orientations prevail, and overturned sections

offset by faulting, within the dimensions of a
moderate-sized quarry, though many sites also occur
with more-or-less constant bedding orientation.

The stratigraphy of the Ouachita Mountains
is given in Figure 1B. The most commeon rock type in
this region is shale, In places metamorphosed
sufficiently to be considered slate or slaty shale. The
most widespread rock types suitable for crushed stone
aggregate include silica-cemented sandstone and
thick beds of microcrystalline silica, called
“novaculite” (similar to chert). Other resources that
are more restricted in their range of occurrence within
the Ouachita Mountains include Paleozoic volcanic
tuff, several nepheline-bearing syenite and other
alkalic igneous plutons of Cretaceous age, a baked
hornfels zone around a major igneous intrusive
complex east of Hot Springs, and minor quantities of
limestone. The Cretaceous igneous bodies are in the
arca between Little Rock and Hot Springs, and some

are present. It is not uncommon to find major changes lie physically in the West Gulf Coastal Plain,

in bedding orientation due to folding, and/or bedding marginal to the Ouachita Mountains (Fig. 2).
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Figure 2. Map of Arkansas showing general physiographic divisiens. Well-lithified sedimentary rocks of Paleozoic
age occur in the Ozark Plateaus, Arkansas River Valley, and Ouachita Mountains. Generally poorly
lithified sediments of Cretaceous and younger age occur in the West Gulf Coastal Plain and Mississippi
Alluvial Plain. Two prominent nepheline-bearing syenite plutons are designated with triangles (GM =
“Granite Mountain”, B = the pluton near Benton). The Magnet Cove alkaline intrusive complex is shown
with a square designated MC.
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RESULTS

The comparison of bedrock units as to their
suitability for crushed stone aggregate is presented
below, beginning with rock units of the Ozark
Plateaus, then the Arkansas River Valley, and
finishing with the Ouachita Mountains.

Carbonaie Rocks of the Ozark Plateaus
Limestones

Data from quarries that used limestone
bedrock from various formations were grouped by
fosmation. Histograms for both LA abrasion and
sodiwm  sulfate  soundness test results  were
copstructed to show how stone from the individual
formations performed on these tests. These
histograms are presented as Figure 3. The pass/fail
line indicated on each diagram is given as a reference,
The values of LA abrasion loss of 40% and sodium
sulfate soundness loss of 12% were chosen because
most AHTD requirements for pavements, whether
PCC rigid pavement (AHTD, 1993, p. 275) or asphalt
binder and surface course (AHTD, 1993, p. 220},
have these values as upper limits of acceptability; the
same limits apply to structures made of PCC (AHTD,
1993, p. 563). The LA abrasion and soundness
restrictions of 40% and 12% loss are also commonly
employed pass/fail values for first class aggregate
used in asphalt surfacing and PCC pavements in
many other parts of the United States (Nichols, 1991,
p. [5-10. 12, 13; White, 1991, p. 13-40, 41). Some
applications, however, have other requirements. For
example, in Arkansas, for crushed stone for road
base, AHTD requires an LA abrasion loss of 45% and
does not require the soundness test {AHTD, 1993, p.
303), whereas for aggregate used in asphalt surface
treatments the 12% soundness loss applies, and the
LA abrasion requirement drops to 35% loss (AHTD,
1993, p. 195).

The majority of guarries in limestone units
are in the Boone and Pitkin Formations. This is not
because of a previously known superiority of stone
from these as compared to other limestones, but
because of a much more widespread surface
distribution, due in part to thickness and in part to
favorable position with respect to topographic
development. What is meant by surface distribution
here is the bedrock formation first encountered below
any soil or regolith that has developed. The Boone
Formation is especially widespread in northwestern
and north-central Arkansas because it occupies an
extensive plateau. The Pitkin Formation’s average
thickness is greater in the east than in the west, and
there are more shale interlayers in it toward the east

and south (J.D. McFarland, personal communication,
1997). Fortuitously, the Pitkin tends to occur in more
mountainous terranc than the Boone, and as a result
its ontcrop belt is narrower. The same is true for the
Plattin, Kimmswick, and Fernvale Limestones, the
other limestones historically used for crushed stone
agegregate, but these thin drastically toward the west
and are not present west of central Newton County.

The Boone and Pitkin limestones fare very
well on both the LA abrasion and the sodivm sulfate
soundness tests (Fig. 3A, B), though the Pitkin does a
little better. Both are durable limestones. Some
problems, however, peculiar to the Boone Formation
are not indicated by the tests.

These problems are related to the presence
of variable, ofien unpredictable, abundance of chert
in the Boone. Chert typically is noft-porous and hard,
but in some parts of the Boone Formation chert may
be unusually porous and friable. The porosity of the
chert tends to give the Boone samples high absorption
values and low density. On the other hand, where the
chert is not friable, the presence of chert may cause
difficulties during crushing, because chert behaves
differently in the crusher than the admixed limestone,

Although the presence of chert may result in
some problems in aggregate production for
construction of surfaced roads, it gives the Boone
Formation an advantage in production of low-cost
gravel for less rigorous applications, such as unpaved
secondary roads. The typical Boone regolith abave
bedrock is a mixture of red clay residuum from
dissolution of the limestone plus abundant fragments
of chert. This regolith can be easily dug with loaders
and piaced as surface dressing on grave: roads wits
little treatment.

Figure 4 gives some statistics on data from
absorption and specific gravity tests for each
formation. Regarding the Boone Formation, it can be
seen by the median of 1.42% absorption and the high
incidence of values below 2% that this unit usually
has fairly good results, but some samples register
much higher absorption than the median. Absorption
in 9% of Boone aggregate samples was unacceptable
(between 3.3% and 8.27% absorption). In contrast,
the Pitkin limestone samples show consistently low
absorption. The occurrences of poor absorption
results in Boone samples is always from inciuston of
porous chert. Boone limestone with high amounts of
the porous chert should be avoided in asphalt
applications,

Boone Formation sampies that tested high in
absorption also had low specific gravity (SG),
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Figure 3. Histograms showing combined AHTD and Corps of Engineers test results on crushed stone, by bedrock
map unit: limestone-dominated formations of the Ozark region. For each formation two histograms are
given, one for results of the LA abrasion test, one for the sodium sulfate soundness test. A commonly

emploved pass/fail limit for each test is given (see text for discussion of pass/fail restrictions).
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Figure 4. Histograms showing combined AHTD and Corps of Engineers absorption and specific gravity test results
on crushed stone, by bedrock map unit. Relative heights of bars are proportional to the percentages of
values that fall in each indicated range.



because of the low density of the porous chert.
Specific gravity of the Boone samples ranged from
2.72 to 2.12. In contrast, the Pitkin samples all were
between 2.62 and 2.68, Large amounts of low-SG
chert in a parcel of rock could make it undesirable
for use as riprap. Additional problems can arise due
to the presence of low-SG chert in aggregate used in
PCC applications. If a quarry in the Boone
Formation has a significant portion being low-SG
chert, there will be a bi-modal distribution in particle
density, Variation in particle SG in a PCC batch can
lead to segregation of aggregate during handling and
mixing {White, 1991).

For aggregate in asphalt applications, a
consistent bulk specific gravity is important for
asphalt mix design (Marek, 1991). The bulk SG of
the aggregate, obtained by testing a representative
sample, is used in calculations of void content in
compacted asphalt, which influences the amount of
asphalt used in the mix. If the bulk SG of the
aggregate varies from the 8G used in the calculation,
batches with too much or too little asphalt will be
produced. If a guarried rock unit has low-SG chert,
care must be taken to insure that the entire lot of
aggregate intended for a specific asphalt job be
uniform in its chert content.

The variation in abundance of low-SG chert
in the Boone can also be a problem in base-course
applications. The material used for base must be
consistent throughout a single job (Nichols, 1991, p.
15-30). Base-course aggregate must be compacted to
an optimum compaction, with a target density of
compaction determined by laboratory tests such as
AASHTO T-180. Thic test determines the maximum
dry density and an optimum moisture content for the
tested material. If the material has significant
changes on the job from that used in the laboratory
test, target densities may be impossible to achieve in
the field. Such problems have occurred in material
from Boone Formation quarries that have widely
varying abundances of low-SG chert (W.J. Pay,
personal communication, 1997). Not all sites in the
Boone have major lateral or vertical changes in
percentage of chert on the scale of a single quarry,
but where there are changes, operators must be
careful to select areas of uniform chert content for
single job applications.

The data are fewer for quarries in the
Plattin, Kimmswick, and Fernvale Limestones (Fig.
3C, D, E). Four quarries appear to be entirely within
the Plattin and two quarries are composites of more
than one formation. Although the data are too few to
be conclusive, there does seem to be some
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differences in the performance of these limestones as
compared to the Boone and Pitkin. A few comments
are made below regarding these apparent differences.

Considering the four quarries that lie within
the Plattin Limestone (Fig. 3D) and comparing them
to the Pitkin and Boone Formation limestones (Fig.
3A, B), the LA abrasion values have a similar
distribution, but the soundness values for the Plattin
do not have the strong mode at the lower end of the
range, as do the Pitkin and the Boone. Instead, the
soundness values have a flatter distribution over a
wide range, including some in the failing range. 1t is
not known what causes the poorer performance on the
soundness test, but there are certain lithologic
similarities between the Plattin Limestone and
Arkansas dolostones that have also shown problems
with soundness {(discussed below). The Plattin
Limestone is mostly a very fine-grained limestone
called micrite. The dolostones are mostly
dolomicrites. A significant portion of the Plattin
micrites are finely laminated (Craig and Deliz, 1988),
as are major sections of the dolostones. Laminae in
the Plattin micrites examined by the author have
somewhat of a stylolitic character. Stylolites in
general have been characterized as having buildups of
clay and/or other insoluble residues on them (Boggs,
1992, p. 122), and clay is suspected to be involved in
the dolostone soundness problem discussed below. It
may be that laminated horizons in the Plattin are
related to poorer soundness results. Detailed study is
needed to test this hypothesis. The uncertainty of this
idea must be stressed: it is included here to show
where further research is needed.

The majority of the Plattin data (Fig. 3D, 16
out of 19 samples, come from quarry INO6. When this
quarry was visited by the author, it was half filled with
water and largely inaccessible for study. It is uncertain
how much of the quarry includes laminated micrites. It
is also possible that the quarry’s lower part {(now
submerged) includes the wunderlying Joachim
Dolomite, and that could be the source of poorer
soundness results. The three other samples in the
Plattin histogram come from three quarries; two are in
the <2% loss range, and the third has a value of 10%.
This spread being recognizable in more than one
quarry lends credence to the idea that the Plattin has a
tendency to have a wide range of soundness values.
On the other hand, there are two quarries that include
both Plattin and Kimmswick Limestone, and
soundness tests on stone from these composite
quarries do not show the tendency for higher values
(Fig. 3E). These quarries were not studied in detail,
and the abundance of the thinly laminated facies of the
Plattin Limestone of these quarries is not known.



One of the two qguarries that use a
combination of Plattin and Kimmswick Limestone,
INQI, also includes the overlying Fernvale
Limestone. In constructing the histogram in Figure
3E, an attempt was made to choose samples that
appear to have come from levels that did not have the
Femvale or where friable portions of the Fernvale
{discussed below) had been removed by processing.
Samples from the quarry that were exclusively from
the Fernvale are included in Figure 3C. One other
quarry, INO3, is reported by the Corps of Engineers
io be in the Fernvale Limestone. Of the five analyses
shown for the Fernvale in Figure 3C, four are from
the upper levels of quarry INO1, and one (at 51.6%
loss) is from quarry INO3.

Though sparse, the data suggest problems
with LA abrasion tests for the Fernvale Limestone,
especially since failing tests are not restricted to one
quarry. In outcrop the Fernvale seems to be stout, but
during crushing a substantial amount crumbles to
sand-sized  particles (W.J.  Pay, personal
communication). Perhaps it is the very coarse-
grained nature of the Fernvale that leads to this
behavior. Most of this formation is made up of an
accumulation of various echinoderm plates, some of
which are still together as recognizable fossils.
Echinoderm plates are all single crystals of calcite,
and they were cemented together by overgrowths of
calcite, which enlarged the individual crystals. The
resulting rock is like an intergrowth of coarse calcite
crystals. It may be that the very strong mineral
cleavage of calcite starts to become a breakage factor
in the whole rock when the calcite grain size is very
coarse. Whatever the cause, any quarries that might
be located solely within the Fernvale Limestone
might be expected to encounter problems with the
LA abrasion test.

All the data for absorption and SG of
samples from the Plattin and Kimmswick Limestones
are combined in Figure 4; there were no data
available solely from the Fernvale. Consistently,
results indicating high quality rock are obtained in
both tests.

Dolostones

Histograms showing performance of
dolostones on LA abrasion and sodium sulfate
soundness tests are shown in Figure 5. Available data
for the three dolostone formations tested indicate that
there are no significant problems regarding the LA
abrasion. However, all three formations have
consistent problems with the soundness test. Of the
samples submitted from the Everton Formation, 20%
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have failing soundness values. Of samples from the
Cotter Dolomite, 41% falled, and of those from the
Powell, 39% failed. Among the quarries in the Cotter
Dolomite from which stone was submitted for testing,
there was one quarry that had many more samples
than the others. The same is true of the Powell.
However, if the data from these quarries are
eliminated, there is not an apparent change in the
distributions of soundness values. So the soundness
problem is widespread and not an artifact from a few
large quarries.

The cause of the consistent soundness
problems with Arkansas dolostones is not known with
certainty. The problem may be associated with high
clay contents in the dolostones. According to D.W.
Lumbert of AHTD (personal communication, 1995}, a
quarry in the Missouri Ozarks submitted dolostone
samples to AHTD for approval, many of which failed
the soundness test. Some experimentation was done,
and it was found that significant quantities of clay
occur in the dolostone. A quarry in Arkansas, LRO3,
has a 1949 entry in the Corps of Engineers test records
showing a fairly poor magnesium sulfate soundness
result (17.9% loss, which would correspond to about a
12% loss on the sodium sulfate soundness test). The
data sheet notes clay-rich stylolites were present in the
sample and reported 12% insoluble residue (chert +
quartz + clay). In quarry site visits for the present
study, finely laminated doloricrites were cormmonly
observed in each of the dolostone formations, and
broken surfaces along the bedding planes in the
laminated portions of the rocks were observed to have
clay on them. Of the quarries that were visited, the
quarry that has had the most severe soundness
problems also has a high percentage of the rock being
laminated dolemicrite with clay-rich parting surfaces.

Further support to the idea that high
soundness loss is related to clay-content in dolomite
comes from R.L. Neman, Professor of Chemistry at
East Central University in Oklahoma and consulfant to
the aggregate industry, who states (personal
conununication, 1998) that he has seen a positive
correlation between soundness values and insoluble
residue in data he obtained from testing stone from
many dolostone guarries, including some from
Arkansas. However, Rowland (1972) collected
samples from 26 quarries in carbonate rocks in
Oklahoma and analyzed, among other things,
insoluble residue and Na-sutfate soundness. Scatter
plots of Rowlands {1972) data were made by J. Bliss
of the US. Geological Survey (personal
communication, {998}, and these show no correfation
between the two parameters.
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Figure 5. Histograms showing combined AHTD and Corps of Engineers LA abrasion and sedium sulfate soundness
test results on crushed stone, by bedrock map unit: dolomite-dominated formations of the Ozark region.

These conflicting observations indicate the
uncertainty of the cause of the dolostone soundness
problems in Arkansas. Future research should involve
an examination of the cause of this problem. When
the cause is correctly determined, it wouid then be
useful to identify any textural features (such as the
lamination discussed above) by which problem
dolostones and better dolostones can be distinguished
in the field or in core samples. If there are
stratigraphic intervals that can be identified that have
fewer soundness problems, perhaps areas with these
stratigraphic intervals couid be mapped out. A study
focused on the dolostone soundness problem could be
valuable to industry. because it is the only rock type
available for aggregate in a large section of the
northeastern portion of the Ozarks region.

Other than the Boone Formation, the
dolostones have the greatest tendency for variabiiity
in absorption and SG (Fig. 4). Even so, good results
were obtained from most of the samples that were
tested. For example, the 30 samples tested from the
Powell Dolomite came from 9 quarries. All of the
samples with absorption greater than 3% came from
two guarries, representing ¢ out of the 30 total
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samples. The same samples that had higher
absorption values were the ones with lower SG. From
the Everton Formation, one sample had 6.05%
absorption (with a SG of 2.38), but of the remaining
25 samples from 10 quarries, only 5 samples had
greater than 2% absorption, with the high being only
3.1%. Good results are usually the case in the
dolestone formations, but caution must be exercised
because variability exists.

Other problems commeon to the carbonate rock
area of Arkansas

Unlike most rock types, limestone and
dolostone are relatively soluble in water. This is why
caves are present most often in regions where such
carbonate rocks constitute the bedrock. Solution
features in Arkansas carbonate terrane can be
problems for producers of crushed stone aggregate,
because they can occur near the surface and may
extend down into the subsurface for 10 m (30 ft) or
more. Solution cavities most commonly form along
large joints and especially at joint intersections. As
space is created in the bedrock by dissolution, clay
may be washed in from the soil horizon above the



bedrock, fiiling the open cavity that is created. Such
solution features may be only a few inches wide, or
may be cavities 3 m (10 ft) or more across. The
distribution of solution cavities can be unpredictabie,
though in some places the regularity of joint spacing
and orientation can produce a regularity to the
occurrence of solution cavities. When such features
are encountered during quarrying, contamination of
aggregate with large amounts of clay can ruin a batch
of rock intended for applications that require clay-
free aggregate. Solution cavities can also negatively
impact quarry operations by causing unexpected
results during blasting. Solution features are most
widely known in the Boone Formation, but any of the
carbonate formations may have them. Limestones are
generally more susceptible to solutioning than
dolostones.

Another problem that is fairly common
among quarries in the carbonate rocks of Arkansas
concerns fines in the aggregate created during
crushing. AHTD requires that for base-course
aggregate, a parameter informally called dust ratio
must be measured (AHTD, 1993, p. 303). The dust
ratio is an indication of how much of the fine material
in the aggregate is of dust-sized particles. The
requirement is that of all the material that passes the
#40 sieve, no more than %, of it can be material that
also passes the #200 sieve. Apparently, because of the
very fine grain size of many of the dolostones and of
some of the limestones, an excessive amount is
reduced to dust size when they are crushed. At many
quarry sites, sand must be brought in from external
sources to mix with the aggregate to lower the dust
ratio. The quarry which has the Fernvale Limestone
in its upper levels uses to its advantage the tendency
for the coarse limestone of the Fernvale to crumble to
sand-sized grains during crushing. By mixing an
amount of Fernvale with finer limestone of the Plattin
and Kimunswick Limestones from the lower part of
the quarry, a greater proportion of the resultant fine
aggregate ends up in the sand-size range, thus
meeting the dust ratio specifications. Yet another
quarry mixes in sand crushed {from a nearby
occurrence of the friable St. Peter Sandstone to
overcome its dust ratio problems.

In Arkansas, formations having chert in them
have traditionally had problems with stripping, that is,
the loss of adhesion between aggregate and the
bituminous binder in asphalt applications (W.J. Pay,
personal communication, [995). Of the formations
generally used for aggregate in the Ozarks region,
primarily the Boone Formation and the Cotter
Dolomite have chert as a component. The same
problem is produced when chert, either as local river
gravel or as crushed stone imported from elsewhere,

is used as an additive to the carbonate aggregate to
meet AHTD specifications for surface-course asphalt
pavement (discussed below). However, the stripping
problem is easily overcome by addition of anti-strip
agents to the asphalt mixture. -

Anocther problem common to the entire
carbonate terrane across the nerthern tier of Arkansas
involves AHTD requirements for the upper layer of
an asphalt road pavement. The specifications allow
no more than 60% of the coarse aggregate to be of
limestone or dolostone; at least 40% must be siliceous
aggregate (AHTD, 1993, p. 220). Siliceous
aggregates inciude such materials as sandstone,
syenite, novaculite, or chert. The reason for this
requitement s that carbonate rocks have low
resistance to wear. They are soft by comparison to
siliceous materials, and after a period of road use they
become smooth, even polished, making the read
surface slick. The more resistant siliceous aggregate
is mixed in with carbonate aggregate to reduce this
tendency for surface wear.

In the northern part of the Ozark area of
Arkansas the bedrock is almost exclusively limestone
and/or dolostone. There are sandstones in the Everton
Formation that in some areas are thick, and there is
the St. Peter Sandstone that has a wide range of
occurrence. However, the St. Peter is quite friable in
most places. There may be some areas in which the
St. Peter is cemented more completely and might pass
LA abrasion and soundness criteria, but even if such
areas can be found, neither the St. Peter Sandstone
nor the Ewverton Formation sandstones can be
classified as siliceous materials by the AHTD method
of designation. The reason for this is that to be
classified as siliceous material hy AHTD, 85% of the
stone must be insoluble when subjected to a 1:}
solution of hydrochloric acid and water (AHTD,
1993, p. 220). The St. Peter Sandstone and the
sandstones in the Everton Formation are quartz
sandstones, but they are cemented by soluble
carbonate cement, which normally constitutes more
than 15% of the rock.

One short-lived quarry (CR12), from which
there were five samples tested by AHTD in 1982,
included both limestone from the Pitkin {the rock at
the surface) and sandstone (from below the surface)
from the Fayetteville Formation (probably the
Wedington Sandstone Member). From the available
records, it is impossible to tell what rock type was
being tested in each sample, but all passed the LA
abrasion test, and all but one passed the soundness
test. A thin section of sandstone from a large block
lving beside the abandoned pit shows only a minor
portion being calcite cement. This quarry is in the
Green Forest area of Carroll County, which is in the



general arca of the thickest development of the
Wedington Sandstone according to Croneis (1930),
This area is one of the northernmost parts of the
Wedington’s range of near-surface occurrence,
Perhaps there is potential somewhere in that area for
a quarry utilizing the Wedington Sandstone to supply
siliceous aggregate.

The Batesville Sandstone underlies the
Fayetteville Formation and might be a source of
siliceous aggregate. From the data sources used in
this study. only one quarry has been noted in the
Batesville Sandstone (BE16) that was evidently used
for aggregate, and no test data are available for it
Croneis (1930) notes that parts of the Batesville are
very calcareous, but no study exists that describes the
cementation of the Batesville Sandstone in detail. He
also mentions the existence of a number of quarries in
the Batesville area, but does not mention the use of
the stone that was produced. According to C.G. Stone
(personal communication, 1998} a number of old
guatries in that area were used for aggregate and/or
building stone. There is no data on the quality of the
aggregate from any of these quarries.

Another source of siliceous aggregate might
be cherts that occur in with certain of the carbonate
formations of northern Arkansas, but this idea is
problematical. In the past, siliccous aggregate for
mixing with carbonates in surface-course asphalt was
obtained from river gravels, where the natural action
of tumbling along stream beds, coupled with
weathering, concentrated the more durable cherts of
the area. However, the trend in recent years has been
to reduce or even eliminate the practice of stream-bed
mining of river gravel, in order to preserve the natural
qualities of the rivers in this scenic part of the State.
Looking to direct bedrock extraction of chert for
siliceous aggregate presents ather problems. Other
than in the Boone Fermation, the chert abundance is
too low, being in most places only a few percent of
the total bedrock. in the Boone, most of the chert is
too soft and porous to be viabie. However, in places
there are occurrences of durable chert in the Boone
Formation. At one quarry in northwest Arkansas,
where a stratigraphic interval in the Boone has close
to 40% durable chert, the possibility of using that
interval as a source of aggregate for surface-course
asphalt is being explored. Tt is possible that similar
sites in the Boone may be located containing durable
chert in sufficient abundance to qualify for surface-
coat asphalt.

Sandstones of the Ozark Plateaus and the Arkansas
River Valley
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The principal bedrock units of the Ozarks
that contain sandstones that are quarried for
construction aggregate are the Hale, Bloyd, and
Atoka Formations. The Atoka Formations distribution
includes both the southern part of the Ozark Plateaus
and the entire Arkansas River Valley region (Fig. 2).
For this reason, aggregate sources in the southern part
of the Qzarks are discussed along with the Arkansas
River Valley. In the Arkansas River Valley, besides
the Atoka, the Hartshorne Sandstone is extensively
used for aggregate, and there are a few sites in the
less-extensive Savanna Formation that have been
exploited for sandstone construction aggregate. The
LA abrasion and sodium sulfate soundness data from
these formations are summarized in Figure 6.

The stratigraphy of the Hale and Bloyd
Formations (Fig. 1A) is complicated by the fact that
there are facies changes in these formations laterally
toward the east from the areas in northwest Arkansas
where the formations were originally defined. On the
geologic map of the State (Haley et al., 1993) and on
most of the pertinent geologic worksheets, the lower
part of the Hale Formation, the Cane Hill Member, is
mapped separately from the rest of the Hale, and the
upper part of the Hale Formation is included with the
Bloyd Shale. On some geologic worksheets these are
grouped together as Morvowan, referring to the
geologic series to which these rocks belong. In
Appendix [, the quarries are indicated as to formation
simply by the map unit they fall in (Cane Hill or
Bloyd/Hale); no attempt was made to distinguish
quarries in the upper part of the Hale Formation iroin
those in the Bloyd.

There are only two guarries in sandstone of
the Cane Hill Member of the Hale Formation, CB20
and STO04, for which there are data; a third quarry,
WAOQ2, is partly in the Pitkin and partly in the
overlying Cane Hill, but there are no records of
sample tests for it. From CB20 and ST04 a total of
four LA abrasion tests were performed, and all were
in the 24-30% loss range; three soundness tests were
performed, and all fell in the <2% range. Histograms
were not produced for these data.

Of the data presented in Figure 6, the most
probtematical are the LA abrasion scores for the
combined Bloyd/Hale unit. About 20% of the tests
were above the failing limit of 40% loss, and a
significant number that passed were close to that
limit. Some of the poor results may come from
instances where quarry operators included too much
material from the upper parts of quarries, where the
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Figure 6. Histograms showing combined AHTD and Corps of Engineers LA abrasion and sodium sulfate soundness
test results on crushed stone, by bedrock map unit: sandstones of the southern part of the Ozarks plus the

Arkansas River Valley region.

rock is excessively weathered. However, most of the
poor values recorded for the Bloyd/Hale unit come
from iwo quarries thal commoniy obiained poor
results even from samples well below the surface. In
the sandstone units of the Ozarks and Arkansas
Valley, the fresher rock is usually gray in color, and
the weathered rock is light brown. According to W.J.
Pay {personal communication, 1997), the rock in
these two problematic quarries tends to be brown and
weathered in appearance to greater depths than is
typical of most sandstone units in Arkansas. He
considers unusually deep weathering to be a general
tendency for rocks of the Bloyd/Hale bedrock unit.

