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OF 


A. Large single brookite crystal and a cluster of brookite and quartz 
crystals—half natural size. 


B. Rutile crystals with cyclic twinning—about twice natural size. 


FRONTISPIECE.—SELECTED SPECIMENS OF BROOKITE AND 
RUTILE FROM MAGNET COVE, HOT SPRING 
COUNTY, ARKANSAS. 


(Courtesy Harvard University Museum)
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ABSTRACT 


This report embodies the results of three years' field and lab-
oratory studies of the Magnet Cove titanium ore deposits. The Mag-
net Cove area is a rudely elliptical rim and basin covering aboit 9 
square miles in northern Hot Spring County, Arkansas. 


The area is in the Ouachita Mountains near their eastern 
boundary These mountains were formed by the uplift, folding,, and 
faulting of Paleozoic sediments near the end of Paleozoic time, and 
the Magnet Cove intrusives were injected into these folded sedi-
ments in Cretaceous time. Subsequent uplifts, depressions, and 
erosion developed the present configuration of the region 


The sedimentary rocks of the region are exposed in the rim of 
the Cove and the surrounding Ouachita Mountains. These sediments. 
are sandstones, shales, chert, and novaculite that range in age from 
Ordovician to Pennsylvanian. In the Ouachita Mountains the sand-
stones and novaculite form the ridges, and the shales underlie: the 
valleys. 


The igneous rocks of Magnet Cove are alkahc in composition 
and are both fine and coarse-grained. The intrusives form an 
ellipsoidal mass composed of several incomplete but concentric rings 
of igneous and metamorphic rocks which are cut by numerous dikes. 
The intrusion is believed to have taken place in three distinct periods. 
The most basic intrusives are the earliest and occupy the Cove basin, 
and the youngest rocks are the light-colored syenites of the Cove rim. 


The metamorphic rocks of Magnet Cove are of two general 
types: the contact metamorphosed sediments of the Cove rim, and 
the hornfels found principally within the igneous mass. 
• The titanium deposits of Magnet Cove include both rutile and 


brookite ores. All of the deposits that were mapped during this 
study had been previously recognized and explored and one of them 
has produced commercial rutile concentrates; however, none of them 
is active at the present time. 


The largest known , titanium deposit at Magnet Cove isi the 
rutile deposit of the Magnet Cove Rutile Company located in Sec. 
18, T. 3S, R. 17W, in the northern 'part of the Cove basin. Approxi-
mately 10 million pounds of rutile concentrates were produced from 
the open pits at this deposit during the period 1932-1944. The coun-
try rock is an aegirine phonolite porphyry which varies from a 
hard, black, fine-grained rock to a soft green clay, depending on 
the degree of alteration The phonolite is exposed in the pit walls, 
in knobs on the pit floors and at the base of the Cove rim north of 
the pits. In some of the knobs the phonolite contains 'abundant 
inclusions of both igneous and metamorphic rocks. 'Numerous rutile-
bearing feldspar-carbonate veins and vein masses cut the aegirine 
phonolite porphyry, apparently along a major joint set paralleling 
the Cove rim. These veins are the rutile ore of the deposit. They 
are, however, poorly defined in the pits because of the irregular 
shapes of the larger masses and the intense clay alteration of some 
of the vein types as well as the enclosing phonolite. The rutile in 
the feldspar-carbonate veins ranges in size from minute needles to 
veinlets 5 cm in width. The larger masses of rutile, particularly, 
have an alteration fringe of leucoxene. The small percentage of 
vanadium present in the ore is probably in the rutile. Small 
amounts of molybdenite and an unknown radioactive mineral or 
minerals were found in the ore. The maximum uranium content
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reported in chemical analyses of a series of radioactive samples 
from the deposit was 0.012 U308. Some of the radioactivity re-
ported in radiometric analyses of these samples was apparently due 
to thorium. Drilling projects of the U. S. Bureau of Mines have 
extended the depth of the deposit (to 188 feet in one drill hole) 
particularly in the West Pit, and extended it 450 feet south and 
400 feet west of the West Pit. The best possibilities for further 
extensions seem to be at depth. Assays of core samples from the 
drilling projects varied from less than 1 per cent to 16 per cent 
Ti02 with an average of about 3 per cent Ti0 2. The problem of 
calculating rutile reserves is complicated by the fact that the 
igneous rocks in the deposit, even though they contain no rutile, 
frequently assay from three to four per cent Ti0 2 due to the pres 
ence of other titanium minerals. It is believed that the deposit was 
formed by the introduction of rutile-bearing feldspar-carbonate 
veins into fractures in aegirine phonolite prophyry accompanied 
by hydrothermal alteration of both the igneous rock and some of 
the vein types. Volcanic activity, if it occurred at all, was prob-
ably a subordinate feature. 


The Hardy-Walsh brookite deposit lies on the east rim of the 
Cove one mile north of Magnet community. Some trenching has 
been done here but there has been no commercial production of 
brookite. The deposit lies along the crest of a quartzite (meta-
morphosed Arkansas novaculite) ridge that is truncated at its west 
end by the intrusives of the Magnet Cove basin. The ridge crest 
has an east-west trend and is comprised of three quartzite knobs 
separated by two saddles. The quartzite knobs, although cut by 
scattered brookite-rich veins, are essentially barren. The first, or 
easternmost saddle has been extensively trenched and is essentially 
the orebody of the deposit. The ore in this saddle is a residual 
clay composed of quartz, kaolinite, and taeniolite (lithium mica) 
through which are scattered quartzite pebbles, sand, and very fine-
grained (1 mm) brookite. Primary ore, exposed in only one test 
pit, consists of light and dark quartzites (recrystallized novaculite) 
which contain subordinate amounts of taeniolite, fine-grained brook-
ite, rutile needles, and leucoxene. Titania assays of channel samples 
of the residual ore in this saddle range from 5.0 to 8.4 per cent Ti02 
and the deepest test pit sampled was 14 feet. Future explorations 
should seek extensions of the trenched area in the first saddle to 
the north and south and at depth. The second saddle should also 
be tested. The deposit is believed to have been formed by titanium-
rich solutions emanating from the Magnet Cove intrusives and 
mineralizing the metamorphosed Arkansas novaculite, followed by 
erosion and weathering of the mineralized novaculite. 


The Christy brookite deposit is located on the east rim of 
Magnet Cove about half a mile north of Magnet community. The 
deposit has been drilled and trenched but has not produced com- 
mercial brookite concentrates. The deposit lies on the top and 
partly on the south slope of an east-west ridge of metamorphosed 
Arkansas novaculite. This ridge is the south limb ofthe Chamber-
lain .Creek syncline, which has been overturned so that the sedi- 
ments dip about 45° to the south. Just a few hundred feet west of 
the deposit the syncline is truncated by a coarse-grained nepheline 
syenite intrusive. The ore at the surface at the Christy deposit is 
mainly residual and varies from 15 to 20 feet in thickriess. The res-
idual ore is comprised of masses of porous quartzite land sand size 
particles in a matrix of red clay. Brookite occurs in the residual 
ore as small crystals in the quartzite fragments and as free crystals 
disseminated in the clay. The primary orebody consists mainly of 
primary quartzite ore and barren clay horizons. Most of the ore 
developed by the U. S. Bureau of Mines drilling project was oxidized 
primary quartzite ore. This quartzite which is similar to the quartz-
ite fragments in the residual ore is a dark, fine-grained, porous 
quartz rock containing rutile needles, altered taeniolite, limonite and 
fine-grained brookite. Unoxidized primary quartzite ore containing
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abundant clay, minerals in the interstices between quartz grains 
and some pyrite was encountered in one drill hole. The titanium 
minerals occurring in both the residual and primary ore are brook-
ite, rutile, leuêoxene, and taeniolite, of which the brookite is prob-
ably the only recoverable mineral. Analyses of core samples from 
the U. S. Bureau of Mines drilling project varied from less than 
1 per cent to a maximum of 26 per cent Ti0 2 with an average for 
the orebody of about 5 per cent. Appreciable percentages (1 to 2 
per cent V20) of vanadium, which probably occurs in the brookite, 
were reported for several core samples. The known orebody is 
restricted to the lower division of the Arkansas novaculite forma-
tion and thus pitches steeply to the southwest. The available drill 
hole data on the thickness of the orebody is limited, but brookite 
ore was encountered the full depth (141 feet) of the deepest U. S. 
Bureau of Mines drill hole. Future exploration at this deposit 
should cbeck possible extensions of the primary orebody to the 
south. Probably the Christy deposit was formed by the introduc-
tion of mineralizing solutions from the Magnet Cove intrusives into 
the folded and metamorphosed Arkansas novaculite formation, and 
the subsequent erosion and weathering of the mineralized rock. 


The Mo-Ti Corporation molybdenum-titanium prospect is a 
small open pit located on the south bank of Cove Creek near the 
northern edge of the Cove basin. A series of steeply dipping fld-
spar-pyrite veins with small amounts of brookite and moybdenite 
are exposed in the igneous rock of the pit walls and floor. There 
has been no commercial production from the pit. 


In addition to the known deposits, there are several other un-
tested occurrences of rutile and brookite at Magnet Cove indicating 
the widespread occurrence of titanium mineralization in the Cve 
area.


The problems in the beneficiation of the Magnet Cove titanium 
ores have been. studied by both commercial and government labOra-
tories. The Christy brookite ore has been successfully concentrated 
by a commercial laboratory, and the U. S. Bureau of Mines Metal-
lurgical Division has prepared commercial-grade rutile concentrates 
with a reasonable recovery of rutile, from the deposit of the Magnet 
Cove Rutile Company. 


Ilmenite and rutile are the two principal economic minerals 'f 
titanium. Of these, ilmenite is consumed in the largest tonnages, 
principally in the manufacture of white titanium oxide pigment for 
the paint, paper, rubber, and many other industries. Rutile is used 
principally in welding rod coatings and also in the manufactur of 
titanium alloys and carbide and in the ceramic industry. Arkansas 
rutile and brookite have not yet been accepted in the trade; as 
welding rod coating raw material, the principal market for rutile. 
However, it is possible that Current research on the use of Arkansas 
rutile and brookite in welding rod coatings may result in the 
development of an acceptable rod coating. Rutile from the Magnet 
Cove Rutile Company deposit has been used in the manufacture o 
titanium alloys and carbide, and it is possible that brookite from 
Magnet Cove would also be acceptable for this application. Titanium 
metal has recently been given wide publicity in both popular and 
technical publications. Although the current production of he 
metal is insignificant, it shows promise of becoming a large scale 
structural raw material because of its unique combination of prop-
erties—light weight, strength, and corrosion resistance. When an 
economical method of producing this metal is developed, the demand 
for titanium ores should substantially increase and rutile ores will 
be important at least so long as the production of the metal is 
accomplished by first making titanium chloride. It is believed, 
therefore, that the most promising potential market for the Arkan 
sas rutile and brookite ores is in the production of titanium metal.
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INTRODUCTION 


PURPOSE AND SCOPE OF THE INVESTIGATION 


In 1946 the shortage of rutile concentrates in the United States resulted 
in the classification of rutile as a strategic mineral and the purchase of rutile 
concentrates for government stockpiles. As there had been no previous 
detailed geological study of the Magnet Cove rutile and brookite deposits, the 
Division of Geology of the Arkansas Resources and Development Commission 
sponsored a preliminary geologic study (Holbrook, 1947) of the Christy brook-
ite deposit at Magnet Cove, Arkansas, in 1946 in the hope of encouraging its 
development into a producer of titania concentrates. 


Later the Division of Geology expanded this investigation to include all 
the known titanium ore deposits in the Magnet Cove area. Mr. Verne C. 
Fryklund, Jr., then a graduate student at the University of Minnesota, under-
took this investigation as a thesis problem for the Ph.D. degree. The main 
purpose of this broader study was to determine the geologic nature of the 
known rutile and brookite deposits. As two of the deposits, the Magnet Cove 
Rutile Company property and the Hardy-Walsh brookite property, had been 
previously described (Ross, 1941) (Ross and Hendricks, 1945) as a volcanic 
neck and associated with a volcanic breccia, respectively, it was desirable to 
know what bearing the possible volcanic activity would have on the extent 
and character of the ore deposits. A secondary aim was a study of the 
mineralogical composition of the rutile and brookite ores, since a knowledge 
of the complex mineralogy of these ores would be an invaluable aid to the 
metallurgist in solving the problems involved in beneficiating the ores and in 
making use of the contained titanium minerals. As the study of these deposits 
progressed, interest was stimulated in all the known and prospective titanium 
ore deposits in the United States by the anticipated future demand for tita-
nium metal, and in the fall of 1947 the Mining Branch of the U. S. Bureau of 
Mines began preliminary examinations of the Magnet Cove deposits. By this 
time sufficient progress had been made in the field work at Magnet Cove that 
the writers were able to furnish the Bureau of Mines drillihg recommendations 
both for the known deposits and for other potential deposits of rutile and 
brookite in the area. On the basis of these recommendations, two deposits, the 
rutile deposit of the Magnet Cove Rutile Company and the Christy brookite 
deposit, were drilled by the U. S. Bureau of Mines in 1948. In order to incor-
porate in this report the subsurface information afforded by the drilling of 
these two deposits, all the recovered cores from the two projects were logged 
by the writers and correlated with the surface data. 


METHODS OF INVESTIGATION 


Both the mapping of the three known titanium deposits and the laboratory 
studies of the rock and vein types associated with these deposits were done 
by Fryklund. During the summer of 1947, Fryklund completed the plane-table 
mapping of all the deposits and the collection of samples for laboratory study.
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These laboratory studies which were principally petrographic but also included 
some X-ray and chemical analyses, were mainly completed by Fryklund during 
the 1947-48 school year at the Department of Geology of the University of 
Minnesota under the guidance of Dr. F. F. Grout. All of the drill coes from 
the U. S. Bureau of Mines drilling projects at the Christy deposit and the 
Magnet .Cove Rutile Company deposit were logged by Holbrook while the 
drilling was in progress (January,, 1948, through November, 1948), and the 
nomenclature for the various rock and vein types established by Frykiund as 
a result of his laboratory work was used in logging the cores. 


PREVIOUS STUDY OF MAGNET COVE 


Magnet Cove first came to the attention of a geologist in 1806 (Joseph 
Macrary, M. D.), but it was not until 1834 that A. W. Featherstonhaugh 
made the first scientific investigation of the igneous rocks of the 
area From that time until 1891, when Williams published his remarkable 
monograph, there were a large number of papers published concerning the 
interesting mineralogy of the region. Williams (1891) summarized the work 
of these earlier students and contributed a study of the igneous rocks which 
is considered to be one of the classic studies in igneous petrography of this 
country. Williams' report also contains the. only detailed geologic map of the 
igneous rocks of the Magnet Cove area that has been published. In 1900 
Washington published a simplified and revised geologic map which corrected 
some rather serious errors made in the printing of Williams' map. Washington 
in a later paper (1901) redefined several of the Magnet Cove rock names. 
This paper also contains the largest amount of quantitative data on the Cove 
igneous rocks. The Hot Springs Folio (Purdue, A. H., and Miser, H. D., 1923) 
contains the most complete description of the . sedimentary rocks of the region. 
The igneous rocks described in the Folio are very similar to the Magnet Cove 
types. Landes (1931) published a paper containing a list of most of the 
Magnet Cove minerals. He also considered the structure of the intrusive mass 
and suggested a possible origin for the large calcite masses lying in the Cove 
basin. The only geologic map of the Magnet Cove area which differentiates the 
sedimentary sequence immediately around tho Magnet Cove intrusive mass is 
contained in a report by Parks and Brannei (1933) on the barite deposits near 
Magnet Cove. Miser and Stevens (1938) first mentioned the occurence of 
the lithium mica, taeniolite,. at Magnet Cove in a paper that describes the area 
how known as the Hardy brookite deposit. C. S. Ross in 1941 presented the 
first published account of the Magnet Cove rutile and brookite orebocies. Ross 
and Hendricks (1945) in a later paper gave the only detailed account of the 
clay mineralization at the deposit of the Magnet Cove Rutile Company. A paper 
by Spencer (1946) records the drill hole data obtained from the U. S. Bureau 
of Mines exploration of the Magnet Cove Rutile Company deposit in 1944. 
The information in this paper is important though fragmentary due to lack 
of surface geology. Holbrook in 1947 presented the first report on the geology 
of the Christy brookite deposit. In this report the association of the brookite 
deposits with the Arkansas novaculite formation and the character of the 
residual .ore were described. In 1949 the U. S. Geological Survey released a
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formation of these mountains are believed to have taken place near the end of 
the Paleozoic era (Miser and Purdue, 1929). The region was then reduced 
by erosion during Permian, Triassic, and Jurassic time to a southward sloping 
peneplain. In Cretaceous time this comparatively flat erosion surface was 
submerged and tilted southeastward and sediments were deposited along its 
southern and eastern flanks. Probably the Magnet Cove intrusives were 
injected into the folded sediments at about this same time. At the end of 
Cretaceous time the peneplain was uplifted, and the accelerated erosion that 
followed lowered the belts. of soft rocks, leaving the harder rocks as ridges, 
the crests of which were allthat remained of the old erosion surface. In the 
Magnet Cove region this erosion surface consists of the crests of the Zig Zag 
and Trap Mountains and the Magnet Cove rim. The southeasterly dip of 'this 
surface is indicated by the gradual decrease in elevation of the mountain 
crests to the southeast. Thus the Zig Zag Mountains northwest of Magnet 
Cove have crest elevations of more than 800 feet, while the Trap Mountains 
have crest elevations of 500 feet where they pass under the Tertiary sediments 
of the Gulf Coastal Plain two miles southeast of the Cove. Inasmuch as the 
two brookite deposits described in the section on ore deposits are in part 
residual ore developed near this upper erosion surface, the influence of this 
surface both on the origin of these known deposits and the exploration for 
placer deposits is of considerable importance. The erosion which destroyed 
the first peneplain or upper erosion surface in the Ouachita Mountains de-
veloped a second incomplete peneplain or lower erosion surface in the larger 
areas of soft rocks of the region. Near Magnet Cove this lower erosion 
surface is indicated by the tops of the fairly even-crested hills and ridges 
along the Ouachita River in the Mazarn Basin immediately west of the Cove. 
The crests of these ridges and hills now have an elevation of about 450 feet 
above sea level. Much of the interior basin of Magnet Cove was eroded during 
the development of this lower or 450-foot erosion level, since gravel deposits 
abut on the interior of the Cove rim at about the 450-foot contour. In early 
Tertiary time the Ouachita Mountain region was again depressed and sediments 
of Eocene age were deposited on the lower erosion surface in a sea that 
extended at least to within a mile of the southeast rim of the Cove. Evidence 
of this. transgression may be seen in a railroad cut near the community of 
Butterfield, 2 1/2 miles southeast of the Cove, where Tertiary sands and clays 
lie below and between ridges of Arkansas novaculite at the approximate eleva-
tion of the lower erosion surface. Following the deposition of the Tertiary 
sediments, a succession of uplifts renewed erosional processes and the lower 
erosion level was greatly dissected, giving the region its present configuration. 
The Magnet Cove basin was further reduced at this time so that much of it now 
lies below the 400-foot contour some 250 feet lower than the Cove rim. 


The Ouachita River, which is the principal stream of the region, traverses 
part of the Mazarn Basin to the west, skirts the south rim of Magnet Cove 
and turns south across the Trap Mountains flowing out on the Coastal Plain. 
The Cove basin is drained by Cove Creek, which originates to the northwest 
in the Zig Zag Mountains, cuts through the north and south ridges of the Cove
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These laboratory studies which were principally petrographic but also included 
some X-ray and chemical analyses, were mainly completed by Frykiund during 
the 1947-48 school year at the Department of Geology of the University of 
Minnesota under the guidance of Dr. F. F. Grout. All of the drill cores from 
the U. S. Bureau of Mines drilling projects at the Christy deposit and the 
Magnet Cove Rutile Company deposit were logged by Holbrook while the 
drilling was in progress (January, 1948, through November, 1948), and the 
nomenclature for the various rock and vein types established by Frykluhd as 
a result of his laboratory work was used in logging the cores. 
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Magnet Cove first came to the attention of a geologist in 1806 (Joseph 
Macrary, M. D.), but it was not until 1834 that A. W. Featherstonhaugh 
made the first scientific investigation of the igneous rocks of the 
area From that time until 1891, when Williams published his remarkable 
monograph, there were a large number of papers published concerning the 
interesting mineralogy of the legion. Williams (1891) summarized the work 
of these earlier students and contributed a study of the igneous rocks which 
is considered to be one of the classic studies in igneous petrography of this 
country. Williams' report also contains the. only detailed geologic map of the 
igneous rocks of the Magnet Cove area that has been published. In 1900 
Washington published a simplified and revised geologic map which corrected 
some rather serious errors made in the printing of Williams' map. Washington 
in a later paper (1901) redefined several of the Magnet Cove rock names. 
This paper also contains the largest amount of quantitative data on the Cove 
igneous rocks. The Hot Springs Folio (Purdue, A. H., and Miser, H. D., 1923) 
contains the most complete description of the sedimentary rocks of the region. 
The igneous rocks described in the Folio are very similar to the Magnet Cove 
types. Landes (1931) published a paper containing a list of most of the 
Magnet Cove minerals. He also considered the structure of the intrusive mass 
and suggested a possible origin for the large calcite masses lying in the Cove 
basin. The only geologic map of the Magnet Cove area which differentiates the 
sedimentary sequence immediately around the Magnet Cove intrusive mass is 
contained in a report by Parks and Branner (1933) on the barite deposits near 
Magnet Cove. Miser and Stevens (1938) first mentioned the occurrence of 
the lithium mica, taeniolite,. at Magnet Cove in a paper that describes the area 
how known as the Hardy brookite deposit *L C. S. Ross in 1941 presented the 
first published account of the Magnet Cove rutile and brookite orebodies. Ross 
and Hendricks (1945) in a later paper gave the only detailed account of the 
clay mineralization at the deposit of the Magne1 Cove Rutile Company. A paper 
by Spencer (1946) records the drill hole data obtained from the U. S. Bureau 
of Mines exploration of the Magnet Cove Rutile Company deposit in 1944. 
The information in this paper is important though fragmentary due to lack 
of surface geology. Holbrook in 1947 presented the first report on the geology 
of the Christy brookite deposit. In this report the association of the brookite 
deposits with the Arkansas novaculite formation and the character of the 
residual ore were described. In 1949 the U. S. Geological Survey released a
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report by D. M. Kinney on the geology of the Magnet Cove Rutile Company 
deposit This paper was based on the geologic mapping of the open pits in 
conjunction with the U. S. Bureau of MinesTdrilling in 1944. The U. S. Bureau 
of Mines has published a Report of Investigation (Reed, 1949) on each of the 
two 1948 titanium exploration projects at Magnet Cove. These two reports 
are significant since they contain assay data on the core and sludge samples 
recovered during the drilling, and they also describe the drilling and sampling 
methods employed.
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GEOGRAPHY OF THE MAGNET COVE AREA 


LOCATION AND CULTURE 


.The Magnet Cove area includes a roughly elliptical basin two by three 
miles in extent almost completely surrounded by a ridge or rim that rises 
200 to 300 feet above the general level of the basin (Plate I). The area is 
located just southwest of the center of Arkansas in northern Hot Spring 
County (see Figure 1). U. S. Highway 270, a paved road which connects 
Ma1vrn, 7 miles to the southeast and Hot Springs, 12 miles to the west, 
passes approximately through the center of the Cove. 


The Magnet Cove area is sparsely populated and the community of Magnet 
itself, which lies on the east boundary of the Cove on Highway 270, consists 
only of a few houses and stores. With the exception of the Cove basin, tle 
soil of the area is rather poor, thus, farming is small-scale and restricted t! o 
the Cove basin and the more level valley floors of the region surrounding the 
Cove. The ridges and more rugged valleys are suited only for timber growth. 
Many of the inhabitants in the area are employed at the Jones Mill aluminum 
plant of the Reynolds Metals Company on the Ouachita River just south of 
the Cove, and in the barite mines and mills of the Baroid Sales Division of 
the National Lead Company and the Magnet Cove Barium Corporation in 
Chamberlain Creek valley, 2 miles east of the Cove. 


The area is served by the Hot Springs branch of the Chicago, Rock Island 
and Pacific railroad which passes immediately south of the Cove. A spur of 
this railroad to the barite mines passes a mile east of the community of Magnet. 
U. S. Highway 270 is the only paved road in the area, but several good gravel 
roads are maintained both within the Cove basin and in the valleys of the 
surrounding region.


REGIONAL TOPOGRAPHY* 


• The Magnet Cove rim and basin lie at the eastern edge of the Ouachita 
Mountain physiographic province just two miles northwest of the adjacent 
Gulf Coastal Plain province. This particular section of the Ouachita Mountains 
is comprised of parts of the Zig Zag Mountains, the Trap Mountains and the 
Mazarn Basin. The Zig Zag Mountains, lying north and east of the Cove, 
received their name from the peculiar course of the ridges which have a north-
eastern trend. The intervening valleys like the ridges are narrow and rough 
and contain very little level land. The Trap Mountains, immediately south 
of the Cove, are composed of a series of long narrow ridges that have an east-
ward trend and are separated by deep, narrow valleys. The eastern part of 
the Mazarn Basin, which terminates at the west rim of the Cove, has been 
greatly dissected by erosion, so that its surface is undulating and consists of 
narrow parallel valleys and low, even-crested ridges and hills. 