As a possible explanation for zones of deep
weathering, Pay (personal communication, 1997) has
suggested that perhaps the original character of
cementation in sandstones of this unit is, at least in
places, such that cementation was incomplete, so that
groundwater is able to soak into the rock more readily
and thus weather it to greater depths. Or perhaps, if
some of the sandstones were cemented by calcite
cement, the rock would be more readily weathered
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than silica-cemented sandstones. These ideas are
reasonable, especially in light of the common
copurence of undercut Giufle formed in the thick
Middle Bloyd Sandstone, where the undercut part of
the sandstone seems unusually crumbly, evidently
having a different degree of cementation or different
type of cement than the more resistant part of the
sandstone. The fresh-rock samples of the Bloyd/Hale
anit that the author has examined in thin section are
cemented by silica cement, making a very durable
material. In one quarry, however, there are
concretion-like nodules where the sand grains are
cemented by calcite instead of silica. [ there are large
portions in sandstones of the Bloyd and Hale
Formations that have calcite cement, these would be
more susceptible to weathering than portions with
silica cement and might account for the less durable
sandstones that have the poorer LA abrasion
numbers. Probably there is more occurrence of
calcite-cemented sandstones in the western part of the
outcrop belt for these formations, because the western
part has more occurrence of limestone in the
formation, indicating an abundance of carbonate in




the original depositional system, while the eastern
part is almost entirely clastic. In spite of the above
discussion, it should be noted that there are many
very good quarries in this map unit that have not
encountered significant problems with LA abrasion or
soundness.

There is a problem in using the geologic
worksheets for exploration for potential quarry sites
in the Bloyd/Hale or Cane Hill units, and this
problem also applies to using them for sites in the
Atoka Formation. These bedrock units are generally
dominated by shale and siltstone rather than
sandstone, but they have sandstone layers that are
thick enough to support aggregate quarries. The
geologic worksheets only indicate areas underlain by
bedrock of the unit as a whole and do not distinguish
the areas with sandstone from areas dominated by
shale. Each of these units occupy widespread areas of
the State. To single out areas of sandstone within an
area shown on a geologic worksheet as occupied by
Cane Hill or Bloyd/Hale or Atoka Formation, one
must apply some knowledge of geomorphology. For
example, hog-back ridges are the topographic
expression of inclined layers of durable rock such as
sandstone, which hold up the ridge.

There are, however, some specific reports
that have maps with variable-lithology bedrock units
divided according to lithologic character, such as
Merewether (1967) and Merewether and Haley
(1969}. A listing of such reports is beyond the scope
of this paper, but help with locating such reports is
generally available through the Arkansas Geological
Commission. A resourceful way to determine the
location of one prominent sandstone layer in the
Bloyd Formation, the Middle Bloyd Sandstone, was
suggested by J.D. McFarland (personal
communication, 1996). He says that what is now
designated as the Middle Bloyd Sandstone is what
was once mapped as the base of the Atoka Formation.
Thus the trace of the base of the Atoka on the 1929
Geologic Map of Arkansas (Miser and Stose, 1929)
shows the distribution of the *“Middle Bloyd
Sandstone™.

The Atoka Formation in Arkansas is an
extremely thick sequence of shales, siltstones, and
sandstones. The unit is informally subdivided into the
“Lower™, “Middle”, and “Upper” Atoka. In part of its
aerial extent, these three subunits are distinguished on
the geologic worksheets and on the State geologic
map (Haley and others, 1993), whereas in other
places it is just mapped as a whole, without
subdivision. The sandstone layers in this unit are
cemented by silica cement, and there are a number of
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thick beds that have been quarried. Of all the bedrock
units of the State, there are more quarries in the Atoka
Formation than in any other single unit. This is, in
part, due to the fact that the Atoka is the most
widespread (Croneis, 1930; Haley and others, 1993).

The histograms for LA abrasion and
soundness tests of sandstone from the Atoka (Fig. 6B)
show very good results. The most frequent values on
the LA abrasion test occur in the range of <20% loss.
However, almost half of the tests that fall in that
range come from two longstanding quarries, PY0!
and LNO1/PUOS. Nevertheless, even if these two
quarries are eliminated from the data set, the results
are still quite good. Speculating as to why these two
quarries turn out such geod abrasion values, it is
notable that they contain some of the finer-grained
sandstones as compared to many other quarries (W.J.
Pay, personal communication, 1997). Of the quarries
in the Hartshorne Sandstone, which is also a silica-
cemented sandstone and in a similar structural setting,
the quarry producing rock with the best results on the
LA abrasion test also has sandstones with relatively
fine grain sizes. Coarser-grain-sized rock from other
quarries in the Hartshorne does not fare as well. It
may be that for some reason the finer grain sizes in
the sandstones were advantageous to better original
cementation, or perhaps they are less susceptible to
weathering. The notion that better LA abrasion values
are associated with finer sandstones, however, has not
been rigorously tested. It should also be noted that
even if this idea is true, in many cases the
depositional systems that deposited finer average
grain sizes of sand also tended to deposit more clays,
which become shales. Sandstone deposits with
abundant shale interlayers are more difficult to dea!
with in a quarrying operation, because excessive shale
is not allowed in high-doilar aggregate applications.
On the other hand, for adherence purposes, small
quantities of shale are often preferred, and a few
quarry sites may be “too sandy” without some shale
additions, and thus be lacking in material that will
produce enough fines upon crushing. Lateral changes
in shale content through sedimentary facies changes is
a concern in essentially the entire sedimentary rock
terrane of Arkansas.

The few cases of poorer LA abrasion and
soundness values in the Atoka are probably
aftributable to cases where too much weathered rock
got into the batch that was tested. This was confirmed
in a few site visits where entire quarries were small,
shallow pits mostly in weathered rock. Even in large
quarries that tap down into fresh rock, operators can,
on occasion, get too much weathered rock from the
top of the quarry included in a batch.



The Hartshorne Sandstone shows consistent
good results on the abrasion and soundness tests (Fig.
6C), the few failing tests being negligible as far as
evaluating the formation as a whole. The formation is
dominated by thick, fluvial, quartz-cemented
sandstones. However, there are shale interlayers in
places, so it is not everywhere suitabie for quarry
sites for high-quality crushed stone. There are a
number of places where thick sandstones of the
Hartshorne occur in close proximity to the navigable
Arkansas River. This is also true of the Atoka
Formation. Such locations are advantageous for using
the river for transportation of stone to neighboring
states.

Two quarries in the Savanna Formation have
had samples tested, all the tests having good results
{(Fig. 6D). Sandstones are only a minor part of the
Savanna, which is dominated by shale and siltstone,
and the formation as a whole does not have an
exiensive outcrop area in Arkansas. This formation
should not be considered a major resource for
aggregate in the State. Nevertheless, it has some
potential in the western and southwestern part of the
Arkansas River Valley region.

Similarly, the McAlester Formation is also
dominated by shale, but with some sandstone
intervals. AHTD’s Materials Availability Study
(AHTD, 1984) mentions two quarries in the
McAlester (FR07 and SB06), but no data are
available from these. One of these, SB06, was
operated by Sebastian County for some years, ending
in 1972, The former Superintendent of the quarry, C.
Gasaway, said (personal communication, [998) that
there was a 3-5 m (10-15 fi) thick sandstone that was
crushed for sggregate for 2 period of time, and that
beneath it was shale that was ripped by dozers for
many vears after that, for use as dressing for unpaved
secondary roads. Based on descriptions of the
McAlester (Cromeis, 1930; Hendricks and Parks,
1950; Haley, 1961), it is unlikely that there are many
places with significantly thicker sandstones in this
formation.

Absorption values (Fig. 4) for the sandstones
discussed above (other than sandstone in the
McAlester) are fairly consistent, rarely having values
over 3%. Specific gravity values also are fairly
consistent, In sandstones, SG tends to be a little lower
than SG in carbonate rocks, because the constituent
minerals of limestones and dolostones are denser
minerals than quartz, the main constituent of
sandstones. The slight variations in both absorption
and SG in these sandstones may be due to some
porosity differences resulting from cement dissolution
due to weathering.

Rocks of the Ouachita Mountains Region

Figure 7 shows the histograms of available
results from engineering tests run on various rocks of
the Ouachita Mountains region. Below is a discussion
of the various rock types of this region that have been
utilized for aggregate.

Sandstones

The sandstones of the Jackfork Sandstone
show generally good results on the two tests (Fig.
7A), especially on the soundness test. Although most
of the LA abrasion tests are in the “passing” range of
less than 40% loss, these sandstones do not seem to
have as strong a showing as the sandstones of the
Hartshorne or Atoka on this test. Some of the cases of
poorer results may be from zones of deep weathering.
According to C.G. Stone {personal communication,
1998), the Jackfork can in some places be weathered
as deep as 30 m (100 ft} and vet in a short lateral
distance be very hard to within a few feet of the
surface. This especially deep weathering occurs
primarily in the southern part of the Ouachitas near
the border of the area of Cretaceous and Tertiary
sediments., The rocks of this area were near the
eartl’s surface both in the Cretaceous and early
Tertiary as well as today, so this area has been
exposed for a significant period of time to weathering
processes {C.G. Stone, personal commurication,
1998).

it is noteworthy that of the failing tests, not
all are associated with parcels of weathered rock near
the surface. In some quarries, rocks from well below
the serface may he very dersble in one place, while
laterally the same interval of rock at the same depth
may be softer (W.J. Pay, personal corumunication,
1998). This kind of variability may be due to original
cementation properties of the Jackfork sandstones
that lead tc zones of friable sandstone.

Pauli {1994} discusses cementation factors
that may have contributed to areas of friable
sandstone in the Jackfork in the Lynn Mountain
syncline area of Le Flore County, Oklahoma. The
cementation factors appear to be related 1o
depositional facies of the Jackfork sands, which are
interpreted to have been deposited as turbidites in
submarine fans. One factor appears to be the presence
of detrital clay in interstices between original sand
grains. The clay hindered cementation by overgrowth
silica cement. This condition is found, primarily in
medium- to coarse-grained, poorly sorted chanmel
facies of the Jackfork. In channei sandstones there are
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Figure 7. Histograms showing combined AHTD and Corps of Engineers LA abrasion and sedium sulfate soundness
test results on crushed stone, by bedrock map unit: rocks of the Quachita Mountains region.
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also indications that calcite cement may have been
present in some of the rock, and dissoiution of the
calcite has left the sandstone poorly cemented. The
nonchannel sandstones from fan lobes or channel
levees are finer grained and are normally hard, well-
cemented sandstones.

Although cementaiion  properties  are
suspected to be behind the tendency for a few
Jackfork samples to have marginally satisfactory LA
abrasion results, they are not evident in the absorption
and SG data (Fig. 4). If any samples having poor
cementation were submitted for absorption and SG
tests, they should show high absorption and low SG,
but there is no significant variation seen in these data
for the Jackfork. However, only two of the samples
that had failicg LA abrasion values were alsc tested
for absorption and SG, so the data are too few to
determine if there is a correlation.

The original depositional environment of the
Jackfork also has influenced lateral continuity of
bedding in the formation. Lateral variation from a
sandstone-dominated sequence into a more shale-rich
sequence along strike is undesirable from a rock
quality consideration. Some areas in the Jackfork
have sandstone that was originally deposited in a fan
lobe setting. Sandstones of this facies have good
lateral continuity, while other areas, more closely
associated with channels, have greater lateral
discontinuity (C.G. Stone, personal communication,
1998). In general, lateral continuity is better where
the trend of the formation in outcrop follows the trend
of original deposition. Greater rock-type variations
commonly occur where the present trend of outcrop is
iransverse o the irend of the original depositionai
system. These kinds of relationships are not easy to
determine, even by experienced geologists, especially
in undeveloped sites where exposure is limited.
Development of quarry sites for aggregate in the
Jackfork  Sandstone can  sometimes  present
difficulties, but a number of successful quarries have
been brought into production over the years.

Another sandstone resource in the Quachitas
is the Hot Springs Sandstone. The Hot Springs
Sandstone is locally a thick sandstone unit near the
base of the Stanley Shale. The unit is best developed
in the eastern part of the Ouachitas, in the vicinity of
Hot Springs. The Hot Springs Sandstone is not shown
on the geologic worksheets; it is simply part of what
ts mapped as Stanley Shale. However, there are
geologic maps for part of the region that subdivide
the Stanley and show specifically where the Hot
Springs Sandstone crops out. These maps include the
Hot Springs folio (Purdue and Miser, 1923) and the
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Malvern 15-minute quadrangle (Danilchik and Haley,
1964).

Nearly 20 samples tested from three quarries
in the Hot Springs Sandstone (Fig. 7B) indicate a
durable stone. Only two absorption and SG test
records are available from this unit (Fig. 4), and they
indicate good results.

The majority of the samples tested for LA
abrasion and soundness, as well as the two tested for
absorption and SG, were from one long-standing
quarry, GA03. Some confusion exists regarding this
quarry in that, according to W.J. Willis (personal
communication, 1997), many people in the Hot
Springs area have thought the guarry was in the
Arkansas Novaculite. However, the author visited the
site and spoke with a long-term employee, C. Porter,
who operated the asphalt plant there under several
changes in ownership. He was thoroughly familiar
with the two rock types because of the difference in
the way they behave in the asphalt plant. He showed
where the workings were at different times in the
quarry’s history. There is a pit on the property that is
in novaculite that was a source for a short time, but
some 80-90% of the time the workings were in the
Hot Springs Sandstone (C. Porter, personal
communication, 1997). The apparent volumes taken
from the areas of the two rock types, as viewed by the
author, seem to corroborate his statements.

The four quarries in the Stantey Shale
indicated in Figure 7C are all sites that have been
used by the Corps of Engineers to obtain riprap. The
stonc that was tested and used from these quarries is
sanasiohie. A very durabie stone is indicated by the
tests, and probably many occurrences of sandstone in
the Stanley are similarly durable. Two of the sites
(HOO02 and PK04) were field checked by G.D. Hunt,
an assistant in this project. One of them (HG02) was
accessible for examination, and a photograph was
taken. The sandstones there are significantly thicker
than in most places in the Stanley Shale, but shale
interfayers, so typical in the Stanley, are ubiguitous
throughout the highwall exposure. C.G. Stone states
{personal communication, 1998) that during operation
of that quarry, thicker sections of sandstone without
shale occurred. He also comments that there are other
places in the Stanley where thick intervals of
sandstone exist without significant shale interlayers.
Such thick sandstone intervals in this formation are
generally the result of amalgamation during
deposition of sands from turbidity flows. Individual
turbidity flow deposits normally have sand at the
bottom and clay at the top, and there are variable
thicknesses of clay possible between successive sand



tavers. In cases of amalgamation, during the
deposition process, each successive flow can erode
some or all of the clay from the underlying layer, so
that sand is deposited on sand. In cases where this
process happened often, thick sandstones result.
Although isolated occurrences of  significant
amalgamation exist in the Stanley, and thus other
locations may exist in the Stanley where aggregate
quarries can be successfully opened, most of the
Stanley has insufficient amalgamation of sand units to
suppoart a quarry for stone that must pass stringent
requirements on exclusion of soft particles such as
shale.

The Crystal Mountain Sandstone (Fig. 1B) is
a unit in the Ouachitas for which there are no records
of aggregate mining activity in the data sources used
for this study, but for which there may be potential
for future use. According to C.G. Stone (personal
communication, 1998), at least one quartz crystal
mine in this formation has intermittently supplied
riprap and decorative architectural materials. Parts of
this sandstone unit were cemented with calcareous
cement and have been deeply weathered, but other
parts are cemented with silica and are very hard, even
at the surface. There may be areas in which there is
sufficient volume of durable sandstone to support an
aggregate quarry.

No records exist of quarries in sandstones of
the Johns Valley Shale, but according to C.G. Stone
(personal communication, 1998), places where
turbiditic sandstones in the sequence have been
sufficiently amalgamated, sandstone thicknesses can
exceed 30 m (100 ft), and significant ridges are held
up by such sandstone intervals in the Johns Valley
Shale, Tt may be that there are resources for sandstone
construction aggregate in this formation in some
arcas. C.G. Stone has also indicated that there are
portions of the Johns Valley Shale in the Boles area
where exotic blocks of carbonate rock are sufficiently
large to support small aggregate quarries

Novaculite and Chert

The Arkansas Novaculite is discussed along
with the Bigfork Chert, because novaculite may be
considered a special form of chert. Of these two
formations only the Arkansas Novaculite is truly
suitable for high-quality aggregate applications. The
Bigfork Chert has been used in some AHTD
applications and some good results have been
returned on engineering tests run on samples that
have been submitted (Fig. 7D and Fig. 4). However,
those good samples were obtained only with very
careful and selective quarrying, because most of the
Bigfork has excessive tripolitic chert and/or shale.
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For this reason, its use in applications with rigorous
restrictions on soft particles is problematic. On the
other hand, the material from this formation is easily
quarried with earth-moving equipment (not requiring
blasting), and it packs well and sets up very hard, so it
is widely used for dressing unpaved secondary roads.
However, sharp edges are common on the chert
aggregate particles, and high rates of tire puncture are
common on roads dressed with stone from the
Bigfork {(C.G. Stone, personal communication, 1998).

The Arkansas Novaculite consistently scores
well on both the LA abrasion and sodium sulfate
soundness tests {Fig. 7E), and a number of long-
standing quarries have been established in this
aggregate source. The Arkansas Novaculite also has
excellent absorption values (Fig. 4), making it quite
suitable for asphalt concrete. This material has had
problems with stripping in asphalt in the past, but
anti-strip agents added to the asphalt eliminate this
problem.

The part of the formation that normally is
quarried is the Lower Division. The Middle Division
has too much shale, and the Upper Division is usually
thin, and rock in it is commonly not as durable as in
the Lower Division. In many places in the eastern part
of the Ouachitas, the Upper Division is described as
being tripolitic, in that it readily disintegrates to a
silica powder. This tripolitic character is especially
common in places where the beds are structurally
overtumed (C.T. Steuart, personal comununication,
1997). Toward the west, the upper member is
commonly less tripolitic, but it still is generally not as
durable or as thick as the lower member. Along the
northern limb of the Benton uplift, facies changes ir
the Arkansas Novaculite reduce the thickness of the
formation on the whole and essentially eliminate the
rock-types most suitable for high-quality construction
aggregate.

Although the Arkansas Novaculite makes an
excellent aggregate, this material also is the most
abrasive to mining and processing equipment. The
novaculite breaks with a semi-conchoidal fracture that
very often produces jagged, knife-sharp edges that
take heavy tolls on rubber-tired equipment in the
quarry. It is very abrasive in contact with steel,
producing rapid wear on crushing and handling
equipment. It produces more wear to components of
an asphalt plant than even the most indurated of the
silica-cemented sandstones.

Igneous Rocks

Igneous rocks are not widespread in



Arkansas, but several significant occurrences
constitute important resources for crushed stone
aggregate. In the area between Little Rock and
Benton, severat Cretaceous plutons of nepheline-
bearing syenite occur, and east of Hot Springs, at the
community of Magnet Cove, an alkaline intrusive
complex occurs with a wide range of rock types. Most
of the utilization has been from several quarries
situated in Pulaski County on Granite Mountain, in
the pluton that is in closest proximity to Little Rock.
The name Granite Mountain is a misnomer, because
the rock is nepheline-bearing syenite rather than true
granite. The stone from Granite Mountain makes a
high quality aggregate (Figs. 4 and 7F), and the
location provides several transportation advantages,
being near the largest populated area of the State,
near rail lines, and near the Arkansas River. Although
the area exposed at the surface is not extensive,
amounting to less than ten square miles, a significant
volume of material probably continues laterally at
depth, based on a large gravity anomaly (Kruger and
Keller, 1986).

Another igneous rock type that is used for
aggregate is the Hatton Tuff. This bedrock unit has
only recently been brought into production, so the
number of data are few (Figs. 4 and 7G), but the
available data are very encouraging. The Texas
Department of Highways and Public Transportation
obtains similar good results on their tests of the
material (C. Fu, personal communication, 1996). The
rock type “tuff” is generally a “red flag” when
considering a material for aggregate, because if used
in portland cement concrete the glassy component
(i.e. volcanic glass) of typical tuffs can enter into
alkali-silica reactions with the cement and degrade
the concrete (Smith and Collis, 1993, p. 210}
However, tuffs with reactive volcanic glass are
universally of Tertiary age, while the Hatton tuff is of
Mississippian age, and its wvolcanic glass has
devitrified to crystalline substances, primarily
feldspar (Niem, 1977, Kline, 1996), eliminating the
potential for alkali-silica reactions.

The Hatton Tuff Lentil occurs in the lower
part of the Stanley Shale (Fig. 1B). This unit is not
shown on the Geologic Map of Arkansas (Haley et
al., 1993), nor is it shown on most of the Arkansas
Geological Commission geologic worksheets. The
distribution of the Hatton Tuff in the southwest
portion of the Ouachitas in Arkansas is shown,
however, on the maps of Miser and Purdue (1929)
and Miser and Stose (1929). Although the Hatton
Tuff is reported to thin to the north and also to the
gast (Niem, 1977}, Danilchik and Haley (1964) have
mapped a tuff in the lower Stanley up to 15 m (50 ft)
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thick in the Malvern quadrangle that they tentatively
called the Hatton Tuff.

Other Rock Tvpes

One quarry has been opened in a homnfels
zone within the Stanley Shale adjacent to the Magnet
Cove intrusive complex, east of Hot Springs. The few
test results available show reasonably good results
(Fig, 7H, Fig. 4), though one of five soundness tests
failed. Prior to metamorphism, the rocks were
interbedded shales and sandstones which normally
would not pass engineering tests, but heat from the
plutonic complex baked them into durable hornfels.
The contact metamorphic zone in which these rocks
occur averages about 550 m (1800 ft) wide around
the plutonic complex, as mapped by Erickson and
Blade {1963).

Limestones are rather rare in the Ouachitas,
but two quarries for which engineering test results are
available are situated in limestones. One is in
limestone of the Collier Shale {quarry MGO1); the
other is in a limestone layer in the Womble Shale
(GAQ2). Two samples from MGO1 were tested, with
LA abrasion values of 26% and 26.5% loss and
soundness values of 1% and 1.7% loss. The one
sample from GAO?2 had a loss of 25.4% in the LA
abrasion test and 0.1% Joss in the soundness test.
Despite these excellent results, these formations are
not considered major resources, because limestones
of sufficient thickness to support a quarry are not
extensive in the Collier, the Womble, or other Lower
Paleozoic strata, all of which are generally dominated
by shale. However, based on observations during a
site visit, the apthor thinks significant reserves may
remain in the limestone body at site GA02. Formerly
two other limestone intervals in the Womble were
quarried on a limited scale for aggregate and/or riprap
(C.G. Stone, personal communication, 1998), and
there could be other limestone bodies like these
elsewhere in the Womble. The limestone in the
Collier Shale in which site MGO01 is located is
approximately 30 m (100 ft) thick and may contain as
much as a million short tons of limestone (C.G.
Stone, personal communication, 1998).

POTENTIAL FOR ALKALI-SILICA
REACTIVITY

From the available information, there are no
apparent problems from alkali-silica reactivity (ASR)
in the various bedrock units that have been utilized
for construction aggregate in Arkansas. Of the Corps
of Engineers data sheets, there are 106 samples for
which various forms of analysis were done, most of



which mcluded information about petrographic
constituents of the samples. Of the bedrock units
covered in this report, only the foilowing are not
represented in data sheets from the Corps: the Cane
Hill Member of the Hale Formation, limestone in the
Collier Shale, the hornfels zone in the Stanley Shale,
the Hot Springs Sandstone, the Plattin and
Kimmswick Limestones, and the Savanna Formation.
None of the reports mentioned any constituents that
have been identified as common producers of ASR
{Smith and Collis, 1993, p. 209-211), and 10 data
sheets specifically stated that there were no
constituents vulnerable to ASR, including samples
from the following units: the Atoka Formation, the
Bloyd Formation, the Cotter and Powell Dolomites,
the Everton Formation, the Hartshorne Sandstone, the
Stanley Shale, and nepheline-bearing syenite of
Granite Mountain. This is not an extensive sampling,
but the apparent paucity of reactive substances in
aggregate-supplying formations in Arkansas is
corroborated by the Research Division of AHTD, for
D.W. Lumbert of that organization has stated
(personal communication, 1995) that ASR is not a
problem in Arkansas. Furthermore, a recent SHRP
document (Whiting, et al., 1993, p. 47) indicates that
Arkansas is a state without any reported ASR
incidences.

CONCLUSIONS

Overall, Arkansas has abundant resources
for crushed stone aggregate in the Interior Highlands,
including the areas associated with the Cretaceous
intrusive igneous complexes. These resources are
presently adequate to supply the needs of Arkansas,
as well as neighboring states that lack such resources,
The bedrock units that have been extensively used in
the past have wide distribution in the State and thus
have ample reserves for the foreseeable future, and
there are reserves in some units that have not been
significantly utilized. Within the region of the Interior
Highlands there will be places where transportation
distances are greater than others, but virtually every
part of this terrane has some units suaitable for
aggregate. The most favorable areas for location of
large long-term quarries for construction aggregate
will be (1) near major population centers within the
Paleozoic region, (2) within the Paleozoic region
along its southern and eastern border (Fig. 2), for
advantages in shipping to areas in southern and
eastern Arkansas that lack adequate resources, and (3}

along the Arkansas River for use of this
transportation option in exporting stone.
Although every part of the Interior

Highlands region has some bedrock units that have
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proven suitable for a wide variety of construction
applications, some units that are generally acceptable
are nonetheless more problematic than others.
Geologic maps can be used, along with the
information in this report, to [ocate the best
stratigraphic units available in a particular area.
However, there are some aspects of the bedrock in
these units that are of importance to the stone industry
that are not conveyed by most existing geologic
maps. Some matters that would be of benefit to the
stone industry have been identified herein that could
be addressed by future research. These include (1)
locating areas in the northeastern Ozarks with
dolostone that would more consistently pass
soundness test requirements, (2) locating zones of
abundant durable chert in the Boone Formation to use
as a local source of siliceous aggregate for surface-
course asphalt concrete in northern Arkansas, (3)
producing geologic maps that delineate the surface
distribution of thick sandstones within shale-
dominated bedrock units like the Atoka and Bloyd
Formations, and (4) determining and mapping the
aerial distribution of the better-cemented portions of
thick sandstones of the Jackfork Sandstone in the
Ouachitas. Information of this nature would facilitate
exploration for suitable quarry locations for crushed
stone aggregate.
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APPENDIX I

Quarry Location and Bedrock Scurce Information

The table in this Appendix presents
information regarding the location of quarries
used in some way for producing crushed-stone
aggregate. Also, the geologic bedrock mapping
unit is given for each quarry if it could be
determined, and soemething about the source of
the information about the quarry. A description
of the various abbreviations used in the table is
given here.