The Ouachita Mountains were formed by the uplift, folding, faulting and 
erosiQn of Paleozoic sediments. The most intensive crustal movements in the 


* The topographic features of the Magnet Cove region are well displayed on the Malvern 
Quadrangle recently published by the U. S. Geological Survey.
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formation of these mountains are believed to have taken place near the end of 
the Paleozoic era (Miser and Purdue, 1929). The region was then reduced 
by erosion during Permian, Triassic, and Jurassic time to a southward sloping 
peneplain. In Cretaceous time this comparatively flat erosion surface was 
submerged and tilted southeastward and sediments were deposited along its 
southern and eastern flanks. Probably the Magnet Cove intrusives were 
injected into the folded sediments at about this same time. At the end of 
Cretaceous time the peneplain was uplifted, and the accelerated erosion that 
followed lowered the belts of soft rocks, leaving the harder rocks as ridges, 
the crests of which were all-that remained of the old erosion surface. In the 
Magnet Cove region this erosion surface consists of the crests of the Zig Zag 
and Trap Mountains and the Magnet Cove rim. The southeasterly dip of this 
surface is indicated by the gradual decrease in elevation of the mountain 
crests to the southeast. Thus the Zig Zag Mountains northwest of Magnet 
Cove have crest elevations of more than 800 feet, while the Trap Mountains 
have crest elevations of 500 feet where they pass under the Tertiary sediments 
of the Gulf Coastal Plain two miles southeast of the Cove. Inasmuch as the 
two brookite deposits described in the section on ore deposits are in part 
residual ore developed near this upper erosion surface, the influence of this 
surface both on the origin of these known deposits and the exploration for 
placer deposits is of considerable importance. The erosion which destroyed 
the first peneplain or upper erosion surface in the Ouachita Mountains de-
veloped a second incomplete peneplain or lower erosion surface in the larger 
areas of soft rocks of the region. Near Magnet Cove this lower erosion 
surface is indicated by the tops of the fairly even-crested hills and ridges 
along the Ouachita River in the Mazarn Basin immediately west of the Cove. 
The crests of these ridges and hills now have an elevation of about 450 feet 
above sea level. Much of the interior basin of Magnet Cove was eroded during 
the development of this lower or 450-foot erosion level, since gravel deposits 
abut on the interior of the Cove rim at about the 450-foot contour. In early 
Tertiary time the Ouachita Mountain region was again depressed and sediments 
of Eocene age were deposited on the lower erosion surface in a sea that 
extended at least to within a mile of the southeast rim of the Cove. Evidence 
of this transgression may be seen in a railroad cut near the community of 
Butterfield, 2 1/2 miles southeast of the Cove, where Tertiary sands and clays 
lie below and between ridges of Arkansas novaculite at the approximate eleva-
tion of the lower erosion surface. Following the deposition of the Tertiary 
sediments, a succession of uplifts renewed erosional processes and the lower 
erosion level was greatly dissected, giving the region its present configuration. 
The Magnet Cove basin was further reduced at this time so that much of it now 
lies below the 400-foot contour some 250 feet lower than the Cove rim. 


The Ouachita River, which is the principal stream of the region, traverses 
part of the Mazarn Basin to the west, skirts the south rim of Magnet Cove 
and turns south across the Trap Mountains flowing out on the Coastal Plain. 
The Cove basin is drained by Cove Creek, which originates to the northwest 
in the Zig Zag Mountains, cuts through the north and south ridges of the Cove
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and enters the Ouachita River immediately to the south of the Cove. This 
stream, as well as the Ouachita River itself, has apparently been superimposed 
from the upper erosion surface. Chamberlain Creek enters Magnet Cove from 
the east, where it flows through a valley excavated in shale. \ It enters Cove 
Creek in the northeast corner of the Cove. 


U,	 JLJLIUV.& luap snowing location of the Hot Spring County, 
titanium district.







10


GENERAL GEOLOGY OF THE MAGNET COVE AREA 


GENERAL SUMMARY 


The Magnet Cove igneous rocks are a group of alkalic rocks which 
intrude sedimentary rocks ranging in age from Ordovician to Pennsylvanian. 
These sedimentary rocks are folded into tight northeast-southwest trending 
anticlines and synclines. Within the Cove proper the intrusives form incom-
plete rings which are in places separated by rocks mapped by Williams 
(1891, Map I) as metamorphosed sediments. The relationships of the 
general region are shown on Plate VIII. 


SEDIMENTARY ROCKS 


The sedimentary section of the Magnet Cove area has been described 


by Parks (1930, p. 15) and more complete descriptions of the formations ex-
posed in the Ouachita Mountains are available in the publications of Miser and 
Purdue (1923, 1929). 


The following descriptions are taken from Parks (1930, p. 16 ff.): 


Pennsylvanian 
Stanley shale 300 feet. "Bluish-black and black, fissile clay shale 


and fine-grained, compact gray sandstone in thin and thick layers. In 
the Chamberlain Creek area (half mile east of Magnet Cove) the sand-
stone is best developed near the base of the formation. Immediately 
adjacent to Magnet Cove, the Stanley shale has been metamorphosed 
to a dark compact rock resembling hornstone. Numerous joints occur 
in the shale and sandstone." 


Hot Springs sandstone 50 feet. "Hard gray, massive quartzitic 
sandstone. The fresh rock has a glazed appearance, but weathered 
specimens are soft and porous and often tinted with iron-oxides. Ad-
jacent to Magnet Cove the standstone has altered to a white, coarse-
grained, porous sandstone." 


Mississippian (?)—Devonian (?) 
Arkansas novaculite 500 feet. "Middle novaculite is 200 feet thick. 


Thin bedded novaculite with much, siliceous shale, generally black, but 
contains beds of red flinty shale, some of which is high in iron oxides." 
Lower, part is 300 feet thick. "Massive white novaculite some of it 
tinted red, gray, green, yellow, and brown. Easily identified by its 
smooth, compact appearance, conchoidal fracture, and by sharp angular 
fragments. Novaculite adjacent to Magnet Cove has metamorphosed 
to a dark, fine-grained rock, composed of small clear crystals of quartz, 
some of which have a smoky appearance." 


Silurian
Missouri Mountain shale 50-100 feet. "Mostly black, clay shale 


which in places has developed, slaty cleavage. Weathers light gray to 
white and forms light colored clay." 


Blaylock sandstone 0-500 feet. "Thin-bedded, fine-grained, gray 
sandstone, separated by layers of dark shale. The sandstone beds are 
prominently jointed, the smaller joint cracks being usually filled with 
quartz. Quartz crystals occur in larger cavities. Some of the beds 
are hard and quartzitic."
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Ordovician 


Polk Creek shale 50-100 feet. "Black, fissile shale, rather easily 
identified by the presence of graptolites. In a few places has developed 
slaty cleavage." 


Big Fork chert 300 feet. "A • dense textured, dark siliceous rock 
which is usually chert. The rock is highly jointed. Many of the joints 
are invisible. Fresh specimens are hard to obtain because of the ease 
with which the rock breaks down into small smooth sided, angular 
pieces. Some of the rock has the appearance of dense quartzite." 


Womble shale 250 feet. "Black and. green clay shale. 


Concerning Parks' geologic section, it should be noted that. the Hot 
Springs sandstone is probably missing from the sedimentary sequence 
adjacent to the east rim of the Cove. This relationship, however, is con-
sidered in detail in the discussion of the Christy brookite deposit. On the 
question of the age of the Arkansas novaculite formation, Miser (1948) has 
stated that the lower division is Devonian, but the middle division is doubt-
fully placed in the Devonian system as there is. a possibility that it may 
be of Mississippian age.


IGNEOUS ROCKS 


The Magnet Cove igneous rocks are characterized by the abundance 
of feldspathoids, the most important being nepheline. Both I nepheline 
syenite types containing orthoclase, and rocks of the Nephelinite-Ijolite-
Missourite clan (Grout, 1932, p. 105), lacking in feldspar, are present. In 
addition there are a large number of lamprophyres. Both aphanitic and 
phaneritic rocks occur and the size of the intrusive has no influence on the 
g;ain size. Complete descriptions of the igneous rocks have been made by 
Williams (1891) and Washington (1900, 1901) so only those igneous rocks 
occurring within the areas of the individual deposits mapped by, Fryklund 
are described in this report. For greater clarity in reading the report the 
pethrographic studies of the igneous rocks have been included in the de-
scription of the particular deposit at which these rocks occur. Since the 
rutile deposit of the Magnet Cove Rutile Company is the only significant 
titanium deposit at Magnet Cove that lies entirely within igneous rock, 
most of the detailed petrography is to be found in the description of that 
deposit.


METAMORPHIC ROCKS 


The metamorphic rocks of Magnet Cove were briefly described by Williams 
(1891, p. 297 ff.) and separated into obvious contact-metamorphic rocks which 
are restricted to the periphery of the intrusive mass, and a second group found 
within the Cove which he called hornstones. Only metamorphosed novaculite 
was present in the areas mapped for this report. This is the dominant rock 
at the Hardy-Walsh and the Christy properties. Several different quartzitc 
types were recognized and will be discussed in the descriptions of the indi-
vidual deposits.	 -
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The metamorphic rocks of the interior of the Cove present several prob-
lems. Williams (1891, p. 177, p. 296) refers to them collectively as hornstones, 
and expresses doubt as to whether they are actually metamorphic rocks or 
are igneous rocks of unusual types. For instance, Williams (1891, p. 262) 
presents several analyses of his "eleolite porphyry" and while commenting 
on the field resemblance to a metamorphic rock, justified his igneous classifi-
cation by comparing an analysis of the rock with those of several shales found 
in Arkansas.


SEDIMENTARY STRUCTURE 


The structure of the sedimentary rocks of the Magnet Cove area has 
been mapped by Parks (1932, Plate I). Immediately east of Magnet Cove 
the sediments have been tightly folded into isoclinal folds which are over-
turned to the north. The folds are truncated by the Magnet Cove intrusive 
mass. The sediments to the north of the area are also tightly folded but 
apparently not overturned. Sandstones and the Arkansas novaculite form 
the ridges while the valleys are in the Stanley shale. There is no evidence 
of major faulting in the district. Exposures in the pit of the Baroid Sales 
Company and in cuts along Highway 270 indicate some minor faulting, but the 
lack of surface exposures in the general area would prevent recognition of 
minor faults. No faulting was recognized during the detailed mapping of 
the ore areas.


IGNEOUS STRUCTURE 


The igneous intrusives of Magnet Cove comprise an ellipsoidal mass with 
the long axis trending northwest. As mapped by Williams (1891) the mass 
is composed of a number of incomplete but concentric rings of igneous and 
metamorphic rocks. Williams (1891, p. 342) believed the igneous rocks could 
be divided into three distinct age groups: first, basic nepheline rocks; second, 
monchiquitic rocks; third, a group of nepheline and leucite rocks which form 
the outer rings of the igneous mass. Washington (1900, p. 392) believed 
the igneous mass to be a laccolith which had differentiated in place to produce 
the various igneous rock types. Landes (1931) presented evidence showing 
that the igneous mass was not a concordant body but cut across the structure 
of the sedimentary rocks. He, therefore, believed the igneous mass to be a 
stock which had differentiated in place. Ross (1941) has stated that the 
Magnet Cove Rutile Company pit is in a volcanic neck. The authors believe 
that, in part, the noncommittal conclusions of Williams are at present most 
acceptable.


WEATHERING 


• Weathering from the lower erosion surface which formed the Cove basin 
has penetrated to about 20 feet below the surface in the north portion of the 
Cove basin and to an even deeper but unknown depth in the south part of 
the Cove basin. The hillsides which rim the Cove basin provide the most 
outcrops, but even here the surface is usually covered with very heavy float, 
rather than true outcrops. The determination of the attitude of joints, for 
example, depends almost wholly on rare outcrops at the crests of the hills or







in the beds of the small creeks and intermittent streams. Cove Creek and 
Chamberlain Creek flow in channels developed in recent gravel deposits, so 
that outcrops in the beds of these two streams are rare. 


THE MAGNET COVE RUTILE COMPANY DEPOSIT 


LOCATION 


The largest known titanium ore deposit in the Magnet Cove area is the 
Magnet Cove Rutile Company rutile deposit in the northern part of the 
Cove basin. (See Plate I). The deposit is partially exposed by two large 
abandoned open pits that lie mainly in the east central part of Section 18, 
T. 3 S., R. 17 W. The remainder of the deposit which was developed by the 
recent drilling projects (Spencer, 1946) (Reed, 1949) of the U. S. Bureau of 
Mines, lies south and west of the West Pit. The property may bei reached 
by an access road that joins U. S. Highway 270 about % of a mile to the 
southwest.


HISTORY OF EXPLORATION AND PRODUCTION 


The first investigation of the economic possibilities of the rutile, deposits 
in the northern part of the Cove basin was made by H. A. Perkins for the 
Titanium Alloy Company of Maine in 1913. At that time Perkins prospected 
the rutile area with an auger drill and sunk a shaft about 60 feet deep. 
Probably this shaft is located in the present open pit of the Magnet Cove 
Rutile Company. The results of this early prospecting apparently' were not 
encouraging, since there was no production or further exploration in 'the area 
until 1931. Early in the summer of 1931, Mr. J. W. Kimzey of Magnet Cove 
interested Mr. H. R. McKnight in the possibilities of the deposits. Subsequent 
prospecting by Mr. McKnight and his associates resulted in the incorporation 
of the Titanium Corporation of America in 1931, and immediate commercial 
development was begun. A mill capable of handling from 30 to 40 tons of ore 
per hour was built and the first carload of rutile concentrates was shipped 
in 1932. The rutile ore mined was from the open pits that are now con-
trolled by the Magnet Cove Rutile Company. The first ore treated was the 
alluvial and residual rutile in the soil, but unoxidized ores were also mined 
later as the open pits were deepened to bedrock. The rutile operations of the 
Titanium Corporation of America extended over the period 1932-1942, but 
were intermittent due to the shortage of water supply in the summer months 
and the variable market conditions. It is reported that from 200 to 600 tons 
of concentrates were produced (see Table I) annually during this period, the 
bulk of which was exported to Europe. 


In 1935 the Titanium Alloy Manufacturing Company of Maine made 
arrangements with Messrs. Nichols and Campbell to produce rutile from 
residual deposits near the southwest corner of Section 18 about half a mile 
southwest of the Titanium Corporation operation. This operation was unsuc-
cessful and the company, through a subsidiary, the Arkansas Mining Corpo-
ration, took over the operation. Although the Arkansas Mining Corporation 
did produce some rutile in 1936, this operation also proved unsuccessful and
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was abandoned. In 1942, the Titanium Alloy Manufacturing Company of 


Maine, through a subsidiary, the Titanium Alloy Manufacturing Company of 


Arkansas, acquired the facilities and properties of the Titanium Corporation 


of America. The subsidiary Arkansas corporation installed additional facili-


ties and equipment and produced approximately ten cars of rutile concentrates 


during 1943. These concentrates were used entirely in the manufacture of 


metallurgical alloys of titanium at the plant of the parent company in Niagara 


Falls, New York, since no method of making them suitable for use in welding 


rod coatings was determined. Because of insufficient demand for the rutile 


in the production of alloys, the operation was abandoned and the properties 


sold in December, 1943, to the Magnet Cove Rutile Company. This company 


operated the open pit mine and the mill in 1944 and produced rutile concen-


trates. This operation, however, was shut down in the fall of 1944. There 


have been no producing operations in this area since that time. 


Table 1.	 Production of Rutile Concentrates from the 
Magnet Cove Area, Arkansas 


(Data from Severance Tax Records of the State of Arkansas) 


Production 
(Short 


Year Producing Company Tons) 


1934° Titanium Corporation of America 39.05 
1935 Titanium Corporation of America 295.55 
1936 Titanium Corporation of America 282.22 


Arkansas Mining Corporation 100.72 
1937 Titanium Corporation of America 947.60 
1938 Titanium Corporation of America 441.63 
1939 Titanium Corporation of America 456.15 
1940 Titanium Corporation of America 792.40 
1941 Titanium Corporation of America 895.50 
1942 Titanium Corporation of America 12.80 
1943 Titanium Alloy Manufacturing Co. of Arkansas 600.00:: 
1944 1 Magnet Cove Rutile Company 325.00::: 


Total 5,188.62


* Although producing operations began in 1932, apparently no severance tax report was 
filed prior to 1934. 


** Estimate furnished by the Titanium Alloy and Manufacturing Division of the National 
Lead Company. 
Estimate furnished by Mr. P. C. Upton of the Magnet Cove Rutile Company. 


In 1945 the United States Bureau of Mines conducted an exploration 


project (Spencer, 1946) on the properties of the Magnet Cove Rutile Com-


pany; both churn and core drills were used in drilling a total of 1,252 feet 


with a maximum depth of hole of 150 feet. The rutile reserves of the deposit 


were increased appreciably as a result of this investigation. A more extensive 


core drilling project (Reed, 1949) at this deposit was completed in .1948. 


Since much of the geologic interpretation of the deposit is based on the 1948 
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drilling, a more detailed discussion of this project will follow. There has 
been no activity in the area since the recent drilling project. 


PREVIOUS STUDIES 


The iutile mineralization of the Magnet Cove Rutile Company deposit 
has previously been described by Ross (1941) as due to the hydrothermal 
alteration of a volcanic breccia by titanium-bearing solutions. In a later report 
based on the geologic mapping of the open pits in 1944, Kinney (1949) stated 
that the pits were excavated in highly weathered and altered volcanic agglom-
erate composed of altered mafic igneous rocks in a matrix of clay (highly 
altered tuff) and that the rutile seemed to he concentrated in a narrow zone 
in the clay beneath the igneous blocks of the agglomerate. 


TOPOGRAPHY 


The pit areas of the Magnet Cove Rutile Compan y 's deposit, as well as 
the extensions developed by the drilling, lie in a belt of gently sloping ground 
between Cove Creek and the Cove rim in the north part of the Cove basin 
(See Plate II). 


The break at the foot of the Cove rim north of the pits is about at the 
450 contour. Outcrops are abundant in the rim north of the 450-foot contour, 
but they are rare south of the contour, the bedrock being obscured by residual 
and alluvial soils which in some places contain gravel deposits. East of the 
200 E coordinate (Plate II) 5-foot thick terrace gravels are exposed in 
the pit walls. These gravels are also present at the end of the aegirine 
phonolite porphyry outcrop near the head of the intermittent stream east of 
the West Pit. The pits, therefore, occupy a slightly dissected area which 
probably represents the lower or 450-foot erosion level of the region. 
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The depth of weathering is apparently not related to the present topogra-
phy but is related to the 450-foot terrace, so that the weathering is deeper 
the greater'the elevation of the present surface. In general, the bottom of 
the pits represents the limit of weathering. On the surface in the immediate 
vicinity of the two pits, and most particularly in the field at the southeast 
corner of the mapped area, there is abundant float rutile. 


PHYSICAL ASPECT OF THE PIT AREAS 


The last mining in the West Pit (Figure 2) was in 1944, while the East 
Pit was abandoned some time before. The abundant clays of hydrothermal 
and weathering origin present in the pits have been reworked by rainwash, 
resulting in poor pit exposures. Some of the clay areas are partially covered 
with grass and small willows. The best exposures in the pits are "knobs" 
of relatively unaltered igneous rock that project from the pit floor as a 
result of selective mining operations. Several of the lower sections of the 
West Pit are under water the year round. 


Because of the extensive clay alteration of both igneous rocks and veins, 
and lack of both well defined igneous rock-vein contacts and continuous 
exposures, it was necessary to use the non-committal unit "clay-hydrothermal 
and weathered" in mapping much of the pit areas. This "clay" as shown on 
Plate II, together with the few feldspar-carbonate veins mapped as such, 
constitute the rutile ore of the deposit. In order to obtain a clearer picture 
of the relationship and character of the altered igneous rocks and vein types 
present in the pits, a small area in the West Pit was mapped on a 10-foot 
scale (Plate IX, page 30) after the reworked clays had been removed by hand 
from contacts and other critical spots. 


IGNEOUS GEOLOGY 


Nomenclature 


Even though the petrography of the Magnet Cove igneous rocks has been 
the subject of papers by two eminent petrographers, their nomenclature has 
been slightly revised in this report. In certain respects Williams (1891) used 
a more modern method of nomenclature than Washington in that he prefixed 
rock clan names by mineralogic qualifiers. As certain rock types, such as 
the ijolites, are no longer considered to belong in the clans in which Williams 
placed them, his nomenclature could not be followed in its entirety. On the 
other hand, Washington (1900) (1901) used many special names, some of 
them like "arkite" having only local significance. The rock names used, with 
the exception of aegirine phonolite porphyry, which is described for the first 
time in this report, are in part those of Washington and in part those of 
Williams. The use of each rock name is explained in the description of that 
rock type, and the characteristic minerals of. the different rock types are 
shown in Table 2.	 .
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Table 2.	 Characteristic Minerals of the Igneous Rocks, 
Magnet Cove Rutile Co. Area. 


Rock Feldspar Feldspathoid Ferro-manesian 
Aegirine phonolite porphyry orthoclase nepheline aeirine 
Nepheline syenite nepheline diopside (fine grained type) orthoclase cancrinite aegirine 
Nepheline syenite nepheline diopsjde (Diamond Jo type) orthoclase cancrinite aegirine 
"Leucite" nepheline syenite orthoclase nepheline aegirine 
Nepheline	 tinguaite	 dikes orthoclase nepheline aegiiine 
Monchiquite dikes plagioclase analcime (?) titanàugite 


barkevikite 
biotite 


olivine(?) 
Fourchite dikes analcime (?) titanaugite 
Amphibole fourchite dikes analcinie (?) titanaugite 


hrkevikite


Distribution 


The country rock of the Magnet Cove Rutile Company deposit is mainly an 
aegirine phonolite porphyry, the principal rock occurring below the 450-foot 
contour. There are almost continuous exposures of this rock at the foot of the 
Cove rim in the mapped area (see Plate II). It is again exposed in a small 
outcrop in the bed of the central intermittent stream just east of the 
West Pit. These two areas are in contact with the nepheline syenite (fine-
grained type) which forms most of the hill slope to the north. The khob into 
which the East Pit was dug is also composed of aegirine phonolite porphyry. 
In the West Pit there are a number of exposures of the aegirine phonolite 
porphyry which are apparently in place. The extent of this rock beneath the 
flat to the west and to the south of the pit area is unknown as there are no 
exposures. Recent drill holes show the aegirine phonolite porphyry extends 
at least 400 feet south and 700 feet west of the West Pit. 


The hillside to the north of the aegirine phonolite porphyry is composed 
of nepheline syenite (fine-grained type) in the center of which there is a 
mass of "leucite" nepheline syenite. The nepheline syenite (fine-grained 
type) intrudes the aegirine phonolite porphyry. 


Just north of the East Pit there is a small oval outcrop of repheIine 
syenite (Diamond Jo type). This rock is probably related to the n'epheline 
syenite (fine-grained type) and therefore younger than the aegirine phonolite 
porphyry. 


In the northeast part of the West Pit there is a monchiquite mass which 
strikes east-west. There are no exposures to the west of the pit or contacts 
with the aegirine phonolite porphyry in the West Pit. In the East Pit, how-
ever, there is a small exposure : of monchiquite which cuts the aegiriné phono-
lite porphyry. A monchiquite dike was also encountered in drill hole N-i. 
Monchiquitic and leucite tinguaite dikes cut the aegirine phonolite porphyry. 
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As the various dikes cannot be traced in the "clay" of the pits, nor do 
any dikes cut the various vein types, the igneous activity was apparently 
concluded by the time the veins were introduced. In the northwest corner 
of the West Pit a fourchite dike in the phonolite served as the locus of a vein, 
as its entire length is now impregnated by carbonate, feldspar, and rutile. 


Aegirine Phonolite Porphyry 


The aegirine phonolite porphyry was not described by Williams. The 
area where it fringes the hill rim at the Magnet Cove Rutile Company prop-
erty was mapped by him as sedimentary rock which passes under alluvial 
covering to the south. 


The aegirine phonolite porphyry occurs in the West Pit as a group of 
elongate masses (Figure 3) that project above the pit floor. In the west end 
of this pit these blocks are separated from the main phonolite mass only by 
thin feldspar-carbonate veins. To the east in the pit they become more and 
more separated from the main mass and finally occur as isolated knobs 
surrounded by clay and vein material, well separated from the main igneous 
body. These phonolite blocks are essentially massive and the general strike 
of each is roughly N. 60°-70°E., paralleling one of the major joint trends of 
the nepheline syenite that outcrops in the Cove rim north of the pit. Because 
these isolated masses have the same elongate shape and trend, even those 
clearly separated from the main phonolite mass by only thin veins, it is 
assumed that all of them are remnants of a larger mass of phonolite which 
was differentially replaced and hydrothermally altered along what was prob-
ably a major joint set. A similar conclusion was reached by W. H. Lacey 
(Vogel, 1944, p. 4) who mapped the pits while mining was in progress. Lacey 
stated that the orebody appeared to be localized along a zone of en echelon 
faults which follows an arcuate pattern parallel to the Cove rim. 


In the field two general types of phonolite may be distinguished: (1) 
an "unaltered" phonolite that is hard, dark brown, to almost black in color, 
very fine-grained and is well exposed in the numerous "knobs" of the West Pit; 
and (2) an "altered" phonolite that is soft, clayey, gray green to dark green 
in color, very fine-grained and is the predominant rock exposed in the walls 
of both the East and West Pits. The phonolite encountered in the drilling 
was differentiated into these two types (see drill logs, pp. 97-129). On the maps 
and sections (Plates II, III, IX), however, the phonolite was mapped as a 
single unit. In some areas in the fresher rock there are a few feldspar or 
nepheline phenocrysts,.which rarely exceed 1 mm in diameter and occasionally 
an isolated pyroxene phenocryst can be seen. Usually, however, the porphy-
ritic nature of the rock must be determined in thin section. In all exposed 
areas there are abundant small pyrite cubes. 


In thin section the phonolite has considerable mineralogic variety as a 
result Of deuteric alteration and later hydrothermal alteration as well as 
primary differences. Petrographically three types of phonolite may be recog-
nized: 1. "Fresh" phonolite. 2. Hydrothermally altered, but still hard, phono-
lite. 3. Phonolite so hydrothermally altered it can be cut with a knife. Types
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Figure 3. An aegirine phonolite porphyry knob in the West
Pit of the Magnet Cove Rutile Company. 


The upper half of the knob is hard, massive phonolite, 
which is separated from a large feldspar-carbonate vein at 
the base by an interval of soft, altered phonolite. The vein-
phonolite contact is approximately horizontal and is marked 
by the point of the shovel. (Photo by John Blundell).
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1 and 2 correspond in general to the hand specimen rock described as "un-
altered" phonolite and Type 3 is the same as the "altered phonolite" hand 
specimen material. 