Quarry No. The first column gives a
quarry identification number assigned to the

quarry in this study. Each designation begins
with two letters that indicate the countly in
which the quarry is located. The abbreviations
are as follows:
BE = Benton, BN = Boone, BX = Baxter,
CB = Cleburne, CF = Crawford, CR =
Carroll. CW = Conway, FA = Faulkner,
FR = Franklin, FU = Fulton, GA =
Garland, HS = Hot Spring, HO = Howard,
IN = Independence, |Z = lzard, JO =
johnson, LG = Logan, LR = Lawrence,
MD = Madison, MG = Montgomery, MR
= Marion, NT = Newton, Pl = Pike, PK =
Polk, PP = Pope, PU = Pulaski, PY
Perry. R[> = Randolph, SA = Saline, SB =
Sebastian. SC = Scott, SE = Searcy, SH =
Siarp, S1 = Stone, 5V = Sevier, Vi3 =
Van Buren, WA = Washington, WH =
White, YE = Yell.

Some quarries have an A & B
designation. Each is a single operation with
either imore than one pit, or a pit with upper and
lower parts in different formations. FAO3A is an
older pit on the east side of Black Fork; FAO3B
is a newer pit on the west side. HSO1A is the
original novaculiite pit at the site, while HSO1B
is excavations in the hornfelsed Stanley Shale.
INOTA is the lower part of the quarry in the
Plattin and Kimmswick Limestones; INOIB is
the upper part of the same quarry in the Fernvale
Limestone. [Z01 is split into [Z01A, the lower
part in the Powell Dolomite, and 1Z01B, the
upper part in the Everton Formation. [Z02 is
split into [Z02A, the upper part in the Powell,
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and 1Z02B, the lower part in the muneralized
Powell/Cotter contact zone. LGI10A is the
western of two pits In close proximity and
LG10B the eastern, AQuarry #1 & #27
respectively, as designated by the owners.
LROIA is the eastern and oider of two pits,
LROIB the western and newer. PKOIA is in
novaculite, and PKOIB is a pit in the Hatlton
Tuff.

A few numbers are listed with “-CCG™.
These were operations that crushed creek rock,
to produce crushed-stone aggregate. These
operations were included only if it seemed that
farge creek rocks were used and that they would
have come only from one bedrock unit, so that
engineering tests on the crushed rock would be
representative of that formation.

One quarry overlaps the boundary of
two counties and is thus designated with a
number indicating each county. It is listed twice,
as LNOI/PUGS and as PUOS/LNOT1.

Quadrangle. This column indicates
which USGS 7.5 minute topographic quadrangle
the site can be found. There are for most a
corresponding Arkansas Geological
Commission geologic worksheet; in a few areas
the worksneet is a 13 minuie quaarangic map.

Township/Range. The quarry’s
location is given in this column according to the
US Federal Rectangular Survey (General Land
Office Grid System). This designation, as given
here, is based on the position of the quarry with
respect to the grid system as shown on the
USGS quadrangle maps, not based on any legal
description. A designation such as “W'/,, NEY,,
SWY,, Sec 11, TON, R25W” means “the western
half of the northecast quarter of the southwest
quarter of Section 1%, in the land block
designated TON, R25W. If a site seems to lie on
a border between two parcels of land, it is
designated with a /. For example, “SE/, Sec
11/SW', Sec 127 means the site is on the border
between the southeast quarter of Section 11 and
the southwest quarter of Section 12. Similarly, if




a quarry is large and occupies significant parts
of two adjacent parcels of land, a “~* is put
between the designations of the two parcels.

Latitude and Longitude. These
columns are used to give the quarry location as
precisely as possible in terms of latitude and
longitude. Some quarries were not field checked
and did not have corroborating quadrangle map
symbols, but their location is given in AHTD's
Materials Availability Study (MAS) or another
source. For these, what is listed is the latitude
and longitude (with a designation “ca’”) at the
center of the quarter section that was indicated,
or a likely spot for it to be in that indicated area.
However, in some of these situations, a
topographic feature on the quadrangle map was
seen that is suggestive of a quarry, more-or-less
corresponding with the given location. In these
cases, the topographic feature’s coordinates are
given and accepted as accurate.

Cor. If a quarry symbol on the USGS
quadrangle corroborates the location given, a Q
is placed in this column. If a symbol on the
county map corroborates the location, a C is
indicated. If the location was field checked, an F
is indicated. If the location was given by a
reputable professional and considered to be
reasonably accurate, the letter P is indicated. If
the location given corresponds to a topographic
feature that can be recognized as being derived
from quarry activities, a T is indicaied. Where
none of these forms of corroborating
information supports the location, an N is listed,
and the latitude and longitude column has Aca

1" kbl

ca’.

Rock Unit. This column indicates the
geologic bedrock map unit in which the quarry
is located, as indicated by plotting the quarry’s
position on a geologic worksheet. In some parts
of the State, the Atoka Formation is divided into
Upper, Middle, and Lower Division; in such
cases, this is indicated in the table. The symbol
H is used to indicate sites that according to the
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geologic worksheet are in a different unit than
what was observed to be in the quarry. The
reason for the discrepancy is either incorrect
mapping or the stripping off of the surface layer
(which is what was mapped) to get at the
underlying formation which was actually
utilized; the rock unit that was apparently
utilized is what is designated in this appendix.

Activ. This indicates activity as of
summer 1997; AC = active; IN = inactive; UN =
undeveloped (samples in such cases being either
cores or samples taken from an exposed ledge).

Corps Map No. & Corps No. These
colurnns indicate quarries for which Corps of
Engineers data sheets are available. The pair of
numbers under “Corps Map No.” designates
which 1° X 1° locator map the quarry is on, the
numbers representing respectively the latitude
and longitude of the southern and eastern
margins of the map. The number in the next
column is the number on that map uvsed to
designate the particular quarry. In some cases,
investigation revealed that the same site was
designated with a different number in different
years, so more than one number may appear in
this column,

AHTD Suppl. This column indicates
whether or not the quarry was or is used for
bidding on AHTD contracts, that is, whether or
not there is some record of this quarry with the
AHTD. An asterisk with Y means that the
quarry is mentioned in the MAS. In some cases
there was a question as to whether or not a
particular quarry was the one that was indicated
in the MAS; for these a ? was included with an
educated guess. In other cases, a quarry might
have been located by other means, and persons
interviewed may have been uncertain as to
whether or not the stone was used in AHTD
jobs.
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APPENDIX 11

Correspondence between Quarry Identification Number and Quarry Name

No systematic manner of identifying quarries
has been used in Arkansas. The name some people
use for a quairy might come from the name of the
property owner, for example the Jones Quarry
Someone else might refer to the same quarry by the
name of the main person who operates the quarry or
by the company name operating it, such as “the
McGraw Construction Company Quarry”. Property
owners may also change, and/or the operator of the
quarry may change. Still other persons might refer to
a quarry by the name of a nearby community, for
example “the Cooperton Quarry” or the “McGraw
Creoperton Quarry”. If a quarry lies in a rural area
between two communities, some people might refer
to the quarry by identifying it with one community
while others the other community. Ali these forms of
confusion occur with regard to naming of quarries in
Arkansas.

An attempt to avoid such confusion is made
in this report by assigning arbitrary quarry
identification numbers to each site. The beginning of
the quarry identification number is two letters as an
abbreviation of the county in which the quarry exists.
Throughout the report this number is what is used in
making reference to any quarry.
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This appendix is given to reference the
quarry identification numbers to names that have
been used for the various quarries. For each quarry
number a listing of the various names that have
appeared in various documents is given, These source
documents include AHTD records of tests used to
qualify stone for AHTD jobs; names used in the data
books of these tests are designated “AHTD” in the
column under “Source”. Quarries mentioned in the
AHTD Materials Availability Study are listed with
“MAS”. Quarry names listed with the Mine Safety
and Health Administration are indicated with
“MSHA”. Names in the Corps of Engineers data
sheets are designated with “CORPS”. Some quarries
that are shown on USGS quadrangles but of unknown
name are included with the designation “QUAD”.
Some quarty names were those used by other sources,
for example by word of mouth from professionals
related to the stone industry or from residents in the
area of a particular quarry; these are indicated with
“Other”. In each of these cases, if a locality is
referenced in the document, that locality is listed in
the column under “Given town™.



Correspondence between Quarry Identification and Quarry Name
b@&: Mameoldesignation Given town Source
[BED1 APAC-AR, Sharps Quarry Lowell MSHA, AHTD
BECGT iMcClinton-Anchor, Sharp Quarry Lowell AHTD
BEO1 Sharp Quarry Lowell MAS
BEO2 APAC-AR, Avaca Quarry Avoca MSHA
BEGZ  [McClinton-Anchor, Avoca Quarry Avoca AHTD, MAS, CORPS
BED2 Avoca Quarry Avoca AHTD
BED3 Reb Enterprises Ing, Reb Quarry Springdale MSHA, AHTD
BE04 Bentor County Stone Gravette AHTD, MSHA
BEOS APAC/McClinton-Anchor Bentonville AHTD
BEOS ' McClinton-Anchor Bentonville AHTD
BE0S Jewell Quarry Siloam Springs AHTD
BEOY Rutherferd Quarry Siloam Springs AHTD
BEG7  Two State Materials Siloam Springs AHTD
BE08  1Sey Quarry Garfield MAS
BECS Quarry o Centerton MAS
BE10 Cherokee City Quarry Cherokee City MAS
BE10 Inman Quarry Cherokee City MAS, AHTD
BE1i0 McClinton Bros, Cherokee Quarry Cherokee City AHTD
BE1 Baridige Quarry MAS
BE12 Biggs Guarry . Cross Holler MAS
BE13 Quarry o Best MAS
BE14 Quarry Gateway MAS
BE15 Quarry Gravette QUAD
BE16 Quarry Centerton QUAD
BNO1 APAC-AR, Harrisen Quarry & Plant MSHA
BNO1 McClinton-Anchor, Valley Springs Quarry Valley Springs AHTD, MAS
BNO1 Boone County Lime Products ) CORPS
BNO2 Journagan Quarry Omaha AHTD
BNG2 Finley Quarry Omaha MAS, AHTD
BNO2 Omaha Quarry Omaha AHTD
BNO3 Crouse Quarry Harrison MAS, AHTD
BNO4 Quarry MAS
BN05 Price Quarry - MAS
BNOS Seeley Quarry Lead Hill AHTD
ENCZ Joumagan, Secley Quary Lead Hil AHTD
8N07 McClinton-Anchor Everton Quarry Everton AHTD
BNO8 Journagan, Bear Creek Quarry Francis AHTD
BNOg ‘Bear Creek Quarry Francis AHTD
| —
BX0M1 Twin Lakes Quarries, Quarry #2 Mountain Home MSHA, AHTD, MAS
BX01 McClinton Rentals Mountain Home AHTD
BX02 Twin Lakes Quarry #1 Mountain Home MAS, AHTD
BX02 McGuire Quarry Mountain Home MSHA,; AHTD
|BX02  King Sand & Gravel Mountain Home AHTD
BX02  |Twin Lakes Quarry Mountain Home AHTD
BX03 Baxter County Quarry Mountain Home  MAS, AHTD, MSHA
BX04  :Twin Lakes Quarries, Foster Quarry Narfork AHTD
BXg4  |FosterQuarry Norfork AHTD
BX05  |Rock Praducts Acklin Quarry Big Flat AHTD
BX05  |Acklin Quarry __ BigFat AHTD ]
BX06 Wilkerson Quatry - N MAS, AHTD ]
BX07  [Pickens Quarry Old Joe MAS, AHTD B
BX08 Norfork Quarry Norfork MAS
BX09 Stane County Materials, Woods Quarry Norfork ARTD _
BX0S Waods Quarry Norfork AHTD
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Correspondence between Quarry ldentification and Guarry Name

Quarry _|Name/designation Givan town Source
BX09 Rock Products, Woods Quarry Norfork AHTD

BX10 Mountain Home Materials - Buford AHTD

BXi0 Mountain Home Guarry Mountain Home AHTD

BX10 Mountain Home Quarry Buford AHTD

BX10 Joumagan Quarry Buford AHTD

CBO1 Rock Products, Heber Springs Quarry Heber Springs AHTD, MSHA, CORPS, MAS
CBO01 Heber Springs Quarry, Rock Products Heber Springs AHTD
cB02 Quarry {Heber Springs MAS

cBo2 Red River Storie Company Heber Springs CORPS
CB03 Undeveloped site CORPS
CB04 Undeveloped site CORPS
CcB05 Undeveloped site CORPS
CBO6 Old WPA Quarry near Higdon Higdon CORPS
CBO7 Goff Quarry Pearson Dther

CE08 Corps of Engineers Quarry Tumbiing Sheals MAS

CBO08 Tumbling Sheals Quary Tumblins Shoals CORPS
CcBo9 Fairfield Bay Guarry Pryor Mountain MAS, AHTD
CB09 Helicat Heighis Quarry Pryer Mountaln AHTD

CBOg Pryor Mountain Quarmy, Rock Produsts Pryor Mountain AHTD

CB09 Rock Products, Piyor Mountain Quarry Pryor Mountain AHTD

CB10 Pryor Mountain Quarry, Southeast Construction Co.  |Pryor Mountain MAS, AHTD
CB10 Southeast Construction Co., Pryor Mountain Quarry _ |Pryor Mountian MAS, AHTD
cB11 Cabot Quarries, inc. ) MAS

cBii Freshour Quarry Greers Fenry AHTD

ce12 Vance Quarry Tumbiing Shoals MAS

CB1i3 Gray Quarry MAS

CB13 New WPA Quarry near Pearson Pearson CORPS
CBi4 Todd Quarry N MAS

CB1i5 Crider Quamy MAS, Other
CBi6 Dewey Stone Quarry MAS

CB16 Stone Quarry AHTD

cB17 Murphy Quagry MAS

CB18 Quarry {rasco MAS

CB19 Fullerton Quarry MAS

CB20 Cooper Quarry Concord MAS, AHTD
cB21 S & S Quarry Pearson MAS, AHTD
CFO1 Arkhola, Preston Quarry Yan Buren MAS, AHTD, MSHA
CFo01 Preston Quarry, Arkhola/ARAC Wan Buren AHTD

CFO1 APAC/Arkhola, Preston Quamy Van Buren AHTD

CF1 Arkhola Alma AHTD

CFo2 Rock Producers, Brock Guamy Deans Market AHTD

CF02 Brock Quarry, Rock Producers Deans Market AHTD

CF03 Old Alma Quarry, Arkhola Alma MAS

CFO3 Arkhola, Alma Plant Alma CORPS
CFO5 Roadcut on Hwy. 540 Mountainburg Other, AHTD
CF06-CCG [France Pit Frog Bayou MAS, AHTD
CKO01 USAE Vickshurg District CORPS3
CK02 Murray Limestone Quarry Arkadelphia MAS, CORPS, AHTD
CK03 USAE Vicksburg District CORPS
CKD4 Litle Rock Guarry Company Arkadelphia CORPS
CKO4 Little Rock Quarry Company Friendship AHTD, CORPS
CK04 DeRoach Quarry, Carter Construction Benion CORPS
CKo4 Carter Construction, DeRoach Quarry Benton CORPS
CKo4 DeRoach Quarry, Litlle Rock Quarries, Inc Friendship AHTD
CK04 Little Rock Stone & Materials Friendship AHTD
CKo5 Liftle Rock Quarry Hallywood AHTD




d Quarry Name

CQE’E”QSKMT?%QE&E’?C@ hetween Quarry Identification an

1Quarry lName/designaﬁon Given town Source

CRO5 " [Hedbvwrood Quaity, Pine Bloff Sand & Gravel Hollywood AHTD

CKOS  [Holyvwood Quarry, L &R Hollywood AHTD

CKO5  [L &R Quarry Hollywood AHTD N
CKOS Pine Bluff Sand & Gravel Hollywood AHTD

CKD5 Sweet Home Stone Company CORPS N
CI'SG(:L __|Pennington-Winter Construction CORPS

CROY Carrol County Stone Co., R & R Quarry Berryville AHTD, MSHA

CRO1 R &R Quarry Berryville MAS

CRO1 Fyron Quarry, Freshour Berryville Cther

CROZ Undeveloped site CORPS

CRO3 Kirk Mountain Core CORPS

CR04  |Sugar Mountain CORPS

CRGS [Cuarry CORPS

CRO5 Gilbert Quarry Blue Eye MAS, AHTD

CRoO7 Smith Quarry Rudd MAS, AHTD

CRO8 Chaney Quarry Rule MAS

CRO9 Summers Quarry MAS o

[CR1G R & R Quany Green Forest IMAS, AHTD

CRi0 Kilbourne Quarry Farewell Other ]
CRI10 iBernyvilie Quarry Berryville AHTD

CR1 Robinson Quarry Farewell AHTD

CR11 Robertson Property Farewell Other

CR12 R & R Quairy {(New quarry} Green Forest AHTD, Other i
CR13  |Poweil Quarry Other

CR13 R & R Quatries Green Forest AHTD, Other
CR14 Underwood Quarry Eurska Springs |AHTD .
CWo1 Anderson-Oxandale Company CORPS

CWO1  |Rockerfeiler Quarry MAS

CW02  iSouter Quarry AHTD

CW03 Gleason Quarry MAS |
CWo3 Geeslin Quarry Menifee AHTD

CWo3 M & M, Gleason Quarry Menifee Other .
cwo4 Rebinson Quarry MAS .
CWO5 Quarry Center Ridge MAS

CWos Flowers Quarry Center Ridge AHTD _
CWO05 Payne Property Center Ridge AHTD o
CW06 Guarry Center Ridge MAS ~

CW08  Oats Quarry ) Center Ridge Other

cwo7 Koffman Quarry MAS

CWO8 Stell Quarry MAS

CW28  |Stell Quarry #i - Springfield Other _
CWOS  Scroggins Quarry #1 MAS

CWo9 Stell Quarry #2) ~ Springfield AHTD, Other L
CW10 Quarry . _|Solgohachia MAS B
CW1Q Souter Construction Soigohachia AHTD

CW10 Parks Quarry Marrilton AHTD _
Cwit Parks Quarry ] Sclgohachia ~ JAHTD

CwW10 Souter, Parks Quarry Solgohachia AHTD

|ICW10 :Seuter, Morritton Quarry Morritten _|AHTD, Other ]
CWiz2 ;Pace Quarry Menifee MAS

Wiz | Martin Quarry Menifee Other

CwWi12 Hogan Quarry Menifee Other

CW13 Quarry Plumervilie MAS N
CW13 Chatman, Cari Quarry Plumenrville Other

CW14 Dixon Quarry Marrilton MAS

CW14 Freshour, Dixon Quarry Morrilton Other o
CWi15 Quarry MAS
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Correspondence between Quarry Identification an

d Quarry Name

Quarry __|Name/designation Given town Source
CW15 Croom Quarry Morrilton Other
CW16 Greene Quarny Sardis MAS
Ccwi16 Green, Lloyd Quarry Morrilton AHTD
CW16 Greer Quarry Plumerville AHTD
CW16 {M & M, Greene Quarry Morrilton AHTD
cwi17 Scroggins Quarry #2 Springfield MAS

cwis Souter Quarry Menifee Other
CcwW19 Souter Quarry Point Remove Creek |Other
CW19 Freshour Quarry Point Remove Creek |Other
Ccwi19 Markham & Brown Quarry Point Remove Creek |Other
CWw20 Bums & Swilley Quarry Morrilton Other
CW20

cw21 Bond, Feris Quarry Austin Other
cw21 Winningham, Opie Quarry Austin Other
Cw22 Arkansas Kraft Quarry AHTD
Cw22 Wells Quarry Cleveland Other
cwa3 Hammond Quarry Cleveland Other

FAO1 Guy Quarry CORPS
FA02 North Cadron Creek Quarry CORPS
FAQ2 M & M Rock, Reynolds Quarry Greenbrier AHTD
FA02 M & M Rock Company Conway CORPS
FAQ2 Reynolds Quarry, M & M Rock Greenbrier AHTD, MAS
FA03A Greenbrier Quarry , Greenbrier CORPS
FAO3A McClung Quarry (Old Quarry) Greenbrier Other
FA03B McClung Quarry (New Quarry) Greenbrier AHTD
FA03B McClung Quarry Green Forest (typo)  |AHTD
FAO03B Quarry - Greenbrier MAS

FA04 Quarry MAS

FA04 Mississippi Valley Construction Engineers Other

FA06 Harrell Quarry CORPS
FA06 Quarry Mayflower MAS

FAQ6 Markham & Brown Mayflower Other

FAQ6 Souter ‘Construction, Harrell Quarry Mayflower Other

FAQ7 Rowlett Quarry Beryl MAS

FA07 M & M Rock Company, Beryl Quarry Beryl AHTD
FAQ7 Rogers Group, Beryl Quarry Beryl AHTD
FAO7 Beryl Quarry, Rowlett, M & M, Rogers Group Beryl AHTD, MAS
FA08 Old WPA Quarry Other

FA09 Quarry MAS

FA10 Quarry Holland MAS

FA11 Atkinson Quarry, Freshour MAS, Other
FA12 Quarry (Hogan) Mayflower MAS, Other
FA13 Quarry Greenbrier MAS

FA13 McCrae Quamrry Greenbrier Other

FA13 McGray Quarry Greenbrier AHTD

FA13 McRae Quarry Greenbrier AHTD
FA14 Bums & Swilley Other

FA15 Sims Quarnry Guy Other

FRO1 Chrisman, Altus Quarry Altus AHTD
FRO1 Chrisman Quarry Altus MAS, MSHA
FRO1 Altus Quarry, Chrisman Altus AHTD
FRO2 Opper Quarry Altus Other

FRO3 Altus Quarry, J.J. Alston Altus MAS

FRO3 Alston Quarry Altus CORPS
FR04 Hillard Quarry, Garland Cotton Company MAS, Other
FRO4 Cotton Quarry Ozark AHTD
FRO4 Cotton Quarry #1 Roseville AHTD
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Correspondence between Quarry Identification an

id Quarry Name

Quarry _|Name/designation Given town Source
FR04 Cotton Quarry Web Park AHTD

FRO4 Mid-South, Hillard Quarry AHTD

FRO5 Lonelm Quarry MAS

FRO5 Johnson Quarry Lone Elm AHTD

FRO6 Vesta Quarry Vesta MAS

FRO7 Branch Quarry Branch MAS

FRO8 McCollum Quarry Mulberry Other

FRO9 Isaacs Quarry Mulberry Other

FR10 Carder Construction, Byrd Quarry Cass AHTD

FR10 Byrd Quarry, Carder Construction Cass AHTD

FUO1 Freshour, Campbell Quarry Gepp AHTD, MAS
FU01 Campbell Quarry, Freshour Construction Gepp AHTD, MAS
FU02 Hall Quarry Vidette MAS, AHTD
FUO03 Freshour, Moody Quarry Salem MAS

FU03 Moody Quarry Salem AHTD

FU04 Joyce Quarry Salem MAS, AHTD
FU05 Taylor Quarry MAS, AHTD
FUQ6 Watson Quarry Saddle MAS

FU06 Stephens Quarry Saddle Other

FU07 Quarry Agnos MAS

FUO08 Brown Quarry Viola MAS

FU09 Freeman Quarry MAS

FU10 Nichols Quarry MAS, AHTD
FU11 Ray Quarry Moko MAS, Other, AHTD
FU12 Warwick Quarry Cherokee Village Other

FU12 Cherokee Village Quarry Cherokee Village AHTD

FU13 Marler Quarry Myatt Creek Other

GAO01 Undeveloped site Lake Ouachita CORPS
GA02 Proposed site Glazy Pau Creek CORPS
GAO03 Mid-State Quarry #3 Hot Springs MAS

GAO03 Mid-State, Westinghouse Drive Quarry Hot Springs AHTD
GA03 Westinghouse Drive Quarry, Mid-State Hot Springs AHTD
GAO03 Highway 270 Quarry, Mid-State Hot Springs AHTD
GAO03 Rip Evans Quarry Hot Springs AHTD
GAO03 Hogan Quarry Hot Springs AHTD
GA05 Malvern Minerals Quarry Hot Springs AHTD
GAO06 Quarry Other

GA07 Mountain Pine Quarry Mountain Pine AHTD
GA07 Weyerhauser Quarry Mountain Pine Other

HOO01 Test blast CORPS
HO02 Quarry CORPS
HSO01 Mid-State, Jones Mill Quarry Jones Mill AHTD, MAS, MSHA
HSO01 Mid-State, Highway 51 Quarry AHTD
HS02 Caddo Quarries, Souter Construction Friendship CORPS
HS02 Souter Construction, Caddo Quarry Friendship CORPS
HS03 Tidwell Quarry Butterfield MAS, AHTD
HS03 Coleman Quarry Butterfield AHTD
HS04 Diamond Joe Quarry Jones Mill Other

HS05 Mid-State, Highway 270 Quarry Malvern MAS, AHTD
HS05 Malvern Quarry, Mid-State Malvern AHTD
HS06 Mid-State, Highway 7 South Quarny Hot Springs AHTD, MAS
HS06 Mid-State Quarry Hot Springs AHTD

HS06 MId-State Quarry #4 Highway 7 MAS

HS07 Tidwell, 1-30 Quarry Glen Rose AHTD
HS07 Tidwell Quarry Benton AHTD
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Correspondence between Quarry Identification and Quar;

Quarry |Name/designation Given town Source

INO1 Midwest Lime Quarry Batesville AHTD, MSHA, MAS
INO2 Arkansas Lime Company Quarry Batesville AHTD

IN02 Limedale Quarry, Arkansas Lime Company MSHA

INO3 Rocky Point Quarry, Tommy Gipson Construction Southside MSHA, CORPS, MAS, AHTD
INO3 Rocky Point Quarry Huff AHTD

INO3 Rocky Paint Quarry Batesville AHTD

INO3 Southside Materials, Rocky Point Quarry Batesville AHTD

INO3 Southside Materials, Rocky Point Quarry Southside AHTD

INO3 Bryant, John E., Rocky Point Quarry Southside AHTD

INO4 Baughn Construction, Oakridge Quarry Cord MAS, MSHA
INO4 Oakridge Quarry, Baughn Construction Cord AHTD

INOS Duffield Quarry Qil Trough AHTD, MAS, CORPS
INO5 Souter Construction Quarry Qil Trough MAS

INO6 Rock Products, Bradley Quarry Cord MAS, AHTD
INO6 Bradley Quarry Cord AHTD

INO6 Bradley Quarry Dowdy AHTD

INO6 Rock Products Cord AHTD

INO7 Ace Partnership, Coleman Quarry Cord AHTD

INO7 Coleman Quarry, Ace Partnership Cord AHTD

INO8 Quarry QUAD

INO9 Quarry Locust Grove MAS

IN10 Wyatt Quarry Rosie MAS

IN11 Quarry Walnut Grove MAS

IN11 Crabtree Quarry Walnut Grove Other

IN12 Rock Products, Martin "Quarry” (Test Core) Pleasant Plains AHTD, Other
1201 Edwards Brothers Quarry Violet Hill AHTD, MSHA
1202 Ace Partnership Myron Quarry Myron AHTD, MSHA
1202 Atlas Asphalt, Myron Quarry Myron AHTD

1202 Myron Quarry Myron AHTD

1202 Horseshoe Bend Quarry, Hogan Myron AHTD, Other
1202 Hogan, Horseshoe Bend Quarry Myron AHTD, Other
1203 Reynolds Aluminum Co. Guion CORPS

1204 Quarry CORPS

1205 Edwards Brothers, Wortham Quarry Sage AHTD

1205 Wortham Quarry, Edwards Brothers Sage AHTD

1206 Rock Products, Womack Quarry Sage East AHTD

1206 Womack Quarry, Rock Products Sage East AHTD

1207 Freshour Quarry Myron Other

1Zo7 Ferguson Quarry Myron MAS

1208 Kerr Quarry Pineville MAS, AHTD
1209 Rout Quany Gid MAS -

1Z10 Twin Creek Quarry Melbourne MAS

1Z12 Helems, Arlin Quarry Oxford MAS

1Z12 Alum Helm Quarry, Hogan Company AHTD

113 Engels Quarry Pineville MAS

1214 Tate Quarry Melboume AHTD

1Z15 Lake, Kenneth Quarry Zion AHTD

JOO1 Chrisman Quarry, Chrisman Ready Mix Clarksville AHTD, MSHA
JO02 Roward Quarry AHTD

JOO02 Johnson County Quarry AHTD, MAS
JOoo3 Hurley Quarry Clarksville MAS, AHTD
JO04 Goff Quarry MAS

JOo05 Phillips Quarry MAS

JO06 Brotherton Quarry MAS

Joo7 Freshour Quarry Clarksville AHTD, MAS
JOO7 Skaggs Quarry, Freshour MAS
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Correspondence between Quarry Identification and Quarry Name

Quarry _|Name/designation Given town Source

Joosg Baskin Quarry MAS

JO09 Lewis Quarry Ozone MAS

JO10 MeLinard Quarry Knoxville MAS

JO11 Kraus Quarry, Patton Construction Hagarville AHTD

JO11 Patton Construction, Kraus Quarry Hagarville AHTD

JOo12 Southeast Construction Company Alix Other

LGO1 Pine Bluff Sand & Gravel, Morrison Bluff Quarry Morrison Bluff AHTD, MSHA
LGo1 Arkansas Rock Company Scranton AHTD

LGO1 Arkansas Sandstone, Jackson Quarry Scranton AHTD

LGO1 Mid-South Construction, Jackson Quarry Scranton AHTD

LG02 Pine Bluff Sand & Gravel, River Mountain Quarry Delaware AHTD, MSHA
LG02 River Mountain Quarry, Pine Bluff Sand & Gravel Delaware AHTD, MSHA
LG02 Western Arkansas Sandstone Company CORPS

LGO3 Schwartz Quarry MAS

LG03 Logan County Building Stone, Schwartz Quarry Midway AHTD, MSHA
LG04 Undeveloped Site CORPS

LGO05 S & W Rock Quarry Roseville MAS, AHTD
LG05 Robberson, Slick Quarry, S & W Rock Roseville MAS

LGO06 Robertson Quarry (Robberson) Roseville MAS, Other
LGO07 Robertson Quarry, Roseville Hole #4 Roseville CORPS

LG08 Magazine Mountain Quarry Mount Magazine MAS

LG09 Parrott Quarry Caulksville MAS, Other
LG09 Meyers Quarry AHTD, Other
LGO09 Chrisman, Ratcliff Quarry Ratcliff AHTD

LG10 B & D Sand & Gravel Roseville MAS, AHTD
LG10 B & G Sand & Gravel Roseville AHTD

LG10 F & G Sand & Gravel Roseville AHTD ]
LNO1/PUOS|Freshour, Cabot Quarry Cabot MSHA, AHTD, MAS -
LN02 Baludwin Quarry Ward AHTD

LNO2 Balding, Tolbert Quarry Ward Other ]
LNO3 Utley Quarry Austin AHTD, Other ]
LRO1A Hogan Quarry Black Rock | AHTD

LRO1A Black Rock Limestone Products Black Rock AHTD

LR0O1B Hogan Quarry Black Rock AHTD

LRO1B Boorhem Fields Quarry Black Rock AHTD, MSHA
LRO1B Meridian Quarry Black Rock AHTD, MSHA
LRO1B Valley Stone Quarry, St. Francis Materials Black Rock CORPS
LRO1B Valley Stone Quarry, Boorhem Fields CORPS
LRO1B St. Francis Materials Company Black Rock MAS, AHTD
LR02 Black Rock Sand & Gravel Black Rock AHTD, MAS
LRO2 Verkler Quarry, Black Rock Sand & Gravel Black Rock MSHA, AHTD
LR0O2 Black Rock Quarries Black Rock | AHTD

LRO2 W.W. Smith Quarry Black Rock AHTD, CORPS, MAS
LRO2 Vulcan Quarry Black Rock | Other

LRO3 Tate Quarry | CORPS

LRO3 Tate Quarry, Hogan, Meridian Black Rock Other

LRO3 Sloan Quarry Black Rock Other

LRO3 Meridian, North Quarry (Atlas) Black Rock AHTD

LR04 Quarry Black Rock | CORPS
LR0O5 Toles, Perry Quarry AHTD

LROS Rowand Materials Black Rock CORPS

LR06 Walker Quarry Strawberry Other

LRO7 Delta Asphalt Quarry (Test Hole) Black Rock AHTD, Other
MDO01 McClinton Anchor Quarry Huntsville MAS, AHTD
MDO1 War Eagle Quarry Huntsville AHTD
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Correspondence between Quarry Identification an

if Quiarry Name

Quarry _ |Name/designation Given fown Seurce
MD02 Parker Quarry #ingston MAS, AHTD
MDO03 Elsey Quarry Marbie MAS

MD04 Neal Quarry Huntsvifle MAS

MDO5 Carr Quarry Hindsvilie MAS

MDO6 Smith Quarry Forum MAS, AHTD
MDO7 Quarry Old Alabam MAS

MDo8 Quarry Munisville MAS

MGO1 Tigue Brothers, Alexander Pit il ida AHTD

MG Woods, Jack, Alexander Pit wt i AHTD

MGO1 Alexander Pit Rt lda AHTD

MG02 Tigue Brothers, Davis Pit Caddo Gap AHTD

MGG3 Mauldin Pit N hdt, Ida AHTD, MAS
MGO3 Mentgemery Cotinty Quarry nit. ida Other

MG04 Buttermilk Springs Quarmy Caddo Gap Other

MRO1 Ebien, Alexander Quarry Summitt Other

MROH Alexander & Eblen Pit Bummit AHTD

MRO1 T.J)'s Matsiials and Consiruction Yeliviile ARTD, CORPS
MR02 Buri King (riarry, Freshour Yeliville AHTD

MRO02Z Freshour Construction, Portabie Crusher #1 MSHA

MR03 Marion County Road Depariment Yelville MSHA, AHTD
MRG3 Marion County Quarry, Buri King #2 AHTD

MRO4 Flisuin Materials Company CORPS
MR04 Lee Mountain Quarry Lee Mountain CORPS3
MRO4 Twin Lake Quarry Fliopin AHTD, Other
MRO04 Carter Quary Summit AHTD, Other
MRO5 Twin Lakes, Jefferson Quarry Yellville AHTD -
MRO5 Jefferson Quarry, Twin Lakes Yellilie AHTD

MRO5 Jefferson Quarry, Guy King & Sons Yelhilie MAS

MR06 Evans Quamy - Peel MAS

MRO7 Luck, Ted Quary Flippin MAS

MRO08 Lowery Quarry Eros MAS, AHTD
MRo08 Gray Quarry Eros AHTD, Other
MRO0S Burleson Quarry Monarch MAS

MR10 Riseley Quarry Pael QUAD, Other
NTO1 Hardy Construction, Tumey-Hughes Quarry Parthenon AHTD

NTO1 Turney-Hughes Quarry, Hardy Consiruction Farthenon AHTD

NTO2 Harrison Ciuarry Jesper AHTD, MAS
NTQ3 1.5, Forest Service Quarmry Falizvilie MAS

NT04 McEihaney Quarry Low Gap MAS, AHTD
NT04 Clark Cuarry Low Gap AHTD

NTO05 Hudson Quarry Jasper MAS, AHTD
NTO6 Holt Quarry Carver MAS
NT06 Holt Quarry Hasty AHTD

NTO7 Johnson Quarry ML Judea MAS, AHTD
NTOg Harrison Quarry Jasper Other

NT10 Hudson Quairy JAspEr Other

NT11 Smith, Edward Quairy, Rock Products Highway 374 AHTD

NT1H Rock Products, Smith Quarry Mt. Judea AHTD

NT12 Freshour Quarry Lurton AHTD

PI01 Pennington-Winter Construction : CORPS
pio2 Plant, B.D. Quarry Kirby AHTE

Pl03 Beavert Quarry, Souter Construction, R.D. Plant fMurfreesboro AHTD, CORPS
P103 Plant, R.D., Beavert Quarry Murfreesboro AHTD

P03 Souter Construction, Beavert Quamy Munfreeshoro AHTD

P04 M & P Power Equipment CORP3




Correspondence between Quarry Identification aqd Quarry Name

Quarry |Name/designation Given fown Source o
pua7 McGeorge Quarry, Lawson Road Little Rock AHTD

PUQ7 Taylor Quarry, McGeorge Little Rock AHTD ~
PUO7 Taylor Quarry, Mid State Little Rock AHTD

PUOS Pinnacte Mountain Talus Little Rock CORPS

iPUOY Big Rock Stone & Materials Company North Little Rock CORPS

PU10 Jeffery Stone Company - CORPS

PU11 Sweet Home Stone Gompany CORPS

PU1Z ‘Pulaski County Quarry AHTD

P Chapman Quarry Toadsuck AHTD, MAS

Py M & M Rock, Chapman Quamy Toadsuck AHTD, MSHA

PY01 Rogers Group, Chapman Quarry AHTD

PY02 Quarry Siony Point MAS

PY0z  |Freeman Quarry, L &R Stony Point Other

pyoz Souter Construction, Freeman Quarry Stony Point __|Other, MSHA

PYD2 Stane Reach Quarry CORPS

PYDR3 {Quarry B Houston MAS

IP¥03  |Van Dalsen Quarry B Housten AHTD

PYQ4 Quamy o Houston MAS

1PY04 International Paper Company, Souter Construction Houston Other

PY05 English Quarry (Test Blast) Nimrod AHTD

PY{6 McGlother Quarry Bigelow AHTD

PY07 Jones Quaarry o Casa MAS, AHTD

Yo7 Hogan, TestHoles Casa AHTD

PY08 Strassle Quarry o - Other

PYos Quarry L MAS

FY09  iNutt Quarry, Souter Construction Bigelow Park Other

PY09 Souter Construction, Nutt Quarry | Bigelow Park Other

RDO1 Undeveloped Site i} T CCRPS -
RDO2 Baliz Quarry o Pocahontas AHTD, MAS

RDO3 Jarreft Quarry Maynard MAS, AHTD

RDO3 Freshour Quarry o Maynard AHTD

RDO4 Meifton, Curtis Quarry MAS

RDO4 Quarry o Suppiy AHTD

RDOS Botard Quarry MAS

RDO6  !Melton, Curtis Quarry (#2) |Pocahontas Other, AHTD ]
2007 |Baltz Quary (Cld Quatrry) ~ \Pocahontas Other '
RD08 Thielemier Quarry (#1) ~ Pocahontas |Other

RD0g Thielemier Quarry (#2) Pocahontas ~ |Qther, AHTD

RD10 Harrington Quarry Pocahontas ~ _ _ |Other

SAD1 Hot Springs Village Quarry Hot Springs Village AHTD

SAD1 Cooper Cormmunities Quary Hot Springs Vilage MSHA |
SAD2 1Teague Brothers Pit _ |Paron AHTD

SADZ WeyerhauserPt Paron AHTD

SAQ3 West, Ira; -30 Quarry Haskell AHTD

SB01 Jenny Lind Quarry, Arkhola Old Jenny Lind MAS, AHTD, MSHA
SB01  lArkhola, Jenny Lind Quarry Qld Jenny Lind AHTD

SB0O1 _|Tygart Quarry ) AHTD, CORPS
SBO1 Arkhola Sand & Gravel Greenwood AHTD

SB02 Arkhola Sand & Gravel Fort Smith CORPS

SBO3 Fort Chaffee Quarry Fort Chaffee CORPS

SBC4 Hayes Quarny Mill Town MAS

SBQ6 Sebastian County Quarry Fort Smith MAS

$B07  |Martin, Bobby Quarry Other, QUAD |
SB08 Court House Slough Quany . MAS

SB09 Fioyd Quarry ! MAS
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Correspondence between Quarry Identification and Quarry Name

Quarry _ Name/designation Given fown Source

Plo4 D & E Construction Company CORPS

Pi05 Delight Quarry, Carter Construction Co. Delight CORPS

PI05 Lithe Rock Quarry Delight CORPS

PKO1 Herzeg Stone Producis Hatton Quarry Hatton AHTD, CORPS, MSHA
PKG1 Meridian, Hatten Quarry Hatton AHTD, MSHA
PKp2 Quarry KCS Railroad CORPS

PKOD3 Quarry Potter MAS

PKO3 Markham & Brown Quairy CORPS

PK4 Quarry CORPS

PKG5 Walker Stone Company N Hatton AHTD, MAS
PKO5 Hatton Rock Company Hatton AHTD

PPO1 Duffield New Hope Quarry Russetlville AHTD

PPO1 New Hope Quarry, Duffield Russellville AHTD

PPO2 Pope County Quarry . Dover MSHA

PP{2 Duffieid Quarry Dover Other

PPO3 Mobley Construction CORPS

PPG3 Hogan Quarry Russellville AHTD

PPC4 Duffield Gumlog Quarry Gumiog AHTD

PP05 Ferguson Quarry MAS

PPO6 Witherspoon Quarry Russellville MAS

PPO7 Barton Quarry Russellville MAS, AHTD
PPO7 __tHogsr, Barton Quairy Russellville AHTD

PPO8 Young Quarry MAS

PPOS Carpenter Quarry Russellville MAS, AHTD
PP10 Price Quarry #1 MAS

PP11 Price Quarry #2 MAS

PP12 Abernathy Quarry Dover MAS, AHTD |
PP13 Cravens Quarry Daover MAS

PP14 Quarry Atkins MAS

PP15 Smith Quarry Oak Grove MAS

PPis Fountain Quarry iNogo MAS, AHTD
PP17 Hefley Quarry Pelsor MAS, AHTD
PP17 Souter, Hefley Quarry Pelsor Other

PP17 Duffield, Hefley Quarry Pelsor AHTD

PP17 Rock Products, Hefley Quarry o Pelsor Other I
PPi8 Ragsdale Pit Bullfrog Valley AHTD

PP18 Huckigberry Creek Dam Quarry Dover Cther

PF19 McGecrge Construction, Huckieberry Creek Dam Dover Other

PP20 Duvall Quarry Qak Grove Other ]
PUO1 Granite Mountain Quarry #1, McGeorge Construction M3HA

PUCT Granite Mountain Quarries Sweet Home AHTD, CORPS
PU02 Mid-State Construction Company (3M Site) 65th St., Little Rock  [MAS

pUo02 Mid-State Materials, Big Rock Quatty Little Rock AHTD

Puoz Big Rock Quarmy Litle Rock AHTD

PUOZ2 Arch Street Quarry, Mid-State Little Rock AHTD

PUO2 Big Rock Stone & Materials Company CORPS

PUQ2 3M Corporation, Big Rock Quarry CORPS

PUQ3 McGeorge Contractors, Granite Mountain Quarry #2 MSHA

PUO3 Granite Mountain Quarries (#2) Sweet Home AHTD

PUO4 Little Rock Quarry, Caiter Construction College Station CORPS, MSHA
PU05 Freshour Construction Cabot MSHA, AHTD
PUQS Freshour Construction, Wingate Quarry MAS, AHTD
PU0G Rowleit, Crystal Hill Quarry Maumelle MAS, AHTD
PUOG Crystal Hill Quarry, Rowlett Maumelle

PUO7 Mid-State Lawson Read Quarry Little Rock MAS, AHTD
PUGY Mid-State Materials, Taylor Quarry Little Rock MAS, MSHA, AHTD
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Correspondence between Quarry ldentification and Quarry Name

Quarry _ |Name/designation Given town Source

5C01 _  |Quarry Waldron MAS -

SC02-CCG |Mill Creek Mountain Quarry _ MAS

SC03-CCGNelson Quarry B MAS

SC04-CCG |Quarry Waldron MAS ]
SC05-CCG{McConnell Pit Y-City MAS, AHTD

5C06-CCG | Morgan & Hall Fit Rocky Branch MAS

SC06-CCG |Morgan, Billie Quarry AHTD

SEM Sutterfield Quarry Harriet __IMAS

SE02 Harris Quarry _ MAS, AHTD i
SE03 Ashley Quarry Leslie MAS, AHTD

SEQ03 Freshour Quarry Leslie AHTD

SEQ3 [McClinton Anchaor (APAC) Leslie AHTD

SE04 Evans, Melvin Quarry Snowball MAS, AHTD

SE05 Hudspeth Quarry St. Joe MAS, AHTD -
SEDS L & R Quarries, Hudspeth Quarry St. Joe AHTD

SEOB Cooper Quarry Snowball AHTD

SEO07 Myrick Quarry, Rock Products AHTD

SEN7 Rock Products, Myrick Quarry AHTD

SHO1 Abandoned Quarry CORPS

SHO2 Williams Quarry, Hareld Carrolf Ash Flat AHTD

SHoZ Arkansas Quality Stone, Rick Parrott L Hardy Other

SHO3 Evershire Quarry MAS e
SHO3 Veshire Quarry AHTD

(SHO3 Harper, Ron Quarry Sharp County AHTD

SHO4 Freshour Quarry Poughkeepsie MAS B
SHO5 Morgan Quarry - Williford MAS

3HO8 Cushman Quarry Evening Shade MAS, AHTD ]
SHo? Quarry Ash Flat MAS e
SHO7 _ {Farris, Walter Quarry Ash Flat ~_IAHTD

SHo7 Freshour Quarry Ash Flat Other o _
SHO8 Quarry Calamine MAS ]
SHe9 Mize Quarry - MAS )
SHU8 _ |Polston Quarry Cave City . ]
SH10 Moser Quarry B Sidney ([MAS

SH11 Murphy Quarry Center N MAS, AHTD

SH12 Runsick Quarry L MAS, AHTD ~
SH13 Alexander Quarry - AHTD ]
SH14 Ace Partnership, Himschoot Quarry (Test Pit) Ash Flat AHTD, Other

ST Stene Gounty Materiafs, Ace Partnership Syiamore AHTD, MSHA .
SHUN Stone County Materials Allison AHTD

5702 Ivy Quarry o L MAS, AHTD

ST03 Purdom Quarry Mountain View MAS, AHTD

5704 Green, Oram Quarry Turkey Creek MAS, AHTD

STOS Freeze Quarry Mountain View MAS .
ST08  [Powell, Otis Quarry . Timbe MAS, AHTD

3707 U8, Forest Service Quarry Allison MAS

5707  ‘Middleton Quarry Allison AHTD

3708 |Wade Quarry Allison B MAS, AHTD _
ST09 ~  |U.S. Forest Service Quarry #2 Fifty-Six MAS

ST10 Quarry Optimus MAS .
sT10 Cartwright Quarry AHTD

ST11 Cruse Quarry, Edwards Brothers . Guion AHTD

ST Edwards Brothers, Cruse Quarry Guion AHTD ]
ST12 Haydin Quarry Allison AHTD N

5T12 Rock Products, Haydin Quarry Allison Other
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Corresp?ndence between GQuarry [dentification and Quatry Name

Quarry _ \Mame/dasignation Glven town Source

Va1 Raffrcad Cut? - KCS Raiiroad CORPS » ]

SVo2 Railroad Cut KCSRaicad __ |CORPS

1SVD3 Undeveloped Sile Giltham CORPS o

SV04 Jester, Qllie Gillham CORPS

5V06 Qutcrop? Ralling Fork River CORPS

sVo7 {HMB Quarry |DeQueen AHTD, CORPS |

SVo7 Waeyerhauser Quarry, HME Construction B _ cores |

SVe7 'Provo Govenant Quarnry lDeQueen AHTD

L\Em Treece Quarry, Clinton Ready Mix [MSHA

Y= Tiegcs Quairy, Clinion [AHTD B

WBo1 IT & T Materiale, Trescs Quarry Bee Branch AHTD ;

VB0Z _ [Freshour Quamry N MAS

VBO3 Cravwnover Quarty Bee Branch MAS o

VBO4 Hatcheit Quarry \ MAS

VB05 Jones Quarty ] MAS

VBO6 Quarry - ! MAS

VB0 Pavion Creek Phosphats Mine Location Pevion Creel Other

VBO7 JC)rmond Cuarry Dznard MAS

VB0s Qua MAS

VERE Kli?gc_uarry - MAS, Dther _

VB Edwards Quarry MAS ]
Quarry . MAS

VB12 W=tls Quarry ) Gravesville AHTD

VB13 Cotfman Quarry i Crabtree MAS o

VBt4 Moody Quarmy Clinton MAS o

VB15 Shull Quarry MAS

VB16 Jones Quarry [ MAS, AHTD ]

vB17 |Freeman Quarry, T & T Materials Tilly AHTD _

VB18  |Chasen Quarry Formasa AHTD

VB19 Van Buren County Quarry Chaoctaw Other

VB20  |Hall Quany (Test Pif) Clinton AHTD, Other

WAQ1 __iMcClinton Anchor/APAT | West Fork MAS, AHTD, MSHA, CORPS

WADT APAC/McClinton Anchor West Fork MSHA, AHTD

WAG2 Wasthington County Quarty Black Rock MSHA

WAO2 Sulphur City Quarry SuphurCity  |MAS -

WAGZ  |Vvashingion Coundy Gusmmy o [ Sl Gy AT LY

WA03 MeClinton Anchor Ljohnsor [MAS, AHTD

WAD4 MeClinton Quarry West Fork [MAS, Other B
Combs, Chester Quarry _ |Durham |#MAS T
Bush, Bill Quarry {L’inco]n IMAS
Moore, Bili Quarry IFarmington AHTD o

WADS | Twehous Construction, Pit #1, "Pitkin Strip" | Devils Den State Park |AHTD, Other

WAD9 Twehous Construction, Pit#2 (Tes) |Devils Den State Park JAHTD
Mitchner Construction, Howard Quarry |Durham AHTD o

_|Howard Quarry, liitchner Construction _ |Durham AHTD —

Hardy Construction, Broaks Quarry _ |Durham AHTD

WAT1 Broocks Quarry, Hardy Construcion Durham AHTD

WA12 Washington County Quarry Marrow Other B

WHD1 Searcy Asphait Materials Judsonia o |AHTD, MSHA o

WHO1 St. Francis Materials Judsonia . IMAS ]

WHO1 Hogan Quarry Judsonia AHTD

WHO1  |Adler Creei Quarry, Hogan AHTD

WHOZ L & R Quarries, Bradford Quarry Bradiord AHTD

IWH02  |Smith Quarry |Bradford |AHTD ]

WH02 {D & S Construction, Smith Quarry |Bradford IAHTD
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Correspondence between Quarry Identification and Quarry Name

I
Quarry __|[Name/designation — Given town Source
WHO3 L & R Quarries, Searcy Quany Searcy AHTD L
WH04 Hogan, Bald Knob Batd Knaob CORPsS
WHO4 Acme Matetials . Bald Knob CORPS
WHO5 Acme Materials Company Bald Kneh AHTD, MAS ]
WHOS Hogan Quarry |Bald Knob AHTD
WH06 Jackson Quairy, Rock Preducts Velvet Ridge AHTD _
WHO08  |Rock Products, Jackson Quarry Velvet Ridge IAHTD ]
WHO7 Rock Products, Peacock Road Quarry Bernmark AHTD
WHE? Peacock Road Quarry, Rock Products Denmark AHTD
WHO08 L & R Quarries o Floyd AHTD o
WHO8 Vulcan Quary Floyd Other
WHO8 D & S Quarry _|Floyd AHTD
WHD8 Dugout Mounfain Quarry, D & S Floyd AHTD
[WHOS  |McKee Quarry Bald Knob MAS
WHID Shook, Kitty Quarry Pleasant Plains MAS
WH11 Blue Hole Quarry, Freshour Construction MAS
WH11 Freshour Construction, Blue Hole Quarry MAS o
WH11 Blue Hole Wallow |Antiocch ___AHTD .
WH12 Roetzel Quarry |Russeil MAS, AHTD -
WHI3 Neal Quarry Floyd AHTD B
'YEOT. James Quarry Fourche Valley ~ [MAS
YE02-CCG |Hunt Quarry ____|Briggsville MAS
YEQ03-CCG Thomas Quarry - Danwille MAS, AHTD
YES  |Quamy e mas o
YE06 Miller Quarry Centerville MAS
YEO7 Vestal Quarry _|Chickalah MAS
YEO8 Quarry o Plainview MAS
YEOE  Deltic Timber Company Quarry Plainview AHTD
YEQ9-CCG |Cossage Quarry - ' B MAS
YETH U.5. Government Quarry Danvitle IMAS o
YE12 Tillman Quarry Centerville MAS ]




SUMMARY OF THE 1990°s EXPLORATION AND TESTING
OF THE PRAIRIE CREEK DIAMOND-BEARING LAMPROITE COMPLEX,
Pike COUNTY, ARKANSAS, WiTH A FiELD GUIDE.

by
J. Michael Howard

Absiract

Holes cored through the Prairie Creek lamproiic volcanic complex at the Crater of Diamonds State Park by

companies interested in the site’s commercial diamond potential present an opporiunity to redefine the size and shape
of the Prairie Creek pipe. Relationships of cored rock sequences and the discovery of a previously unrecognized major

rock type allow a reinterpretation of the intrusion sequence and type of veni activity.

Trench sampling of

diamondiferous rock units yielded a diamond content far below what was anticipated based on an estimate from
historical records. Inadequacies of shallow bulk-testing methods for a diamondiferous pipe are examined.

PURPOSE
The Cretaceous sedimentary units of
southwest Arkansas were mapped and defined

beginning in the late 1800°s (Hill 1888; Dane 1929;
Miser and Purdue 1929; Ross, Miser, and Stephenson
1929). The volcanic vent near Murfreesborc was
noted by the early 1840’s (Powell 1842) and later
thought to be similar to African kimberlite pipes
(Branner and Brackett 1889; Miser and Purdue
1928). Diamonds were first discovered on the Prairie
Creek vent by a resident farmer, John Huddleston, in
August of 1906.