In the "fresh" phonolite (Type 1) phenocrysts which are pseudomorphs 
after nepheline (Plate X-A, page 155) a feldspar (?) and a ferromagnesian 
mineral in that order of abundance compose about two per cent of the rock. 
The replacing material consists of biotite; a carbonate, probably calcite; apa-
tite; epidote; and chlorite. The groundmass of the "fresh" phonolite is very 
fine-grained, averaging less than .02 mm in grain size. Aegirine needles 
composing about 20 per cent of the rock, form a rudely tinguaitic texture 
(Plate XI-A, page 156). Anhedral orthoclase grains and green biotite grains 
are present in equal amounts (25-30 per cent) in the rock. A black opaque 
mineral, probably ilmenite, in grains less than .04 mm in diameter composes 
about 3-5 per cent of the rock. Other accessory minerals are titanite and diop-
side. Even the freshest rock contains abundant carbonate, epidote, and 
lesser amounts of leucoxene, kaolinite,* analcime, allophane, and noselite, indi-
cating alteration. 


Table 3 is an analysis of the freshest appearing aegirine phonolite por-
phyry. 


Table 3.	 Chemical Analysis** of Aegirine Phonolite Porphyry. 


Si02 38.40 
Al203 15.37 
Fe203 2.42 
FeO 6.20 
MgO 3.20 
CaO 9.30 
Na20 5.55 
K20 4.77 
1120 1.81 
1120 .36 
CO2 6.68 
Ti02 3.51 
P200 .90 
SO3 .37 
S .57 
MnO .27 


99.68 
Less 0 for S .14 


99.54


* The clay minerals in most of the igneous rocks occurred in such small quantities that samples 
could not be taken for X-ray analysis. The preliminary chart for the identification of the 
secondary minerals compiled by Lovering (Preliminary U.S.G.S. chart) was used for the determi-
nation of the clay minerals in thin section. 


R. Chadbourn, analyst, Rock Analysis Laboratory, Department of Geology and Mineralogy, 
University of Minnesota. 
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The more altered phonolite (Type 2) while still hard and appearing no 
different from the freshest rock in hand specimen has a greater mineralogic 
variety. The aegirine has been in large measure substituted for by epidote, 
with some thin sections containing less than 5 per cent aegirine. The per-
centage of green biotite is increased only slightly. The more altered sections 
are accompanied by considerable amounts of a montmorillonite-like mineral 
(Plate XI-B, page 156). Apparently kaolinite was not formed. Apatite ap-
pears in the groundmass of the more highly altered rocks. LeucOxene is 
usually present also, as an alteration products of the ilmenite and sphene. 


Along the borders of each phonolite "knob" there is a zone in which the 
phonolite has been altered to a dark green clay-like rock (Type 3) which 
can be easily cut by a knife. The contact between soft green rock and hard, 
dark brown, solid rock is gradational. Thin sections of this green rock show 
that the orthoclase is still identifiable and composes about 30 per cent of the 
rock; however, only one per cent of the aegirine remains. There is about 
30 per cent of green biotite present, roughly the same as the more fresh pho-
nolite. The remainder of the rock is composed of fine-grained masses of 
epidote, chlorite (?) kaolinite, montmorillonite, carbonate, and leucoxene. 


From the dark green clay alteration of the phonolite there is' further 
gradation to a white or gray bleached clay. In some cases this gradation 
may represent contacts of a feldspar-carbonate vein with the phonoite with 
subsequent alteration of the feldspar-carbonate rock. There is evidence that 
at least some of the white and gray clay material was originally jhonolite. 


Inclusions in Aegirine Phonolite Porphyry 


The aegirine phonolite porphyry contains a large number of inclusions 
of both igneous and metamorphic rock types. In the west end of the West Pit 
the inclusions in each phonolite block become more abundant. The phonolite 
mass centering around 10,340 E., 10,240 N. (Plate II) contains inclusions of 
several different rock types, the largest of which seemed to be a 4-foot block 
of a metamorphosed sediment. The inclusions are more abundant than the 
phonolite and this mass could best be described as a breccia. This small area 
is the best evidence for postulating a volcanic neck that could be found. While 
many of these inclusions are readily recognized as foreign bodies, many of 
the inclusions have reacted with the phonolite magma and have much the 
same appearance as the surrounding phonolite. For instance, what was be-
lieved to be an epidotized portion of the phonolite proved in thin section to 
be a shale inclusion. Because dikes were known to occur in the pit, the larger 
inclusions were outlined by shovelling, if necessary, to show that they were 
irregular shaped bodies with closed perimeters. Many of the inclusions were 
greater than 1.5 feet in diameter, and one, a true breccia itself, was six feet 
long and varied from one to two feet in width. 


Large blocks, up to three feet in diameter, of a biotite nepheline syenite 
occur in the west end of the West Pit. This rock type is apparently not the 
same as the nepheline mica syenite described by Williams (1891, p. 208), but 
because of the characteristic large biotite phenocrysts visible in the hand
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specimen, it was so named. In hand specimen it is a coarse grained, porphy-
ritic rock containing large biotite phenocrysts, some of which are an inch in 
diameter. 


A very unusual igneous breccia occurs as several inclusions, one of which 
was the 6-foot long inclusion previously mentioned. The freshest inclusions 
of this breccia are dark green in color, while one inclusion at the base of the 
pit wall in well weathered aegirine phonolite porphyry was dark gray, almost 
black, and decidedly porous due to the leaching of the carbonate. The com-
ponent rock fragments are angular to subroundeci in shape. The largest rock 
fragment was 40 mm in greatest dimension but 5-6 mm is the average. The 
groundmass, or cement, composes about 20 per cent of the rock. The included 
fragments are shale, chert, chert containing pyrite, fairly fresh trachytic 
aegirine syenite, and highly altered igneous rocks. The igneous fragments 
are the most angular and the sedimentary rocks are the most rounded. There 
is a roughly equal division between the number of igneous and sedimentary 
fragments but the igneous fragments are larger. The cement contains abun-
dant carbonate, large apatite grains, leucoxene masses, orthoclase, green bio-
tite, and possibly some quartz. The origin of such a breccia is uncertain, 
particularly in view of the nature of the cement, but the essential fact is that 
such a rock type is present as inclusions. 


A single light green, dense, banded inclusion proved to be fine-grained 
metamorphosed sandstone composed of well rounded quartz grains in a cement 
of very fine grained amphibole and chlorite. The amphibole and chlorite was 
originally the clay fraction of the sandstone. The inclusion is presumably a 
sample of the underlying Pre-Cambrian rocks. 


Age Relations 


The contact between, the aegirine phonoite porphyry and the nepheline 
syenite (fine-grained type) crops out at several places along the base of the 
hill at the Magnet Cove Rutile Company property. An outcrop in the bed 
of an intermittent stream exhibits a mutual interfingering of the two rocks 
and a reduction in grain size near the contact of the nepheline syenite. As the 
field evidence was none too conclusive as to the relative ages, thin sections 
of the contact were examined. The relationships of the two rocks in thin 
section indicated that the nepheline syenite is the younger. (Plate X-B, page 155). 
The contact effects on the phonolite seem to be restricted to a thin zone of 
epidote at the contact.


Monchiquite Dikes' 


The monchiquite dikes were considered by Williams (1891, p. 342) to 
have been intruded during the second period of igneous activity 'and prior to 
the intrusion of the "eleolitic and leucitic rocks of the 'Cove Ring'." 


A large monchiquite dike, 60-100 feet wide, is exposed in the northeast 
portion of the West Pit. A smaller 'exposure of the same rock type is present 
in the East Pit. Here it definitely cuts the aegirine phonolite porphyry and







MAGNET COVE RUTILE COMPANY DEPOSIT 	 23 


apparently is the parent of three much smaller monchiquite dikes, 6 inches to 
a foot wide, which cut the phonolite. There are no exposed contacts between 
the large monchiquite dike and the aegirine phonolite porphyry in the West 
Pit. The dike is probably an extension of one mapped by Williams (1891) 
in the northwest quadrant of Magnet Cove. A monchiquite dike was also 
encountered in drill hole N-i. In hand specimen the monchiquite is coarse 
grained, and dark green to almost black in color, giving a pilitic appearance 
to the rock. 


In thin section (Plate XII-A, p. 157) the rock is porphyritic with a medium-
grained groundmass. An approximate mode is as 'follows: 


Titanaugite--------------------------------------------------- 40 
Biotite----------------------------------------------------------- 5 
Barkevikite-------------------------------------------------- 10 
Plagioclase	 An	 (?)	 ----------------------------------- 20 
Apatite-------------------------------------------------------- 2 
Magnetite-ilmenite	 ---------------------------------------- 3 
Chlorite(?)	 ------------------------------------------------- 20


100 


The thin sections examined gave no indication of the analcime which is 
supposedly characteristic of the monchiquites. 


In the northeast corner of the West Pit the large 'monchiquite mass has 
also been hydrothermally altered. There is a gradation from the freshest 
monchiquite through a bleached zone of variable thickness but on the order 
of 10-20 feet, to "clay." In thin seCtion the bleached monchiquite retains the 
coarse-grained texture of the fresh monchiquite 'and even a few patches of 
recognizable plagioclase but the ferro-magnesian minerals have been altered 
to epidote, chioritic minerals, green biotite, and iron oxides. Clay minerals 
are present but greatly masked by the iron oxides. Orthoclase, carbonate, 
and rutile have been introduced. 


Three small monchiquite dikes have been observed in the East Pit of the 
Magnet Cove Rutile Company. Their width ranged from 6 inches to a foot. 
A relatively fresh, hard, black monchiquite dike was encountered in drill hole 
N-i. The dike extended over the depth interval 28.4' to 43.6' and was' bounded 
above and below by coarse-grained albite-perthite carbonate rock. The contact 
relationships, however, were not preserved in the core. 


Fourchite Dikes 


The fourchite dikes were considered by Williams (1891, p. 110) as being 
olivine-free monchiquites. Two fourchite dike exposures each 1 foot wide and 
about 8 feet long are present in the West Pit of the Magnet Cove Rutile 
Company. In each case the dikes cut the aegirine phonolite porphyry. In 
hand specimen the dikes are dark green in color, with very abundant large 
pyroxene phenocrysts some of which reach 12 mm in length. 
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Amphibole Fourchite Dikes 


In Williams' (1891, P. 110) classification the amphibole fourchites are 
amphibole-bearing, olivine-free monchiquites. Dikes of this Fock cut the 
aegirine phonolite porphyry in the Magnet Cove Rutile Company pit, and also 
occur in the prospect pit of the Mo-Ti Corporation. In hand specimen the 
rock is coarse grained, porphyritic, dull gray green in color, with trachitic 
textures produced by oriented pyroxene needles. 


Nepheline Syenite (Fine-Grained Type) 


The name given by Williams (1891) to this rock has been retained. It 
should be noted that the nepheline syenite (fine-grained) is actually coarse-
grained but is finer grained than the Diamond Jo type with which Williams 
was comparing it. The nepheline syenite (fine-grained type) forms the hill-
side immediately north of the Magnet Cove Rutile Company pit, and also 
occurs at the Christy brookite property on the east rim of the Cove. It is 
younger than the aegirine phonolite porphyry as previously noted. Through 
the center of the nepheline syenite (fine-grained type) there is a band. of 
"leucite"-neheline syenite. The "leucite"-nepheline syenite was described by 
Williams (1891, p. 277) as a differentiate of the nepheline syenite because 
of a gradation from type nepheline syenite (fine-grained type) to "leucite"-
nepheline syenite. The latter rock is dark, fine-grained, and contains abundant 
pseudo-leucite phenocrysts while the nepheline syenite is a coarse-grained 
rock which usually has no phenocrysts; however, along the contact there is 
a development of pseudo-leucite in the nepheline syenite. The position of the 
line marking gradational contacts on Plate II is tentative. 


The major jointing of the nepheline syenite strikes N. 65° E. and dips 
40° N. in the northwest corner of the mapped area. In the gully of the 
central intermittent stream just beyond the Magnet Cove Rutile Company 
pits the jointing is well exposed and here the major joint system strikes 
N. 85° E. and is vertical. The major joints, striking N. 85° E., in the central 
area are frequently filled by thin, less than 1-inch thick, lamprophyre dikes. 


In the field the nepheline syenite is coarse-grained, light gray in color, 
and appears to be largely composed of feldspar and nepheline grains which 
reach a maximum of 4 mm in length. 


Thin sections show that the rock is composed mainly of orthoclase, nephe-
line, cancrinite, aegirine and diopside, with garnet, biotite, magnetite, apatite 
and titanaugite as accessory minerals. 


Nepheline Syenite (Diamond Jo Type) 


This is the foyaite of Washington (1900 ,, p. 398). The :rock in thin section 
appeared to the senior author to be identical with the "fine-grained type." In 
the field, however, the nepheline of the Diamond J0 type is pinkish orange 
while that of the "fine-grained type" is colorless. This difference in color 
makes an easy field distinction. A small isolated outcrop of the Diamond Jo 
type occurs in the Magnet Cove Rutile Company pit area. - Presumably au.
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extension of this intrusive was encountered in drill hole 0-3 as the main 
igneous rock type in this hole was the Diamond Jo nepheline syenite that 
has been hydrothermally altered to a gray green rock. There are no indica-
tions as to age relationships with the other igneous rocks. The rock is 
presumably closely related in age to the "fine-grained type." 


"Leucite"-Nepheline Syenite 


This rock type is the leucite syenite dike rock of Williams (1891, p. 267) 
and the leucite porphyry of Washington (1900, p. 399). The 'contact between 
the "leucite"-nepheline syenite and the nepheline syenite "fine-grained type" in 
the Magnet Cove Rutile Company pit area is gradational. In the field 
the most typical "leucite"-nepheline syenite is a dark green porphyritic rock 
containing a few scattered phenocrysts of pyroxene up to 6 mm in length and 
more abundant feldspar phenocrysts reaching a maximum length of 8 mm 
lying in a fine-grained groundmass. The characteristic feature is the presence 
of large, up to 2 cm in diameter, euhedral phenocrysts of pseudo-leucite. The 
pseudo-leucite phenocrysts are composed of intergrowths of orthoclase and 
albite, small euhedral crystals of nepheline, cancrinite, and small aegirine 
needles. Williams (1891, p. 269) has described the pseudo-leucite phenocrysts 
in great detail.


Nepheline Tinguaite Dikes 


The nepheline tinguaite dikes shown on the geologic map of the Magnet 
Cove .Rutile Company property (Plate II) correspond to the dikes mapped 
and described in that area by Williams (1891, p. 281) as leucite tinguaite 
dikes. It was necessary to change Williams' nomenclature since thin-section 
examination of these tinguaitic dikes revealed that nepheline is a common 
phenocryst in these rocks while pseudoleucite is absent. (Plate XII-B, p. 157). 
Two varieties of nepheline tinguaite rocks occur in the West Pit. One variety 
contains augite, as well as feldspar and, feldspathoid phenocrysts, while the 
other variety,-which is the largest tinguaite dike and is exposed in the pit 
wall near the mill contains only feldspar and feldspathoid phenocrysts. In 
hand specimen the largest tinguaite dike is a rich dark green in color, with 
a very fine-grained groundmass in which are scattered abundant orthoclase 
and nepheline phenocrysts. The other leucite tinguaite variety occurs in a 
foot-wide dike in the northwest corner of the West Pit where the intermittent 
stream enters the main part of the pit. There is another exposure 200 feet 
south.along the intermittent stream.
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VEINS 


Summary 


In the pit exposures and most of the drill holes the aegirine phoriolite 
porphyry and the monchiquite are cut by numerous veins and vein masses. 
These veins are not conspicuous in the pit, however, because of the irregular 
shape of the larger masses and the intense clay alteration of both the en-
closing phonolite and some of the vein types. In a few places these veins 
also cut the nepheline syenite (fine-grained type) and the nepheline syenite 


(Diamond J0 type). The great majority of these are iutile-bearing feldspar-
carbonate veins, four types of which have been recognized. They are: 1. Sugary-
textured albite-dolomite veins. 2. Microcline-calcite veins. 3. Coarse-grained 
albite-perthite-carbonate veins. 4. Albite-ankeiite veins. In addition, calcite-
rutile veins and coarse-grained calcite veins, as well as several other types of 
carbonate veins, are known. One small veinlet of fluorite was seen. 


The sugary-textured albite-dolomite veins and the microcline calcite veins 
are the most widely distributed and attain the largest size of all the vein 
types in the deposit. The albite-ankerite veins, although widely distributed 
and comparatively rich in iutile, seldom exceed 8 mm in thickness. The 
coarse-grained albite-perthite-carbonate veins and calcite-rutile veins, though 
relatively large, are very limited in distribution. The coarse-grained calcite 
veins are characteristically large, but their iutile content is negligible. 


The coarse-grained albite-perthite-carbonate veins, the albite-ankerite 
veins, the smaller microcline-calcite veins, and minor carbonate veins are at 
least veins in form. Although the sugary-textured albite-dolomite veins and 
the larger masses of the microcline-cticite veins are not linear features, the 
senior author believes that they, as well as the other vein types, are true veins. 


Alteration of the two principal vein types, the sugary-coated albite-
dolomite and the microcline-calcite, has yielded much of the clay which now 
covers the pit floors. Hydrothermal alteration, primarily, developed the clay 
in the sugary-textured albite-dolomite veins, while weathering formed the clay 
that is associated with some exposures of the microcline-calcite veins. These 
clays are mainly of the montmorillonite type. 


The sugary-textured albite-dolomite veins are the oldest. They are cut by 
the microcline-calcite veins, which are in turn cut by the albite-ankerite veins. 
Coarse-grained calcite is cut by albite-ankerite veins, but the relationships with 
the other vein types are not as yet known. The relative ages of the coarse-
grained albite-perthite-carbonate veins, the calcite-rutile veins, and the minor 
vein types are also unknown. 


Rutile occurs in the altered and unaltered phases of all the feldspar-
carbonate vein types but only the sugary-textured albite-dolomite, the microcline-
calcite, and the albite-ankerite types are important for their rutile content. 
Rutile occurs in these veins as single acicular grains, nests of acicular iutile, 
irregular blebs which are really very compact masses of acicular sutile, and as 
veins and veinlets. The maximum length of acicular rutile was .5 mm and







MAGNET COVE RUTILE COMPANY DEPOSIT	 27 


ranged downward so that rutile needles were just barely visible at 360 diameters. 
The average length was certainly less than .1 mm. Irregular blebs of rutile 
reached a maximum diameter of 1 mm in only one thin section; in the other thin 
sections the blebs were smaller than 1 mm in diameter. While the observed 
rutile veinlets varied from .1 mm in width to 5 cm, some are apparently much 
larger as indicated by large float rutile. Chemical analyses have shown that 
the small amount of vanadium present in core samples occurs in the rutile. 
Leucoxene occurs as small irregular patches and as a coating on the rutile masses.. 
All the larger veins and masses of rutile have a small amount of leucoxene 
alteration on their edges and rims. The number of rutile patches which are sur-
rounded by much larger leucoxene masses (Plate XVII-A, page 163) indicates 
that the patches now entirely composed of leucoxene probably were once rutile. 
The leucoxene formation probably occurred at the same time as the formation 
of the clay minerals. In even the freshest rock examined, from 15-20 percent of 
the Ti0 content is in the form of leucoxene. 


In mapping the pit areas the extensive clay alteration of both the vein types 
and the enclosing igneous rock, and the lack of continuous exposures made it 
impossible to differentiate these vein types in many sections of the pit floor. 
Hence, pit areas designated as "Clay, Hydrothermal and Weathered" (Plate II) 
can be considered to be altered aegirine phonolite porphyry containing numerous 
feldspar-carbonate veins of the four types listed above, of which the sugary-
textured albite-dolomite type is the most common. 


In the examination of the drill core, (see drill logs, pp. 97-129) the veins 
were simply logged either as feldspar-carbonate or as coarse-grained calcite. 
Most of the feldspar-carbonate vein material examined in the cores was the 
sugary-textured albite-dolomite type. 


Sugary-Textured Albite-Dolomite Veins 


The U. S. Bureau of Mines' sample trenching, and their subsequent drilling 
project at the Magnet Cove Rutile Company deposit in 1948 permitted the recog-
nition of the sugary-textured albite-dolomite vein as the predominant vein type 
in this deposit. This vein type has been hydrothermally altered to a relatively 
soft mass containing much clay. Reworking of the clay by rainwash has 
obscured the albite-doloinite veins throughout most of the pit are At co- 
ordinates 550 N. and 500 E. (Plate II) centering around elevation number 
"382" this vein type has been exposed in a series of shallow trenches. The vein 
mass exposed in the sample pits varies from light to dark gray in color, and 
because of its fine grain size appears to be an altered igneous rock type cut by 
many carbonate veinlets. It differs considerably in hardness, and even hand 
specimens appear to contain notable amounts of clay. Three thin sections of 
material from the sample pits show a surprising uniformity in grain size (Plate 
XIII-A, B, page 159) but a considerable difference in the dolomite-albite ratio. 
In one thin section the dolomite-albite ratio was about 60-30, in the second 80-5, 
and in the third 70-25. The dolomite* is euhedral and averages about .5 mm in 


* The carbonates in all the vein types were determined by using the indices of Winchell. 
(1933, pp . 71-73).
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diameter. The albite is also euhedral with some grains approaching 1 mm in 
length but also averages about .5 mm. About 5 percent of rutile is present. Most 
of the rutile occurs as acicular needles but some occurs as irregular blebs 
averaging less than .1 mm in diameter (Plate XIII-A, page 159). Leucoxene is 
abundant. Fine grained, perfectly fresh pyrite composes from 5-10 percent of 
the rock. 


The most interesting feature of this vein type is the clay* alteration. In 
one section the albite was fresh containing only a small amount of allophane, 
but in the other sections the albite was considerably altered to a montmorillonite-
like mineral and a minor amount of kaolinite (Plate XIV-A, page 160). An 
X-ray pattern of the montmorillonite -like mineral showed that it belonged to the 
montmorillonite group. The montmoriilonite has developed along the twinning 
bands of the albite resulting in elongate montmorillonite masses which have a 
definite linear structure. The kaolinite lies in and is subordinate to the 
montmorillonite. As it occurs only in the montmorillonite it is apparently 
formed from it -(see Ross and Hendricks, 1945, p. 68). 


It was believed during the field work that much of the pit floor covered 
by clay was probably underlain by sugary-textured albite-dolomite vein masses. 
Subsequent drilling in 1948 by the U. S. Bureau of Mines has shown its wide-
spread occurrence, and it now appears that this vein type is the most abundant 
in the West Pit area. The vein material in the drill core varies in hardness 
and amount of clay alteration, but material from 175 feet below the surface 
was essentially the same as the more altered rock in the pit. 


The clay alteration is considered to be hydrothermal for the following 
reasons:


1. It is known to extend for at least 200 feet below the present surface. 


2. At the present pit surface other feldspar-carbonate vein types have 
little clay alteration except at the very top of the present exposures, and this 
clay can be easily removed to expose hard fresh rock. Other weathering 
effects of the other feldspar-carbonate veins are limited to the leaching of 
carbonate. 


3. The general composition of all the feldspar-carbonate types being 
essentially the same, it appears doubtful that there would be a selective 
reaction to weathering which would permit one vein type to be weathered 
to a depth of 200 feet and the other vein types to a depth of only 10-20 feet 


4. The aegirine phonolite porphyry "knobs" are altered to a clay along 
their borders only. It appears reasonable, therefore, to assume that the 
sugary-textured albite-dolomite veins were the earliest veins and that the 
hydrothermal alteration of the veins and of the aegirine phonolite porphyry 
"knobs" took place at some later time but before the introduction of the other 
vein types. 


* The clay minerals in thin sections of the vein types were identified by the methods described 
as applying to igneous rocks (p. 20). Fortunately larger masses of the clay minerals permitted 
checking most of them by X-ray analysis.
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Drill core (Hole E-8) showed that there is a molybdenite mineralization 


associated with this vein type. Small veinlets of readily recognizable molybde-


nite flakes are rare, but areas which were streaked by extremely fine dark 


particles proved to contain molybdenum. The tests were qualitative, but the 


amount of molybdenite present is apparently very small. 


Nlicrocline-Calcite Veins 


The microcline-calcite veins are the most abundant and striking of the 


veins actually exposed in the pits. This vein type was also present to some 


extent in most of the drill holes, but it was especially well developed in Hole 


0-2 where it constituted practically all of the feldspar-carbonate vein material 


present or 69 feet of the total depth of 91 feet to which the hole was drilled. 


Small, one-inch wide, veins are very abundant in the weathered walls of the 
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Figure 4. Network of thin microcline-calcite veins, 
West Pit, Magnet Cove Rutile Company. 


pit (Figure 4). The larger veins of this type are very irregular masses which 


look more like intrusives than veins. The presence of a few inclusions of the 


aegirine phonolite porphyry and definite contact zones greatly increases the 
appearance of true intrusive masses. The presence of abundant carbonate, 


however, would require more than a simple differentiation of the original 


magma. Therefore, it is believed that these, as well as the other feldspar-
carbonate vein types, are true veins.
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Figure 5. Hand specimen of microcline-calcite vein cut by rutile 
veinlets, West Pit, Magnet Cove Rutile Company. 


The porous appearance of the vein is a result of leaching of the 
calcite. P—pyrite; R—rutile. Natural size. 


Unweathered veins are creamy yellow in color, hard, medium-to-fine 
grained and characterized by very abundant pyrite cubes (Figure 5). In the 
pit exposures the pyrite content of this vein type reached 20 per cent in a few 
places, while all the larger masses contain about 10 per cent pyrite. The smaller 
veins contain about 5 per cent pyrite. The pyrite cubes vary in the same mass 
from 5 mm on an edge to 2 cm on an edge. 