Early investigations, mining history, and the
location of most of the known pipes through 1990 are

well summarized (Miser and Purdue 1929, Krol
1988; Kidwell 1990). One recently discovered pipe,
Timberiands, has not been previpusly mentioned in
the literature (fig.1). When Miser mapped the Prairie
Creek vent in 1916, he determined it to be about 73
acres in extent (Miser and Purdue 1929). The U. S.
Bureau of Mines conducted a drilling project on the
Prairie Creek pipe in the 1940’s, including sampling
with a 30-inch rotary bucket drill.  The holes
averaged only 27 feet in depth. Washed samples
(435 tons) produced 21.4 tons of concentrate from
which 32 stones (total weight 8.4 carats) were
recovered. The surficial work by the U. 8. Bureau of
Mines did not define the subsurface shape of the
body.

Murfreesboro

(aka Riley)

5 14

e
s KIMBERLITE

Y

22 23

27 26

Figure 1. Lamproite pipes near Murfreesboro, Pike County, Arkansas, Geologic base map by W. D. Hanson,

Arkansas Geological Commission.
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On the basis of mineralogy, the Prairie
Creek pipe was recognized to be more closely related
to lamproite than kimberlite (Scott-Smith and
Skinner, 1984a, b). A summary of chemical and
mineralogical data indicated that, though the igneous
phases were not identical to previously identified
lamproites (Argyle pipe, Australia), the rock units of
the Prairie Creek were more similar to lamproite than
to African kimberlites (Morris 1987). Mitchell and
Bergman (1991) discussed the absence of typical
kimberlite indicator minerals and the lack of diatreme
facies at the Prairie Creek. During the 1980’s,
company investigations on several small pipes in Pike
County showed these pipes also to be of lamproites
(Waldman and others 1987; Candless and others
1994; Griffin and others 1994). Because the Prairie
Creek complex is publicly owned (Crater of
Diamonds State Park), there is a wealth of
information available concerning the results of the
recent testing process which would not be available
under a private business arrangement.

PHASE 1 TESTING
Administration

In 1987, the Arkansas Legislature passed
Act 793, which allowed the Arkansas Parks,
Recreation, and Tourism Commission to enter into
lease arrangements for testing to evaluate the
feasibility of commercial production of diamonds
from the Prairie Creek vent at the Crater of Diamonds
State Park. A Task Force, established by the
Governor, debated the issue and received public
comment. The Task Force made its
recommendations to the Parks Commission in
October of 1988, which then authorized the
Department of Parks and Tourism to proceed with the
testing of the Prairie Creek pipe in phases, Phase I
being authorized. The Department selected a project
manager, Morgan Mining and Environmental
Consultants, Ltd. of Lexington, Kentucky. From
approximately 100 applicants, four companies —
Capricorn Diamonds, Ltd. of West Perth, Australia;
Kennecott Corporation of Camden, South Carolina;
Arkansas Diamond Development Corporation of
Dallas, Texas; and Continental Diamond of Little
Rock, Arkansas — were accepted to participate in the
testing. D. F. Holbrook was chosen as the on-site
geologist. Phase I was estimated to cost $350,000.
Each company provided $87,500 to be administered
by the Department of Parks and Tourism; no taxpayer
money was spent. A “temporary non-conforming
use” permit was approved by the U. S. Department of
Interior, National Parks Service, to allow Phase [ to
proceed. The Federal permit was required because
the State of Arkansas had utilized $750,000 from a
special National Park fund in the early 1970’s to

58

build the present State Park museum and visitor’s
facilities.

Boyle Brothers of Murfreesboro, Tennessee,
was selected to do the drilling. The Arkansas
Geological Commission (AGC) was selected to
receive the drilling samples of Phase I coring as well
as Phase II concentrates from bulk sampling, and then
stored in a secured area in the N. F. Williams Well
Sample Library in Little Rock, Arkansas. Upon
completion of Phase I, the project manager presented
the completed Phase I report, along with a report by
the companies, to the Technical Advisory Committee
(TAC) in December of 1992. The TAC was
composed of both company and various state agency
representatives including the Department of Parks
and Tourism, Arkansas Geological Commission,
Arkansas Department of Finance and Administration,
Arkansas Game and Fish Commission, and Arkansas
Department of Pollution Control and Ecology. Of the
TAC members, only company representatives had
voting  rights. The TAC recommended the
presentation of the reports to the Parks Commission,
which was done in January of 1993. The reports were
accepted by the Parks Commission and a motion
made to vote on proceeding with Phase II. The
motion was tabled, but approved at the next Parks
Commission meeting.

After completion of the project manager’s
report in 1993 and before the start of Phase II, two
companies (listed above) dropped out of the project,
leaving Arkansas Diamond Development Corporation
and Continental Diamond as participants. Also,
Continental Diamond was purchased by Texas Star of
Houston, Texas (now Star Corporation). If the
Prairie Creek vent was demonstrated to be
commercially viable, only those companies remaining
in the process were to be allowed to bid on the mining
rights. Had either of the remaining companies
dropped out, the entire process would have ended
since no competitive bidding would be possible.

Proceduresjand Results

Work during Phase 1 included surface
mapping and core drilling to determine the size and
shape of the body and to allow subsurface correlation
of rock types encountered during surface mapping.
Surface mapping was accomplished concurrent with
drilling and was a collaborative effort between the
project geologist and geologists of the four mining
companies. Drilling began on July 8, 1990, after a
series of court delays. The core drill was a Mobil
Model BS3 mounted on a 20-foot by 8-foot skid,
which was towed to each site by a John Deere 455
bulldozer. Initially, a water truck with a tank was
used to supply the drilling fluid (water). However,
after environmentalist groups protested excessive
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ground compaction, a water iine system was devised
and use of the water truck ceased. Drilling was done
on a predetermined surveyed grid system under the
full inspection and scrutiny of the public. Each drill
site was fenced for safety and security reasons. No
drilling was allowed on Sundays. Core was removed
to a secured trailer in the Park for detailed logging by
the project geclogist. Phase I called for 30 holes
totaling 6,600 feet. Phase I was finished in the
summer of 1992, after delays caused by additional
environmental lawsuits were resolved. For the
second part of Phase 1 drilling (after the removal of a
permanent court injunction), several changes in drill
equipment and procedures were made to lessen the
ground compaction effect. A smalier, self-propelied,
track-mounted drill, a Teremac 1000, was utilized
and a smaller skid was used to supply fuel and
materials. These changes resulted in a reduction in
size of the fenced security area. Modifications on the

muffler system of the Teremac drill resulted in
significant noise reduction. A Case 55E buildozer,
equipped with wider tracks than the previous
bulldozer, limited surface disturbance. Twenty-six
holes were completed for a total of §,699 feet, of
which 3,926 feet of vertical core and 3,845 feet of
slant-hole core were recovered, and 928 feet of rotary
drilling were completed. Core hole depths ranged
from 41 to 669 feet. With the exception of two holes,
core recovery averaged 95 percent. Holes #15 and
#19 encountered difficult rock conditions (vertical
fracturing and clay interlayered with very dense
lamproite), which caused core recovery o drop below
60 percent. Each hole was terminated without
reaching its expected completion depth.  After
completion of Phase 1 drilling and logging by the
Project Geologist, core samples were transported to
the AGC facility.
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Figure 2. Generalized Phase I geologic map, modified from Holbrook. PLT- Pyroclastic
Lamproite Tuff; ML - Magmatic Lamproite; ME - Maar Epiclastics; C - Cretaceous
and Quaternary (alluvium/colluviam) cover,

Phase | testing resulted in the renaming of
all the major rock types and the discavery of a
previously unrecognized mappable rock unit — maar
epiclastics (fig. 2). Intrusive peridotite was termed
magmatic lamproite. Kimberlite breccia and fine-
grained breccia tuff were grouped together and
mapped as pyroclastic {olivine- and phlogopite-rich)
lamproite tuff. The pyroclastic lamproite tuff units, in
particular those which had been mapped as kimberlite
breccia by Miser, are the principal source of the
diamonds collected on the Visitor’s Search Area of
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the state park (about 35 acres). Ouicrops on the east
side of the body, previously mapped as Jackfork
Sandstone (?) by previous workers, were determined
to be the surface outcrops of maar epiclastic material.
Surface mapping Indicated that the pyroclastic
lamproite tuffs and the epiclastic units make up about
59 percent of the pipe’s exposure. Maar epiclastics
are estimated to constitute less than 10 percent of the
pipe’s volume and, except along the eastern margin of
the vent, are erratic in distribution in the body of the

pipe.



The original surface exposure map, plane-
tabled by Miser in 1916 and later published (Miser
and Purdue 1929), proved to be reasonably accurate
despite the differences in rock nomenclature. Drill
data from Phase | indicated that Quaternary sediments
(alluvium-colluvium) cover several acres along the
contact of the vent complex with the Trinity Group
{Cretaceous), particularly along the southeast margin.
By projection of Phase I drill hole data, the Prairie
Creek vent was determined to be 80.3 acres in extent,
about 10 percent larger than Miser’s original
calculation.

Before Phase [ drilling, any attempt at
modeling the vertical configuration of the pipe was
strictly speculation. If kimberlitic in composition, the

pipe was expected to have a carrot-like shape in the
subsurface (fig. 3). If lamproitic, it should be shaped
like a champagne glass, being a more shallow body
with a narrow feeder pipe and, therefore, having less
potential reserve of diamond-bearing rock than a
kimberlite body. Idealized cross-sectional models of
the Prairie Creek complex by Bolivar (1977, 1984)
and by Mitchell and Bergman (1991) differed
dramatically (fig. 4) and were based on meager
subsurface information. The only subsurface data
available was from U.S. Bureau of Mines shallow
drilling in the 1940°s. From data gathered during
Phase 1 drilling, the shape of the intrusion was
determined to be similar to a martini glass with
contacts sloping inwards at about 45° toward a small
feeder pipe (Project Managers Report 1993).

KIMBERLITE LAMPROITE

Figure 3. Model cross-sections through “typical” kimberlite and lamproite pipes.

One angle drill hole, #11, revealed a
particularly important rock relationship. The hole
began in lamproite taff and was slant-drilled at about
a 40° angle to the northeast (N35°E) under Middle
Hill (fig. 2). It failed to encounter magmatic
lamproite, remaining in pyroclastic tuff units to a
cored distance of 600 feet. Horizontally, this hole
extended some 460 feet to near the center of Middle
Hill. Hole #11 was drilled because two attempts at
drilling vertically through the magmatic lamproite on
Middle Hill had been unsuccessful (holes #15 and
#19). The determination that Middle Hill, which at
the surface is magmatic lamproite, is underlain by
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pyroclastic units caused previous interpretations of
the sequence of emplacement to be revised. Instead
of a magmatic event followed by an explosive phase,
the general intrusion sequence is now thought to have
started with an initial large explosive eruption,
resulting in crater formation followed by a sequence
of lesser eruptions and air falls of tuff, the deposition
of maar epiclastics during quiescent times between
these lesser eruptions, and the late intrusion of a
marginal hypabyssal body of magmatic lamproite, as
displayed in the new cross-sectional model {fig. 5). It
is possible that much of the pyroclastic sequence was
originally covered by a thin lava flow or lava lake
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which originated from the magmatic lamproite.
presence of several varieties of pyroclastic
encountered by drilling suggests that the frue
sequence is undoubtedly more complicated than
presented here. Features noted by Miser and other
workers, such as crossbedding of fine-grained tuffs
led to speculation that the pipe possibly erupted in
shallow water. The formation of maar epiclastics is
now interpreted as sedimentary units deposited in
ephemeral shallow crater lakes during quiet times
between eruptive activity. The epiclastic units consist
of sediments derived from the intruded Cretaceous
Trinity Group, primarily quartzose sand, mixed with
pyroclastic breccias and tuff materials. This
interpretation adequately explains the presence of
cross-bedding of these units reported by Miser and
Purdue (1929). Mitchell presented the results of a

country rock
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hypabyssal

.

tuff

country roc
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-~ 80Cm

petrographic study of thin sections from 6 cores and
his petrologic interpretation of the Prairie Creek vent
in Appendix C of the Phase T Report (1993). He
noted that crater facies composed the entire
pyroclastic sequence and that this sequence was

highly complex, samples displaying many varieties of
air-fall pyroclastics including welded collapsed

pumice fragments. Olivine lamproite breccia

represents rapidly quenched brecciated magmatic

material. Several varieties of epiclastics are present,

including epiclastic lamproite and  epiclastic

lamproite breccia. Late olivine lamproite dikes were

obiserved to crosscut the pyroclastic breccia tuff units

in the core and during surface mapping. Mitchell

summarized his interpretation of the formation of the

volcanic pipe, from which the artist’s sketch (fig. 6) is

derived:
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Figure 4. Previously published stylized cross-sectional models of the Prairie Creek complex.
Upper: Bolivar (1977, 1984}, Lower: Mitchell and Bergman {1991). Modified from

Mitchell and Bergman (1991, p. 148).

“Examination of the cores reveals that the
crater docs not exhibit any simple velcanic
stratigraphy. Each core contains pyroclastic and
cpiclastic rocks which cannot be correlated with
those found irn other cores.  The changing
character...indicates that the crater was formed by
the eruption of several distinet batches of
magma....Each episode of volcanism was complex,
with many distinct eruptions and periods of
quiescence. It is possible that each cpisode of
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volcanism originated at a different vent. The
original volcano may be envisioned as a series of
interlocking tuff cones. Tuffs originating at each
cone would drapc over pre-existing pyroclastic
cones and their associated deposits. Slumping of
pyroclastic deposits into ephemeral lakes would
give rise to intcrcalated epiclastic units....A single
vent would be unlikely to generate this complexity
tof stratigraphy recorded in the cores).”



From the drilling and surface mapping,
project geologists conservatively estimated that 78.5
million tons of diamond-bearing pyroclastic rock
{including maar epiclastics) and 24.1 million tons of
magmatic lamproite (non-diamond bearing) compose
the Prairie Creek pipe to a depth of 630 feet below
the surface. The Phase ! report recommended a

sSW

Present Surface

composite sample of 4,400 to 11,000 tons of material
be removed in order to retrieve at least 1,000 carats
of diamonds for evaluation. The range in the size of
the estimated composite sample reflected uncertainty
as to the possible diamond content as determined
from meager historical data.

NE

Quaternary Sediments

Lower Cretaceous

Paleozoic

Breccias &
Pyroclastic
Crater Facies

Magmatic
Lamproite

Howard 1998

Maar
Epiclastics

Figure 5. Stylized cross-sectional model of the Prairie Creek complex as interpreted from Phase I mapping and

drilling.
Bulk Sample Planning

Between Phase [ and II, the TAC determined
that a planning phase (Phase Ib) was necessary to
consider various methods of bulk sampling and
determine which method best fit the testing project.
Several techniques of bulk sampling were considered,
including large-diameter churn drilling, a single
trench across the entire exposure, a series of small
pits, mini-trenches, and a tunnel. Mini-trenches, a
modification of pit and trench methods, were chosen
as a compromise between a single trench and a
tunnel,  Mini-trenches, which could be rectaimed
quickly, resulted in less disturbed ground at any given
time during sampling when compared to a single long
trench and cost less to excavate than a tunnel.

PHASE 1 TESTING
Administration

Phase ]l testing was to determine, by bulk
sampling, the concentration of diamond in each rock
type tested and, if 1,000 carats were recovered, to
allow for the gemstone evaluation of the pipe by
modern means. [t was estimated from historical
records that the pipe grade should contain between
9.1 and 22.7 carats per 100 tons. A 10-ton per hour
plant, owned by Texas Star Resources and [ocated
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about 3 miles to the northeast of the Park, was chosen
to process the bulk material. This plant uses a
combination of heavy media separation and Sortex
methods to recover diamond. Bulk sampling during
Phase II was to consist of a series of mini-trenches,
each measuring 4 feet wide, 100 feet long and 40 feet
deep. The top 10 feet of material was to be set aside
and, after backfilling, placed back on top of the
trench site. The sites for the mini-trenches were
chosen on the basis of the surface mapping and
drilling data provided by Phase I testing. Before
Phase I testing could begin, a temporary non-
compliance use permit for the Park was again needed.
This permit was delaved over a year by the U. S.
Department of Interior until a court case concerning a
site in California was resolved. When Federal courts
found that exploration activities do not meet the legal
definition of mining, the permit for Phase II testing at
the Park was issued and testing proceeded.

Procedures and Resulis

From the 13 mini-trenches, 9,600 tons of
rock was processed, which yielded a total carat
weight of 45.748 carats of diamond (less than 5
percent of the expected yield, based on the estimates
from the historical records). Also notable was the
fact that no diamond over 2 carats was recovcred,
despite the previous recovery of larger stones by both



mining and tourist activity. Only one diamond was
recovered between 1.5 and 2 carats and only 3
between 1.0 and 1.5 carats. The average size of the
stones recovered was slightly over 21 points (100
points/carat).

During Phase II, 6 additional drill holes
were cored on the north margin of the vent in an area
that had been considered environmentally sensitive
during Phase I. Core data from this area was
determined to be critical to define the northern
contact of the intrusion with the country rock. Both

slant and vertical holes were cored with a small track
drill along the route of a new nature trail that the
companies agreed to fund. The holes confirmed that
there was no extension of the pipe to the north and
that the wall contact in this area was basically as had
been determined from Phase I drilling for the rest of
the pipe, that is sloping at about 45 degrees inward to
a narrow feeder pipe in the subsurface. The feeder
pipe is now thought to be somewhere under East Hill
(fig. 2).

Figure 6. Lesser pyroclastic eruptions inside initial explosion crater, looking north during the early
Late Cretaceous. Vance Pleasant, artist, AGC.

After completion of the bulk sampling and
core drilling, all Phase Il core and recovered heavy
mineral concentrates, excluding the diamonds, were
stored at the N. F. Williams Core Sample Library of
the Arkansas Geological Commission in Little Rock,
Arkansas. Even periodic floor-sweepings, plant
recovery cleanup, and cleanup slimes from processing
were retained in case any question arose about the
sampling procedure.  The parcel of recovered
diamonds is presently in the possession of Arkansas
Department of Parks and Tourism officials. The 210
diamonds, weighing 45.748 carats, were sent to New
York for evaluation. The average size stone in the
parcel was 0.2178 carats. The recovered diamonds
range in value from $100 per carat to $1 per carat,
with an average value of $12.30 per carat. Of these
diamonds, about two-thirds (147) with a combined
weight of nearly one-half of the stones (22.448 carats)
graded as industrial boart, having a value of $1 per
carat. All samples (core, heavy mineral separates,
and diamonds) are the property of the Arkansas
Department of Parks and Tourism. Access to the
materials has, to date, been limited to company and
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project geologists approved by the Parks Department.
The Phase II report concludes with a statement that
the pipe is uneconomic, the contained value of
diamond per ton (0.004765 carats/ton) being 12 cents
as calculated from the recovered parcel.

POTENTIAL PROBLEMS DUE TO
SIMPLISTIC SAMPLING METHODS

The companies and the project manager
concluded that the Prairie Creek complex, the largest
known pipe in the region and the 8" largest in the
world (80 acres), has sub-commercial quantities of
diamond present. No evaluation as to the commercial
viability of this diamond deposit should be made
from the data and bulk samples gathered, because:

e  Only the pyroclastic tuffs in a selected horizon
(the zone from 10 to 40 feet in depth) were
tested.

e The size (<46 carats) of the diamond parcel is
inadequate for proper gem evaluation of a large
pipe.

e No samples from the epiclastic phase were



processed.

Despite this knowledge, an examination of
the gem percentage of diamond versus industrial
stones, and quality of gem-grade diamonds was made.
In sensu stricro, any conclusions from Phase [l data
concerning diamonds represent only a sample from
the upper 10 to 40 feet of crater facies in a highly
complex body known to extend to a depth of 650 feet.
Mitchell (Project Manager’s Phase 1 Report, 1993)
notes  “the complexity of the  volcanic
stratigraphy...suggests that evaluation of the diamond
grade of the whole intrusion will not be a simple
task.” The statement on page 22 of the Project
Manager’s Final Report (1997) that “there was no
need to obtain bulk samples at depth as the
petrographic analysis conducted during the initial
exploration indicated continuity of the lithological
units and their exposure at the surface” is in direct
conflict with Miichell’s petrography report and
summary {Project Manager’s Phase I Report) and

therefore does not justify the simplistic testing
methods used in Phase 1.  Even continuity of
lithologic types in diamond-bearing rocks has little to
do with potentially highly variable diamond content
in pyroclastic and epiclastic units. From Mitchell’s
statements (Project Manager’s Phase I Report, 1993),
it is evident that a multiple pyrociastic sequence will
contain zones devoid of, and rich in, diamond. Each
individual pyroclastic vent in the crater, depending on
its own magmatic history, would be expected to carry
its own grade and content of diamond. No prediction
can be made as to which vent will be higher or lower
in diamond content, quality, and crystal size. These
details must be established empirically by thorough
testing of the entire system of all potentially
diamondiferous facies.  Because highly variable
diamond content is to be expected in the pyroclastic
and epiclastic units, sampling of only one horizon
gives an inaccurate description of the distribution of
diamond in the entire sequence.

76.5% Pyroclastics
& Epiclastics

23.5% magmatic

Approximate
Trace of Volume
Tested During

Phase ]
o2
Ve 12 _i%?l

where ¢ = 880 feet
h = B85 feet

Figure 7. Cone volume model, dispiaying horizon of testing and relationship of the tested horizon

to the entire calculated volume of the pipe.

A calculation, based on the volume of a
simple cone some 880 feet in radius and 650 feet in
depth as a model (fig. 7), shows that, by testing only
near-surface material, less than 5 percent of the total
volume of the body was evaluated. Allowing for 23.5
percent of the total volume of the cone to have very
low potential (volume of magmatic rock as given in
the Phase 1 Report), the volume of the tested zone
represents only about 8 percent of the diamond-
bearing units. In retrospect, bulk sampling shouid
have included a vertical component, such as several
large-diameter bore holes to a depth around 500 feet.
This additional method would have increased the
costs of Phase M, but would have included some
volume of rock from depth and its diamond content in
the evaluation.

Since 1906 when the first gemstones were
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discovered, many diamonds (between 100,000 and
400,000 with weights up to 42 carats individually)
have been recovered by shallow mining and tourist
efforts (Kidwell 1990). Over 21,000 stones have
been recovered since 1972 (Tom Stolarz, pers.
com.,1998), All recovered stones came from within
10 feet of the surface. Therefore, the original upper
10 feet of material must represent a notable resource
of diamonds when compared to the underlying 30 feet
of rock (the tested horizon). No testing of the
surficial pyroclastic units was done during Phase [I,
due to the proposal that this material should not enter
into the evaluation; the presumption being that the
surface material would be removed and lecated
elsewhere on park property for tourists’ use should
the pipe be mined. Before the final results of bulk
sampling were known, many geologists believed that
the Prairie Creek vent had only recently been



exhumed by erosion so no significant surface
concentration of diamond was anticipated. If this is
so, then the upper 10 feet originally represented a
weathered diamond-rich pyroclastic deposit.  If
erosion did concentrate diamonds in the surficial
material, then a calculation may be made to determine
how much thickness was removed to produce such an
enriched zone. Using an average weight of 0.2178
carats per stone {(from the parcel recovered in Phase
1), along with a historically conservative figure of
120,000 diamonds recovered (Kidwell 1990), and the
average content of diamond from Phase [T testing
(0.004756 carats/ton), calculations indicate that
5,838,000 tons of material were eroded from the 35
acres of the Visitors Search Area (the site of
essentially all diamonds recovered). Using an
assumed density of 2.18 (Phase II final report), the
Visitor’s Search Area would have been eroded about
500 feet since formation to produce the required
concentration. Projections of the Tokio Formation
across the pipe in the Cretaceous (Miser and
Purdue1929) and the presence of crater facies across
the existing entire surface (Mitchell and Bergman
1991) preclude this possibility. Either the proposed
zone of erosion was much richer than the horizon
sampled during Phase 11 or the assumption that
diamond distribution is uniform because the gross
surface lithology was traceable into the subsurface is
incorrect. If the eroded portion was initially 10 times
richer than the tested horizon, then erosion of only
about 50 feet of pyroclastic material would be
necessary. In the past, a few commercial exploration
efforts by companies for alluvial diamond deposits in
the area have produced negative results. Little
evidence is available concemning the possible
existence of alluvial diamond deposits in the region.
Lack of success in locating alluvial deposits nay
indicate ihat ine Praivie Creek veni has not been

significantly eroded.

Such exercises demonstrate problems
encountered with making assumptions about the
distribution of diamond in a complex system and how
little is actually known about the post-eruption
geologic history of the pipe.

On Monday. April 20, 1998, it was reported
that a diamond from the Crater of Diamonds State
Park was cut which graded as a perfect stone. The
finished diamond weighs 1.093 carat and is valued at
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$33,730 {Arkansas Democrat-Gazette, p. 1B and 3B).
The possibility of the presence of such high quality
stones never entered into the economic evaluation of
the Prairie Creek deposit.

For the various reasons discussed above, the
bulk sample results from the mini-trench testing
should be considered imadequate to describe the
commercial potential of the Prairie Creek vent.

THE FUTURE

Opportunities for commercial ventures on
the Crater of Diamonds Park property will be
dormant for the next 20 years. The U. S, Department
of Interior (National Parks) and the State of Arkansas
agreed that if the testing indicated the site to be nen-
commercial, there would be no consideration of
commercial ventures in the Park for a period of 20
years. Scientific studies at the Park will stili be
allowed, but commerciaily oriented activities will not
be considered. Until the Arkansas Departmeni of
Parks and Tourism decides to give the core and heavy
mineral separates to the Arkansas Geological
Commission, no material derived from the project
will be available for study. Evaluations of thc other
small pipes and dikes in the region have indicated that
they are not commercially viable, even though most
are diamond-bearing (Miser and Purdue 1929;
Candless, et al. 1994; Robert Allen, pers. com.,
1997). Until the Prairie Creek vent is adequately
tested or additional pipes are discovered in southwest
Arkansas, the potential for the start up of a modern
diamond mining operation in the region is
significantly reduced, due to the ncgative results of
the 1990’s Project. Ewven after proper testing and
evaluation, the Prairie Creek volcanic complex may
not prove cominercially viable, bui for now, & cannot
be ruled out. The Prairie Creek vent is 80 acres and
the Argyle pipe in Northwest Australia is 123 acres.
In the 1990’s, about $3.5 million was spent on testing
and evaluation of the Prairie Creek complex,
compared to $165 million for evaluation of the
Argyle pipe (Atkinson and Smith 1993). It is granted
that positive results were obtained initially at Argyle
and as the evaluation process proceeded. However,
only slightly more than 2 percent of the costs of a
major evaluation program, when compared to Argyle,
were incurred by the companies involved at Prairie
Creek during the Project.
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FIELD GUIDE TO SURFACE FEATURES OF THE PRAIRIE CREEK VENT

About 35 acres of the pipe are periodically plowed by Park personnel (the portion which is designated as
the Visitor Search Area) and is noted on the map (fig. 2). Plowing and weathering tends to destroy and obscure
outcrops of fresh pyroclastic units since these rocks, when near the surface, characteristically are soft and fragile.
Undisturbed exposures are very limited. All stops noted are within the Visitor Search Area and are denoted by
numbers on Figure 2. The following stops and descriptions were revised from Holbrook, 1994. Coin in close up
photographs is a nickel.

Stop 1: Contact between two varieties of pyroclastic lamproite tuffs. The pyroclastic tuffs occupy about one-half of
the surface area of the crater and basically the Visitor Search Area. Mitchell (1993) points out that the variation in
composition represents multiple volcanic events which were favorable for preservation of diamond. Both types of
tuff are diamond-bearing.

Figure 8a — Stop 1 is at the eastern margin
of the Search Area and just southwest of
the restrooms inside the fenced area.
Location of outcrops of ash lapilli (ALT)
and lapilli ash tuff (LAT) in figures 8b and
8c. Sign denotes site of discovery of
Uncle Sam Diamond.

Figure 8b — Weathered outcrop of
undisturbed ALT. The tuff variety
exposed here is a poorly consolidated,
coarse-grained, dark gray rock and is
characterized by large brown lapilli, which
are usually oval in shape, and common
olivine. The rock’s fragmental appearance
is probably why it was described by early
writers as a breccia.
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Figure 8c — Weathered outcrop of undisturbed LAT. This tuff variety is a much finer, firmer, uniform-grained
greenish rock and is characterized by abundantly visible phlogopite.

Stop 2: Maar Epiclastics

Maar epiclastics are medium-grained quartz sandstones presumed to have been deposited in shallow crater
lakes (maars) between eruptions. The sandstones are characterized on outcrop by pock-marked surface texture,
developed by weathering of calcareous patches, and were derived from the reworking of uppermost Trinity
Formation or perhaps basal Tokio Formation. Drill cores revealed that, at depth, these sands are frequently
accompanied by red, green, or black lapilli-bearing mudstone. Based on the similarity of this occurrence to
epiclastic units associated with lamproite diamond-bearing pipes in Australia (Argyle), the epiclastics are presumed
to contain diamonds.

Figure 9a — The stop is a sandstone outcrop just west of the Park restaurant and is one of several such outcrops
scattered around the margin of the crater. View looking east from northeast portion of the plowed Visitor’s Search
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Figure 9b — Outcrops of pock-marked maar epiclastic sandstones originally mapped by Miser and others as Jackfork
sandstone (?). Area. Location of Figure 9b is just in the edge of the woods on a small hill.
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Stop 3: Magmatic Olivine Lamproite: The lamproite is not considered to be a diamond source because the rocks
underwent slower cooling on their ascent to the surface. Slow cooling allowed reaction rims to form on olivine and
any diamond present to be resorbed by the magma.

Figure 10a - Magmatic olivine lamproite (MOL) is exposed immediately north of the “mine shack” at the northern
end of the Visitor’s Search Area. Weathered soil profile (WSP) of MOL is exposed on the west side (left) of the
figure.

Figure 10b — Outcrop of MOL exposed by bulldozer.
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Figure 10c — The lamproite is a uniform, dense, hard, greenish-black porphyry with scattered phenocrysts (up to 1
inch across) of reaction-rimmed olivine. The soil derived by the weathering of this magmatic phase has a more
brownish to tan color than those derived from the pyroclastic rocks.

Stop 4: Weathered Soil Profile of Magmatic Olivine Lamproite

This stop is located at the northwest corner of the Visitor Search Area. See Figure 10a.

Figure 11 — The yellow clay at this exposure is the final weathering product of MOL. A drill hole at this site would
pass through yellow clay, clay with hard lamproite fragments, and ultimately into fresh lamproite. Because the clay
is derived from a rock type that does not contain diamonds, it is not considered to be diamondiferous.
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Stop 5: Pyroclastic Lamproite Tuff (Ash Tuff variety): This tuff is presumed to carry diamonds based on its
similarity to lamproite tuffs in Western Australia (Argyle).

Figure 12a — This stop, marked by LAT, is at the southwest corner of the Visitor Search Area, west of the covered
washing area. Outcrops are scarce, but float blocks are common at this location.

Figure 12b — The rock is gray-green, tough, fine-grained, and often contains sedimentary clasts. The principal
mineral is olivine, largely altered to serpentine, with detrital quartz being common. Bedding is evident in some
fragments.
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Stop 6: Magmatic Olivine Lamproite Dike: MOL feeder dikes are evidence of the late nature of the magmatic
intrusive phase.

Figure 13a — This stop is immediately southeast of the covered washing station near the southeast corner of the
Visitor Search Area. During geologic mapping for Phase I, a narrow (8 inch) sinuous outcrop (dike) of magmatic
lamproite was exposed, completely surrounded by tuff. The outcrop is frequently covered or disturbed by plowing,
resulting in pieces of lamproite float scattered across the area.

Figure 13b — Recent rains have exposed a small portion of one MOL dike in a south-trending drainage ditch east of
the south wash station. Similar dikes were encountered in core from some Phase I drill holes.

73






ARKANSAS STATE GEOLOGICAL SURVEY PUBLICATIONS,
A RECGRD OF 140 YEARS OF PUBLIC SERVICE

by

Henry S. de Linde and J. Michael Howard

“What better method can a state adopt for this purpose [the development of the various raw materials necessary
for welfare and progress], than to institute and support with liberality a well-conducted and judiciously managed
seological survey of her teivitory and publish the results 1o the world in teliable, creditable and atiractive

geological reports....”

Deavid Dale Owens, 1858, Introduction lo the First Report of the Geological Reconnoissance of the northern

counties of Arkansas._made during the vears 1857 and 1838

Introduction

This work is a chronological reference
catalog of published bibliographic materials (a
bibliochrony) of the various State of Arkansas
Geological Surveys, Commissions and other
agencies, which have had the duties of describing the
geology of Arkansas for the period from 1857 to
1999, There have been numerous unpublished in-
house reports, pamphlets and other types of printed
information pertaining to the geology of the State
available from the various state agencies down
through the years. These unpublished items are not
listed in this work because a listing would be
incomplete since adequate records of the existence of
such ephemera are not available.

A bibliochrony is particularly useful to
researchers owing to its limited scope (in this case,
state  publications) and strict  chronological
arrangement. An analysis of the chronology of the
published literature of the various geclogical surveys

of geologic information and times when no literature
was published. Periods of litile to no in-state
publications may generally be traced to one or more
causes: 1) a lack of funding by the Legislature; 2} a
decision by the State Geologist to publish in
nationally circulated periodicals, rather than in-state;
or 3) a lack of priority for published works set by the
State Geologist. It is interesting that from 1893 until
1923, although there was no distinci agency that
could be considered a state geological survey, many
annual reports and articles pertaining to the geology
of Arkansas were published, some at the personal
expense of John C. Branner (N. F. Williams, personal
comm.}). During this same time, a number of articles
dealing with geologic subjects were published in-state
via reports of the Bureau of Mines, Manufactures and
Agriculture. ‘

Historical reviews of both the publications
and governmental changes that have affected the
State survey and its personnel have been published by
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various authors {Hayes 1911; Merrill 1920; Bush
1988; Manger 1988). J. P. Matthews (1933)
completed a comprehensive bibliographic study of all
Arkansas state publications which was of
considerable use in completing this compilation.
However, a comprehensive chronological
bibliography pertaining to geology heretofore has not
been widely available to the public. The work
encompassed in this project was undertaken at the
request of an individual citizen of Arkansas, but
should be of value to many.

Historical Review, with emphasis on
pre-1939°s enabiing legisation

Louisiana Purchase,
Territory Status, and Early
Statehood

1863- 1857

In 1803, Arkansas was acquired as a
part of the Louisiana Purchase when the
United States bought Louisiana from France.
Louisiana at the time consisted of some
827,987 square miles ranging from the Gulf
of Mexico to the Canadian border and from

the Mississippi River to the Rocky
Mountains. Arkansas was a pari of the
Louisiana  District  (1804-1805),  the
Louisiana  Territory  (1805-1812), the

Missouri Territory (1812-1819), and the
Arkansaw [sic] Territory (1819-1836) when
the state was admitted to the union (Hanson
and Moneyhan 1989).

From 1803 to 1857, until the
establishment of the first  Arkansas
Geological Survey, published geological



information concerning the state was scarce.
Listed below in chronological order is a
selection of the most notable references
from this period of time. None of the early
references were published in Arkansas. Of
the early English-language authors to visit
and write about Arkansas, it is notable that
G. W. Featherstonhaugh visited the region
just before statehood was granted. He was
the first geologist to be employed by the U.
S. government (Rabbitt 1979). His 1835
report is the most comprehensive of all the
early literature references concerning the
regional geology of Arkansas.

Macrery, Joseph, 1306, A description of the
Hot Springs and Volcanic Appearances in the
Country adjoining the River Quachitta [sic] in
Louisiana: [A /etrer.] New York Medical Repository,
volume I, 18006, p. 47-50.

Dunbar, William, and Hunter, George, 1806,
Message from the President....Discoveries made in
exploring the Missouri, Red River, and Washita by
Captains Lewis and Clark, Dr. Shelby and Mr,
Dunbar, 178 p. [p. 116-171]

Schoolcraft, H. R., 1819, A view of the lead
mines of Missouri; including some observations on
the mineralogy, geology, geography, etc. of Missouri
and Arkansas, 299 p.

Schooicraft, H. R, 1821, Journal of a tour
into the interior of Missouri and
Arkansas.. Performed in the years 1818 and 1819, p.
28-67.

Bringier, L., 1821, Notices of geology,
mineralogy, topography, productions, and aboriginal
inhabitants of the regions around the Mississippi and
its confluent waters, in a letter from L. Bringier, Esq.,
to Rev. Elias Cornelius: American Journal of Science
[Sitlimenr’s Jowrnal], Volume I, p. 15-46.

Nuttall, Thomas, 1821, A journal of travels
into the Arkansa [sic] Territory during the year 1819,
296 p.

Featherstonhaugh, G. W., 1835, Geological
report of an examination made during 1834, of the
elevated country between the Missouri and Red
Rivers, 97 p.[Duplication of some sections of this
report in Featherstonhaugh's 1844 report, in the
section related to Arkansas, p. 88-134.]
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Powell, W. B., 1842, A Geological report
upon the Fourche Cove and its immediate vicinity,
[Arkansas], 22 p. Sketch map.

Schoolcraft, H. R., 1853, Scenes and
adventures in the semi-alpine region of the Ozark
Mountains of Missouri and Arkansas: Philadelphia,
256 p.

A number of articles concerning the
specific minerals of given localities,
especially Magnet Cove, were published in
both the United States and Europe,
beginning with C. U. Shepard’s article on
arkansite (brookite) in 1846, but a listing of
such early specific topical references is
beyond the scope of this publication.

Owen's First and Second
Surveys — The Beginnings

1857-1860

The current Arkansas Geological
Commission and its geological survey
predecessors originated from legislative
enactment dated January 15, 1857. An
unnumbered act was passed with the title
“AN ACT to provide for a geological survey
of the State of Arkansas.” The governor of
Arkansas, Elias N. Conway, was empowered
to appoint a state geologist until the close of
the next general assembly. The state
geologist was directed to “make a
reconnoissance [sic] of the State” and
observations concerning “mining and
mineral lands, their geographical position,
extent, character and  geographical
distribution. To examine and collect
specimens of the ores of lead, iron and other
metals, of the marbles, granite, limestones,
slates, and all other rocks of economic value,
as well as the saline and mineral waters of
the State.” It was the duty of the state
geologist “to make a report of the resuits of
his investigations, suitably illustrated, to the
next regular session of the Legislature™. Dr.
David Dale Owen, then state geologist of
Kentucky, accepted the position of state
geologist for Arkansas and began the



prescribed duties on October 1, 1857. His
report, “First Geological Reconnoissance
[sic] of the Northern Counties of Arkansas,
Made During the Years 1857 and 1858, was
published in Little Rock in 1858. This was
the first publication of the Arkansas
Geological Survey.

Act No. 175 passed February 21,
1839 by the Arkansas Legislature extended
Dr. Cwen's work for two additional years. It
provided for “the {urther prosecution of the
Geological, Mineralogical and Chemical
Survey of the State of Arkansas, in
connection  with  an  Agricultural  and
Botanical Survey of said State.” The state
geologist was required to submit a report to
the governor on or before October 10, 1860.
The report was to contain accompanying
sections, maps and drawings to illustrate the
text. Dr. Owen began work on his classic
“Second Report of a  Geological
Reconnoissance [sic] of the Middle and
Southern Counties of Arkansas, Made
During The Years 1859 and 1860.”
Although he came to an untimely death in
1860, Dir. Owen was able to dictate
information for the report until three days
before his demise.  His brother Richard
and E T D. D Owen’s
assistant, completed the report and it was
published in Philadeiphia in 1860.

Dwren “ox,

1861-1865  The Civil War Years
Arkansas became involved in the
Civit War (1861-1865) and geological
survey activity was suspended for the
duration. Act. No.183, passed January 21,
1861, repealed the Act of 1857 which had
authorized appointment of a state geologist
and for a geological survey. The 1862
General Assembly of the State of Arkansas
passed a resclution “that the Secretary of
State furnish each member of this assembly
with one bound copy of the second
geological report of Dr. Owen and that he
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distribute the remaining volumes (except
fifty for use of the State) to the several
counties in this state in proportion to their
representation.”
1866-1875  The Reconstruction Years
During the legislative session of
1866, the Arkansas Senate passed a bill o
create a geological survey for Arkansas. The
bill failed to pass in the house.

Joint resolution No. 15, passed by
the Arkansas General Assembly, February
27th., 1867, authorized and directed the
Secretary of State to “distribute, equally, to
the clerks of the several courities of the siate,
with instructions to said clerks to give public
notice of their reception for gratuitous
distribution, nine hundred of the second
report” [Owen's Second Geological report].

The 1868 General Assembly of the
State of Arkansas passed resolution No.7
“authorizing the Secretary of State to furnish
each member of the General Assembly, and
other persons applying, with one copy each
of the Geological Survey of Arkansas.”

In rapid succession, Arkansas had
four state geologists from 1871 to 1875.
They were: W. F. Roberts, Sr. (1871-1873},
George Haddock (1873-1874), Wiiliam
Hazeldine (January-June 1874), and Arnoid
Syberg (June 1874-January 1875).

On March 28, 1871, Act No. LII {52}
was passed, which made provisions for the
governor to appoint a state geologist for a
two year term. Section 2 of the act required
the state geologist to make quarterly reports
to the governor. W. F. Roberts, Sr., of
Pennsylvania, was appointed state geologist,
but failed to submit a single required report.
In the Age Of Steel, published in St. Louis,
Missouri, for the years 1887-1888, there

appeared several articles authored by



Roberts, which presumably represented his
views of the geology of the state and, in
essence, was a repetition of Dr. Owen's work
(Merrill 1920). Roberts did state to John C.
Branner in 1888 that he had deposited a
manuscript in a bank, because the state was
unable to print it (Branner 1894).

On April 25, 1873, the Arkansas
Legislature passed Act No. CVIII (108),
which authorized the governor of Arkansas
to appoint a state geologist for a two year
term. The state geologist was directed to:
“proceed to make a geological examination
of the state and report to the governor the
resuits of his explorations and discoveries
once every twelve months.”

Dr. George Haddock, then of
Arkadelphia, was Assistant State Geologist
during Roberts' tenure. Haddock's 1873
“Report of A Geological Reconnoissance
[sic] On Part Of The State Of Arkansas
Made During The Years 1871-1872”. a
pamphlet of 63 pages., was the only
publication submitted for the years 1871-
1874. According to Branner (1894), it was
“of but little or no importance and adds
nothing to the work done by Owen.”

William €. Hazeldine was an
Englishman by birth, who was elected to the
Arkansas Legislature from Little River
County. He was appointed state geologist
on January 14, 1874, and removed June 29
of the same year. “As state geologist, he
made no report and so far as can be
ascertained, did no field work.” (Branner,
1804),

Arold Syberg was a native of
Prussia and served the United States as a
captain in the regular army. He served
Arkansas as state engineer and as an
engineer in the Confederacy. He was
appointed as state geologist on June 29,
1874, and served the rest of the term. In
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1894 he still resided in Little Rock. He
stated to John C. Branner (1894) *“that he
made no report, and that the only work he
did was to receive and examine specimens
sent or brought in from various parts of the
state.”

In 1874, Constitutional Provisions
Article X (10) — Section 1 gave the General
Assembly the authority to create a bureau to
be known as “the Mining, Manufacturing
and Agricultural Bureau....[and] Gave
authority for creation of the office of state
geologist, appointed by the governor and by
and with the consent of the senate™ (Branner
1927). There are no records to indicate that
the governor ever appointed a state geologist
during this time. Neither did the General
Assembly create a mining, manufacturing
and agriculture bureau under the auspices of
this act.
1876-1886 The Doldrums

In 1881, a bill for geological survey
work was defeated in both branches of the
General Assembly (Branner 1894).

In 1883, the Arkansas Senate made a
concurrent  resolution  “authorizing
directing the Governor to make application
to the Secretary of the Interior of the United
States for a geological survey of the State of
Arkansas”  (Branner  1894). No
documentation has been located during this
research to determine whether or not the
governor followed the directive and/or if a
response was received from the Secretary of
the Interior. Branner (1894) states, “Nothing
seems to have come of this effort to obtain
help from the national government.”

v A
ariG

The John C. Branner
Survey — A Renaissance

1887-1893

On March 5, 1887, the Arkansas
Legislature passed Act No. XLV (45) which



made provision for a new Geological Survey
of Arkansas. The pertinent parts of the 10-
part act are summarized as follows:

e With the advice and consent of the
state senate, the governor was
required to appoint a competent state
geologist for a two year term. In this
act the governor had the authority to
remove the state geologist from office
for incompetence or gross neglect of

duty.

e A Geological Corps was to be
established to make a thorough
geological, agricultural, and

mineralogical survey of every county
in the state. A chemical analysis of
all mineral ores, soils, and mineral
waters was to be performed. The
elevations of the state were to be
determined by means of barometric
observations.

e If the state geologist or his staff make
the discovery of any valuable deposits
of mineral, metals, ores, clays, coals
or anything else of value, he is
required to notify the individual
property owners forthwith and, if on
state lands, he shall notify the
Governor without deiay.

e The state geologist was required, on
or before the first Monday in
December of each year “to make a
printed report to the governor of the
results and progress of the survey,
accompanied by such maps, profiles
and drawings as may be necessary to
exemplify the same.”

e A final report was due when the
survey was completed.

e No money was to be paid for the
survey until the state geologist had
performed his duties.
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Dr. John C. Branner was a professor
at the University of Indiana, which station he
left upon being appointed state geologist of
Arkansas. He began his duties on June 24,
1887. His office was based at Fayetteville
and was associated with the Arkansas
Industrial University, now the University of
Arkansas . Dr. Branner immediately hired a
number of youthful geologists and assistants.
Dr. F. W. Simonds, the geology and botany
professor at the University, was also an
assistant geologist on the Arkansas
Geological Survey for John C. Branner
(Manger 1988). Under his guidance and
direction, the Arkansas Geological Survey
produced a variety of reports pertaining to
significant geological, mineralogical,
economic and miscellaneous concerns.
Branner's series of Annual Reports for the
years 1888-1892 sparked a brief renaissance
in Arkansas geologic investigation and
literature, essentially dormant since the time
of David Dale Owen. However, his
administration was not without adversity. In
1886-1887, rumors of gold and silver
occurrences in western Arkansas ran
rampant. Branner came to the conclusion
that it was of utmost importance to the state
of Arkansas to conduct a scientific
geological survey to determine if gold or
silver did exist in mineable quantities in
Garland, Montgomery and other counties in
western Arkansas. He directed assistant
geologist, Theodore B. Comstock to conduct
the required field work. Comstock
concluded there was no scientific geological
evidence to support such beliefs. This
conclusion was supported by Branner.
Branner turned over the manuscript to the
press the same day he officially presented
the governor with it. Opposition to the
report was so strong in the Arkansas
Legislature and from bilked investors who
saw their dreams-of-riches bubble burst, that
the Legislature refused to fund a formal
independent state geological survey for some
thirty years after Dr. Branner's tenure, which



ended when Act LXVI (66) of 1893
abolished the state geological survey on
March 16, 1893. Even though one hundred
years have passed since the report was
published, no geological evidence has been
discovered to dispute their conclusion —
“That the results of the Survey's
investigations of the gold mines of the State
must prove a disappointment to many, and
that they will excite the animosity of others,
are foregone conclusions. Public welfare
and official integrity, however, alike demand
that these results be made known” (Branner
1888).

Some of the survey employees under
Branner's guidance later gained recognition
in the geologic and engineering professions.
J. F. Williams, R. A. F. Penrose, Jr., F. W.
Simonds, T. B. Comstock, J. P. Smith, and
Herbert Hoover (U. S. President 1929-1933)
were among those so honored.

John C. Branner’s reports are mainly
in the form of monographs of the subject
treated and were issued as volumes of
annual reports. It is important to note that
not all of Branner's survey reports were
published by the state. Therefore, those
manuscripts are not included in the
bibliochrony printed below. Appendix A on
page 37 contains a listing of the Annual
Reports for the John C. Branner survey, not
by year of actual publication, but by the
years the Annual Reports were due. The
unpublished manuscripts are: Annual Report
of the Geological Survey for 1889, Vol. I,
Clays, Kaolins and Bauxites; Annual Report
of the Geological Survey for 1892, Vol. III,
Coal (Final Report); and Annual Report of
the Geological Survey for 1892, Vol. IV,
Lower Coal Measures. Of the annual
reports, only a portion of one was later
published by the U. S. Geological Survey:
1889, Vol. I, Clays, Kaolins and Bauxites
became U. S. G. S. Bulletin 351 (1908) —
The Clays of Arkansas by John C. Branner.
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The remaining two manuscripts pertaining to
Arkansas coal were not published, although
A. A. Steel completed and had published by
the Geological Survey of Arkansas a report
entitled Coal Mining in Arkansas - Part [
and II in 1910 under the supervision of A. H.
Purdue, ex-officio state geologist.

Act LXXV (75) was passed April 1,
1889. This act made provisions “to Regulate
the Printing and Distribution of the Reports
of the Geological survey.” A total of 4,000
copies of each published Geological Survey
Report were to be printed, with distribution
to be made by the Secretary of State as
follows: 50 copies to the governor, 10 copies
to each of the members of the senate and
house, 10 copies each to five other state
officers, 300 copies to the state geologist,
200 hundred copies to the State Librarian for
exchange with other states and territories,
one copy to each college in the state and one
copy to the State University of each state in
the union. One copy was to be sent to each
of 25 specified scientific societies of the
United States which had libraries. The state
library was to retain 10 copies and the
remainder were to be sold as nearly as
possible to cover the cost of production.
The volumes and maps could not be sold
separately.

In Acts of Arkansas — 1897, Senate
Concurrent  Resolution  (Number) 3,
Geological Reports; the Secretary of State
was authorized “to deliver to the Arkansas
Industrial University [now University of
Arkansas at Fayetteville] twenty-five copies
of each volume of Professor Branner’s
Geological Reports.”

Act CXLVI (146) of May 8, 1899,
appropriated $10,000 to pay the present
indebtedness of J. C. Branner (noted as
$650) and costs incurred with the
preparation of five unpublished manuscripts
which remained from the original Branner



survey {(Coal; Lower Coal Measures; Clay,
Kaolins and Bauxites: Zinc and Lead, and
Geology of the State). The Secretary of the
State was authorized to have 4,000 copies of
each report printed. It should be noted that
only Branner's manuscript on zine and lead
was published as an Annual Report of the
Arkansas  Geological  Survey. Two
ambiguous manuscripts dealing with the
Geology of Arkansas and for the Mineral
Resources of Arkansas were not located
during research for this publication.
1894-1907'  Publications by the Bureau of
Mines, Maonufactures and
Agriculture

On March 7, 1889 the Arkansas
Legislature passed Act XXX (30) creating
the Bureau of Mines, Manufactures and
Agriculture (BMMA)., The BMMA was a
separate state agency, based in Little Rock,
and was never a part of the state survey, but
apparently worked in close cooperation with
Branner’s survey through 1892, The
Commissioner of Mines, Manufactures and
Agriculture was charged with keeping a
record of all persons and companies engaged
in mining and manufacturing in the state.
He was also charged with soliciting
mformation  from the  mining  and
manufacturing businesses as to the extent of
deposits, output, cost of preduction and
transportation facilittes.  Any individual
owning mineral lands not in production was
to be queried as to character of the mineral,
extent of deposit, facilities for working and
transportation and other pertinent
information. This information was to be
provided to peoples moving or investing in
the state. The BMMA was charged with
procuring specimens of vegetable, mineral
and manufactured products of the state for
the World’s Industrial and American
Exposition at New Orleans and afterward
placing the exhibits, properly labeled,
documented and cataloged, in the State

Capitol or other suitable facility so that they
might be viewed to the best advantage.

The First Biennial Report, published
in 1891, was for the years 1889-1890.
Biennial reports often included topics on
geology, minerals, mining, and related
general subjects, particularly afier 1892,
The report period was irregular; the 9™ being
from 1905-06 and the 10 for 1911-12. No
reports were 1ssued for the periods: 1901-02,
1907-10, and 1915-20 (Matthews, 1933)
The title varies in this series. Information of
interest to users of this bibliography has
been noted from selected BMMA reporis.
Through 1933, the bienmal reporis were
sporadicaily published independently. The
BMMA was abolished by the Legislature by
Act 153 of 1933, A few reports are
presented in the bibliography which were
published cooperatively by the BMMA and
the Arkansas Geological Survey, which,
phoenix-like, began agam in 1923
Appendix B on page 38 lists the published
biennial reports of the BMMA in serial
order.

Dr. Branner continued to make
contributions for the benefit of Arkansas
after leaving the state. In 1902, he and Dr.
John F. Newsom co-authored Builetin 74,
“The Phosphate Rocks of Arkansas,” under
the aegis of the Arkansas Agrcultural
Expertment Station at Fayetteville. Branner
and Newsom were on the faculty of Leland
Stanford Junior University at the time of
publication.

"This date was chosen because during this peried of
time there was no specific agency or department
which had, as its principal goal, a geological survey
of the state.