In thin section (Plate XV-A, B, page 161) the fresh vein material is com-
posed almost entirely of microcline, calcite, and pyrite with minor amounts of 


clay minerals, apatite, rutile, a few quartz grains, leucoxene, and a meager 
amount of sphene. A small amount of albite is probably introduced. The 
microcline is very fine-grained, averaging less than .04 mm in diameter, and 
occurs as anhedral grains. In all thin sections this microcline is the most 
abundant mineral, composing from 50-70 per cent of the rock. Rather evenly 
scattered in the microcline groundmass are calcite grains which generally 
range between 1 mm and .5 mm in diameter, although a minor amount is much 
smaller. Large, euhedral pyrite grains are abundant. In some cases these 
calcite grains contain euhedral albite grains averaging about .2 mm in length. 
A small amount of quartz, less than .5 per cent, was present in three thin 
sections. Euhedral and subhedral grains of apatite are usually present; one
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thin section containing about 1 per cent apatite.* The rutile in the microcline-
calcite veins occurs as a cementing mineral in fractured pyrite as scattered 
clumps of acicular grains, and as a component of veinlets that cut the micro-
dine-calcite veins. The clumps of acicular rutile (Plate XVI-A, B, page 162) 
are largely associated with the calcite grains and frequently lie either within 
or on the edge of the calcite grains. The density of the rutile aggregates 
varies from 3-4 needles, to masses that may be almost completely solid. Few 
rutile aggregates reach 1 mm in diameter and average half this. While 
the majority of rutile needles are in aggregates, the groundmass contains 
disseminated rutile needles of variable size among which are fine hairs, barely 
visible at 360 diameters. The average amount of acicular rutile is probably 
one to two per cent. The rutile in the veinlets is usually associated with albite 
and ankerite but veinlets composed entirely of rutile are known (Figure 5). 
The acicular rutile and the rutile aggregates are probably older than the rutile 
veinlets. 


Thin sections show that alteration products compose about 10 per cent 
of the freshest appearing vein material. These alteration products are uni-
formly fine-grained and not in masses large enough to separate for X-ray 
analysis. Most of the alteration products, which include halloysite, mont-
morillonite, allophane, kaolinite, a beidellite-like mineral, and sericite have 
been derived from the microcline. Rutile grains, however, commonly have an 
alteration fringe of leucoxene. (Plate XVII-A, page 163). 


The exposures of the microcline-calcite rock in the pit show that the major 
clay alteration of this vein type is due to weathering, rather than hydrothermal 
alteration. The vein shown in the northwest corner of Plate IX is typical. 
Here a portion of the rock at the greatest elevation is weathering to a mont-
morillonite clay. At the south edge of this mass, 20 feet away and only 3 feet 
lower in elevation, the rock is hard and firm. At the extreme southwest cor-
ner of this same mass the carbonate has been completely leached, leaving a 
porous rock composed mainly' of feldspar and pyrite. 


Albite-Ankerite Veins 


These veins are thin, varying from 1 mm to 7.5 cm, but their rutile con-
tribution is very important. Albite-ankerite veinlets are very abundant in 
the microcline-calcite vein type and account for much of the rutile in that 
vein type. In some places albite-ankerite veinlets also occur in the áegirine-
phonolite porphyry in great number, confusing the interpretation of the Ti02 
assays of the phonolite. Drill cores show that albite-ankerite veins also cut 
the sugary-textured albite-dolomite and coarse-grained calcite veins. The 
attitude of these veins varies considerably; usually no one strike direction is 
constant for more than 2-3 feet. Where the aegirine phonolite porphyry is cut 
by these veinlets, there is usually no visible contact effect. 


* In the general study of apatite types made by McConnel and Gruner (1940) apatite from 
this property was examined. They concluded that while fluor-apatite was the most common apatite 
a second apatite, carbonate-apatite, occurs as a replacement of the fluor-apatite and presumably 
as single grains. The occurrence of partially replaced apatite grains is apparently rare as only 
two large apatite grains showed rims of higher birefringent apatite.
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These veins appear to be the main source of large rutile masses. One 
vein cutting a microcline-calcite mass with several changes in strike contained 
a one-inch wide streak of rutile over a distance of six feet. Rutile masses two 
inches in diameter occur as float in the soil surrounding the pit, and even 
larger masses weighing up to 60 pounds were present in the early days of 
mining. As the aihite-ankerite veins now contain the largest visible rutile 
masses, it is assumed that larger albite-ankerite veins do occur in the ore 
areas. 


In hand specimen (Figure 6), although there is variation in grain size 
according to the width of the vein, the texture of the aihite-ankerite veins 
remains constant. Minor weathering of pyrite gives them a yellow-brown color. 
Abundant rutile is common and pyrite occurs in varying amounts. 


In thin section the proportion of ankerite to albite varies considerably but 
averages 70 per cent ankerite to 20 per cent albite. The ankeiite is euhedral 
with grain size in the smaller veinlets averaging 1 mm. Albite is usually 
euhedral and well dusted with allophane. In a few places albite replaces 
ankerite. A beidellite-like mineral and kaolinite-like mineral are abundant. 
As in the hand specimen rutile is abundant, and it usually has a film of leu-
coxene on its edges. The albite-ankerite veins are the only veins in which 


je :. 


Figure 6. Hand specimen of albite-ankerite vein, West Pit, 
Magnet Cove Rutile Company. 


The white is albite; dull gray is carbonate; shiny black is rutile; 
small black squares are pyrite. Natural size.
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there are clear indications of a mineral sequence. The sequence is as follows: 
ankerite, pyrite, albite, rutile. The albite and rutile apparently overlapped. 


Coarse-Grained Albite-Perthite-Carbonate Veins 


This rock type has been recognized in only three places in the pits where 
it occurs as vertical veins in the pit walls. The largest vein, about 6 feet 
wide, is in the north wall of the West Pit, near the 800 E. and 1,000 N. 
coordinates (Plate II), where its strike is about N. 10 W. The second is at 
550 N., 2,170 E. coordinates in the East Pit; the third in the small cut 
next to the road northwest of the East Pit. The occurrence at 550 N., 
2,170 E. coordinates in the East Pit is at the actual top of the vein. The 
vein near the top of the cut divides into several shoots at right angles so 
that the main vein does not reach the top of the cut. The other two occur-
rences are dike-like. In the drill cores this rock was the principal vein type 
found in drill holes N-i and 0-3. 


In the field the rock is creamy white, coarse-grained, porous, and is 
composed mainly of euhedral feldspar grains, reaching 5 mm in length but 
averaging about 2 mm. What is presumed to have been originally carbonate 
has been leached, leaving various-sized cavities. 
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Figure 7. Hand specimen of calcite-rutile vein type, West Pit, 
Magnet Cove Rutile Company. 


Gray areas are calcite; black areas are rutile; small white grains 
are albite. One and one-half times natural size.
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The minerals visible in thin section (Plate XVIII-A, page 164) are albite, 
perthitic microcline, clay minerals, hydromica, quartz, rutile, and leucoxene. 


Calcite-Rutile Veins 


At two places in the West Pit there are masses of calcite with a grain 
size averaging 5-6 mm which contain very abundant rutile and a small 
amount of albite (Fig. 7). Both occurrences were in small pits; and the size, 
shape, and relationships with the other vein types were undeterminable. 
Rutile occurs as distinct grains, averaging 2 mm. in diameter, which at first 
glance appear to be rather evenly disseminated through the calcite. Closer 
inspection shows the rutile grains frequently form linear patterns, but as the 
individual grains are not connected with each other they cannot be called 
veinlets. A small amount of finer-grained albite frequently, but not in-
variably, occurs in these trains. Albite also fills interstices between calcite 
grains well away from rutile. Calcite was the earliest mineral followed by 
rutile then albite.


Coarse-Grained Calcite Veins 


No large coarse-grained calcite veins were exposed in the pits, but recent 
(1948) Bureau of Mines drill holes show that in the area immediately south 
of the pit they are common. These veins are massive, and the appearance 
of a coarse grain size is brought out by the cleavage. Individual cleavage 
fragments average about 8 mm with some much larger. The calcite in 
places contains wollastonite (?) needles and a black biotite altering to 
chlorite. Very thin veinlets containing rutile and pyrite, as well as pyrite 
alone, cut the calcite veins. In drill core south of the pit these veins cut a 
dark green clay, originally the aegiline phonolite porphyry, and a second 
altered porphyritic rock. 


While as a source of rutile these calcite veins are of little interest, their 
relationships to other aspects of the Cove geology are quite significant. 
Landes (1931) has described the mineralogy and discussed the origin of 
several large calcite masses which occur one-half mile to the south. At the 
time of Landes' visit one mass had just been exposed in a roadside cut along 
Highway 270 just west of the bridge crossing Cove Creek. At the present 
time there is an abandoned quarry in the calcite mass nearest the road. 
Silicate minerals, including wollastonite, monticellite, and biotite are present 
in the calcite. As exposed in this quarry, the calcite mass is cut by finer-
grained calcite veins of much the same mineralogy, as well as much smaller 
veins containing pyrite and in a few places molybdenite. Landes (1931) and 
Williams (1891, p. 181) have suggested that the calcite masses represent large 
fragments of some limestone horizon which lies at depth and which were 
emplaced by the Magnet Cove intrusions. Inasmuch as similar calcite con-
taining the same silicate minerals occurs as definite veins; the origin of the 
large calcite masses to the south of the pit should be reconsidered.
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Miscellaneous Types of Veinlets 


The aegirine phonolite porphyry is cut in many places by dense networks 
of small carbonate-dominant veinlets. In thin section many of these Iveins 
prove to be typical albite-ankerite veinlets. In some areas the phonolite is 
cut by an intricate network of purely dolomite veins. Other mainly carbonate 
veins in thin section proved to contain such combinations as dolomite and 
iutile; dolomite and pyrite; dolomite, rutile, and pyrite; dolomite, rutile, 
pyrite, and green biotite; dolomite and green biotite (Plate XVIII-, page 
164). A single small veinlet of fluorite was found. At two points, both in the 
clay of the West Pit, large pyrite veins were found. The pyrite was quite 
fresh, and untarnished, although the veins were disintegrating. 


PARAGENESIS OF THE ORE BODY 


1. Intrusion of aegirine phonolite porphyry magma which contained 
abundant inclusions. The magma may have intruded a volcanic agglomerate, 
or may have intruded a fault zone. 


2. Intrusion of the other igneous types. 


3. The introduction of sugary-textured albite-dolomite veins piobably 
controlled by the pre-existing joint pattern of the aegirine phonolite porphyry. 


4. Hydrothermal alteration of the sugary-textured albite-dolomite veins 
and the aegirine phonolite porphyry where it was in contact with these veins. 


5. Introduction of the mici'ocline-calcite veins, followed or accompanied 
by coarse-grained calcite veins.	 - 


6. Introduction of the albite-ankerite veins. 


The sequence of introduction of the coarse-grained albite#perthite-
carbonate veins and the other veins is uncertain, but they are hter than 
sugary-textured albite dolomite veins. 


The presence of molybdenite would indicate at least moderately high 
temperatures at one time during vein introduction. The high temperature 
polymorph of TiO (iutile) also indicates such temperatures but too little 
is known about the stability conditions of iutile to make this a very useful 
criterion. However, the lack of adularia in any of the veins may be a more 
useful temperature criterion. 


THE QUESTION OF VOLCANIC ACTIVITY 


The Magnet Cove intrusives may well represent the roots of. a volcano, 
but much more than a cursory examination of Magnet Cove will be needed 
to confirm such a hypothesis.	 .	 . 


Many of the intrusives are obviously ring (likes, but the extremely 
coarse-grained rocks of the interior of the Cove present interesting problems. 
Pegmatites containing aegirine crystals over one foot in length, but no mica, 
are still to be seen in the Cove interior. In the same general area altered
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mica books six inches in diameter may be dug out of road cuts indicating a 
second very coarse-grained rock. 


Any hypothesis which explains the Magnet Cove intrusives must also 
explain the manner of introduction of the Potash Sulphur Springs intrusives 
which lie about four miles to the west. These intrusives do not have the 
appearance of ring dikes but obviously came from the same parent magma. 


Although the question as to whether or not the Magnet Cove intrusives 
were formed in a volcanic neck cannot be settled in this paper, the writer 
does not believe the Magnet Cove Rutile Company ore should be described 
as a volcanic agglomerate. Geology exposed in the pit, and which was not 
available to Ross, indicates a much more complex history and places such 
volcanic activity, if it occurred at all, in a subordinate position with respect 
to the present ore body. 


The large number of inclusions in the aegirine phonolite porphyry may 
be the result of incorporation of a volcanic agglomerate, but the rutile is 
associated with the previously mentioned vein types which now cut the 
phonolite, and each other, and represent a period of hydrothermal activity 
later than any possible volcanic activity. 


SUMMARY OF THE OCCURRENCE OF TITANIUM MINERALS 
IN MAGNET COVE RUTILE COMPANY DEPOSIT 


In the discussion of veins (p. 26) it was pointed out that rutile occurs 
in this deposit as scattered acicular grains, masses of acicular grains, veins, 
and veinlets in feldspar-carbonate rock. Most of tliisrutile has at least a 
film of leucoxene and some of the rutile has been almost completely altered 
to leucoxene. Perhaps 15 to 20 per cent of the Ti02 present in the feldspar-
carbonate veins occurs in the form of leucoxene. 


A study of the assays and descriptive logs (see logs, pp. 97-129) of 
the cores recovered during the 1948 U. S. Bureau of Mines drilling project 
reveals that all the igneous rocks cored as well as the feldspar-carbonate-
rutile veins contain some titanium. Therefore, the form in which the 
titanium occurs in the igneous rocks of the deposit is of interest. The TiO 
in the "altered" and "unaltered phonolite" is mainly in fine-grained ilmenite 
which appears to be a primary mineral. This ilmenite is uniformly dis-
seminated through the rock and is of such concentration and so fine-grained 
that it probably could not be economically recovered using current beneficiation 
methods. The titanium that occurs in the other igneous rocks is sparingly 
present as silicate minerals, magnetite-ilmenite, and ilmenite. Included in 
this category is the Ti0 2 of the nepheline syenite (fine-grained type), the 
nepheline syenite (Diamond J0 type), and the monchiquite. Thus, despite 
the relatively high percentage of Ti0 2 in many of the igneous rocks of this 
deposit, the titanium ore of the deposit is restricted to the iutile-bearing 
feldspar-carbonate veins.
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RADIOACTIVITY IN THE WEST PIT AND AT TUFA HILL 


On March 3, 1949, a short time after the completion of the U. S. Bureau 
of Mines titanium drilling projects at Magnet Cove, a preliminary Geiger 
counter examination of the drill cores and sludges from the projects was 
made by Mr. H. B. Foxhall, State Geologist, and Mr. Eugene Brewster of 
the Geology Division, to check the possible occurrence of radioactive minerals 
in the titanium ores. Since this preliminary work showed that some l of the 
cores (Holes No. E-8, G-2, B-2, C-2, D-3, and I-i) from the Magnet Cove 
Rutile Company deposit were radioactive, all of the cores from this deposit 
were carefully checked both by Mr. Brewster and by the U. S. Bureau of Mines 
at Rolla, Missouri. At about this same time Mr. Percy Upton, of the Magnet 
Cove Rutile Company had independently detected radioactivity at the prop-
erty. Mr. Brewster and Mr. Foxhall in cooperatiOn with Mr. Upton then 
made a Geiger counter survey of the Magnet Cove Rutile Company's deposit 
and collected a suite of eight surface samples from the most radioactive 
spots and two additional surface samples from the center of the SW 1)4 .SW1/4 
of Section 18, T. 3S, R. 17W, half a mile southwest of the Magnet Cove 
Rutile Company deposit. These samples were shipped to the Raw Materials 
Division of the Atomic Energy Commission for analysis. The samples varied 
somewhat in character, but in general the mierocline-calcite vein type pre-
viously. described predominated. Both chemical and radiometric assays were 
made by the Atomic Energy Commission laboratories and the results ob-
tained by them on the ten samples submitted are shown on Table 4. 


Table 4.	 Radiometric and Chemical Assays of Radioactive Samples from 
the Magnet Cove Rutile Company Deposit, 


Percent U:Os 


Sample No.
Coordinates	 of 
Sample Location


Equivalent 
(Radiometric)


Percenl U:;Os 
(chemical) 


N E 
1501 H 640	 232 0.018 0.009 
1501 I 668	 492 0.018 0.012 
1501 J 540	 247 0.022 
1501 K 481	 1430 0.046 0.012 
1501 L 945	 1248 0.021 
1501 M 135	 262 0.018 
1501 N 968	 1272 0.024 0.005 
1501 0 478	 1405 0.002 
1501 P SW SW sec. 18, T. 3S, R. 17W 0.013 
1501 Q if


	


f,


	
11
	 " -	 0.016


* Refers to the location of the sample on Plate II. 


In the letter'" containing the above analyses, Mr. Nininger made the 
following interpretation of the laboratory's results: 


Comparison of radiometric and chemical assays indicates that the 
radioactivity results in considerable part from elements other than 


**Letter dated December 8, 1949, from R. D. Nininger, Deputy Assistant Manager, Raw 
Materials Division, Atomic Energy Commission. 
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uranium, probably chiefly thorium. This is particularly noticeable in 
samples 1501 K and 1501 N. It is obvious, therefore, that the actual 
amount of contained uranium is considerably less than preliminary 
counter tests may suggest. 


We have received several suites of samples from the Magnet Cove 
area other than those which you submitted and have studied all of 
these as a unit. The results obtained are generally similar.. The sam-
ples exhibit small amounts of radioactivity and comparisons between 
numerous chemical assays for uranium and radiometric assays show 
that a large part of the radioactivity does not result from uranium. 
Therefore, we question whether, at the present time, it would be profit-
able to. work such material for its uranium content. 


A short time before the Geology Division began the Geiger counter 
survey of the Magnet Cove Rutile Company property, Mr. Joe Kimzey dis-
covered radioactive minerals on his property in the NW 1/4 of Section 20, 
T. 3S, R. 17W, approximately in the center of Magnet Cove. Although this 
occurrence is not related to a titanium deposit, it is described here because 
the nature and intensity of its radioactivity is very similar to the radio-
activity at the Magnet Cove Rutile Company pit. The discovery was made 
at the east end of a low hill of siliceous tufa situated about 300 yards due 
north of Mr. Kimzey's residence. A suite of surface samples was submitted 
in February, 1949, to the Atomic Energy Commission by Mr. Kimzey and in 
March, 1949, after some trenching at the property the trenches were sampled, 
by Mr. Foxhall and Mr. Kimzey. Duplicate sets of these trench samples in 
addition to samples of radioactive tufa float from the S. F. Moore property, 
half a mile west of Mr. Kimzey's trenches, were sent to the U. S. Geological 
Survey and the Atomic Energy Commission for analysis. The results* of 


Table 5.	 Radiometric Assays of Radioactive Samples from 
Tuf a Hill, Magnet COve.


Radioactivity 
U.S.G.S. Nature of Percent 
Sample Sample Equivalent 


No. Locality  Uranium 


403-HBF-6


-


Trench on J. W. Yellow-green earthy 0.063 
Kimzey property material 
SW NW sec. 20, 
T. 3S, R. 17W 


403-HBF-2 Same as above Surface tufa 0.012 


403-HBF-3 Same as above Altered syenite 0.003 
dike 


403-HBF-4 Same as above Limonite and clay 0.037 


403-HBF-5 Same as above Tufa at 5-foot depth 0.019 


403-HBF-1 S. F. Moore Siliceous tufa float 0.027 
property 


NE	 sec. 19, 
T._3S,_R._17W


* Letter dated May 20, 1949, from Mr. T. B. Nolan, Acting Director, U. S. Geological Survey. 
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radioactivity tests on these trench samples obtained by the U. S.' Geological 
Survey, are shown in Table 5. 


In his letter transmitting the radiometric assays of the samples, Mr. 
Nolan furnished the following interpretation of the results: 


Chemical tests on sample HBF-6 indicate that approximately two-
thirds of the radioactivity is due to uranium and the remaining activ-
ity is probably due largely to thorium. 


Mineralogical examination of HBF-6 shows that the material is ,a 
mixture of limonite and rare-earth phosphates. Titanium, vanadium, 
niobium, and iron are also present. 


The radioactivity of the samples indicates that the uranium con-
tent of this material is too low to be of commercial interest for uran-
ium alone under the current prices paid for uranium ores. 


Comparable radiometric and analytical results on samples of the same 
material were obtained by the Atomic Energy Commission laboratories and 
by Mr. Troy W. Carney, Arkansas Division of Geology chemist. 


THE U. S. BUREAU OF MINES DRILLING PROJECTS 


The West Pit area and a few holes in the East Pit were drilled by the 
U. S. Bureau of Mines in 1945. Twenty-six holes were completed of which 
16 were churn-drilled and 10 were core-drilled. The total footage drilled 
was 1,252 feet, and the deepest hole was 150 feet. Prior to the drilling, a 
plane table geologic map* of the pit areas was prepared by D. M. Kinney of 
the U. S. Geological Survey and a potential-drop-ratio survey of the deposit 
was completed by the Bureau of Mines. The descriptive logs and assays of 
the drill hole samples, as well as the geologic map and the potential-drop-
ratio survey map were published in a report by Spencer (1946). Churn 
drilling of a complex containing hydrothermally altered igneous rocks, hydro- 
thermally altered vein types and unaltered vein types gave data difficult 
to interpret. Consequently the logs in Spencer's report lacked much needed 
descriptive detail. The distribution of the 1945 drill holes made them 
especially well suited to the construction of cross-sections of the deposit. 
Thus, the logs of these holes provided most of the subsurface data on which 
the geologic sections (Plate III) of the deposit are based. In preparing these 
sections the data from the published logs were correlated as well as possible 
with the geology of the pits and the surface as mapped by Fryklund. On 
these geologic sections the "hard, dark rock" from Spencer's logs is shown 
as phonolite, the "felsite" is shown as feldspar-carbonate and the "clay, 
pyrite, rutile, calcite, and other minerals" is shown as clay, hydrothermal and 
weathered. In order to provide as complete data as possible on this deposit, 
Spencer's logs have been reprinted on pages 82-96 of this report. 


During the 1948 drilling project (Reed, 1949) the U. S. Bureau of Mines 
drilled 27 holes. The total footage drilled was 3,043.8 feet and the deepest 
hole was 188.5 feet (E-7). The purpose of this project was to obtain repre-
sentative samples for metallurgical testing both from the previously drilled 


* This map accompanied by a brief geologic report was later released by the U. S.; Geological 
Survey (Kinney 1949).
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area and from the possible extensions to the south and west. In order to 
recover acceptable samples, core drilling methods (Dupuy, 1949) were used 
exclusively and core recovery was good. Most of the holes were drilled south 
and west of the West Pit or in the West Pit and a few were drilled in the 
East Pit. 


All of the cores* recovered during the 1948 project were logged by 
Holbrook while the drilling was in progress. In logging the core the distinc-
tion between igneous rock and vein material was emphasized. The igneous 
rocks were either identified as specific rock types, i. e., altered phonolite, 
monchiquite, and others, or simply called igneous rock where their identity 
was obscure. With the exception of the coarse-grained calcite veins, which 
were logged as such, all of the veins and vein masses in the core were usually 
described as feldspar-carbonate rock. In a few instances, however, where 
characteristic sections of the different vein types were observed, the vein 
type (microcline-calcite, albite-dolomite, etc.) was indicated on the log. As a 
general rule, the soft, altered feldspar-carbonate referred to in the logs is the 
sugary-textured albite-dolomite vein type, while the hard, light-colored 
feldspar-carbonate containing coarse pyrite crystals is the microcline-calcite 
vein type. Since the ore mineral in the deposit is rutile, the abundance and 
size of the rutile grains visible in the core was recorded in the logs. The 
descriptive logs, together with the U. S. Bureau of Mines analyses (Reed, 
1949, Figs. 4 through 30) of the cores, are on pages 97-129. 


Although the 1948 drill holes were too widely scattered over the deposit 
to permit subsurface correlation, they did afford detailed subsurface geologic 
information on the deposit. Some of the important features of the deposit 
that were brought out by the recent drilling are listed below: 


1. The sugary-textured albite-dolomite veins represent the largest vol-
ume of feldspar-carbonate vein material. 


2. There is, in places, low-grade molybdenite mineralization. (Holes 
E-7 and E-8). 


3. The coarse-grained calcite vein type containing some silicates was 
first recognized in drill core. 


4. The coarse-grained calcite vein type is the only significant vein in 
the southernmost line of drill holes, but it is of no consequence in the 
drill holes in the pit area. 


5. Brookite veins cutting well altered feldspar-carbonate veins occur in 
a few places in the ore area. 


6. The presence of unaltered phonolite in a drill hole does not necessarily 
indicate a lack of rutile mineralization below. Ribs of unaltered 
phonolite were often found to lie between sizable feldspar-carbon-
ate veins (Holes C-2, 0-2). 


7. Many of the drill holes including the deepest one (E-7, 188') were 
bottomed in "ore". 


8. The significant rutile mineralization is now known to extend about 
450 feet south and 400 feet west of the West Pit area. 


* Splits of all the cores from this project are on permanent file at the Core Library of the 
T.T. S. Bureau of Mines of Rolla, Missouri. This library is open to the public for study of the 
cores at any time that qualified persons wish to make such a study.
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RECOMMENDATIONS FOR FURTHER EXPLORATION 


On the map of the Magnet Cove Rutile Company deposit (Plate II) the 
most favorable ore area is bounded by the broken line described as the 
"limits of significant rutile mineralization". This boundary is based both on 
the pit exposures and drill hole data. The ore area as shown on the inap is 
roughly oval in shape with a maximum east-west length of about 2,400 feet 
and a maximum north-south width of about 1,000 feet, centering around the 
West Pit. Drill holes outside of the most favorable ore area have encountered 
rutile-bearing veins in igneous rock but not in significant numbers or, thick-
nesses. Perhaps future pit excavation may indicate extensions of the deposit, 
but it appears that new drilling in the mapped area would contribute more to 
the immediately usable ore reserves by attempting to extend the depth of the 
deposit rather than the length or width. An exception to this is the ore area 
around drill hole M-5 which might be expanded laterally by drilling.
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HARDY-WALSH BROOKITE DEPOSIT 


LOCATION 


The Hardy-Walsh deposit lies in two adjacent 40-acre tracts in Sections 
16 and 17, T. 3S, R. 17W (Plate I), one mile north of the community of 
Magnet, on the east edge of Magnet Cove. The Hardy portion lies entirely 
within the SW'/4 NW 1/4 of Sec. 16 and the Walsh portion of the deposit is in 
the forty immediately to the west (SE'/4 NE 1/4, Sec. 17). The Hardy tract 
may be reached by following a dirt road north from Highway 270 at Magnet, 
a distance of a mile and a half and turning east on an obscure access road 
which enters the east end of the property. The Walsh tract is not accessible 
by road but may be reached by crossing the Hardy tract on foot. 


HISTORY OF EXPLORATION 


Exploration on the Hardy property was begun by McCombs Hardy of 
Little Rock, Arkansas, in the fall of 1941 and continued inteimittently during 
1942. During this period the deposit was extensively explored by trenches 
(Plate IV) and core and hand-auger drill holes. The property was examined 
and sampled by engineers of the U. S. Bureau of Mines in 1942 and 1943, but 
no report of this work was published. There has never been any commercial 
production of brookite from the property. 	 - 


It is not known what individual or company did the test-pitting on the 
Walsh property, but it is evident that there has been no commercial produc-
tion of brookite from this part of the deposit. 


PREVIOUS STUDY 


The ore of the Hardy-Walsh deposit has been briefly described by Ross 
(1941, p. 25) as being a mineralized volcanic breccia. 


TOPOGRAPHY 


The prospected area lies along the crest of a quartzite ridge, which is at 
or near the uppermost erosion surface of the Magnet Cove region. As at the 
Christy property, weathering and possibly stream activity, have played a part 
in the formation of the orebodies. 


SEDIMENTARY ROCKS 


Except for one small outcrop of shale the only rock exposed in the 
immediate vicinity is a gray quartzite. The outcrops of the quartzite are 
actually very heavy float areas, and structure determinations depended upon 
exposures in prospects pits. 


As mapped by Parks (1932, Plate .11), a ridge is developed along the crest 
of a tightly folded anticline in the northern part of Secs. 16 and 17. The end 
of this ridge on which the two properties lie was mapped by Parks as Stanley 
shale with an area of Hot Springs sandstone occupying the crest of the ridge 
immediately to the northeast. Arkansas novaculite is shown as occupying the 
crest of the ridge still further to the northeast beyond the Hot Springs sand-
stone outcrop. There was some question at the time field work was in progress 
as to the stratigraphic position of the gray quartzite country rock. As Parks
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(1932, P. 16) referred to "Compact layers of gray sandstone in thick and thin 
layers", in the Stanley shale and had mapped the quartzite ridge on which the 
brookite properties lie as Stanley shale, it was tentatively assumed that 
the quartzite was one of these sandstone layers which had been metamor-
phosed. No sandstone was observed in the Stanley shale in this area, how-
ever. Thin section material of known Hot Springs sandstone, the only other 
sandstone of the region, was then collected for comparison with the gray 
quartzite. 


In thin section the quartz grains of the gray quartzite average beween 
.5 mm and 1 mm in diameter, but the grain size is quite variable (Plate 
XIX-A, p. 165). The grain boundaries are in general smooth but there is localized 
interlocking of grain boundaries. The texture as a whole cannot be called 


sutured. The thin sections have a "dirty" appearance caused by abundant 
bubbles and very fine inclusions in the quartz. Most of the sections contained 
some limonite. There were 5 or 6 rounded heavy mineral grains, aveiaging 
about .05 mm in diameter, in each thin section. A green amphibole wasmost 
abundant and apatite the next abundant. In all the thin sections only three 
grains of zircon were observed. 


A thin section of known Hot Springs sandstone contained abundant heavy 
minerals, the most important of which were zircon grains. Other heavy 
minerals present were leucoxene masses, an amphibole, apatite, biotite, and 
one grain of tourmaline. 


Metamorphism would recrystallize the quartz of a sandstone but not 
remove the heavy minerals. It was assumed, therefore, that the gray quartzite 
was not metamorphosed Hot Springs sandstone. Because of the character of 
the primary brookite ore it is thought that the gray quartzite is metamor-
phosed Arkansas novaculite, and that the few heavy mineral grains present 
were introduced into the novaculite at the same time as the "detrital quartz 
and sand grains" referred to by Miser (1943, p. 106). 


The shale outcrop (probably of the Stanley shale formation) is an ex-
posure 6 feet in diameter on the edge of the small ravine on the east edge of 
the mapped area. It's attitude could not be determined. 


IGNEOUS ROCKS 


The nearest large exposure of igneous rock lies about one-eighth of a mile 
north of the mapped area. In . the ravine south of the quartzite ridge there 
is one small fourchite dike. There are no igneous rocks in place along the 
crest of the ridge.


DESCRIPTION OF THE ORE AREAS 


The ridge crest can be divided into five separate areas from east to west 
as follows: (See Plate IV): 


1. An essentially barren quartzite knob. 


2. A saddle occupied by the best prospected ore areas. 


3. A second quartzite knob. 


4. A saddle immediately west of the second knob. 
5. A third quartzite knob which has been mineralized.
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The main prospecting of the Hardy property (Sec. 16) was in the first 
saddle, while the Walsh property (Sec. 17) was prospected on the third quartz-
ite knob.


First Quartzite Knob 


The gray quartzite of this knob, although cut by three types of coarse-
grained quartz veins, is essentially barren. 


The most common type occurs as narrow veins along joint planes in the 
quartzite where solution has enlarged shallow cavities. The quartz crystals 
are gray, terminate on only one end and contain very abundant gas bubbles 
and inclusions. No brookite was observed accompanying this vein type. 


Veins of the second type are well exposed in the two trenches in the 
northern tip of the knob where they reach a maximum of one foot in width. 
The veins consist almost entirely of smoky quartz that occurs as poorly 
formed crystals which average 2 to 3 inches in length and are oriented 
perpendicular to the vein walls (Fig. 8). The centers of the veins have 
abundant irregular cavities as well a$ a few cube-shaped cavities which are 
now coated with limonite, indicating that pyrite was probably a primary 
constituent. No brookite was visible in these veins, but a hand specimen of 
the smoky quartz assayed .5 per cent TiO. 


The third vein type, a coarse-grained smoky quartz vein with large 
brookite crystals and clay minerals was exposed in two prospect pits, in the 
south portion of the knob. 


Figure 8. Hand specimen showing smoky quartz vein—gray 
quartzite contact, Hardy-Walsh brookite deposit. Natural size.
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Figure 9. Corroded quartz crystal from a clay seam, Hardy-





Walsh brookite deposit. 


Brookite crystals (black) aseshown within the quartz. Nat-
ural size. 


In the prospect pit which adjoins the shaft in the south portion of the 
knob there is a vein 6-8 feet wide of the third type where the quartzite has 
been recrystallized to almost massive smoky quartz accompanied by the 
introduction of very abundant, large brookite crystals and clay minerals. This 
smoky quartz and brookite is simila.r to massive and coarse-grained quartz 
and brookite (see Fig. 11, p. 58), of the Christy property except for the smoky 
color of the Hardy quartz. A solid wall of this vuggy, smoky quartz and 
brookite extends to the bottom of an 8-foot deep prospect pit. The shaft was 
sunk on the foot wall of the vein and in barren rock. On the hanging wall 
of the smoky quartz vein there is a seam of clay which is composed mainly 
of limonite-stained kaolinite and taenolite. Scattered through the clay seam 
are fragments of smoky quartz and abundant, doubly terminated, coarse gray 
quartz crystals. On and in these large euhedral quartz crystals are perfect 
brookite crystals which reach 2 mm. in diameter (see Fig. 9). Since the 
mound resting on the corroded quartz crystal shown in Figure 9 is actually 
part of the crystal as shown by remnants of the crystal faces, it is apparent 
that brookite crystals are visible well within the quartz. Thus, the brookite 
mineralization probably preceded the recrystallization of the quartz. 


One hundred feet due east of this pit there is a smaller pit in which is 
exposed a second vein of the same general type. The two pits are not on the 
same vein as shown by an intervening pit in barren quartzite. The veins of 
this type are important because they indicate the probable source of much of 
the coarse brookite which occurs as float along the east rim of Magnet Cove.
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The First Saddle 
General Statement 


The first saddle has been rather thoroughly trenched so that the character 
of the underlying material is known to a depth of about 15 feet below the 
surface. Presumably the pits were deeper at one time as there is evidence 
of caving. The pits are so spaced on the hill slopes as to give a 30-foot 
section of the deposit. This saddle is essentially the principal kn9wn "ore 
body" of the entire deposit. Most of the ore is a clay residual ore ' through 
which are scattered sand and silt sizes of various materials as well as pebbles 
and small cobbles composed mainly of recrystallized quartz types. In the 
northeast corner of the ore area large angular fragments of various rock 
types are dominant. Primary ore consisting of recrystallized quartz. rock 
with disseminated rutile needles and brookite is exposed in the prospect pit 
in the center of the saddle. The country rock contacts with the clay area are 
sharp and apparently vertical. The strike of the contacts is very irregular 
in detail but follows a roughly north-south trend. 


Residual Ore 


The clay in the residual ore of the first saddle is a rich red-brown in 
color, becoming more yellowish at depth. X-ray analysis of the true clay 
sizes from several samples* showed that these sizes are composed of quartz, 
kaolinite, and taeniolite. The relative proportions of each mineral appeared 
to be variable. 


Through the clay are scattered lumps of taeniolite, a rare magnesian 
lithium mica (KLiMg2 Si4 O 10F2 ) which contains a small amount of titanium 
as an essential constituent (Miser and Stevens, 1938). Presumably the taenio-
lite was originally introduced into quartzite. Those taeniolite masses observed 
by the writer were small, reaching 2 to 3 inches in diameter, but larger masses 
do occur in the clay as Miser and Stevens observed much larger masses of 
the mineral on the dumps of several pits. 


An occasional nodule of unstained kaolinite about the size of a pea can 
also be found in the red clay. Its original manner of occurrence in this area 
is not known definitely, although it is a vein component in the third quartzite 
knob arrea. 


Angular and subrounded pebbles and cobbles of various types of quartz 
rocks are scattered through the clay. Perhaps 10 per cent of the entire "clay" 
mass is composed of such fragments. The fragments rarely exceed 2 inches 
in greatest diameter and average a little o'er 1 inch in diameter. Sub-
rounded fragments are dominant and most of the fragments are composed 
of quartz grains of much the same character as the gray quartzite. The 
quartz rock fragments differ in concentration from pit to pit, but even in pits 
that reached the lowest elevation below the crest of the saddle these rock 
fragments were present. Though Ross (1941, p. 25) described fragments of a 


* Vertical channel samples were taken from the walls of all the test pits to provide material for 
assay and for microscopic and X-ray determinations. The assays were made b y T. W. Carney, 
Chemist, Arkansas Division of Geology, and the assay values are plotted on Plate IV.
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weathered nepheline syènite rock in the clay of this area or perhaps in the 
northeast corner of the first saddle, no igneous rock fragments were found 
in the "clay" samples examined. 


During the preparation of the clay sizes for X-ray analysis it was found 
that about 9 per cent of the "clay" of the first saddle was actually sand. The 
"clay" was wet seived with the smallest screen being 250-mesh and the screen 
analysis of the sand-sized material (+ 250-mesh) was as follows: 


Mesh Opening in mm. Per Cent 
Plus	 16 .991 0.6 
Plus	 42 .351 3.1 
Plus	 60 .246 1.5 
Plus	 80 .175 0.0 
Plus 115 .124 1.3 
Plus 250 .062 2.3 


The material in each size fraction is as follows: 


Plus	 16 mesh—All grains	 are	 very	 well	 rounded,	 many	 closely 
approach sphericity. The identified materials, were: 


1. Fine-grained sandstone—several grains. 
2. Clear recrystallized quartzite aggregates, some 


containing brookite. 
3. Cloudy and almost black recrystallized quartz, 


some containing brookite—abundant. 
4. Clay pellets—abundant. 
5. Feldspar grains—common. 
6. Taeniolite. 
7. Magnetite—minor. 
8. Dark brown goethite (determined by X-ray)--


abundant. 
9 Carbonate—alone and with feldspar—minor. 


10. Brookite alone—minor. 
11. Novaculite fragments—common. 


Plus	 42 mesh—All grains are well rounded. 	 Magnetite, both as 
discrete	 particles	 and	 associated	 with	 quartz,	 is 
abundant. Brookite is present. 	 The other grains are 
of the type described above.


Plus 60 mesh—The grains are not as well rounded as the larger 
sizes. Magnetite is very abundant. Brookite is 
present. Other grains are of the same types as 
described before. 


Plus 115 mesh—Essentially the same as the 60 mesh fraction. 
Plus 250 mesh—Essentially the same as. the 60 mesh fraction but 


less magnetite. 


Visible brookite is not common among the sand sizes, and as channel 
samples averaged about 5.per cent TiO 2, undoubtedly much of the brookite is 
of silt or clay size. 


The subrounded cobbles and pebbles, and the well rounded sand sizes 
indicate that at least the upper part of the residual ore has been mixed with 
some water transported sediments. While weathering in place may have 
produced such rounding the abundant magnetite was transported from some 
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outside source, as neither the primary ore exposed in the pits nor the gray 
quartzite contains magnetite. The nearest source of fine-grained mag-
netite . -is about one-half mile to the northwest and at an elevation 200 
feet lower than the deposit. A second possible source is a zone of magnetite 
mineralization which lies just west of the rim of Magnet Cove. 


The character of the material in the northeast corner of the first saddle 
is quite different fromthe rest of the residual ore. Immediately adjacent to 
the gray quartzite contact are large blocks of the gray quartzite, whose 
presence can be explained by slumping from the parent mass. These blocks 
extend 10-15 feet from the gray quartzite. Other large blocks farther from 
the quartzite contact are composed of black, porous quartzite containing 
rutile and brookite identical with the black porous quartzite occurring at the 
Christy property, and a light gray quartzite. Several large blocks show a 
gradation between these two types. The concentration of these blocks de-
creases toward the center of the saddle. Igneous material may be present 
but none was recognized. Between the blocks there are a few small quartz 
and goethite veins. The quartz occurs as irregular masses and as euhedral 
crystals showing zonal growth (Plate XIX-B, p. 165). The euhedral crystals lie in 
goethite. The larger irregular quartz masses are cut by goethite. A clay 
matrix, mineralogically the same as the red clay in the main part of the 
saddle, is present in varying amounts between all the quartzite blocks. There 
is evidently an abrupt contact with the main residual clay mass as shown by 
two pits 20 feet apart. One pit contains abundant large blocks, the other pit, 
15 feet deep, is entirely within the red clay with only a very few subrounded 
cobbles and pebbles.


Primary Ore 


As exposed in the prospect pit (coordinates-10,500 N, 9105 E, Plate IV) 
at the crest of the saddle, the primary ore is composed of light and dark 
quartzite. The relations in the pit do not indicate their relative ages, but the 
nature of the light quartzite indicates it is the earlier. 


The dark quartzite is recrystallized novaculite with individual quartz 
grains slightly more than 1 mm in diameter. The dark color is due to rutile 
and altered taeniolite; brookite is frequently very abundant. A similar 
quartzite is present at the Christy property, which, because of its importance 
there, will be described in greater detail in that section. 


In the field the light quartzite is creamy white to yellow in color, very 
fine grained, and with varying degrees of coherence. It has weathered along 
joints and irregular fractures so that the hardest material occurs in the center 
of well altered blocks. Thin sections of the rock are composed mainly of 
quartz with subordinate amounts of taeniolite, rutile, brookite, and leucoxene 
(Plate XX-A, B, p. 166). Aggregates of coarse quartz grains, similar in texture 
and grain size to the unmineralized gray quartzite,liein a: matrix of much finer 
grained quartz which in one thin section averaged less than .01 in diameter. 
As shown by the occurrence of unaltered, taeniolite in the fine-grained quartz 
areas and altered taeniolite in the coarse-grained quartz areas, the fine-
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grained quartz has been recrystallized to form the coarser-grained aggregates 
after the introduction of. taeniolite. All stages in the alteration of the 
taeniolite, from partially altered grains to skeleton grains composed of 
leucoxene, which retain the shapes of the fresh taeniolite, are present. 


The sequence of events in the formation of the light quartzite primary 
ore appears to have been as follows: 


1. The introduction of up to 20 per cent of taeniolite and varying amounts 
of acicular rutile into very fine-grained quartzite. 


2. The later introduction of brookite as shown by rutile inclusions in 
brookite grains and the interruption of altered taeniolite skeleton grains 
by brookite (Plate XXI-A, p. 167). Brookite usually occurs as inclusions in large 
quartz grains but only rarely between large quartz grains indicating recrys-
tallization of the quartz after the brookite introduction. 


3. Recrystallization of the quartz along streaks, and, as far as thin 
section evidence is concerned, also as isolated 'globular aggregates. During 
this recrystallization the taeniolite in the areas undergoing reorganization 
was largely altered to shadow grains. 


The Second Quartzite Knob 


The second quartzite knob lies entirely within the Hardy deposit. Explo-
ration of this, knob is restricted to one prospect pit, in which a single vertical 
vein of smoky quartz with abundant visible brookite is exposed. The sur-
rounding quartzite is very much coarser-grained and darker than the gray 
quartzite. It has abundant small cavities and the amount of gos,'san-like 
material suggests a sulphide mineralization. Float indicates that similar 
veins occur in the general vicinity of the pit. The area should not be ignored 
,in any further exploration, but it is not considered particularly favorable. 


The Second Saddle 


All but the eastern edge :f the second saddle is on the Walsh tract. The 
previous exploration in this area is also restricted to a single pit; however, it 
is believed that the topographic expression reflects the character of the 
material in the pit. The single pit is 4 feet deep and isolated from any 
other pits. The material looks like an iron-stained gravel composed of angular 
rather than rounded fragments. Individual particles range in size from 
slightly larger than an inch in length to clay sizes. The larger particles, 
9-mesh and larger, are angular to somewhat subrounded in shape. Almost 
all of the fragments are light and dark quartzite types containing abundant 
brookite. A few are composed of goethite fragments. The plus,; 16 mesh 
sizes are, in general, subrounded quartzite grains, also containing abundant 
rutile. In sand sizes smaller than 60-mesh the brookite .is largelyi liberated 
from the quartz. Excellent 'crystal 'shapes with fresh, sharp edges 'charac-
terize the liberated brookite. :' The sharp crystal edges as well as 'tl-e angular 
shapes of the quartzite grain's indicate a residual 'Ore. The lack of abundant 
magnetite indicates no admixture of transported' material. 	


I
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The Third Quartzite Knob 


There is probably a gradation from the type of material described in the 
second saddle to the clay seams which occur in the pits 'on the east edge of 
the third quartzite knob. As shown in the prospect pits in the northeast 
corner of this area the country rock is a quartzite cut by seams of clay up 
to 8 feet in width. The attitude of these clay seams varies from vertical to 
dips paralleling possible bedding planes in the quartzite. The clay is in 
general, a uniform red-brown in color and appears at first glance essentially 
the same as the red clay of the first saddle. The sand sized particles are less 
variable and frequently consist only of slightly iron-stained kaolinite and 
taeniolite. In the heavily iron-stained portions there is abundant brookite; 
euhedral quartz crystals, both clear and smoky; irregular gray quartzite 
fragments; and black coarse-grained quartzite. The quartzite on either side 
of the clay seams is coarse-grained, dark to almost black in color, only slightly 
porous, and composed of quartz, very abundant altered taeniolite, abundant 
brookite, rutile needles, and colloform-textured iron oxide masses. Euhedral 
quartz is rare. 


These clay seams probably resulted from weathering of veins similar to 
those which occur in the quartzite of the prospect , pits, (coordinates 10,300N, 
8440E), to the southwest, where taeniolite-mineralized but brookite-barren 
gray quartzite is cut by veins, as much as 6 inches in width, which contain 
all of the minerals to be found in the clay seams. In the test pit exposures 
the veins are friable masses composed of very abundant brookite, quartz, and 
white clay. 


Thin sections show that the veins are composed of over 50 per cent of 
brookite linked together to form cellular-like masses (Plate XXI-B, p. 167) . Be-
tween the brookite grains are large, up to 1.5 mm in diameter, euhedral, zoned 
quartz grains, smaller irregular-shaped quartz grains, fine iutile needles, 
abundant taeniolite, iron oxide-stained masses of kaolinite, and colloform-
textured masses of iron oxide. Some brookite has invaded taeniolite along 
the taeniolite clevage. There are abundant altered taeniolite shreds in the 
coarser quartz, showing that some of the coarse-grained quartz is again 
produced by the recrystallization of finer quartz after the taeniolite mineral -
ization. The kaolinite and iron oxide masses corrode euhedial quartz grains 
and are the last minerals introduced into the veins. 


Much of this quartzite knob must be considered barren as only the black 
porous quartzite and the clay seams can be considered to be ore. The' shaft 
28 feet deep in the southern part of the knob was not accessible, but examina-
tion of the dump disclosed vein material containing abundant brookite. 


PARACENESIS OF THE HARDY-WALSH DEPOSIT 


1. Formation, then folding, and probably regional metamorphism of the 
Arkansas novaculite at the end of Pennsylvanian time. (Miser, 1943). 


2. Intrusive activity in Magnet Cove in Cretaceous time. (Miser, 1943).. 


3. Mineralization of the novaculite forming the fine-grained yellow 
quartzite containing taeniolite, iutile, and brookite. As shown by the greater
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abundance of altered taeniolite in the barren quartzite of the west end of the 
property, the mineralizing solutions came fiOm .the direction of Magnet Cove. 


4. Recrystallization of almost all of the fine-grained quartz, including 
the barren gray quartzite. 


5. A repetition of the initial mineralization accompanied by kaolinite 
which formed minor veins. 


6. Renewed hydrothermal activity, or the end of the last stage, during 
which smoky quartz veins were introduced into the recrystallized quartzite, as 
well as some minor recrystallization of the quartzite along preexisting frac. 
tures and joints. 


7. Erosion of the general area ending in the formation of the upper 
erosion surface. 


8. Intensive weathering to an unknown depth of the brookite and taenio-
lite mineralized zones. The areas of deep weathering occur mainly where 
the recrystallized quartzite was fine-grained. It is suggested that the angular 
blocks lying in the red clay in the northeast corner of the first saddle are 
talus material. 


9. At a 'later time after the formation of much of the residual ore there 
was a final period of quartz mineralization accompanied by goethite which 
formed small veins cutting the residual ore in the northeast corner of the 
first saddle. The mineralization probably occurred at the same tme as 
the formation of the hot spring deposits in the center of the Cove basin. 


SUMMARY OF THE OCCURRENCE OF TITANIUM MINERALS 


Considering the Hardy-Walsh deposit as a whole rather than as topo-
graphic units, the recognized titanium minerals are brookite, rutile, leücoxene, 
and taeniolite. 


Brookite is probably the only recoverable titanium mineral. In this 
deposit the largest brookite crystals are restricted to smoky quartz veins 
where . 2 mm is about maximum. In the primary ore, residual clay, and in 
the veins of the third quartzite knob the brookite is much smaller. In the 
primary ore the average is about 1 mm with a range from .5 mm to a few 
reaching .05 mm. Brookite in the residual clay of the first saddle averages 
the same as in the primary ore. Brookite in the second saddle averages about 
.15 mm. Brookite in the veins of the third quartzite knob is larger, averaging 
.5 mm. 


Rutile occurs in acicular grains which are in large part altered to leu-
coxene. Individual grains range from .1 mm to those barely visible at highest 
magnifications. The average is about .01. While rutile is very abundant, 
it cannot be considered as an ore mineral because of its size, and alteration. 
Taeniolite, according to Miser and Stevens (1938, p. 109), contains only a 
small amount, 0.11 per cent, of titanium.
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EXTENT OF THE DEPOSIT AND RECOMMENDATIONS FOR FUTURE EXPLORATION 


The known "ore" of the Hardy-Walsh deposit, so far as it has been 
developed by trenching, is limited to the "clay" of the first saddle. The 
titania assays on Plate IV show that the mate'rial in the test pits, ranged 
from 5.0 to 8.4 per cent in Ti0 2 content. The deepest test pit in the first 
saddle at the time of sampling (1947) was 14 feet. 


In any future exploration program at the Hardy-Walsh brookite deposit 
possible extensions of the ore in the first saddle both in depth, and to the 
north and south of the trenched area should be investigated. Because of the 
similarity in topographic expression of the second saddle to the known "ore" 
area, (first saddle) and the fact that the only test pit in the second saddle 
contained residual brookite "ore", this area should be prospected. Although 
all three quartzite knobs do contain veins that are rich in brookite, the size 
and distribution of the known veins are such that they would be very costly 
to mine. These knobs merit consideration in any future exploration, however.
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CHRISTY BROOKITE DEPOSIT 


LOCATION 


The Christy deposit is located on the east edge of Magnet Cove, mainly 
in the SW1/4 SW1/4 of Sec. 16, T. 3 S., R., 17 W. (Plate I), on property owned 
by the Malvern Lumber Company of Perla, Arkansas, M. H. Strauss, President. 
The same road from Magnet that passes near the Hardy-Walsh deposit 
crosses the west edge of the Christy deposit about half a mile north of Magnet.- 


HISTORY OF EXPLORATION 


The first exploration, of this deposit was directed by H. E. Perkins in 
1913, as a part of the survey of the Magnet Cove titanium deposits made for 
the Titanium Alloy Company of Maine at that time. Perkins had an adit 
200 feet long driven into the northeast portion of the deposit from Chamberlain 
Creek gorge. Upon completion of the adit the project was abandoned and 
the adit is now caved. No further exploration of any consequence was carried 
out until Mr. Wynn 0. Christy obtained a lease on the property in 1941 
Some ore was developed by Christy, and several months later a small: plant 
utilizing dry methods of concentration was placed in operation. No commercial 
production resulted from this operation as the recovery was too low. In 1942 
a development loan was granted by the Reconstruction Finance Corporation. 
Under the direction of an R.F.C. engineer (Riggs, 1943), 32 test pits, the 
deepest of which was 45 feet, were sunk during 1942-43, and bulk smples 
of the test pit material were submitted to several commercial laboratories 
for ore dressing tests. Despite favorable results from these tests, work at 
the Christy deposit ceased until January, 1948, when the U. S. Bureau of 
Mines began its core drilling project (Reed, 1949). During this project 21 
holes were drilled with a diamond drill, bucket drill, and a churn drill with 
Baker coring tools. There has been no activity at the deposit since this 
drilling project.