1907-1923  Department of Geology,
University of Arkansas,
Fayetteville
In 1907, an alternative to an

independent geological survey was created
by the Arkansas Legislature. Act 417 passed
May 28, 1907, provided the sum of $1,800
for a “geological survey of the slate deposits
in Arkansas in cooperation with the U.S.
Geological Survey.”  The Governor of
Arkansas, the President of the University of
Arkansas, and the Commissioner of Mines,
Manufacturers and Agriculture, comprised
the Geological Commission of Arkansas and
provided direction for Geological Survey of
Arkansas. The three members of the
Commission received no pay for their
service, but did receive reimbursement for
actual necessary expenses. Act 417 states:
“the professor of geology of the University
of Arkansas was designated as ex-officio
State Geologist and was required to devote
15 percent of his time to survey work.”
There were to be eight assistants, one
geologist atd, six engineering aids, and one
clerk. 'The assistants were all either
professors or advanced university students.
Act 348, passed May 31, 1909, provided an
additional $5,000 to continue the work
These two acts were passed solely for
specified survey work. Even though the
General Assembly of 1911 (Act 425) made
an appropriation of $7,500 for the
Geological Survey, it was vetoed by the
governor. Ex-officio State Geologists at the
University during this time period included
Professor A. H. Purdue (1896-1912),
Professor N. ', Drake (1912-1920), and
Professor G. H. Cady (1920-1926) (Manger
1988). Dr. Cady was later recognized as one
of the pre-eminent coal geologists of his
generation by the Geological Society of
America.  Records also indicate that a
former student at the University of Arkansas
under Dr. Purdue, H. D. Miser, was Acting
State Geologist of Arkansas for a period of
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time during 1919, during which he was on
leave-of-absence from the U. S. Geological
Survey (Trapp 1970). George C. Branner
became State Geologist in 1923 (see below).

Steel’s report on coal, under Dr.
Purdue’s auspices, was privately financed
and published in 1910 because the

Legislature had ceased funding for
publications.
1923-1942  The George C. Branner
Survey — The Arkansas
Geological Survey: 4
Phoenix Revived
Act 573 of Marck 22, 1923

reestablished both the office of the State
Geologist and the geological survey of
Arkansas, which has continued as a separate
government entity to the present (under
various names). George C. Branner, John C.
Branner’s son, was appointed State
Geologist and held that position until 1942.
The younger Branner had no formal geologic
training, and ‘“‘the amount of new work
performed in the 18 years he headed the
survey was only a fraction of what his father
had accomplished in less than a third the
time” (RBush 1082)  Prohably the mogt
notable accomplishments during George C.
Branner’s survey was the completion of the
first State geologic map (1929), n
cooperation with the U. S. Geological
Survey, and the establishment in 1930 of the
agency’s Bulletin series (Bulletin 1) by the
publication of Carl Dane’s work and the
beginnings of the agency’s Information
Circular series (Information Circular 1) with
the publication of Bryan Parks’ manuscript.
Many significant U. S. Geological Survey
publications pertaining to Arkansas were
completed during this time, so the geologic
literature about Arkansas is not entirely
lacking significant works. The publication
of an annual administrative report of the



state geologist during this period was, at the
best, sporadic.
1943-1945  The remaining war yvears

Richard J. Anderson served as
Acting State Geologist from 1942 to 1943,
Joe W. Kimzey served as State Geologist
from 1943 to 1945, Neither had any formal
geologic training and only two survey
publications exist for this time period.
1945-1962 A reorganization period and
the beginnings of the present
staie survey

The end of World War i brought
about a reorganization of state government,
with the Geological Survey being placed in
the Arkansas Resources and Development
Commission as the Division of Geology.
This change took place in 1945 and Harold
B. Foxhall served as Director and State
Geologist from 1945 until 1951. During the
reorganization, the geological survey’'s staff
lost 11 positions. In 1946, the staff
consisied of the State Geologist, one staff
geologist, a secretary, a chemist, and a
geologist hired just for the summer.

Beginning in 1946, the survey’s staff
began to increase in number, along with its
publication output. In 1951, Norman F.
Williams, or “Bill” as he was known 1o
most, was appointed Director and State
Geologist of Arkansas. In 1955, the
geological survey was called the Arkansas
Geological and Conservation Commission.
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1963-1999  The Arkansas Geological
Commission — Into the
Second 100 years
In 1963, the state survey was

designated as the Arkansas Geological
Commission (AGC). In the 1970’s, a
governmental reorganization placed the
AGC under the Department of Commerce,
one of 12 wmajor state government
departments. From November 6, 1974, 1o
January 27, 1975, Drew F. Holbrook was
Acting Director and Acting State Geologist.
N. F. Willlams resigned as Acting Director
of the Department Commerce and returned
to the AGC as Director and State Geologist
on January 28, 1975, Tn 1977, the State
Land Survey Division was added io the
agency. In 1983, the Legislature abolished
the Department of Commerce and the AGC
again became a separate entity. Today the
Arkansas Geological Commission is made
up of the Geology Division and the Land
Survey Division. The number of employees
has increased to around 32. On April 1,
1995, William V. Bush became the Acting
Director and Acting State Geologist and was
appointed Director and State Geologisi on
November 7, 1995, by the Governcr, From
1963 to 1999, the number and variety of

publications dremetically ‘noregced. Ths
state’s literature listing includes bulletins,
information circulars. guidebooks, water
resource summaries and circulars, geologic
software, and miscellaincous publications.
The second geologic map of Arkansas,
printed in 1976, and its revision in 1993,
stand as a notable accomplishment among
the many and varied publications during this

period of time.
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®  Survey of the Fourche Cove in Pulaski County, Arkansas, by Joseph Lesley, p. 155-162.
o Chemical anatvsis of soils, subsails, underclavs, clay, and nitre-earihs of Arkansas, by [ D. Gwen and
Robert Peter, o, 163287,
¢ Chemical analyses made for the geological survey of Arkansas, by William Elderhorst, p. 289-294.
e Botanical and Paleontological Repeit of the Geological Survey of Arkansas, by Leo Lesquereux, p.

205.399,
e Second report of a geclogical reconnoissance [sic] of a part of the State of Arkansas made during the

years 1859-1860, by E. T. Cox, p. 401-420.

1861 - 1870

No reports.

i871 - 1880

Haddock, George, 1873, Report of a geological reconnoissance [sic] of a part of the state of
Arkansas, made during the years 1871-1872, 63 p.

881 - 1890
Branner, J. C., 1887, Annual report of the geological survey for Arkansas for 1887: Arkansas
Geological Survey, 10 .

Comstock. T. B., 1888, Report upon the geology of western central Arkansas, with especial
reference to gold and silver: Arkansas Geological Survey, Annual report for 1888, Vol. I, 2 maps.

320 p. Papers include:
s Administrative report, by John C. Branner, p. XV-XXXI.

Hill, R. T., 1888, The Neozoic geology of southwestern Arkansas: Arkansas Geological Survey,

Annual Report for 1888, Vol. Ii, Mesozoic, 1 map, 319 p. Papers include:
#  The northern limits of the Mesozoic rocks in Arkansas, by O. P. Hay, p. 261-290.
e On the manufacture of portland cement, by John C. Branner, p. 291-302.
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Winslow, Arthur, 1888, The geology of the coal regions; A preliminary report upon a portion of
the coal regions of Arkansas: Arkansas Geological Survey, Annual Report for 1888, Vol. Ill, 1

map, 122 p.

1891 - 1900

Call, R. E., 1891, The geology of Crowley's Ridge: Arkansas Geological Survey, Annual Report
for 1889, Vol. I, 2 maps, 283 p. Papers include:

¢  On the relationship of the Pleistocene to the pre-Pleistocene formations of Crowley's Ridge, and
adjacent areas south of the limit of glaciation, by R. D. Salisbury, p. 224-248.
= Description of fossil woods and lignites from Arkansas, by F. H. Knowlton, p. 249-267. [Reprinted

as a separate, no date. |

Penrose, Jr., R. A. F., 1891, Manganese: Its uses, ores, and deposits: Arkansas Geological
Survey, Annual Report for 1890, Vol. 1, 3 maps, 642 p.

Locke, M. F., 1891, First Biennial Report from the Bureau of Mines, Manufactures and
Agriculture of the State of Arkansas for the years 1889 and 1890, 180 p. [The bulk of this
publication is under the Heading: Agricultural, statistical and general descriptions of the
counties: beginning on p. 74.| Papers include:

o [Sketch of the resources of} Sebastian County, by J. H. Clendenning, p. 152-154.

Simonds, F. W., 1891, The geology of Washington County: Arkansas Geological Survey, Annual

Report for 1888, Vol. IV, 1 map, 262 p. Papers include:
» The Fayetteville-Huntsville section, by G. D. Harris, p. 149-154.
* A list of the plants of Arkansas, by I. C. Branner and F. V. Colville, p. 155-242.
» Notes on the botany of Arkansas, by F. V. Coville, p. 243-252.

Williams, J. F., 1891, The igneous rocks of Arkansas: Arkansas Geological Survey, Annual

Report for 1890, Vol. I, 6 maps, 457 p. Papers include:
e The basic dikes occurring outside of the syenite areas of Arkansas, by J. F. Kemp, p. 392-406.
e  Tabulation of the dikes of igneous rock of Arkansas, by J. F. Kemp and 1. F. Williams, p. 407-427.

Griswold, L. S., 1892, Whetstones and the novaculites of Arkansas: Arkansas Geological Survey,

Annual Report for 1890, Vol. 111, 2 maps, 443 p. Papers include:
»  The geologic age of the graptolite shales of Arkansas, by R. R. Gurley, p. 401-413.
s New species of graptolites, by R. R. Gurley, 416-418.
* The geological age of the rocks of the novaculite area, by C. S. Prosser, p. 418-423.
e Notes on lower Carboniferous plants from the Ouachita uplift, by C. S. Prosser, p. 423-424.

Branner, J. C., 1892, The mineral waters of Arkansas: Arkansas Geological Survey, Annual

Report for 1891, Vol. 1, 1 map, 144 p. Papers include:
e  Sanitary water analysis, by R. N. Brackett, p. 121-138.

Penrose, R. A F., Jr., 1892, The iron deposits of Arkansas: Arkansas Geological Survey, Annual
Report for 1892, Vol. L., | map, 153 p. [Following the index is a "List of the Publications of the
Geological Survey of Arkansas. "'}
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Locke, M. F., 1893, Second Biennial Report from the Bureau of Mines, Manufactures and
Agriculture for 1891 and 1892, 115 p. [Headings include: Mines and miners (p. 27-31), The
World's Colombian Fxposition (p. 40-42), and The mineral wealth of Arkansas (p. 42-51).]

Hopkins, T. C., 1893, Marbles and other limestones: Arkansas Geological Survey, Annual
Report for 1890, Vol. IV, 443 p. Separate bound Atlas with six geological fold out maps.

Branner, J. C., 1894, Miscellaneous reports: Arkansas Geological Survey, Annual Report for
1891, Vol. II, 2 maps, 349 p. [Following the index is a commeniary on the manner of distribution
Jfor the survey reports as provided by the 1893 Legislature and a "List and prices of the reports
of the Geological Surveys of Arkansas."] Papers include:
s  The geology of Benton County, by F.W. Simonds and T.C. Hopkins, p. 1-75.

Elevations in the State of Arkansas, by J. C. Branner, p. 77-152.

Observations on erosion above Little Rock, by J. C. Branner, p. 153-166.

Magnetic observations and meridian monuments established in Arkansas, by J. C. Branner, p. 167-176.
The Mellusca of Arkansas, by F. A. Sampson, p. 177-199. [Reprinted as separate, no date.]

The Myriapoda of Arkansas, by C. H. Bollman, p. 201-214. {Reprinted as separate, no date.]
The fishes of Arkansas, by S. E. Meek, p. 215-276.

The geology of Dallas County, by C. E. Siebenthal, p. 277-318.
Bibliography of the geology of Arkansas, by J. C. Branner, p. 319-340.

e & a 2

Harris, G. D., 1894, The Tertiary geology of southern Arkansas: Arkansas Geological Survey,
Annual Report for 1892, Vol. IL., 1 map, 207 p. [Two unnumbered pages following the index are
titled "The Reports of the Geological Surveys of Arkansas" and "List of the Reports of the
Geological Surveys of Arkansas."|

Vincenheller, W. G., (18957), Third Biennial Report from the Bureau of Mines, Manufactures
and Agriculture of the State of Arkansas for the Years 1893 and 1894, 208 p.. [Headings
include: Mineral waters (p. 116-117), Limestone (p. 117), Granite (p. 117-119), Kaolin deposits
(p. 125-126), Whetstones, oilstones, and scythestones (p. 127-128), Bluestone (p. 133), Sandstone
(7. i33-134), Manganese (p. 135, Produciion of manganese ores in the United Siates in 1839 (p.
136), Agricultural marls and chalks of Arkansas (p. i44-147), Coal (p. 147-154), Brick clays (p.
155), and Ochres and clays (p. 179-183).] Papers include:

e 1] S mining laws, by 5. W. Lamoreaux, p. 31-68.

e Report on bauxite, by J. C. Branner, p. 119-126.

o Oilstones, by J. J. Sutton, p. 129-132. [Reprinted in the Fourth Biennial Report. |

e Extract of The iron deposits of Arkansas, by R. A. F. Penrose, {Ir.}, p. 137-143. [Reprinted in

Fourth Biennial Report. ]

Vincenheller, W. G., 1896, Fourth Biennial Report from the Bureau of Mines, Manufactures and
Agriculture of the State of Arkansas for the Years 1895 and 1896, 175 p. [Headings include:
Mines (p. 103), Limestone {p. 103), Granite and uses of blue granite (p. 103-105), Bauxite (p.
105-110), Kaolin deposits (p. 110-112), Whetstones, oilstones, and scythestones (p. 112-113),
Bluestone (p. 117}, Sandstone (p. 117-118), Manganese (p. 118-119), [Extract from] Iron
depusits of Arkansas by R. A. F. Penrose, Jr. (p. 119-121), Distribution of iron ore in Arkansas
(p. 122), Table of iron ore localities in Arkansas (p. 123-127), Agricultural marls and chalks of
Arkansas (p. 125-130), Coal (p. 130-136), Arkansas ochres (p. 137-138), and South Arkansas
clays (p. 138-140.] Papers include:
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e Road making materials in Arkansas, by 1. C. Branner, p. 90-101.{Reprinted in Fifth Biennial

BMMA Report.)
e Oilstones, by 1. 1. Sutton, p. 114-117.

Vincenheller, W. G., [18997], Fifth Biennial Report from the Bureau of Mines, Manufactures
and Agriculture of the State of Arkansas for the Years 1897 and 1898, 141 p. [Topics include:
Various minerals (p. 8-9). Antimony, cement, and coal (p. 69-70), and Road materials (p. 131-
141).] Papers include:

e  Mineral resources of north Arkansas, by H. F. Maggard, p. 65-68.

s  Report of the Inspector of Mines, by Robert Boyd, p. 71-120.

Branner, J. C., 1900, The zinc and lead region of north Arkansas: Arkansas Geological Survey,
Annual Report for 1892, Vol. V, 395 p. Separate bound Atlas of seven geological fold out maps.

Papers include:

¢  The Paleozoic faunas of northern Arkansas, by H. 8. Williams, p. 268-362.

=« Bibliography of the geology of north Arkansas, by J. C. Branner, p. 363-375.

#  The reporis of the Geological Surveys of Arkansas, by J. . Branner, p. 394,

s Lists and prices of the reports, by J. C. Branner. p. 394-395.
[On November [7, 1900, John C. Branner, then of Leland Stanford Junior University, submitied
the following letter to Avkansas Governor Dan C. Jones. "At the expiration of my term as State
Geologist of Arkansas (March 16, 1893) several volumes of my report remained unfinished. An
appropriation made by the Legislature of 1899 for printing some of the unpublished volumes has
made it possible to issue Volume V of the Annual Report For the year 1892, That volume [ have
the honor to submit herewith.” Thus, the reason for an eight year delay in the publication of

volume V' is apparent.]

1991 - 1910

Hill, Frank, and Guthrie, E. P., 1901, Sixth Bienmal Report from the Bureau of Mines.
Manufactures and Agriculture of the State of Arkansas for the years 1899-1900, 216 p.
[Headings include: Arkonsas minerals and mining (0 158-174) Lows relating 1o the operation

of mines in Arkansas (p. 175-181).] Papers include:
e A brief synopsis of the mining and homestead laws, by J. W, Story, p. 155-158.

Branner, J. C., and Newsom, J. F., 1902, The phosphate rocks of Arkansas: Arkansas
Agricultural Experiment Station Bulietin No. 74, 123 p.

Bradford, H. T., and Apple, W. 1., [19067], Eighth Biennial Report from the Bureau of Mines,
Manufactures and Agriculture of the State of Arkansas for the Years 1903 and 1904: 318 p.
{Headings include: Arkansas minerals and mining (p. 194-200), Granite (p. 206), Bauxite
deposits (p. 208-212). Kaolin deposits (p. 212-213), Native chalk (p. 214-216). Laws relating 10

the opef ation of mines in Arkansas (p. 242-250).] Papers include:
Arkansas at the World’s Fair, by H. T. Bradford and W. I. Apple, p. 27-43.
»  Extract from the United States Geological Survey on the Camden coal fields of south-western [sic]
Arkansas, by J. H. Taft, p. 201-206.
»  Mineral resources and mining of north Arkansas, by J. A. Flinn, p. 216-219.
* A brief synopsis of the mining and homesteading laws, by J. W. Story, p. 238-242. [Reprinted in the

Ninth Biennial Report. |
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Bradford, H. T., and Apple, W. 1., [19087], Ninth Bienmal Report from the Bureau of Mines,
Manufactures and Agriculture of the State of Arkansas for the Years 1905 and 1906: 225 p.

[Headings include: Report of mine inspector (p. 205-208).] Papers include:
e  The new state capitol, by H. T. Bradford and W. J. Apple, p. 23-25.

Schneider, P. F., 1907, A preliminary report of the Arkansas diamond fields in Bulletin of the
Arkansas Bureau of Mines, Manufactures and Agriculture for 1907, Little Rock, 16 p.

Purdue, A. H., 1909, Slates of Arkansas: Arkansas Geological Survey, 170 p. Includes:
s Bibliography of the geology of Arkansas by J. C. Bramner, p. 97-164.

Steel, A. A., 1910, Coal mining in Arkansas, Parts | and Il [in one volume]: The Geological
Survey of Arkansas, 632 p. [pages consecutively numbered. Part I — p. 1-383, Part I — p. 384-
6321

1911-1928

Gladson, W. N., 1911, Water powers of Arkansas: A preliminary report on White River and
some of its tributaries: Geological Survey of Arkansas, 94 p.

Sloan, C., and Hutchins, R. M., 1912, Tenth Biennial Report of the Bureau of Mines,
Manufactures and Agriculture of the State of Arkansas 1911-1912, 221 p. [Headings include:
Mineral resources (p. 61-71), which includes a list of minerals known from Arkansas and county

where found.] Papers include:
¢ Fold out relief map of Arkansas, by J. C. Branner, p. 3-4.
s  Waterpower in Arkansas, by W. N. Gladson, p. 51-32.

Page, J. H., and Hutchins, R. M., [19157]. Eleventh Biennial Report from the Bureau of Mines,
Manufactures and Agriculture of the State of Arkansas for the years [913-1914, 366 p.
[Headings in large report include: Mineral resources and list of Arkansas minerals by county (p.
24-37), Geological survey (p. 37-39), Gas and oii survey (p. 39-40), Comments on relief map (p.
40).] An abbreviated report of 61 pages was published with the same title.

Ferguson, J. G., 1920, Outlines of the geology. soils, and minerals of the State of Arkansas:
Bureau of Mines, Manufactures and Agriculture, 182 p. Papers include:
s  Dr. Branner outlines work for new geological survey, [letter o J. (. Ferguson], by J. C. Branner, p. 14.
e Incidents in the history of the Geological Survey of Arkansas, and some conclusions to be drawn
therefrom, by 1. C. Branner, p. 15-20.
o Geology and general topographic features of Arkansas, by H. D. Miser, p. 21-42. [Reprinted in
Minerals of Arkansas by Ferguson, 1922, p. 11-34.]
s Oil and gas geology as viewed by Dr. John C. Branner [/etter], by 1. C. Branner, p. 104-105.
e  Petroleum and natural gas, by N. F. Drake, p. 108-119.
s  Soil reconnaissance of the Ozark region, by C. F. Marlbut, 162-182.
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1921-1930

Ferguson, J. G., 1921, Arkansas marketing and industrial guide: Department of Mines,
Manufactures and Agriculture, Bureau of Markets, 215 p. [Directory of marufacturers classified
and published for “producers of timber and minerals "]

Ferguson, J. G., 1921, Outlines of the geology, soils and minerals of the State of Arkansas:
Bureau of Mines, Manufactures and Agriculture, 192 p.

Ferguson, J. G., 1922, Arkansas information: Bureau of Mines, Manufactures and Agriculture, 29
p.

Ferguson, J. (., 1922, Minerals in Arkansas including a review of oil and gas conditions: Bureau
of Mines, Manufactures and Agriculture, 160 p.

Bell. H. W., and Kerr, J. B., 1922, The El Dorade, Ark.[,} oil & gas field: State of Arkansas
Bureau of Mines, Manufactures and Agriculture, in cooperation with the U. S. Bureau of Mines,
the U. S. Geological Survey, and the University of Arkansas, 11 fold-out documents, 90 p.

Papers include:
e  Drilling and production, by H. W. Bell and J. B. Kerr, p. 7-70.
s El Dorado oil field, by U. S. Geological Survey, p. 71-86.
¢ New wells show extension of El Dorado field, by I. A. Brake, p. §7-90.

Ferguson, J. G.. 1923, Arkansas Feed Manual — agricultural Arkansas 1923: [15™] Biennial
Report of the State Department of Mines, Manufactures and Agriculture, 307 p. [Headings
include: Brief facts about Arkansas including diamonds, minerals, gas and oil (p. 185-187).]

Report includes:
e  Soil and soil [-] building materials in Arkansas by N. F. Drake, p. 204-210.

Bell, H. W, Haury, P. S., and Kelly. R. B., 1924, Preliminary report on the eastern part of the
Smackover, Arkansas[,] oil and gas field: Arkansas Bureau of Mines, Manufactures and
Agriculture, in cooperation with the U. S. Bureau of Mines, 4 fold-out geological maps and
tables, 43 p.

Branner, G. C., 1924, Answers to questions about Arkansas mineral resources: Arkansas
Geological Survey and Bureau of Mines, Manufactures and Agriculture, 48 p.

Drake, N. F., 1924, Mineral fertilizers in Arkansas: Bureau of Mines, Manufactures and
Agriculture, 52 p.

Wilkes, W. N., 1925, Minerals of Arkansas: Bureau of Mines, Manufactures and Agriculture,
127 p.

Branner, G. C., 1927, An outline of the petroleum and natural gas resources of Arkansas:
Arkansas Geological Survey, 47 p.

Branner, G. C., 1927, An outline of the physical features of Arkansas: Arkansas Geological
Survey, 24 p. [Reprinted from Qutlines of Arkansas’ mineral resources, 1927, 352 p.]
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Branner, G. C., 1927, Outlines of Arkansas’ mineral resources: Bureau of Mines, Manufactures
and Agriculture and the Arkansas Geological Survey, 352 p. [An expansion of Ferguson's 1920
Outlines of the geology, soils and minerals of the State of Arkansas. |

Branner, G. C., 1928, Annual Administrative Report of the State Geologist for the period from
December 1, 1926 to December 1, 1927: Arkansas Geological Survey, 16 p.

Branner, G. C., 1928, An outline of the metallic minerals of Arkansas: Arkansas Geological
Survey, 62 p. [Revised reprint from Qutlines of Arkansas’ mineral resources, 1927, 352 p. |

Branner, G. C., 1929, Annual Administrative Report of the State Geologist for the period from
December 1, 1927 to December 1, 1928: Arkansas Geological Survey, 30 p.

Dane, C. H., 1929, Upper Cretaceous Formations of southwestern Arkansas: Arkansas
Geological Survey Bulletin 1, 215 p.

Henbest, L. G., [19297], Geologic formations in Arkansas; Arkansas Geological Survey, 1 p.
[Chari]

Israelsky, M. C., 1929, Upper Cretaceous Ostracoda of Arkansas: Arkansas Geological Survey,
29 p. [Later designated Arkansas Geological Commission Miscellaneous Publication 4.]

Miser, H. D., and Stose, G. W, eds., 1929, Geologic map of Arkansas: Arkansas Geological
Survey in cooperation with the U. S. Geological Survey, 1 sheet, scale 1:500,000. [Reprinted in
1949 with road overlay.]

Staff, 1929, Map of Arkansas showing location of all oil and gas wells drilled in the state of
which reliable records are available, sectionalized: State Geological Survey, Little Rock, scale 1
inch =3 miles. [meqsures 7 X 8 feet)

Croneis, C. [(G.], 1930, Geology of the Arkansas Paleozoic area, with especial reference to oil
and gas possibilities: Arkansas Geological Survey Bulletin 3, 477 p.

Frame, W. A., 1930, Stream gauging in Arkansas from 1857 to 1928: Arkansas Geological
Survey, 141 p. [Later designated Arkansas Geological Commission Miscellaneous Publication
5]

Giles, A. W., 1930, St. Peter and older Ordovician sandstones of northern Arkansas: Arkansas
Geological Survey Bulletin 4, 182 p. Papers include:

s Possible economic value of the St. Peter and older Ordovician sandstones in northern Arkansas, by E.
E. Bonewits, p. 159-182.

Staff, 1930, Topographic map of the Gulf Coastal Plain of Arkansas showing highways and oil
and gas fields: Arkansas Geological Survey in cooperation with the U. S. Geological Survey and
the Arkansas State Highway Commission, Little Rock, scale 1: 500,000, [measures 34.5 X 39
inches]
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Staff, 1930, Topographic map of the state of Arkansas showing highways, mineral industries,
power-transmission lines, and oil and gas pipe lines: Arkansas Geological Survey in cooperation
with the U. S. Geological Survey and Arkansas State Highway Commission, Little Rock, scale
1:500,000. [measures 34.5 X 39 inches]

Stearn, N. H., 1930, A geomagnetic survey of the bauxite region in central Arkansas: Arkansas
Geological Survey Bulletin 5, 16 p.

1931-1940
Page, Earl, [19317], Nineteenth Biennial Report from the Bureau of Mines, Manufactures and

Agriculture of the state of Arkansas for the years 1929 and1930: Little Rock, 223 p. [Headings

include: Minerals (p. 37-41).] Papers include:
e Review of Arkansas mineral production for the past 30 years, by G. C. Branner, p. 45-52. [First
published in the Arkansas Democrai November 2, 1930, includes a fold out map
depicting doliar value of mineral production from 1900 to 1929.]

Branner, G. C., 1932, Annual Administrative Report of the State Geologist for the period from
December 1, 1931 to November 30, 1932: Arkansas Geological Survey, 27 p.

Branner, G. C., 1932, Cinnabar in Arkansas: Arkansas Geological Survey Information Circular 2.
51 p. [Reprinted in 1964 and 1968.]