PREVIOUS STUDY 


Holbrook (1947) has briefly described the nature of the residual ore at 
the Christy deposit.


TOPOGRAPHY 


The Christy deposit lies on the top and partly on the south slope of a 
ridge at the upper erosion surface of the Magnet Cove region. The crest 
elevation is about 600 feet and increases to about 700 feet farther east. The 
character of the ore, both residual and primary, has been affected by weather-
ing processes originating at this erosion surface. There is at least one 
indication of the admixture of transported material to the residual : ore at a 
time when this upper erosion surface was of greater extent. Undoubtedly 
much residual ore has been removed from the deposit and may now occur as 
undiscovered placer deposits on remnants of the upper erosion surface.
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SEDIMENTARY ROCKS 


At the Christy deposit the country rock is composed of sediments. (Plate 
VI). Exposed at the surface are the Stanley Shale (Pennsylvanian), the 
Hot Springs sandstone (?) (Pennsylvanian), and the Arkansas novaculite 
Devonian (?)-Mississippian (?). Inferred, but not exposed, are the Missouri 
Mountain shale (Silurian) and the Blaylock sandstone (Silurian). The nearest 
exposure of the entire section is in a road that cuts diagonally across the 
ridge about half a mile east of the deposit. 


The Stanley shale formation is well exposed in Chamberlain Creek gorge 
immediately northwest of the deposit. Here, contact metamorphism by the 
syenite intrusive to the west has altered the shale to a dense, black hornfelsic 
rock. Unaltered black clay shale of the formation may be seen in the road 
cut just north of the mapped area of Plate VI. 


The sandstone shown on Plate VI as Hot Springs sandstone (?) is 
exposed at only two points at the Christy deposit, one at the entrance to the 
caved adit and the other where the sandstone crosses the road just north of 
the mapped area. At neither of these two localities is the upper contact 
of the sandstone bed exposed but the gray, quartzitic character of the rock 


•jr:1 


• .'	
'	 :'	 -	 '	 ' •-..	 ,	 •'	 -	 ••' ••:-	 - • - 


-	 ,-* 
F .:'. jdf 


• ,..-..	 -.	 • -	 ". ..-	 -	 .-


Figure 10. Exposure of the Arkansas novaculite formation in the
Rock Island railroad cut one mile east of the Christy deposit. 


The shovel marks the contact between the massive novaculite of 
the lower division (on the right) and the interbedded novaculite and 
shale of the middle division of the formation. The bedding is approxi-
mately vertical. (Photo by John Blundell).
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and the position of the sandstone bed in the section were the basis for naming 
it the Hot Springs sandstone. However, a similar sandstone bed is exposed 
in the road cut half a mile to the east along the strike of the formations. 
This sandstone bed is separated from the overlying Stanley shale formation 
by several feet of thin-bedded white novaculite, indicating that this sandstone 
is a part of the Arkansas novaculite formation, probably the middle member. 
Similar relationships may be observed at the sandstone exposure in the slot 
of the inclined shaft of the Magnet Cove Barium Corporation barite mine, 
two miles northeast of the Christy deposit. It is possible, therefore, that 
future excavation may show the sandstone bed at the Christy deposit is also 
a sandstone member of the Arkansas novaculite formation. 	 I 


Both the massive novaculite of the lower division and the thin-bedded 
novaculite and shale of the middle division of the Arkansas novaculite forma-
tion are present but poorly exposed at the Christy brookite deposit. The best 
exposure of the formation in the Magnet Cove area is one mile east of the 
Christy deposit along the Rock Island railroad's spur to the barite mines 
(Fig. 10). 


All of the primary brookite ore developed by drilling to date is restricted 
to the massive novaculite of the lower division of the formation. The massive 
novaculite of the lower division has been recrystallized to some extent ii all 
its exposures at the Christy deposit. This recrystallized novaculite varies 
from a friable sandstone-like rock composed of clear quartz grains to a hard 
grey-to-white rock that resembles a very fine-grained quartzite. Where the 
novaculite has been both recrystallized and mineralized a more porous 
brookite-bearing quartz rock is developed which will be discussed in more 
detail in the section on primary ore. The best exposures of the recrystallized 
massive novaculite are in the road cut which parallels the west section line 
of Section 21, immediately southwest of the deposit (see Plate VI). Fresh 
novaculite of the lower division occurs as float on top of the ridge east of 
the deposit. Thin-bedded novaculite and shale of the middle division of the 
formation are exposed only in the trench directly above the caved adit in 
Chamberlain Creek ravine. Drill holes BD-7, BD-8, and BD-9, however, 
disclosed residual ore lying on hydrothermall.y altered but unmineralized 
novaculite and shale of the middle division. 


Since neither the Missouri Mountain shale, nor the Blaylock sandstone 
formations outcrop at the Christy deposit it was necessary to project the 
boundaries of these formations into the mapped area (Plate VI) from their 
nearest outcrop in the road cut half a mile to the east. However, diill hole 
information from hole BD-10 tends to confirm the location of the Missouri 
Mountain shale formation. 


Structurally the sedimentary rocks at the Christy deposit lie on the south 
limb of an overturned syncline which plunges to the southwest. It is inter-
esting to note that the Hardy brookite deposit previously described is' 
on the north limb of this same structure where the Arkansas novaculite is 
truncated by the Magnet Cove intrusives, and also that the extensive barite
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deposits of the Magnet Cove area lie at, the base of the Stanley shale forma-
tion in this same syncline, about one mile east of the brookite deposits. 


IGNEOUS ROCKS 


The synclinal limb in which the brookite deposit lies is truncated by an 
intrusive mass of nepheline syenite (fine-grained type) which is essentially 
the same type of rock described at the Magnet Cove Rutile Company deposit 


( p. 24). On Williams' map (1890, Map IV), however, the syenite at the 
Christy deposit is shown as leucite syenite. Good exposures of the syenite 
may be seen in Chamberlain Creek ravine immediately northwest of the 
deposit-.


DESCRIPTION OF THE DEPOSIT 


General Statement 


The Christy brookite deposit as outlined by the recent U. S. Bureau of 
Mines drilling project may be divided into two parts: (1) a residual orebody; 
and (2) an underlying primary nrebody which constitutes the bulk of the 
deposit. The titanium ore mineral in both orebodies is brookite. The distinc-
tion between these two portions of the deposit is based entirely on differences 
in their physical characteristics. The residual orebody, which extends from 
the surface to depths of as much as 20 feet, has been developed as a result 
of the reworking, slumping, and selective erosion of the upper part of the 
primary orebody. It consists of quartzite fragments, free brookite crystals 
and sand-sized material in a matrix of red clay. The primary orebody has 
essentially the same structure it had when it was formed from the mineral-
izing solutions, and it consists of brookite-bearing quartzite layers separated 
by layers of relatively barren clay. Probably the entire primary orebody as 
shown on the geologic sections (Plate VII) contained pyrite, as well as quartz 
and clay minerals as gangue minerals at the time the orebody was originally 
formed. However, most of the primary orebody has since undergone extensive 
weathering during which the pyrite has been altered to iron oxides and some 
interstitial clay has been removed from the quartzite. Thus, only a very 
small part (the bottom 17 feet of Hole BC-1) of the primary orebody now 
contains pyritic brookite ore. The term "primary" has, however, been re-
tained to describe the weathered as well as the unweathered portion of the 
orebody because the weathering processes did not affect either the original 
titanium ore mineral, brookite, or the original structure of the deposit. 


Residual Orebody


Extent 


The ore exposed on the surface at the Christy deposit is almost entirely 
residual but in some places, particularly along the northern boundary of the 
deposit, it overlies relatively barren rock, indicating some transportation, or 
at least slumping. In drill holes BD-7, BD-8, and BD-9 (see logs, pp. 131 
through 146) a maximum thickness of 15 feet of ore is known to lie on altered 
but unmineralized thin-bedded novaculite and shale of the middle division of 
the' Arkansas novaculite formation. In hole C-3A, about 10 feet of brookite
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ore overlies recrystallized massive novaculite of the lower division of the 
formation. The ore in the above enumerated holes is for the most part very 
heavily oxidized although clay seams of varying attitudes and thicknesses; are 
not permeated with limonite. This ore has probably slumped into its present 
position, and, as indicated by a fossil fragment* found in one of the test pits 
in the northeast corner of the ore area, has apparently been reworked to a 
certain extent by stream or other water action. 


In all the remaining drill holes, except BD-10, the surface ore is a true 
residual ore in that it overlies primary ore. Because of the condition of the 
recovered cores, it was difficult to determine the contact between the residual 
and primary ore, but it is suspected that the residual ore coincides with the 
heavily oxidized zone in which the clay matrix of the ore is permeated with 
iron oxide stain. This heavy limonite staining is restricted to about the 
upper 15 feet in the drill holes although in Hole BD-1 it extended to 20 feet. 


Character of the Residual Ore 


The residual ore is composed of masses of porous . quartzite, dark red 
clay containing abundant sand-sized particles and thin white to gray kaolinite 
seams. 


Two varieties of quartzite ranging from pebble size to masses 3 and 4 feet 
in maximum diameter occur as irregular-shaped bodies in the residual ore. One 
quartzite type is composed of large subhedral and euhedral quartz crystals 
that are clear or milky white in color. Associated with it are the largest 
brookite crystals (Fig. 11), some of which reach a maximum diameter of 6-7 
mm. The pore spaces of these quartzite masses are now filled with red clay 
and stained with limonite. Possibly the original material in these pores was 
the same clay minerals as are present in the unoxidized, dark primary ore. 
This quartzite is not abundant in the surface ore but is present throughout 
the area. It comprises most of the dump material at the caved shaft. The 
second quartzite type forms at least one-third of the residual ore. It is dark 
gray to almost black and very fine-grained, and some specimens resemble 
basic igneous rock. The rarely visible brookite averages less .than .5 mm in 
diameter.	 - 


In thin section the quartz grains vary from slightly more than 1 mm 
to .05 mm in diameter. Brookite ** is present in extremely variable amounts. 
In some thin sections only a few brookite grains were present, in others there 
was 10 per cent. The dark color of the rock is due to very . abundant ácicular 
rutile, (Plate XXII-A, B, p. 168), and altered taeniolite shreds. The rutilé, much 
of which is altered to leucoxene, is somewhat patchy in concentration but; always 


* According to G. A. Cooper ( personal communication) the fossil is a Strophemena of 
Ordovician age, but whether it is of Upper or Middle Ordovician is uncertain. As the nearest Or-
dovician is over a mile from the Christy deposit, the fossil was presumably transported to this 
locality by a stream. 


** There has been some question as to the actual identity of the brookite in this deposit, and 
it has been suggested (but never published) that the brookite is actually anatase. X-ray analyses 
made at both the University of Minnesota and Harvard University of s pecimens selected at random 
have invariably hdicated brookite.
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Figure 11. Coarse white quartz and brookite from residual 
ore, Christy brookite deposit. Natural size. 


present in abundance. Rutile inclusions in brookite show that the early 
solutions formed rutile and that later solutions formed brookite. Rutile 
pseudomorphs after brookite are known to occur along the east rim of Magnet 
Cove but none were identified at the Christy deposit. 


No fresh taeniolite was present but skeleton grains, now leucoxene, 
undoubtedly represent original taeniolite. Iron oxide, presumably goethite, is 
prcaent to the extent of 2-3 per cent. Pore space averaging at least 15 per 
cent in all thin sections indicated the loss of some original mineral or minerals. 
Examination of deep core material from the primary ore showed abundant 
clay minerals, and without doubt the original clay of this quartzite type has 
been removed by weathering and the percolation of water. 


The quartzite types of the residual ore lie in a "clay" matrix that is a 
uniform, dark red in color and contains silt, sand, and pebble-sized material. 
A channel sample of "clay" wet sieved after the large recognizable quartzite 
fragments were removed showed that almost 47 per cent of the "clay" was 
actually sand-sized material.
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The screen analysis was as follows: 


Mesh Opening in mm. Per Cent 
Plus	 9 1.981 22.0 
Plus	 16 .991 8.6 
Plus	 42 .351 6.1 
Plus	 60 .246 4.8 
Plus 250 .062 5.2


Descriptions of the individual size fractions are as follows: 


Plus 9 mesh—Angular fragments of novaculite; several types of 
quartzite including: granular recrystallized novacu-
lite; clear, coarse-grained, porous quartzite; black, 
porous quartzite; quartz crystals, including corn-
minuted crystals as well as euhedral crystals. Brook-
ite is abundant, mainly associated with the quartzite 
types but some is liberated. Limonite nodules are 
common. 


Plus 16 mesh—Angular fragments of the same materials mentioned 
above. Liberated brookite is more abundant. 


Plus 42 mesh—Angular fragments of the same materials mentioned 
above. The limonite fragments are subrounded, 
probably due to weathering. 


Plus 60 mesh—Same material. Most of the brookite has been 
liberated from the quartzite fragments. There were 
a few magnetite grains. 


X-ray analysis of the clay fractions indicated kaolinite is the major 
mineral. Examination of "clay" samples from other prospect pits gave very 
similar screen analyses. In none of the size fractions was there any impor-
tant amount of rounded or subrounded particles, and, other than the single 
fossil fragment and a few magnetite grains there is no indication of admixed 
material. 


An interesting feature of the residual ore is the occurrence of a number 
of white to gray clay seams. The attitude of these clay seams ranges from 10° 
to 15° up to 50°. Uniformly the dips are to the south, down the hill slope. 
The clay is kaolinite. essentially free from grit. Possibly these seams are 
merely altered shale horizons, or altered veins, in the original novaculite which 
have slumped into place.


Primary Orebody 


Extent 


The primary orebody as defined in the general statement (p. 56) includes 
all brookite ore, developed by the recent U. S. Bureau of Mines drilling, that 
lies beneath the residual orebody. Strati graphically the known primary ore 
is located in the lower division of the novaculite formation. The primary 
orebody is apparently bounded on the north by the interbedded novaulite 
and shale of the middle division of the formation. The log of drill hole C73A 
and the dumps of the test pits at the east end of the deposit indicate that 
the eastern limit of the deposit is unmineralized, altered novaculite of the 
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lower division of the formation. The southern boundary of the deposit was 
not positively established by the drilling. It has been assumed, however, on 
the basis of information from drill hole BD-10, that the Missouri Mountain 
shale is the southern boundary or footwall of the deposit. Additional drilling 
south of the present drilled area is needed to confirm this assumption. The 
numerous ribs of barren novaculite in drill hole C-7 and the relatively barren 
novaculite exposed in the road along the west boundary of Section 21 (see 
Plate VI) indicates that there is probably barren novaculite of the lower 
division between the primary orebody and the nepheline syenite intrusive to 
the west. 


The orebody apparently plunges to the southwest at a steep angle as 
indicated by a series of holes along the east side of the orebody only. These 
holes, however, were not so spaced or deep enough at critical points to 
actually determine the angle. As previously noted, four drill holes (BD-7, 
8, 9, and C-3A) did pass through ore into barren rock. The ore encountered 
in these holes, however, probably slumped into place, and therefore was not 
considered primary. Only one hole (BD-6) was drilled through the primary 
orebody into barren rock. It is believed that the remainder of the drill holes 
that reached the primary ore zone did iot pass through it,. thus leaving the 
depth of the primary ore zone untested throughout most of the deposit. 


Character of the Primary Orebody 


The primary orebody as shown on Plate VII is composed essentially of 
brookite-bearing quartzite layers separated by relatively barren clay horizons. 
The orebody locally contains ribs of barren novaculite, unmineralized shale 
layers, and at least one altered dike is known. Although most of the primary 
orebody has been thoroughly weathered, the term "primary" has been retained 
to describe the orebody because the only weathering effects on the original 
pyritic brookite ore were the removal of some clay minerals and the alteration 
of pyrite to iron oxides. 


Practically all of the ore in the primary orebody was porous brookite-
bearing quartzite that was thoroughly oxidized as shown by the abundance 
of limonite in the drill cores. This oxidized primary quartzite ore resembles 
dark quartzite of the residual ore in both hand specimen and thin section. 
This quartzite varies from light to dark gray in color, a feature dependent 
on the rutile and taeniolite content. As a rule, the quartzite is fine-grained, 
but in many places in the orebody it is cut by narrow veins of coarsely 
crystalline quartz. Irregular cavities and small vugs are characteristic and 
these cavities are frequently coated or' partially filled with limonite-stained 
clay. Brookite occurs in this quartzite as euhedral and subhedral black 
crystals enveloped by quartz or perched on individual quartz crystals. 


Of the holes drilled into the primary orebody, only two, BC-1 and C-i, 
reached the unoxidized zone. Hole C-i was bottomed in apyrite-bearing 
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shale bed in the novaculite formation. In hole BC-1 unoxidized quartzite ore 
containing a small amount of pyrite and abundant clay minerals was en-
countered at a depth of 65 feet. The clay minerals, kaolinite and probably
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nontronite, occur in irregular masses and in the interstices between some 
quartz grains (Plate XXIII-A, p. 169). Rutile occurs as needles which are altered 
to leucoxene, but the brookite occurs as small unaltered crystals. Taeniolite 
is completely altered (Plate XXIII-B, p. 169). As in the Hardy-Walsh ore, the 
alteration took place during the recrystallization of the novaculite. The 
sequence of mineralization was: rutile and taeniolite apparently simultaneous, 
brookite accompanied by a minor amount of magnetite (?), nontronite and 
kaolinite. 


The analyses of the recovered cores and sludges (see logs, pp. 131-151) 
show appreciable percentages of vanadium in both the residual and primary 
ore. Qualitative tests indicated that much if not all of the vanadium is present 
in the brookite crystals themselves. The per cent of vanadium present in 
the brookite apparently is variable as the V0 5 content in a given set of 
samples is not directly proportional to the Ti02 content of those samples. 


Clay horizons of varying thicknesses are common in the primary orebody. 
Much of the clay from drill cores was dead white in color, but light green, 
buff, gray and mottled clays were also recovered. Limonite staining in the 
clay was restricted to the upper portions of the primary orebody. The texture 
of the clays varied from massive to an indefinite pisolitic texture. X-ray 
analyses showed that the clay is composed of kaolinite, and kaolinite mixed 
with halloysite. The indefinite pisolites were identical in composition with 
their matrix. Presumably the clay layers and seams found throughout most 
of the primary orebody represent seams of shale in the lower division of the 
novaculite that have been hydrothermally altered. The thicker sections of 
clay encountered in drill holes BC-1 and BD-11, however, cannot be so ex-
plained since shale seams are generally thin and sparsely distributed in the 
lower division of the novaculite formation. Possibly the clay in these holes 
was formed as a result of extensive clay mineralization of the novaculite 
itself. The clay seams and lenses in the primary orebody were for the most 
part lacking in brookite. This is particularly true of the thicker layers. Some 
brookite occurs in the thinner clay layers as free crystals embedded in the 
clay and perched on small quartz crystal aggregates that were completely 
enveloped by clay. It is interesting to note that despite the relatively high 
Ti0 2 assays reported on the thick clay sections from Hole BC-1 (see.. p. .151), 
much of the recovered core contained no visible brookite, the values apparently 
being due to the presence of leucoxene or taeniolite, or both, in the clay.. 


PARAGENESIS OF THE DEPOSIT	 . 


1. Deposition, then folding and regional metamorphism of the Arkansas 
novaculite at the end of Pennsylvanian time (Miser, 1943).	 . . 


2. The intrusion of the Magnet Cove igneous rocks during Cretaceous 
time (Miser, 1943). 


3 Introduction of rutile taeniohte, and brookite at the time of igneous 
intrusion. 


4. Recrystallization of the novaculite.
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5. Introduction of clay minerals. 


6. Erosion. 


7. Deep weathering of the primary orebody from the sipper erosion 
surface of the general region. 


8. Formation of residual ore and the admixture of a small amount of 
transported material. 


9. Uplift of the region followed by removal of much of the residual ore 
and the probable formation of placer deposits in the region. Deep weathering 
is continuing. 


SUMMARY OF THE OCCURRENCE OF TITANIUM MINERALS 


The titanium-bearing minerals in the Christy deposit are brookite, rutile, 
leucoxene, and taeniolite of which the brookite probably is the only recover-
able mineral. In the residual ore brookite occurs both as free crystals dis-
seminated in the "clay" and attached to quartzite fragments. Probably most 
of the brookite grains do not exceed .5 mm in diameter, but crystals up to 
6 and 7 mm in maximum diameter are known. In the primary ore prac-
1ically all of the brookite crystals occur either within or perched on quartzite. 
As in the residual ore, most of the brookite is less than .5 mm in diameter. 
Rutile is common throughout the deposit as minute needles in the various 
quartzite types and much of it has been altered to leucoxene. Although the 
rutile and leucoxene probably account for 10 to 15 per cent of the Ti0 2 con-
tent of the ore, this titania cannot be considered recoverable. The Ti02 
present in the taeniolite is unrecoverable, but only a negligible percentage of 
the total titania- present in the ore occurs in this mineral. 


THE U. S. BUREAU OF MINES DRILLING PROJECT 


The recent drilling project of the U. S. Bureau of Mines at the Christy 
deposit was begun in January, 1948, and completed in June, 1948. A total 
of 21 holes with an aggregate footage of 1,488.9 feet was drilled and sampled. 
The deepest hole drilled was 141 feet (BD-4). The character of the ore; 
hard, porous quartzite masses separated by lenses of clay of varying thick- 
iesses, made it extremely difficult to obtain cores suitable for metallurgical 
testing. Three different types of drills were used in an effort to recover 
acceptable core; a diamond drill, bucket drill, and a churn drill with Baker 
coring tools. Since detailed descriptions of the drilling equipment and 
techniques used have been presented by Dupuy (1949) and Reed (1949), only 
the condition of the recovered cores has been noted briefly here. The core 
recovered by the Baker coring device (Hole BC-1) was most satisfactory as a 
high percentage of core was recovered and core fragmentation was not 
excessive. Although the percentage of the core recovered in the diamond 
drill holes (Holes C-i through C-8) was low, the core was clean and the core 
intervals were small, so that a fairly complete interpretation of the lithology 
could be made. Core recovery in the bucket drilling was excellent but the 
core was difficult to log because of fragmentation, particularly where the 
accessory churn bit was used to break through ledges of hard quartzite and 
altered novaculite.
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Splits of the cores obtaind from the Bureau of Mines drilling at the 
Christy deposit are on permanent file in the Core Library of the Bureau of 
Mines at Rlla, Missouri. The library is open to the public for study of the 
cores at any time that qualified persons wish to make such a study. 


All of the core recovered was logged by Holbrook while the drilling was 
in progress. The residual ore in the cores was designated as such in 
parentheses in the logs, and the primary ore was described in the logs 
as porous brookite-quartz rock. A general statement regarding the 
abundance and grain size of the brookite in the core samples was also 
included in the logs. These descriptive logs, together with the U. S. Bureau 
of Mines analyses (Reed, 1949, Figs. 10 through 20) of the core and sludge, 
appear on pages 131 through 146 of this report. 


Since the 1948 drilling project at the Christy deposit was the first exten-
sive core-drilling exploration of any of the brookite deposits at Magnet Cove, 
it has provided much new subsurface geologic information on these .deposits. 
Some of the more important geologic features of the Christy deposit that 
were established as a result of this drilling are listed below. 


1. The deposit is not simply a surface accumulation but is underlain by 
a significant body of primary ore. 


2. A iootwall of steeply dipping altered interbedded novaculite and shale 
was established on the north side of the orebody. 


3. A hanging wall of Missouri Mountain shale at the south limit of the 
orebody was tentatively established. 


4. Oxidized primary ore was encountered to the bottom of the deepest 
hole (BD-4, 141 feet) as well as all other holes drilled in ore except BC-1. 


5. Unoxidized primary ore containing pyrite was encountered in only 
one hole (BC-1 ) at a depth of 65 feet. 


6. The presence of vanadium in the ore was first recognized by the U. S. 
Bureau of Mines chemists while analyzing core samples. 


RECOMMENDATIONS FOR FURTHER EXPLORATION 


It is believed that further drilling could extend both the depth , and the 
southwest limits of the deposit. The northern boundary or footwall of the 
deposit is well established, and it is not likely that much additional ore could 
be developed by drilling along either the eastern or western boundaries as 
shown on Plate VI. Possible extensions of the ore to the southwest should be 
checked by holes located immediately south of Holes BD-5 and C-8. Since 
the orebody apparently follows the Arkansas novaculite formation and dips 
to the south, any holes begun in the Missouri Mountain shale formation (see 
Hole BD-10, Plate VII) should be drilled deep enough to penetrate , the shale 
and check the possibility of ore in the underlying Arkansas novaculite. If the 
recovery of samples suitable for metallurgical testing is not a prime con-
sideration in a future drilling project, it is' suggested that churn drilling
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would be both a satisfactory and economical method of exploration. The 
cuttings should be logged, however, to permit an accurate evaluation of the 
sample assays.
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MO-TI CORPORATION
MOLYBDENUM-TITANIUM PROSPECT 


The Mo-Ti Corporation prospect pit located in Section 17, T. 3 S., iR 17 
W., on the south bank of Cove Creek (See Plate I) has been described 
by Holbrook (1948). In 1929-1930 the Southern Acid and Sulphur Company 
churn drilled the deposit as a possible source of pyrite. The recent explora-
tion (1946) has been for molybdenum, but the vein mater i al also contains 
brookite and some rutile. 


The country rock is jacupirangite (mainly magnetite and pyroxene with 
some nepheline) both fresh and altered along zones which do not entirely 
coincide with the vein mineralization. The prospect pit lies on the north' edge 
of a triangular shaped flat now covered to a depth of about 8 feet by coarse 
gravels. The topographic expression and the results of the earlier drilling 
(Scheid, 1932) indicate widespread mineralization and hydrothermal altera-
tion in this area. 


The exposed veins strike roughly N. 50° W. and dip 45° -80° E. The 
veins are anastomosing and frequently enclose areas of chloritic rock, the 
alteration product of the jacupirangite. 


In the field the vein material is yellow to light gray in color, coarse-
grained, soft and friable due to weathering, and in most places contains 
abundant pyrite. 


Thin sections show that 80 per cent of the vein is composed of perthitic 
microcline ranging up to 3 mm in diameter, and a small amount of chess-
board albite. Apatite, brookite, rutile, pyrite, and sphene in varying amounts 
are also primary constituents. The feldspar is extensively altered to allo-
phane and a small amount of halloysite. Some of the brookite crystals 
reach 10 mm in diameter. Leucoxene is present in variable amounts. 


The introduction of feldspar veins was followed by a molybdenite mineral-
ization. Two to three feet on either side of the rich molybdenite veins there 
is disseminated molybdenite. Both brookite and pyrite are replaced by 
molybdenite. 


In addition to the large' feldspar veins the country rock is cut by small, 
up to 4 mm wide, veinlets,:'containing dolomite, oligoclase, and pyrite. The 
thin sections examined were lacking in any important Ti0 2 mineralization. 


The feldspar veins differ from the microcline-calcite veins of the Magnet 
Cove Rutile Company property by a total absence of ,a carbonate ad the 
very much coarser grain size. The veins in grain size and in the presence 
of perthitic microcline and: albite most closely resemble the coarse-grained 
albite-perthite-carbonate veins of the Magnet Cove Rutile Company property. 


The occurrence of abundant brookite in' a feldspar vein is suggestive, but 
little can. be said about temperature and pressure conditions which formed 
brookite in this vein group and rutile in the feldspar-carbonate veins of the 
Magnet Cove Rutile Company pit.
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The molybdenite mineralization at both properties as well as the simi-
larity in vein types suggests contemporaneity of formation of the ore of the 
two properties. 


OTHER KNOWN OCCURRENCES OF BROOKITE AND RUTILE
AT MAGNET COVE 


All of the rutile and brookite deposits and prospects discussed in the 
preceding sections have been explored to some extent at least, by test pitting, 
trenching or drilling. There are, however, several other untested occurrences 
of rutile and brookite in and adjacent to the Cove that should be mentioned. 
Because rutile and brookite are rather widely scattered in small quantities 
in the soils of the Cove, the localities discussed in this section have been 
restricted to significant concentrations of rutile and brookite float, and to 
exposures of rutile and brookite in place. All of the localities described in 
this section are shown on Plate I (in pocket) by either a rutile or brookite 
symbol, depending on which mineral predominates. 


BROOKITE MINERALIZATION ALONG HIGHWAY 270 AT MAGNET 


A series of outcrops along U S. Highway 270 at Magnet show both the 
metamorphism and the brookite mineralization in the Arkansas novaculite 
formation near its contact with the Cove intrusives. Immediately east of 
Magnet the highway cuts through a low ridge of metamorphosed Arkansas 
novaculite. The novaculite exposed in this cut looks like a very fine-grained 
sandstone and contains small amounts of taeniolite, magnetite (?) rutile and 
brookite. West of this novaculite ridge, at the "Y" in the highway at Magnet 
and somewhat nearer the novaculite-syenite contact, the novaculite has been 
recrystallized to a friable quartzite composed of quartz grains ranging from 
.5 mm to .02 mm in diameter (Plate XXI V-A, p. 171). At this point the introduced 
material is limited to a few large quartz veins lying in a matrix of unidenti-
fied clay minerals and iron oxide. Unfortunately the syenite-novaculite contact 
is not exposed in the highway cut, the westernmost exposure of metamor-
phosed novaculite being 100 feet or more from igneous rock. This exposure 
is on the south side of the highway near the center of Magnet and is charac-
terized by quartz veins up to one inch in thickness which cut friable quartzite 
along tortuous paths. Many of these veins contain vugs lined with imperfect 
quartz crystals 2 cm long. Accompanying these quartz veins are brookite 
crystals which reach 5 mm in diameter. The majority of the described brook-
ite specimens from Magnet Cove came from this area. Abundant brookite-
quartz float indicates an extension of this mineralization up the hill south 
of the highway a distance of about 200 feet (see Plate I in pocket). 


A thin section shows that rutile needles are common in these quartz 
veins but not to the extent of darkening the quartz by their numbers. Ac-
companying the Ti0 2 mineralization is an iron oxide, taeniolite, and a clay 
mineral. The rutile and iron oxide occur in diffuse bands 2-3 mm wide which 
cut across grain boundaries of the quartz. Typically such a band has an outer







UNEXPLORED BROOKITE, AND RUTILE OCCURRENCES 	 67 


zone of abundant rutile, a zone of less intense rutile mineralization, a thin 
concentrated zone of iron oxide, and a broad zone containing brookite and 
fresh and altered taeniolite (Plate XXIV-B, p. 171). Acicular rutile is almost 
entirely altered to leucoxene. The iron oxide occurs as both square and rectangu-
lar masses and as a lining of cavities where it has a colloform texture. 


RUTHERFORD BROOKITE PROSPECT 


This prospect is located on a hill about 400 feet southeast of Magnet 
community and consists of brookite-quartz float scattered over a roughly 
elliptical area, 500 feet in maximum diameter. The house on the top of the 
hill is approximately in the center of this area and the heaviest concentration 
of brookite-quartz float is around the house. Some of the smoky quartz rock 
exposed near the southwest corner of the house appears to be in place. The 
brookite-quartz float gradually gives way to boulders of coarse-grained, gray 
nephelinesyenite to the west and south, and to shale and altered novaculite 
fragments to the north and east, indicating that the mineralization is prob-
ably related to a nepheline syenite-Arkansas novaculite contact. The brookite-
quartz float is made up largely of boulders and cobbles of porous masses of 
quartz crystals with the brookite crystals perched on the quartz. The brookite 
crystals themselves are euhedral and vary in size from 1/16 inch to ½ inch. 
There is a marked similarity between the float and contact relationships of 
this prospect and those of the Christy brookite deposit. The float at the 
Christy deposit, however, covers a much wider area. 


RICHARDSON RUTILE PROSPECT 


This prospect is located on the Richardson property in the northwest 
quarter of Section 17, T. 3 S., R. 17 W., about half a mile east of the Magnet 
Cove Rutile Company's deposit (see Plate I in pocket). The mineralization 
here consists of several small, rather widely separated occurrences of rutile 
rather than a single large mineralized area. Most of the rock exposed at the 
property is a weathered coarse-grained igneous rock, probably nepheline sye-
nite, and exposures are limited almost entirely to the east-west road that 
crosses the property and enters the east end of the Magnet Cove Rutile Com-
pany property. 


On the south side of this road about 400 feet west of the Richardson 
farm buildings there are several veins exposed in a coarse-grained weathered 
igneous rock. The veins are stained with iron oxides and consist mainly of 
fine-grained feldspar with a little fine-grained rutile. The plowed field 
immediately south of this exposure is said to have been the source of many 
of the fine rutile specimens from the Cove, but only scattered fragments of 
rutile-bearing vein material were observed during the recent field work. 


About 300 feet southwest of the Richardson farm buildings, adjacent to 
the mouth of a flowing spring is the abandoned shaft of a pyrite mine that 
was operated during the Civil War. The rocks on the dump are mainly 
altered igneous rock, with some feldspar-pyrite vein material containing a 
small amount of rutile
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On the north side of the road about 300 feet east of the Richardson farm 
buildings, several veins are exposed in weathered, igneous rock. The veins 
are comprised of both fine and coarse-grained feldspar and contain thin 
scattered seams of rutile. Doubtlessly other rutile-bearing veins may exist 
under the soil cover on this property, but the lack of much residual rutile 
indicates that the mineralization near the surface at least is not extensive. 


YORK RUTILE PROSPECT 


The York rutile prospect is located near the center of Section 20, T. 3 S., 
R. 17 W., immediately south of U. S. Highway 270. Residual rutile occurs 
here in a narrow belt extending from the north side of the highway through 
the farmyard and into the plowed field directly southeast of the farm build-
ings. Rutile aggregates up to one inch in maximum dimension and individual 
crystals % inch in maximum diameter are common in the soil throughout the 
belt. Since no rutile was found in place, the nature of its original occurrence 
is uncertain. However, this locality is mapped (Williams, 1891, Map IV), as 
nepheline garnet syenite, and this syenite is exposed in the ridge just east of 
the rutile occurrence. Detrital garnet and magnetite from the syenite is 
abundant in the soil and can easily be mistaken for rutile by the casual 
observer. Striations on the rutile crystals, however, distinguish them from 
the other black minerals in the soil. 


BROOKITE PROSPECTS IN SECTION 7 


Two brookite occurrences are located on the Cove rim in the extreme 
southern portion of Section 7, T. 3 S., R. 17 W., about half a mile due north 
of the Magnet Cove Rutile Company's pit (see Plate I in pocket). 


One of these occurrences is just south of the gravel road that approxi-
mately parallels the south line of Section 7. At this locality four trenches 
have been dug along the north slope of a low hill. These trenches are now 
caved, but examination of the dump material revealed brookité-bearing feld-
spar veins in metamorphosed Stanley shale. The brookite in the veins is fine 
to coarse-grained and usually in well-formed crystals. The feldspar shows 
considerable range in grain size and is the predominant vein mineral. Several 
of the vein fragments examined were porous, suggesting the removal of some 
constituent, possibly a carbonate. 


The second brookite occurrence is about 200 yards north of the gravel 
road in the southwest quarter of the section. Here, brookite-bearing quartz 
float is scattered over an elongated area 20 by 200 feet on the west slope of 
a deep ravine. Exposures are limited at this locality, but the float indicates 
that the brookite-quartz rock occurs as veins in fine-grained sandstone, 
possibly the Hot Springs sandstone. The brookite-quartz rock is dark gray 
and porous and may be readily distinguished from the unmineralized sand-
stone. The brookite occurs as very small grains perched on quartz crystals. 
So far as is known, no exploration has been undertaken at this locality.
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NICHOLS AND CAMPBELL RUTILE PROSPECT 


In the discussion of the history of rutile production from Magnet Cove 
( p. 13), it was pointed out that Messrs. Nichols and Campbell produced a 
small amount of rutile from properties located in the SW4 SW'/4 Sedion 18, 
T. 3 S., R. 17 W. The trenches resulting from that operation still exist, and 
rutile is exposed in the dump material adjacent to these trenches. The most 
prominent trench at this locality is about 700 feet long and is shown on 
Plate I as a series of surface rutile symbols that trend in a' north-
west-southeast direction. At its northwest end on the hillside above the 
unimproved road shown on the map the trench exposes metamorphosed shale 
which apparently contained scattered rutile-feldspar veins with a small amount 
of rutile. Immediately southeast of the unimproved road the vein material on 
the trench dump is a hard cream-colored porous feldspar rock with some fine-
grained rutile. The trench is deepest at its southeast end where it exposes a 
soft, altered, gray-green igneous bedrock. The dump material at this end of 
the trench contains abundant rutile in masses that reach 1½ inches iii maxi-
mum dimension. Probably much of this rutile is residual, having been derived 
from the soil overlying altered igneous rock, but some of it, at least, came 
from feldspar-carbonate veins, several of which are exposed in the altered 
igneous rock in the trench walls. About 100 yards west of the lower end of 
this main trench is a series of gulleys which have cut into altered igneous 
rock. Rutile is common at this locality but is almost entirely restricted to a 
soil layer 1 to 2 feet thick above the altered igneous rock. 


RUTILE VEINS IN SECTION 24 


Several rutile-bearing veins are exposed along the road from U. SL High-
way 270 to the Jones Mill aluminum plant in the NE 1/4 of Section 24, T. 3 5., 
R. 18 W. (see Plate I). The best exposures are in a cut on the west side of the 
road about 120 yards southwest of Highway 270. Several hard, feldspar-
carbonate veins in a soft altered gray-green igneous rock are. exposed in this 
road cut. The veins are cream-colored, sugary-textured, and they. contain a 
little fine-grained rutile. The quantity of rutile available at this locality is 
negligible, but the outcrop is interesting since it shows the widespread occur-
rence of rutile mineralization in Magnet Cove. 


McKNIGIIT PLACER RUTILE DEPOSIT 


Although this deposit is located about three miles due south of the Cove, 
the Cove deposits are believed to be the source of its rutile. The deposit is in 
the S½ SW 1/4 of Section 5, T. 4 5., R. 17 W., Hot Spring County, Arkansas. 
It can be reached by following U. S. Highway 270 north a short distance out 
of Malvern to its junction with State Highway 84, thence following Highway 
84 west a distance of nine-tenths of a mile to the State Highway 171 junction., 
Highway 171 is then followed 1.7 miles to a side road that intersects the 
highway on the right. Mr. H. R. McKnight's abandoned open pit is eight-,., 
tenths of a mile from the highway along this side road at the south end of a 
relatively flat-topped ridge. This ridge, which is about 200 feet wide and 
1,000 feet long, consists of folded Paleozoic sediments with a mantle of clayey
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gravel varying from 10 to 20 feet in thickness. The grayel consists of 
pebbles and cobbles of sandstone, novaculite, and quartz embedded in a 
gray non-plastic clay, and is well exposed in the walls of the abandoned pit. 
Although the rutile at this property occurs in the gravel, it was undistinguish-
able in the pit walls probably because of clay coatings on the rutile pebbles. 
Most of the visible rutile at the deposit is on the surface, particularly in the 
vicinity of the numerous shallow test pits north of the open pit. The rutile 
pebbles are fairly well rounded and several pebbles up to 1 inch in diameter 
were found. The pebbles are easily identified by their dull, blue-black luster, 
high specific gravity and pitted surfaces. On freshly broken surfaces the 
pebbles have a blue-black metallic luster and are made up of an aggregate 
of individual crystals which are commonly striated and are practically identical 
to rutile masses of similar size that are found at Magnet Cove. 


The quantity of rutile available at this deposit is undoubtedly small, but 
the fact that the rutile might be concentrated justifies the mention of the 
deposit.
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TRANSPORTATION OF TITANIUM AND QUARTZ 


While, it has been stated (Lindgren, 1923, P. 424) that titanium is is not 
transported by vein-forming solutions, the evidence given by Ross (1941) 
showing transportation of titanium in solution is amply confirmed in this 
study. Ross' conclusion, however, that titanium is probably transported in 
a vapor phase of titanium fluoride is not entirely acceptable with respect to 
Magnet Cove. Ross' greatest attention is paid to the Roseland, Virginia, area 
where apatite is abundant. According to Ross (Idem, p. 36): 


"The F in apatite certainly does not represent any such amounts, 
but the minute percentages in sericitic micas and clinozoisite must 
be large in aggregate, and the quantity of F that undoubtedly escaed 
into contiguous rocks was doubtless larger still. The amount of, F, 
therefore, was evidently far in excess of that required to transport all 
the titanium which after all, is local in its occurrence." . 


Ross, referring tothe Hardy-Walsh properties, says further: 


"The titanium deposits at Magnet Cove, Ark., present mineral 
relations that seem not inconsistent with such an origin. Here titanium 
has been carried far into pure quartz sedimentary rock, and taeniolite, 
a mineral carrying 13 per cent F, has formed abundantly.—A vapor 
phase rich in fluorine seems a not improbable explanation of these 
relations." 


Ross was apparently not aware of the rutile-bearing feldspar-carbonate 
veins at the Magnet Cove Rutile Company property and it is not surprising 
that the possibility of hydrothermal transport of titanium was. not considered. 


The occurrence of rutile in veins with soda and potash feldspars might 
well be the result of transportation of titanium as KTiF.HO which is water 
soluble as the temperature approaches 100°C (Thornton, 1927, p. 48), or in the 
form of Na 2TiF;.HO. This would readily explain the occurrence of fluorine 
compounds in the immediate vicinity of the Magnet Cove Rutile Company 
property, a fact which should be emphasized. Apatite occurs in some of the 
carbonate veins and is rather abundant in the more altered phases of the 
aegirine phonolite porphyry. Fluorite is common as an introduced mineral 
in the nepheline syenite (fine-grained type) but only a single fluorite vein 
was noticed in the aegirine phonolite porphyry. Possibly the titanium was 
transported from some deep seated source as the fluoride in the vapor phase 
and hydrolyzed at the time of vein formation, but if so, it would appear that 
the constituents of calcite, dolomite, albite, microcline and pyrite were also 
transported in the vapor phase. 


The situation with respect to the brookite deposits in quartzite is con-
siderably different and the postulation of transport by a vapor phase is at 
least not hindered by consideration of the origin of the containing i'ock. 
Certain features of the sequence of mineralization, however, must be accounted 
for. Here a rutile mineralization is accompanied or followed by the formation 
of taeniolite, which according to Miser and Stevens (1938, p. 109), contains 
8.56 per cent fluorine. The brookite mineralization followed the formation
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of taeniolite, and the close spatial relationship between the minerals has 
nothing to do with their positions in time. The hypothetical fluorine may 
well have been dissipated after serving as the transporting agent for the 
Ti02, but the presence of earlier taeniolite does not account for the missing 
fluorine. The occurrence of abundant acicular rutile in brook ite-dominant 
areas makes unattractive a hypothesis involving hydrothermal solutions in 
the formation of iutile ore deposits, and vapor phases in the formation of 
brookite ore deposits. 


Probably there has been little or no addition of quartz from magmatic 
sources during the mineralization of the Magnet Cove area. The Magnet 
Cove intrusives are all deficient in silica. There is not even enough silica to 
convert large volumes of feldspathoids to feldspar, and many of the dikes 
have been described as olivine-bearing, further emphasizing the lack of silica. 
Quartz veins are not known in the Cove interior and the small body of quartz 
in the Mo-Ti Corporation pit is probably a metamorphosed sandstone or 
novaculite inclusion. 


Quartz veins are limited to the periphery of the Cove and as far as the 
writer knows, those quartz veins are located in areas in which silica of sedi-
mentary origins is known to occur. There is no doubt but what large volumes 
of silica have been reconstituted or even transported some distance; but there 
is little evidence for the "removal of great amounts of silica" as stated by 
Ross (Idem, p. 26). Again the possibility of gaseous transfer in the reorgan-
ization of the quartz is not out of the question (Gillingham, 1948), but until 
there are criteria for recognizing situations involving transport in a vapor 
phase, a conservative approach would assume that water not at or above its 
critical temperature is the transporting agent.
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BENEFICIATION STUDIES OF THE HOT SPRING
COUNTY TITANIUM ORES 


Although this report is primarily geological in scope, it is desirable to 
note briefly the beneficiation studies that have been made on the titanium 
ores from the Magnet Cove area, particularly since it has been stated that 
the complex character of the ores has hindered the development of these 
deposits. 


So far as is known to the authors, nothing has been published on the 
beneficiation of the brookite ore of the Hardy-Walsh deposit. It is believed, 
however, that the U. S. Bureau of Mines has done some preliminary work 
on the samples of ore from the test pits at this deposit. 


Beneficiation tests on the brookite ore from the Christy deposit have been 
made by the Allis-Chalmers Company, the Deister Concentrator Company, 
and the American Cyanamid Company. The only published data onì these 
tests, however, is a brief paper by Falconer and Crawford (1944) on the work 
done at the American Cyanamid Company laboratory at Stamford, Connecti-
cut. The following excerpt from this paper summarizes the methods em-
ployed and results obtained. 


After a considerable amount of experimentation, a scheme of 
treatment and a reagent combination were developed that permitted a 
reasonably good recovery of titania in a concentrate analyzing 92.4 
per cent Ti02. In some tests, a slightly better grade of concentrates 
than this was obtained, but at the expense of a sharp decrease in re-
covery. 


The following scheme of treatment was found to be necessary to 
secure an effective separation of this ore by flotation: 


1. Agitation (i. e., log washing or its equivalent) of the coarse 
ore, followed by desliming for removal of the slimes released from the 
ore.


2. Fine grinding of the washed ore to approximately minus 150 
mesh.


3. Desliming of the washed and ground ore for removal of sect 
ondary slimes produced during grinding. 


4. Conditioning of the ground and deslimed ore with reagents at 
high solids (70 to 80 per cent). 


5. Rougher flotation of the conditioned feed. 
6. Cleaning of the rougher concentrate at least four times 


It should be noted that all the above tests on the Christy ore were per-
formed prior to the U. S. Bureau of Mines 1948 drilling project, and since 
the ore samples used were taken from the R.F.C. test pits, the samples con-
tained a high percentage of residual ore. The U. S. Bureau of Mines has made 
beneficiation tests on the test pit ore at the Christy deposit and is now 
testing the core samples acquired during the recent (1948) drilling. project, 
however no results of this work have yet been published.
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The beneficiation of the rutile ores of the Magnet Cove Rutile Company 
deposit has been investigated more thoroughly than the brookite ores of the 
district since this deposit at one time yielded commercial rutile concentrates. 


Under the direction of Mr. R. G. Knickerbocker, then Chief of the Metal-
lurgical Division of the U. S. Bureau of Mines at Rolla, beneficiation studies 
of the ore from the Magnet Cove Rutile Company deposit were resumed in 
1947 On samples collected from test pits in the floor of the West Pit. A report 
on these studies has been published in a recent paper by M. M. Fine and 
others (1949) and the "Summary and Conclusions" sections of this report has 
been reprinted below: 


One phase of an extensive investigation of the ore-dressing char-
acteristics of titanium-bearing ores of the Magnet Cove area of Arkan-
sas has been completed, and the results are presented in this paper. A 
sample of the complex ore from the property of Magnet Cove Rutile 
Co., Inc., Magnet, Ark., containing rutile, leucoxene, pyrite, ankerite, 
quartz, apatite, feldspar, iron oxides, clay, and other minerals, was the 
subject of the investigation. 


The treatment process included disintegration of the ore by tum-
bling in a revolving cylinder and subsequent removal of clay by classi-
fication. Gangue minerals and some pyrite were removed by gravity 
concentration. The rest of the pyrite was removed from the coarse 
sizes by agglomerate tabling and from the fine sizes by flotation. A 
finished rutile concentrate was then recovered by sizing, classification, 
tabling, and magnetic separation. This treatment gave a recovery of 
46.35 per cent of the titanium in a product containing 92.2 per cent 
titania, 1.4 per cent iron, 0.63 per cent silica, 0.52 per cent lime, 0.09 
per cent sulphur, and 0.29 per cent phosphorus. 


The investigation has shown that the production of commercial-
grade rutile concentrates from the Magnet Cove property is technically 
feasible. The best possibility for improving the recovery obtained to 
date is in extending the application of flotation to the heneficiation of 
gravity middlings and similar products. Those flotation tests which 
have been made on such materials (one of which is given in this 
report) show a fair degree of concentration. The flotation study, while 
not productive of very high-grade concentrates, has been promising 
enough to warrant further work. A method of utilizing noncommercial 
grade rutile concentrate for the production of titanium matte is being 
investigated and the preliminary results are reported in another paper. 
(R. G. Knickerbocker, et al., 1944). 


The Metallurgical Branch of the U. S. Bureau of Mines at Rolla is now 
making beneficiation tests on samples composited from the 1948 drilling 
project. 


It is significant that in most of the beneficiation studies of the Hot 
Spring County titanium ores to date the purpose has been to produce a 92ç/i 
(+) -TiO concentrate or what is now considered a commercial rutile concen-
trate, the main: market for which is welding rod coatings. It is possible that 
if commercially feasible processes of converting rutile ultimately into titanium 
metal (R. G. Knickerbocker, et al., 1949) are developed that a lower-grade
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concentrate might become commercial with a consequent recovery of a higher 
percentage of the rutile and brookite in the Hot Spring County ores. This 
possibility is discussed further in the section on economic geology.: 


ECONOMIC GEOLOGY 


TITANIUM MINERALS AND ORES 


Titanium is one of the most abundant elements in the earth's crust, and 
is a constituent of a number of different minerals. The more common I titanium-
bearing minerals are ilmenite, rutile, brookite, leucoxene, titanite, and 
perovskite, of which only ilmenite and rutile are produced commercially in 
large tonnages at the present time. 


Ilmenite,* an iron-titanium oxide, is the most common and the most 
important commercially of all the titanium minerals. It analyses theoretically 
52.6 per cent titanium oxide and is produced from both beach sand and 
igneous rock deposits in the United States and in several foreign countries 
(see Table 4). Of the domestic deposits of ilmenite in igneous rock the 
Tahawus, New York, deposit is the most productive, accounting for about 
half of the ilmenite consumed in the United States at the present time. 
Recently a huge deposit of ilmenite in igneous rock has been discovered at 
Allard Lake in eastern Quebec, Canada; and it is anticipated that full scale 
production of ilmenite from this deposit will be attained in 1951. The beach 
sand ilmenite deposits were the source of most of the commercial ilmenite 
prior to World War II. Of these deposits the ilmenite beach sands in the 
state of Travancore, India, were the most productive. In the United States 
ilmenite is produced from beach sand deposits at Jacksonville, Vero Beach, 
and Starke, Florida. 


Rutile is a natural oxide of titanium that theoretically contains 
1
100 per 


cent titanium dioxide. Normally, however, small percentages of impurities, 
chiefly iron, are present in this mineral. Rutile occurs in several types of 
rock and in many different localities, but individual rutile deposits are gen-
erally less numerous and smaller than deposits of ilmenite. Rutile is produced 
commercially from both igneous rock and beach sand deposits in the United 
States and in several foreign countries (see Table 6). Most of the domestic 
rutile production has come from deposits in igneous rocks in Nelson County, 
Virginia. The rutile deposit of the Magnet Cove Rutile Company, previously 
described, is also an igneous rock occurrence. Much of the domestic rutile 
production comes from beach sand deposits in Florida as a by-product of the 
ilmenite operations in that state. Beach sand deposits along the east coast 
of Australia yield the largest foreign tonnage of rutile. 


Leucoxene is variable in its composition but is predominantly titanium 
oxide. It is an alteration product of ilmenite and other titanium minerals, 


* Gillson (1949) has stated that much of the so-called ilmenite in the large beach sand deposits 
is actually the mineral arizonite which resembles ilmenite in appearance but has a higher 
theoretical titanium oxide content (61.5 per cent). In the trade, however, arizonite is sold as 
ilmenite.
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Table 6.* World Production of Ilmenite and Rutile Concentrates 
1943-1948 by Countries in Metric Tons. 