Parks, Bryan, 1932, A barite deposit in Hot Spring County, Arkansas: Arkansas Geological
Survey Information Circular 1, 52 p.

Parks, Bryan, and Hansell, J. M., 1932, Black marbles in northern Arkansas: Arkansas
Geological Survey Information Circular 3, 51 p.

Rell HO W, 1933, Discovery of rock-salt deposit in deep well in Unign County, Arkensas:

Arkansas Geological Survey Information Circular 5, 21 p.

Branner, G. C., and Hansell, J. M., 1933, Earthquake risks in Arkansas: Arkansas Geological
Survey Information Circular 4, 13 p.

Page. Earl. [19337], Twentieth Bi-ennial [sic] report of the Arkansas Bureau of Mines,
Manufactures and Agriculture for the years 1931 and 1932: Little Rock, 36 p. [Headings include.
Mining and minerals (p. 7-8).]

Spooner. W. C., 1935, Oil and gas geology of the Gulf Coastal Plain in Arkansas: Arkansas

Geological Survey Bulletin 2, 516 p. Papers include:
*  Upper Cretaceous Ostracoda, by M. C. Israelsky, p. 475-496.

Bramlette, M. N., 1936, Geology of the Arkansas bauxite region: Arkansas Geological Survey
Information Circular &, 68 p.
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Branner, G. C., 1936, Annual Administrative Report of the State Geologist for the period from
December 1, 1935 to November 30, 1936: Arkansas Geological Survey, 50 p.

Staff (?), 1936, Directory of Arkansas mineral producers for 1935: Arkansas Geological Survey,
43 p.

Arkansas Geological Survey, 1937, List of Arkansas oil and gas wells: Information Circular 10,
103 p.

Branner, G. C., and Crooks, Lucy, 1937, List of Arkansas water wells: Arkansas Geological
Survey Information Circular 11, 142 p.

Gibson, M. L., 1937, Mineral production statistics of Arkansas for the period 1880-1935:
Arkansas Geological Survey Information Circular 9, 117 p.

Branner, G. C., 1938, Annual Administrative Report of the State Geologist for the period from
December 1, 1937 to November 30, 1938: Arkansas Geological Survey, 61 p.

Branner, G. C., 1939, Catalog of maps available in the state map library: Arkansas Geological
Survey, 78 p.

Branner, G. C., 1939, Wealth of Arkansas — resources, people, tools, products: Arkansas
Geological Survey, 135 p.

Branner, G. C., 1940, Annual Administrative Report of the State Geologist for the period from
December 1, 1939 to November 30, 1940: Arkansas Geological Survey, 74 p.

Branner, G. C., 1940, Manganese minerals of Arkansas: Arkansas Geological Survey, 20 p.
[Reprinted chapter from An outline of the metallic minerals of Arkansas, 62 p., 1928.]

Branner, G. C., 1940, Oil and gas possibilities in Arkansas: Arkansas Geological Survey, 3 p.

Johnson, C. H., Hoagland, A. D, and Picklesimer, H. G., 1940, Mineral resources of Benton,
Carroll, Madison, and Washington Counties: Arkansas Geological Survey County Mineral
Report 2, 55 p. [Later designated as Arkansas Geological Commission Miscellaneous
Publication 2. Reissued 1984.]

Johnson, C. H., Tucker, R. H., and Picklesimer, H. G., 1940, Polk County: Arkansas Geological

Survey County Mineral Report 1, 41 p. [Later designated as Arkansas Geological Commission
Miscellaneous Publication 1. Reprinted 1984.]
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1941-1950

Branner, G. C., 1941, Annual administrative Report of the State Geologist for the period
December 1, 1940, to November 30, 1941: Arkansas Geological Survey unpublished typed

manuscript, 51 p.

Branner, G. C., 1941, Limestones of northern Arkansas: Arkansas Geological Survey, 24 p.
[Reprint of a chapter from An outline of the non-metallic minerals of Arkansas. |

Corbin, M. W., and Heyl, G. R., 1941, Tertiary limestones of Pulaski and Saline Counties,
Arkansas: Arkansas Geological Survey Information Circular 13, 26 p.

Anderson, R. J., 1942, Mineral resources of Montgomery, Garland, Saline, and Pulaski Counties:
Arkansas Geological Survey County Mineral Report 3, 101 p. [Later designated as Arkansas
Geological Commission Miscellaneous Publication 3.}

Branner, G. C., 1942, Mineral resources of Arkansas: Arkansas Geological Survey Bulletin 6,
101 p. [Text and cover revised and reprinted with no author’s name, 84 p., 1959, cover revised
and text reprinted with no author’s name, 84 p., 1983.]

Faston, W. H., 1942, Pitkin limestone of northern Arkansas: Arkansas Geological Survey
Bulletin 8, 115 p.

Herold, P. G., and Heyl, G. R., 1942, Kaolin deposits of southern Pike County, Arkansas:
Arkansas Geological Survey Bulletin 7, 38 p.

Smith, G. R., 1942, Arkansas mining and mineral law: Arkansas Geological Survey Bulletin 9,
120 p.

Anderson. R. J., 1943, Annual Report of the State Geologist and the mineral industries of
Arkansas in 1942, Arkansas Geological Survey Bulletin 10, 170 p.

Kimzey, J. W., 1945. Biennial Administrative Report of the State Geologist 1943-1944:
Arkansas Geological Survey unpublished typed manuscript, 53 p. [2 page supplement concerning
gold.]

Holbrook, D. F.. 1947, A brookite deposit in Hot Spring County, Arkansas: Arkansas Resources
and Development Commission. Division of Geology, Bulletin 11, 21 p.

Staff. 1947, Progress Report — 1946: Arkansas Resources and Development Commission, 76 p.
Papers include:

»  Anarticle on the activities of the Division of Geology, by H. B. Foxhali, p. 57-72.

Holbrook, D. F., 1948, Molybdenum in Magnet Cove, Arkansas: Arkansas Resources and
Development Commission, Division of Geology, Bulletin 12, 16 p.

94



Holbrook, D. F., 1948, Titanium in southern Howard County, Arkansas: Arkansas Resources and
Development Commission, Division of Geology, Bulletin 13, 16 p.

Imlay, R. W., 1949, Lower Cretaceous and Jurassic Formations of southern Arkansas and their
oil and gas possibilities: Arkansas Resources and Development Commission, Division of
Geology, 64 p. [Reprinted 1980.]

Renfroe, C. A., 1949, Petroleum exploration in castern Arkansas with selected well logs:
Arkansas Resources and Development Commission, Division of Geology, Bulletin 14, 159 p.

Wells, C. J., 1949, Hickory Valley phosphate deposit in Independence County, Arkansas:
Arkansas Resources and Development Commission, Division of Geology, Bulletin 15, 37 p.

Fryklund, V. C., Jr., and Holbrook, D. F., 1950, Titamium ore deposits of Hot Spring Couniy,
Arkansas: Arkansas Resources and Development Commission, Division of Geology, Bulletin 16,
173 p.

Lantz, R. J., 1950, Geological formations penetrated by the Arkansas-Louisiana Gas Company
No. 1 Barton Well on the Cecil anticline, Franklin County, Arkansas: Arkansas Geological
Commission Information Circular 18, 26 p.

Vestal, J. H., 1950, Petroleumn geology of the Smackover Formation of southern Arkansas:
Arkansas Resources and Development Commission, Division of Geology, Information Circular
14, 19 p.

1951-1960

Arkansas Geological Commission, 1951, Well location maps: serics of county-based single sheet
maps, scale 0.5 inch = | mile. [County: Arkansas (revised 1991), Ashiey (revised 1983), Chicot

frevised 1083i Clurk (19510) Clay frevised 1082), Cleveland (ravised 1978} Croighesd

?.5: P e

(revised 1983), Criftenden (revised 1983), Cross (revised 1983), Dallas (revised 1983), Desha
(revised 1983), Drew (19517?), Grant (revised 1983), Greene (19517}, Hot Spring {19517),
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s Miserite, a review of world occurrences with a note on intergrown wollastonite, by Charles Mikon, p.
97-114.

e North Mountain mine — gold?, by G. P. Sick, p. 115-118.

@ Arkansas Novaculite: Indians, whetstones, plastics and beyond, by C. T. Steuart, D. F. Holbrook, and
C. G. Stone, p. 119-134,

s Geology of the Blakely Sandstone in eastern Montgomery and western Garland Counties, Arkansas, by
R.J. Stolarz and Jay Zimmerman, p. [35-146.

e The upper Jackfork section, mile post 81, I-30, Arkadelphia, Arkansas, by D. M. Stone, D. N.
Lumsden, and C. G. Stene, p. 147-160.

e  Reconnaissance structural geology in the western Mazarn Basin, southern Benton uplift, Arkansas, by
Jay Zimmerman, K. A. Sverdrup, D. P. Evansin, and V. S. Ragan, p. 161-177.

Meissner, C. R., Jr., 1984, Stratigraphic framework and distribution of lignite on Crowley’s
Ridge: Arkansas Geological Commission Information Circular 28-B, 14 p.
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Stone. C. G., and Bush, W. V., 1984, General geology and mineral resources of the Caddo River
watershed: Arkansas Geological Commission Information Circular 29, 32 p.

Stone. . G.. and Haley, B. R., 1984, A guidebook to the geology of the central and southern
Ouachita Mountains. Arkansas: Arkansas Geological Commission Guidebook 84-2, 131 p.

[Reprinted 1997.] Contributed papers include:
e Summary of the geology of the central and southern Ouachita Mountains, by C. G. Stone and W, V,

Bush, p. 65-75.
» A stractural cross section through the Quachita Mountains of western Arkansas, by J. K. Arbenz, p. 76-
83,

s Cocorp reflection profiles across the Ouachita Mountains, by R. J. Lille, K. D. Nelson, Beatrice
deVoogd, I. E. Oliver, L. D. Brown, and Sidney Kaufman, p. 86-92.

» Conodonts from Ordovician rocks, Quachita Mountains, Arkansas, by R. L. Ethington, p. 93-98.

e Paleomagnetic measurements in the eastern Ouachita Mountains, Arkansas, by D. L. Smith and 8. T.
Jenkins, p. 99-110.

¢ Geometry and origin of folds and faults in the Arkansas Novaculite at Caddo Gap, by Jay Zimmerman,

poT1-115.
s Southern source for upper Jackfork Sandstone, Guachita Mountains, Arkansas, by M. R. Owen, p. 116-
122.

e U-Pb zircon ages of granitic boulders in the Ordovician Blakely Sandstone, Arkansas and implications
for their provenance, by S. A. Bowring, p. 123.
s  Barite in the western Ouachita Mountains, Arkansas, by A. W. Mitchell, p. 124-131.

Prior, W. L.. Clardy. B. F., and Baber, Q. M., 1lI, 1985, Arkansas Lignite Investigations:
Arkansas Geological Commission Information Circular 28-C, 215 p.

Frickson, M. S., Chazin, Barbara, and Haley, B. R., 1986, Spectrographic analyses of Early and
Middlle Ordovician age rocks in Montgomery County and vicinity, Arkansas: Arkansas
Geological Commission in cooperation with the U. S. Geological Survey, Information Circular

30. 10 p.

Guccione, M. J., Prior. W. L., and Rutledge, E. M., 1986, The Tertiary and Quaternary geology
of Crowley’s Ridge: A guidebook: Arkansas Geological Commission Guidebook 86-4, 39 p.

Morris, E. E., and Bush, W. V., 1986, Extent and sources of saltwater intrusion into the alluvial
aquifer near Brinkley. Arkansas, 1984: Arkansas Geological Commission Water Resources
Circular 15, 35 p.

Staff, 1986, Guidebook: Economic geology of central Arkansas: Arkansas Geological

Commission Guidebook 86-1, 31 p. Contributed papers include:
»  Alcoa bauxite mine, by Staft, Arkansas Geological Commission, p. 1-2.
= Prairie Creek kimberlite (lamproite}, by L. G. Krol, p. 3-12.
e  Barite in the western Ouachita Mountains, by A. W. Miichell, p. 13-20.
s Geology of Magnet Cove, by Staff, Arkansas Geological Commission, p. 21-26.
e Christy vanadium-titanium mine, by J. M. Howard, p. 27-28.
»  (Geomex quartz mine, by C. G. Stone, p. 29-30.
= U-Pb zircon ages of granitic boulders in the Ordovician Blakely Sandstone, Arkansas and implications
for their provenance, by S. A. Bowring, p. 31.
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Stone, C. G., and Haley, B. R., 1986, Sedimentary and igneous rocks of the Ouachita Mountains
of Arkansas, A guidebook with contributed papers, part II: Arkansas Geological Commission
Guidebook 86-3, 100 p. Contributed papers include:
+  Pennsylvanian paleogeography for the Ozarks, Arkoma, and Ouachita Basins in east-central Arkansas,
by M. H. Link and M. T. Roberts, p. 37-60.
s Fossil plants from the Jackfork Sandstone in the Ouachita Mountains of Arkansas, by J. R. Jennings, p.
61-72.
e Late Cambrian North American trilobites and the structural geology of the Jessieville area in Garland
County, Arkansas, by W. D. Hart, James Stitt, and C. G. Stone, p. 73-78.
*  The problem of antivergent structures in the Ouachita thrust belt, by Jay Zimmerman, p. 79-86.
A preliminary report on the metagabbros of the Quachita core, by E. M. Morris and C. G. Stone, p. 87-
90.
»  The syenites of Granite Mountain, Arkansas: A progress report, by E. M. Mullen, p. 91-98,

Stone, C. G., Howard, J. M., and Haley, B. R., 1986, Sedimentary and igneous rocks of the
Ouachita Mountains of Arkansas, A guidebook with contributed papers, part I Arkansas

Geological Commission Guidebook 86-2, 151 p. {Reprinted 1996.] Contributed papers include:

e  Regional gravity anomalies in the Ouachita Mountains area, by J. M. Kruger and G. R. Keller, p. 85-
96.

¢ Geology and petrology of the Prairie Creek intrusive, Murfreesboro, Arkansas, by E. E. Morris, p. 97-
106.

*  Summary of isotopic dates of Cretaceous igneous rocks of Arkansas, by J. M. Howard, p. 107-108.

»  Phosphate minerals of Arkansas by A. L. Kidwell, p. 109-114.

» Jackfork Group sandstones along the Talimena Trail, Arkansas and Oklahoma, by Haki Naz and C. F.
Mansfield, p. 115-125,

* Exposures of Jackfork Group sandstones near DeGray Lake, Arkansas, by C. E. Breckon and C. F.
Mansfield, p. 126-130.

e Reelfoot Rift: Illinois basin-Ouachita geosyncline connection, by L. F. Berry, p. 131-141.

Terry, J. E., Bryant, C. T., Ludwig, A. H., and Reed, J. E., 1986, Water-resources appraisal of the
south-Arkansas lignite area: Arkansas Geological Commission Information Circular 28-I3, 162 p.

Pl

T Arkansas Geologicai Commission Waicr

Holland, T. W., 1987, Use of waier inn Arkansas, 1985

Resources Summary 16, 27 p.

i

Howard, J. M., 1987, Mineral species of Arkansas: a digest: Arkansas Geological Commission
Bulletin 23, 182 p. [Reprinted 1989 with minor revisions.]

Neely, B. L., Jr., 1987, Annual peak discharges and stages through 1984 for gaging stations in
Arkansas: Arkansas Geological Commission Water Resources Circular 16, 125 p.

Potts, R. R., 1987, Water quality and quantity in abandoned underground coal mines of west-
central Arkansas and use of surface electrical resistivity in attempting quality determinations:

Arkansas Geological Commission Information Circular 20-N, 35 p.

Ragsdale, J. G., 1987, The Shuler field, Arkansas: an historical summary, 1937-1987: Arkansas
Geological Commission Miscellaneous Publication 20, 20 p.
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Colton, G. W, ed., 1988, Proceedings of the 22" forum on the geology of industrial minerals:
Arkansas Geological Commission Miscellaneous Publication 21. 115 p. Contributed papers

include;

e Seme thaughis en our mineral future, by E. N. Cameron, p. 1-10.

s Mineral ra materials for flat glass manufacturing, by F. D. Huntley and R. R. Snow, p.11-16.

e Cause and effect of jointing in quarries in central and northern Indiana, by C. H. Ault, p. 17-29.

e The cement industry and cement raw materials in Texas, by M. W. McBride, p. 31-36.

s Virginia's lime industry, by P. C. Sweet, p. 37-48,

e Tectonically emplaced serpentinites of the Benton uplift, Saline County, Arkansas, by T. L. Cox, p. 49-
61,

e  Quartz crystal deposits of the Quachita Mountains, Arkansas and Oklahoma, by J. M. Howard and C.
G. Stone, . 63-71.

»  Prairie Creek kimberlite (lamproite), by L. G. Krol, p. 73-75.

»  Barite deposits in Arkansas, by A. W, Mitchell, p. 77-86.

e General geology and mineral resources of the Ouachita Mountains, Arkansas, by C. G. Stone and W.
V. Bush. p. §7-106.

= The marbles of Nepal: a preliminary report on the Godavari marble deposit, southwestern Kathmandu
Valley, Nepal, by I. H. Gray and A. J. Pyron, p. 107-111.

Haley, B. R., 1988, Restored thickness map of Atoka Formation, west-central Arkansas:
Arkansas Geological Commission map, scale 1:250,000.

McFarland, J. D.. IT1, ed., 1988, Contributions to the geology of Arkansas ~ Volume I[l: Arkansas

Geological Commission Miscellaneous Publication 18-C, 125 p. Contributed papers:
e Tidal-flat deposits of the Plattin Limestone (Middle Ordovician), northern Arkansas, by W. W. Craig,
M. 1. Deliz. and K. ]. Legendre, p. 1-50.
=  Geochemistry of the Lower Ordovician dolomite of northern Arkansas, by G. H. Wagner, K. F. Steele,
and D. L. Zachry, p. 51-64.
e [nitial natural gas discoveries from the Paleozoic Rocks of northern Arkansas, by W M. Caplan, p. 65-
70.
e Overview of natural gas production. Washington and Madison County [sic], Arkansas, by J. A.
McEntire 111, p. 71-78.
»  New heat flow investigations in Arkansas, by D. L. Smith and Len Fishkin, p. 79-84.
s Macroscopic structural geology of the central Cossatot Mountains and surrounding areas, Benton upiift,
Arkansas, bv J. C. Weber and Jay Zimmerman, p. 85-94.
»  Provenance of the Jackfork Sandstone, Quachita Mountains, Arkansas and eastern Oklahoma, by S. E.
Danielson, P. K. Hankinson, K. D. Kitchings, and Alan Thomson, p. 95-112.
The Blakely “Mountain™ Sandstone (Lower to Middle Ordovician) in its type area, by D. A. Danielson,
Ir.and W, W. Craig, p.113-125.

1991-1999

Lumbert. D. W._ and Stone, C. G.. 1992, A guidebook to the highway geology at selected sites in
the PRoston Mountains and Arkansas Valley, northwest Arkansas: Arkansas Geological
Commission in coopcration with the Arkansas State Highway and Transportation Department, 30
p. [Revised and reprinted in 1994, pages numbered from 166-197.]

McFarland, J. D., 1992, Landslide features of Crowley’s Ridge: Arkansas Geological
Commuission Information Circular 31, 30 p.
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Jordan, D. W, Lowe, D. R, Slatt, R. M., Stone, C. G., D’Agostino, A., Scheihing, M. H., and
Gillespie, R. H., 1993, Scales of geological heterogeneity of Pennsylvanian Jackfork Group,
Quachita Mountains, Arkansas: Applications to field development and exploration for deep-
water sandstones: Dallas Geological Society [Reprinted 1993 by the Arkansas Geological

Commission as Guidebook 93-1.], 141 p.

Coleman, J. L., Jr., Van Swearingen, Gordon, and Breckton, C. E., 1994, The Jackfork
Formation of Arkansas, A test of the Walker-Mutti-Vail models for deep-sea fan deposition:
Arkansas Geological Commission Guidebook 94-2, 56 p. [Reprinted 1995.]

Stone, C. G., Haley, B. R., and Davis, M. H., 1994, Guidebook to Paleozoic rocks in the eastern
Ouachita Mountains, Arkansas: Arkansas Geological Commission Guidebook 94-1, 46 p.

Contributed papers include:
e  Maumelle chaotic zone, by M. H. Davis, p. 1-5.
e  Collier Shale and trilobites at Marble Church locality, by James Stitt, p. 28-35.

Grosz, A, E., Meier, A. L., and Clardy, B. F., 1993, Rare earth elements in the Cason Shale of
northern Arkansas: A geochemical reconnaissance: J. M. Howard, ed., Arkansas Geological
Commission Information Circular 33, 13 p.

Stone, C. G., Nix, J. F., and MacFarland [sic], J. D., 1995, A regional survey of the distribution
of mercury in the rocks of the Ouachita Mountains of Arkansas: Arkansas Geological
Commission Information Circular 32, 25 p.

Bush, W. V., 1996, Annual report and mission statements: Arkansas Geological Commission, 16
P-

McFarland, J. D., and Howard, J. M., 1996, Minerals of Arkansas, an electronic database:
Arkansas Geological Commission Software Series 1. 3.5 inch disk and 14-page instruction

mannal,

Hanson, W, D., 1997, Heavy-mineral sands of the Tokio Formation in southwest Arkansas:
Arkansas Geological Commission Information Circular 34, 39 p.

McFarland, J. B., Stone, C. G., and Nix, J. F., 1997, A regional survey of the distribution of
silver, arsenic, chromium, copper, nickel, lead, and zine in the rocks of the Ouachita Mountains
of Arkansas: Arkansas Geological Commission Information Circular 35, 53 p.

Staff, 1997, Mineral, fossil-fuel, and water resources of Arkansas: J. M. Howard, G. W. Colton,
and W. L. Prior, eds., Arkansas Geological Commission Bulletin 24, 115 p. [4 publication of the
same concept as Ferguson’s 1920 “An outline of the geology, soils, and minerals of the State of
Arkansas” and Branner’s 1942 “Mineral resources of Arkansas” and their many revisions. |

McFarland, J. D., 1998, Stratigraphic summary of Arkansas: Arkansas Geological Commission

Information Circular 36, 39 p. [4 companion document for the Geologic Map of Arkansas (1976,
1993).]
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Howard, J. M., ed., 1999, Contributions to the geology of Arkansas — Volume 1V: Arkansas
Geological Commission Miscellaneous Publication 18-D, 116 p. Contributed papers:
o  Arkansas Resources for Crushed-Stone Resources Aggregate, by S. W. Kline, p. 1-43.
s  Arkansas Geological Survey Publications, a record of 140 years of public service, by H. §. de Linde and 1.
M. Howard, p. 75-116.
» Summary of the [990’s Exploration and Testing of the Prairie Creek Diamond-Bearing Lamproite
Complex, Pike County, Arkansas, with a Field, by . M. Howard, p. 45-74.
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Appendix A — Published and unpublished reports of the J. C. Branner Survey
{adapted from Ferguson, 1920, p. 9)

Annual Report for 1888:

Volume I - Gold and silver, by T. B. Comstock, 320 p., 2 maps.

Volume II - Mesozoic, by R. T. Hill, 319 p., 1 map.

Volume [ - Coal (preliminary), by Arthur Winslow, 122 p., I map.

Volume IV — Washington County, by F. W. Simonds; Plant List by J. C. Branner and F. V.

Coville, 262 p., 1 map.

Annual Report for 1889:
Volume II — Crowley’s Ridge, by R. E. Call, 283 p., 2 maps.

Annual Report for 1890:

Volume T— Manganese, by R. A. F. Penrose, Jr., 642 p., 3 maps.

Volume If —Igneous rocks, by J. F. Williams, 457 p., 6 maps.

Volume I - Novaculites, by L. S. Griswold, 443 p., 2 maps.

Volume IV — Marbles, by T. C. Hopkins, 443 p., separate bound atlas of 6 maps.

Annual Report for 1891:

Volume I -- Mineral waters, by J. C. Branner, 144 p.. 1 map.

Volume IT — Miscellanecous Reports, 349 p., 2 maps [Benion County, by F. W, Simonds and T. C,
Hopkins, Elevations, by J. C. Branner; River observations, by J C. Branner; Magnetic
observations, by J. C. Branner; Mollusca, by F. A. Sampson; Myriapoda, by C. H. Bollman:
Fishes, by S. E. Meek; Dallas County, by S. E. Siebenthal: Bibliography of the geology of
Arkansas, by J. C. Branner).

Annual Report for 1892:

Volume I - Iron deposits, by R. A. F. Penrose, Jr., 153 p., I map.

Volume II — Tertiary, by G. D. Harris, 207 p., | map.

Volume V — The zinc and lead deposits, by J. C. Branner, 395 p., separate bound atlas of 7 maps.

Annual Reports prepared, but not published:

Volume [ for 1889: Clays, Kaolins, and Bauxites, [maps] by J. C. Branner, about 300 p-

Volume lil for 1892: Coal, final report, [[llusirated; topographic maps and sections] by Arthur
Winslow and others, no information on length of manuscript.

Volume IV for 1892: Lower coal measures, [Topographic maps, sections, and illustrations] by J.
H. Means and G. H. Ashley, no information on length of manuscript.

Additional manuscripts not published, nor located during this research:

The mineral resources of Arkansas, by J. C. Branner, about 700 pages.
Final report upon the general geology of Arkansas, by J. C. Branner, about 500 pages.
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Appendix B — Biennial Reports of the Bureau of Mines, Manufactures and Agriculture for
the State of Arkansas

-----

Menufactures and Agriculture, the data concerning the agency’s publications is presented in a
chronologically arranged table. BMMA report titles had no consistency of presentation, although
most included both the agency’s name and the years the report covered.

Repaort Date of Period Pages County Reports
Number Publication Yes No
1 1891 1889-1890 180 X
PAN 1893(?) 1891-1892 115 X
3rd 1895(7) 1893-1894 208 X
4t 1896 1895-1896 175 X
5™ 1899 1897-1898 141 X
6" 1901 1899-1900 216 X
No report - 1901-1902 ---- -- --
g 1906(?) 1903-1904 318 X
o 1908(?) 1905-1906 225 X
No reports  —weum 1907-1910 “ems -- --
10 1912 1911-1912 221 X
1" 1915(?) 1913-1914  366/61 X X
Noreports © - 1915-1920  ---- e
(15M% 1923 1921-1922 307 X
No reports ~ we- 1923-1928 ---- -- --
1ot 1931(?) 1929-1930 223 X
200 1533 1931-1932 36 X

(?7) No publication date given in the report.

' Two reports issued under the same title. Abbreviated version has no county reports.
?1917-1918 report said to have been filed with the agency, but not published (according to the
19™ Biennial Report, BMMA),

* Titled: Arkansas Feed Manual. No number assigned to the report. Matthews (1933) arbitrarily
assigned 15" based on the publication date.
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