ILMENITE 


Country 1943 1944 1945 1946 1947 1948 
Australia	 -------------- 5,470 7,287 6,671 5,894 6,293 5,290 
Brazil (Exports) -- 3,250 5,000 7,900 


----------------Canada 62,992 30,820 12,234 1,275 6,445 
India	 -- -- -- ------------- 38,396 102,412 174,848 187,993 257,476 
Malayan Union 13,291 12,909 
Norway	 - ---- - ---------- 66,191 63,975 28,312 52,574 69,711 93,322 
United States 184,657 252,749 279,880 256,230 305,296 348,126 
Other 


Countries* 1,029 557 3,726 5,217 8,849 4,992 
Total	 ------------ 358,735 461,050 511,271 509,183 668,361 


RUTILE 


Country 1943 1944 1945 1946 1947 1948 
Australia	 -------------- 3,816 8,843 9,901 8,283 13,406 15,348 
Brazil (Exports) 2,639 1,564 160 28 5 
Cameroun 


(French) 1,800 3,320 1,440 1,260 800 ** 
India	 ---------------------- 1,891 1,672 620' 262 159 ** 
Norway	 ------------------ 172 85 76 63 51 
United States 2,839 6,279 6,513 6,761 .7,767 6,695 


Total	 ------------ 12,887 21,763 18,710 16,657 22,188 23,000
* Adapted from a table by B. B. Mitchell in Titanium Preprint from U. S. Bureau of Mines 


Minerals Yearbook 1948, p. 10. 
** Data not available. 


Egypt, Portugal, Senegal, Spain. 


and probably is not a distinct mineral species but a submicroscopic aggregate 
of rutile crystals. This mineral is produced commercially as a by-product 
in the Florida beach-sand ilmenite operations. 


Brookite, a natural titanium oxide has the same chemical composition 
as rutile, and even though it differs from rutile in crystal form it would 
probably be considered rutile in the trade. Brookite is found sparingly in 
the rocks at many different localities but the deposits in Hot Spring County, 
Arkansas, are the only known deposits of important size and grade. 


Perovskite (calcium titanium oxide) and titanite (calcium titanium 
silicate) are not produced commercially though there are a few known de-
posits of these minerals that are of significant size. 


USES OF TITANIUM MINERALS 


Over 90 per cent of the ilmenite consumed, in the United States is used 
in the manufacture of titanium oxide pigment. This oxide, because of its 
extreme whiteness, high refractive index, chemical stability and relative 
cheapness, has become the most widely used white pigrnent in the paint, 
paper and rubber industries. Some titanium oxide derived from ilmenite is 
also used in welding rod coatings. Small amounts of ilmenite, are used in 
titanium alloys and carbide and steel flux. Table .7 shows the tonnages of 
ilmenite consumed by uses in the United States. 	 ,. 
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Table 7* Consumption of Ilmenite and Rutile Concentrates in
the United States by Uses in 1948 (Short Tons) 


Product	 Ilmenite	 Rutil 
Pigments (manufactured titanium dioxide) 	


--------	 -- 
**	 558,448 


Welding Rod Coatings**----------------- 145	 7,88 
Alloys and Carbide -------------------------------------------------------6,377 	 95 
Ceramics---------------------------------------------------------------------------------- 17 
Miscellaneous ------------------------------------------------------------------30 	 85 


Total	 565,000	 19. 
* Adapted from it table in Titanium Preprint from U. S. Bureau of Mines Minerals Year-


book for 1948, p. 4. 
** "Pigments" include all manufactured titanium dioxide consumption of which in welding 


rod coatings was 1,338 tons in 1948. 


• Most of the rutile consumed in the United States is used in welding rod 
coatings. These coatings, which consist of finely-ground rutile and, several 
other ingredients, are applied to the welding rods in an extrusion machine. 
Rutile in the welding rod coatings reduces the amperage required to niaintain 
the welding arc, stabilizes the arc, and aids in the development of an air- 
tight envelope in the welding area, thus preventing oxidation during the 
welding process. 


Titanium alloy and carbide manufacture accounts for the second largest 
tonnage of rutile consumed in the United States. The alloys are prepared 
by reducing rutile with the desired secondary metal (iron, aluminum, copper, 
etc.) and they are used as scavengers for sulfur, nitrogen, oxygen and carbon 
in steel making. Titanium carbide is prepared by reducing rutile with carbon 
and is widely used as the hard ingredient of high speed cutting tools. 


Small but important tonnages of rutile are used as a source of titania 
in ceramics because it is simple to prepare. After beneficiation and grnding 
it is directly suitable for use in some enamels or as a raw material for the 
preparation of several other ceramic products. 


TITANIUM METAL 


During the past few years the production of metallic titanium has been 
the subject of extensive research by both government and industry. The 
potential applications of this metal as a structural material are innumerable 
because of its unique combination of properties: light weight, strength, and 
corrosion resistance. The major factor preventing extensive use of titanium 
at the present time is its high cost ($5 per pound), which in turn is due to 
the lack of economic methods for- extracting, refining, and fabricating the 
metal. Titanium metal today occupies a position not unlike that held by 
aluminum in 1884 when it sold for $1.41 per pound. During the succeeding 
60-year period metállurgicil developments reduced the price of aluminum to 
15 cents 'per -pound, and some experts believe that. because of the unprece-
dented amount of effort and money being expended on titanium metal research, 
this new metal will be developed as a large-scale structural material more 
quickly, possibly within the next decade.
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In 1949 two plants were producing commercial titanium metal in the 


United States; one plant operated throughout the year producing about 100 


pounds a day and a second plant with a somewhat larger capacity went into 


production at the close of the year. In Canada a government-built plant at 


Haley, Ontario, produced 25 to 200-pound ingots occasionally for government 


experimental work. Several different methods of producing titanium metal 


are known, but the Kroll process, which is used with modifications by both 


the DuPont company and the U. S. Bureau of Mines, seems at present to be 


the most successful. In this process titanium metal is obtained by reducing 


titanium tetrachloride with magnesium metal. Figure 12 is a simplified 


diagram showing the basic steps in the extraction of titanium metal from 
ilmenite and iutile using the Kroll process. 


Because of the potential importance of titanium metal as a structural 


material, consideration should be given to the relative importance of the 


different titanium minerals as ores of titanium metal. Although it contains 


a much lower per of titanium than iutile, ilmenite will probably be 


the principal ore mineral of titanium simply on the basis of the comparative 


reserves of the two minerals. It is believed, however, that processes will be 


developed to use rutile in the production of titanium metal because of its 


higher metal content, and the fact that large tonnages of rutile are produced 
as a by-product of beach-sand ilmenite operations. 


ECONOMIC POSSIBILITIES OF THE HOT SPRING COUNTY TITANIUM DEPOSITS 


Of the i'utile and brookite deposits and prospects described in the pre-


ceding chapters only the rutile deposit of the Magnet Cove Rutile Company 


and the Christy brookite deposit have been developed to the point of having 


commercial possibilities. Drilling and sampling of these two deposits by the 


U. S. Bureau of Mines has provided the basic data necessary for the calcula-


tion of ore reserves, and beneficiation studies by both industrial and federal 


ore dressing laboratories have developed methods of recovering rutile (Fine, 
et. al., 1949), and brookite (Falconer, et al., 1944), from these ores in con-
centrates with a 92 per cent or greater Ti0 2 content. To determine whether 
or not these deposits could be operated profitably under current marketing 


conditions is beyond the scope of this report, but a consideration of the suit-


ability of Arkansas i'utile and brookite for the current, and possible future 


uses of iutile is justified. Since rutile and brookite are essentially the same 


chemically, brookite would probably be considered rutile in the trade. 


Table 7 shows that welding rod coatings accounted for the bulk of the 


rutile consumed in the United States in 1948. Rutile acceptable for welding 


rod coatings should contain a minimum of 92 per cent titanium dioxide as 


well as a minimum amount of lime, silica, and sulfur. The ultimate test of the 


suitability of any rutile for welding rod coatings, however, is not chemical 


composition, but rather the completion of satisfactory test welds using rods 


coated with such rutile. Although a substantial tonnage of rutile concen-


trates has been produced from the deposit of the Magnet Cove Rutile Com-


pany, so far as is known, this rutile has not been used in commercial welding







Ilmenite 


Acid Treatment	 Smelting 


Pigment Grade	 High Titanium 
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Reduction with Magnesium Metal 


Titanium Metall 


Figure 12. Diagram showing the basic steps in the extraction of 
titanium metal from its ores by the Kroll process.
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rod coatings. The Metallurgical Division of the Rolla Branch, U. S. Bureau 
of Mines, under the direction of R. G. Knickerbocker has recently completed 
a preliminary investigation (R. D. Van Zante, et al., 1949) of the usability 


..of the rutile from the Magnet Cove Rutile Company deposit in welding rod 
coatings. Under the conditions of this investigation it was found that "all-


:weldmetal test specimens made with Arkansas rutile concentrates in the 
electrode coating are inferior to similarly produced weld metal from are-


-welding rods containing commercial rutile in the coating, and to commercial 
electrodes." This inferiority is due to low ductility of the weld metal from 
rods coated with Arkansas rutile. It is believed that the low ductility was a 
result of the high sulfur content of the Arkansas rutile when the rutile 
samples contained greater than 0.20 per cent of sulfur. With 0.20 per cent 
sulfur and less in the rutile samples, the low ductility was probably partly 
induced by other factors not definitely identified. The writers state that 
additional study of the many factors involved in the arc-welding process, slag 
characteristics, reducibility of the various forms of rutile, etc., might "permit 
the development of a coating mixture which would compensate the inhibiting 
characteristics of Arkansas rutile and make this mineral deposit acceptable 
for commercial use in welding electrodes." 


Tests of brookite concentrates from the 'Christy deposit as a welding rod 
coating material may have been made, but no results of such tests have been 
published. The lessee, Mr. W. 0. Christy, stated that a manufacturer of 
welding rods placed an order for brookite concentrates on the basis of samples 
of concentrates furnished by Christy. Since brookite has not yet been pro-
duced commercially from the deposit, it is still not definitely known whether 
this material will make satisfactory welding rod coatings. 


Probably most of the rutile produced from the Magnet Cove Rutile Com-
pany deposit has been consumed in the manufacture of titanium alloys. There-
fore, the rutile from this deposit is apparently an acceptable raw material 
for the manufacture of this titanium product. The suitability of brookite 
from the Christy deposit for the manufacture of titanium alloys and carbide 
would have to be'established by tests on concentrates of this ore. 


The acceptability of the Hot Spring County titanium ores for the ceramic 
trade does not merit consideration, since at the present tim the tonnage of 
rutile concentrates consumed in the ceramic trade is so small that the demands 
of this market alone would probably not stimulate the development of new 
rutile deposits. 


Although the current production of titanium metal is insignificant the 
' potential uses , of this new structural material justify its consideration as a 
market for the Hot Spring County ores. As has been stated in the preceding 
section on titanium metal, the techniques of producing the metal are con-
stantly changing as a result of intensive research, consequently, it is not 
known what grades and types of titanium ores will be acceptable for metal 
production. It appears likely, however, that rutile ores will be used in titanium 
metal production because of their high titanium content and because they have
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been used in the past and are now being successfully used in the production 
of titanium tetrachloride, an essential constituent in the Kroll process for 
producing the metal. Recently metallurgists of the Rolla Branch of 1 1 the U. S. 
Bureau of Mines have completed an investigation (R. G. Knickerbocker, et aL, 
1949) in which rutile concentrates from the Magnet Cove Rutile Company 
deposit were successfully used in preparing titanium oxide as well as titanium 
tetrachloride. In this investigation it was pointed out that rutile concentrates 
that are lower grade than those acceptable for welding rod coatings could 
probably be used in metal production. A market for lower grade concen-
trates should stimulate the development of the Hot Spring County deposits, 
since it would permit milling these ores at lower cost with increased recoveries. 
When a method of producing relatively cheap titanium metal becomes estab-
lished, the demand for titanium ores will be greatly increased. It is believed, 
therefore, that the most promising potential market for the Hot Spring 
County rutile and brookite ores is in the production of titanium metal.
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LOGS OF U. S. BUREAU OF MINES 1945 DRILL HOLES, 
MAGNET COVE RUTILE COMPANY DEPOSIT 


Two separate drilling projects have been completed by the U. S. Bureau 
of Mines at the Magnet Cove Rutile Company deposit, one in 1945 and a second 
project in 1948. During the 1945 project 26 holes were completed, including 
16 churn drill holes and 10 core drill holes. The following (pp. 82-96) descriptive 
logs and assays of these 26 holes have been reprinted from a report pub-
lished by the U. S. Bureau of Mines (Spencer, 1946, pp. 7-23). All of these 
drill holes are plotted on Plate II. The togs of the second (1948) U. S. 
Bureau of Mines drilling project at this deposit appear on pages 97-129 of 
this report, immediately following the logs of the first project. 


HOLE A-i 
Elevation collar: 253.5 


Depth, feet Analysis, percent 
From To Description TiO2 


0.0 11.8 Clay, sand, gravel overburden, and 2.5 
oxidized material 


11.8 14.5 Metamorphosed shale with some pyrite 3.8 
and rutile 


14.5 17.4 do. 4.5 
17.4 19.9 do. 1.4 
19.9 22.4 do. 1.3 
22.4 24.5 do. 1.1 
24.5 27.7 do. 2.9 
27.7 31.7 Harder gray rock with pyrite and rutile 3.3 
31.7 35.3 do. 3.0 
35.3 38.1 do. 2.3 
38.1 40.0 do. 3.0 
40.0 42.4 do. 2.5 
42.4 46.6 do. 4.7 
46.6 48.3 do. 3.2 
48.3 50.9 Metamorphosed shale, some pyrite 1.3 


and rutile


HOLE A-2 
Elevation collar: 264.4 


Depth, feet Analysis, percent 
From To Description Ti02 


0.0 11.0 Clay, sand, gravel overburden and 4.1 
oxidized material 


11.0 14.4 Metamorphosed shale with some pyrite 5.1 
and rutile 


14.4 17.9 do. 4.5 
17.9 22.0 do. 4.4 
22 23.8 do. 4.6 
23.8 28.1 do. 4.7 
28.1 32.4 do. 4.7 
32.4 38.2 do. 4.8 
38.2 42.0 do. 4.6 
42.0 46.5 do. 5.5 
45.5 51.5 do. 4.9
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HOLE A-3 
Elevation collar: 270.8 


Depth, feet	 Analysis, percent 
From To	 Description	 TiO 


0	 11	 Overburden, considerable loose gravel	 2.9 
11	 15	 Soft brownish rock. Metamorphosed shale 	 1.8 


HOLE C-i 
Elevation collar: 257.0 


Depth, feet Analysis, I percent 
From To Description TiO 


0 2 Surface and oxidized material. Sand, clay, 2.3 
gravel, limonite, some rutile. 


2 4 do. 2.0 
4 6 do. 2.2 
6 8 do. 2.4 
8 10 do. 2.8 


10 12 do. 2.6 
12 14 do. 3.9 
14 16 Clay, medium-soft rock, with calcite, feldspar, 3.8 


pyrite, iutile, other minerals 
16 18 do. 4.5 
18 20 do. 3.3 
20 22 do. 2.8 
22 24 do. 2.8 
24 26 do. 2.9 
26 28 do. 2.1 
28 30 do. 1.8 
30 32 do. 2.1 
32 34 do. 2.8 
34 36 do. 2.8 
36 38 do. 2.4 
38 40 do. 3.4 
40 42 do. 3.3 
42 44 do. 2.3 
44 46 do. 2.8 
46 48 do. 4.0 
48 50 do. 4.7 
50 52 do. 3.4 
52 54 do. 2.8 
54 56 do. 2.5 
56 58 do. 1.7 
58 60 do. .5
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HOLE E-1 
Elevation collar: 255.0 


Depth, feet Analysis, percent 
From To Description TiO2 


0 2 Light-colored, medium-hard rock, with calcite, 3.3 
feldspar, pyrite, rutile, and other minerals 


2 4 do. 4.1 
4 6 do. 2.4 
6 8 do. 2.6 
8 10 do. 2.5 


10 12 do. 2.4 
12 14 do. 2.7 
14 16 do. 2.6 
16 18 do. 2.6 
18 20 do. 4.1 
20 22 Harder, darker rock with rutile, pyrite, and 3.1 


other minerals 
22 24 .	 do. 3.4 
24 26 do. 2.5 
26 28 do. 3.0 


HOLE E-2 
Elevation collar: 275.0 


Depth, feet Analysis, percent 
From To Description Ti02 


0 2 Overburden and oxidized material, clay, sand, 3.8 
and rock. Some rutile 


2 4 do. 4.3 
4 6 do. 3.7 
6 8 do. 3.9 
8 10 do. 4.5 


10 12 do. 3.2 
12 14 Partly oxidized material. Some pyrite and 3.2 


rutile 
14 16 Dark-gray rock with pyrite, feldspar, rutile 2.9 
16 18 do. 3.6 
18 20 do. 3.6 
20 22 Considerable pyrite 3.8 22 24 Dark-gray rock with pyrite, feldspar, rutile 3.6 24 26 Gray rock (metamorphosed shale), some 4.0 


pyrite and rutile 
26 28 do. 3.6 28 30 Medium hard to hard gray rock with pyrite, 3.8 


rutile, feldspar 
30 32 do. 3.6 32 34 do. 3.6 
34 36 do. 2.7 
36 38 do. 1.6 
38 40 Hard dark rock pyrite and rutile 2.5 
40 42 do. 3.2
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HOLE E-6 
Elevation collar: 252.0 


Depth, feet Analysis, percent 
From To Description TiO 


0 2 Clay, sand and gravel overburden. Oxidized 4.3 
material. Some rutile 


2 4 do. 4.0 
4 6 do. 36 
6 8 do. 4.1 
8 10 do. 4.1 


10 12 Calcite, feldspar, and other rock with 3.7 
pyrite and rutile 


12 14 do. 3.6 
14 16 do. 2.8 
16 18 do. 
18 20 do. 3.7. 
20 22 do. 3.8: 
22 24 do. 3.8 
24 26 do. 4.1. 
26 28 do. 3.4 
28 30 do. 3.3 
30 32 do. 2.3 
32 34 do. 2.2 
34 36 do. 2.4 
36 38 do.	 . 3.2 
38 40 Mostly calcite 3.0 
40 42 do. 2.7 
42 44 do. 2.2 
44 46 Calcite, feldspar and other rock with 2.7 


jyrite and rutile 
46 48 do. 3.5 
48 50 do. 3.3 


HOLE E-7 
Elevation collar: 249.0 


Depth, feet Analysis, percent 
From To .	 Description TiO2 


0.0 11.3 Clay, sand, gravel overburden and 4.0 
oxidized material 


11.3 14.3 Clay and soft rock. Oxidized material 4.2 
14.3 15.7 Clay, soft rock, pyrite. Unoxidized material 3.2 
15.7 22.4 Soft rock with pyrite. Metamorphosed shale 2.7 
22.4 24.2 do.	 . 4.1 
24.2 26.9 Hard brown rock with calcite, feldspar, rutile 1.9 
26.9 27.4 do. 1.7 
27.4 29.4 Soft rock with some feldspar, pyrite, rutile 4.9 
29.4 32.4 do. 4.3 
32.4 35.4 do. 2.7 
35.4 38.4 do. 1.9 
38.4 40.4 do. 3.9 
40.4 42.4 do. 4.3 
42.4 44.3 do. 2.3 
44.3 49.9 do. 3.1 
49.9 52.4 Harder rock with calcite, feldspar, pyrite, 3.1 


rutile 
52.4 54.6 do. 2.5
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HOLE G-1 
Elevation collar: 280.0 


Description 
Clay, sand gravel overburden. Some rutile 


do. 
Oxidized material. Brown-gray clay, soft rock. 
Quartz, calcite, rutile, unidentified minerals 


do. 
do. 
do. 
do. 
do. 


Oxidized material. Some pyrite 
do. 


Medium-hard rock, with calcite, quartz 
pyrite, rutile, other minerals 


do. 
do. 


Mostly calcite 
do. 
do. 


Medium-hard rock, with calcite, quartz pyrite, 
rutile, other minerals 


do. 
do. 
do. 
do. 
do. 
do. 
do. 


Harder, darker rock with some pyrite and 
rutile


do. 
do. 
do.


Depth, feet 
From To 


	


0	 2 


	


2	 4 


	


4	 6 


	


6	 8 


	


8	 10 


	


10	 12 


	


12	 14 


	


14	 16 


	


16	 18 


	


18	 20 


	


20	 22 


	


22
	


24 


	


24
	


26 


	


26
	


28 


	


28
	


30 


	


30
	


32 


	


32
	


34 


	


34
	


36 


	


36
	


38 


	


38
	


40 


	


40	 42 


	


42
	


44 


	


44
	


46 


	


46
	


48 


	


48
	


50 


	


50
	


52 


	


52
	


54 


	


54
	


56


Analysis, percent
TiO2 
3.8 
4.6 
4.1 


4.5 
3.6 
3.7 
4.2 
4.2 
4.6 
3.9 
3.0 


4.2 
4.2 
4.2 
3.7 
4.9 
4.0 


3.6 
3.5 
3.4 
4.3 
3.3 
4.1 
4.0 
3.8 


4.2 
4.0 
3.6


/
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HOLE H-i 
Elevation collar:	 254.0 


Depth, feet Analysis, percent 
From	 To Description TiO 


0	 2 Pyrite, rutile and unidentified minerals in 4.0 
clay matrix 


2	 4 do. 4.6 
4	 8 do. 3.2 
8	 10 do. 2.8 


10	 12 do. 2.8 
12	 14 do. 2.8 
14	 16 do. 1.8 
16	 18 do. 1.8 
18	 20 do. .8 
20	 22 do. .6 
22	 24 do. .6 
24	 26 do. .8 
26	 28 do. .6 
28	 30 do. 1.4 
30	 32 do. .8 
32	 34 do. .6 
34	 36 do. .8, 
36	 38 do. 2.4 
38	 40 do. 2.4 
40	 42 do. 3.0 
42	 44 do. 3.2 
44	 46 do. 3.2 
46	 48 do. 3.2 
48	 50 do. 2.8 
50	 52 do. 3.6 
52	 54 do. 3.2 
54	 56 do. 3.2 
56	 58 do. 3.2 
58	 60 do. 3.0 


HOLE H-2 
Elevation collar: 343.7 


Depth, feet Analysis, percent 
From To Description Ti02 


0 2 Syenite boulders in clay 1.2 
2 4 do. 1.0 
4 6 .	 do. .8 
6 8 do. .6 
8 10 do. .6 


10 12 do. .8 
12 14 do. .6 
14 16 do. .6 
16 18 Decomposed igneous rock and clay .4 
18 20 do. 2.8 
20 22 do. 1.8 
22 24 do. 1.0 
24 26 do. .8 
26 28 do. 1.4 
28 30 do. 1.6 
30 32 Harder igneous rock .8 
32 34 Hard dense igneous rock 1.2
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HOLE H-3 
Elevation collar: 321.0 


Depth, feet Analysis, percent 
From To Description TiO 


0 2 Overburden, clay, sand, gravel, some rutile 2.4 
2 4 do. 2.8 
4 6 do. 2.0 
6 10 do. 2.4 


10 12 Oxidized material. Clay and soft rock. 4.4 
Quartz, calcite, rutile, other minerals 


12 14 do. 3.8 
14 1E do. 2.6 
16 18 do. 2.8 
18 20 do. 2.0 
20 22 do. 2.6 
22 24 Oxidized to unoxidized material 2.8 
24 26 do. 3.0 
26 28 Unoxidized material. Medium-hard rock. 3.0. 


Quartz, calcite, rutile, pyrite and other minerals 
28 30 do. 4.0 
30 32 do. 2.8 
32 34 do. 2.1 
34 36 do. 1.2 
36 38 do. 1.5 
38 40 do. 2.3 
40 42 do. 2.0 
42 44 Harder, darker rock 3.1 
44 46 do. 2.3 
46 48 do. 3.3 
48 50 do. 3.1 
50 52 do. 2.4 
52 54 do.	 - 2.9 
54 56 Hard, dense rock 3.2 
56 58 do. 3.1 


HOLE H-4 
Elevation collar: 	 271.0 


Depth, feet Analysis, percent 
From To Description Ti02 


0 2 Surface material with pyrite, rutile, clay, rock 2.8 
felsite, with pyrite, rutile and other minerals 


2 4 do. 2.6 
4 6 do. 3.3 
6 8 Darker rock with pyrite, rutile, mica, other 4.6 


minerals 
8 10 do. 4.7 


10 12 do. 5.3 
12 14 Light-colored rock, felsite, with pyrite, 4.2 


rutile, other minerals 
14 16 do. 4.1 
16 18 do. 3.8 
18 20 do. 4.1 
20 22 do. 4.0
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HOLE H-5 
Elevation collar: 271.0 


Depth, feet Analysis, percent 
From To Description TiO 


0 2 Unoxidized material. Medium soft gray rock .5 
with pyrite, rutile, calcite, other minerals 


2 4 do. 4.5 
4 6 do. 4.:3 
6 8 do. 4.5 
8 10 do. 4.7 


10 12 do. 4.5 
12 14 do. 4.2 
14 16 do. 3.4 
16 18 do. 3.2 
18 20 do. 3.2 
20 22 do. 3.6 
22 24 do. 4.0 
24 26 Dark hard rock with rutile and pyrite 4.3, 
26 28 do. 4.1 
28 30 do. 4.1 
30 32 do. 4.2 
32 34 do. 5.2 
34 36 do. 4.8 
36 38 Light-colored rock with .pyrité and rutile 4.4 
38 40 Abundant pyrite 4.0 
40 42 Hard, dark, fine-grained rock with pyrite and 4.3 


rutile 
42 44 do. 4.2 
44 45 do. 4.2 


HOLE H-6 
Elevation collar: 274.7 


Depth, feet Analysis, percent 
From To Description TiO2 


0	 2 Medium-hard dark rock with pyrite 4.9 
2	 4 do. 4.9 
4	 6 do. 5.7 
6	 8 do. 4.9 
8	 10 do. 4.9 


10	 12 do. 4.7 
12	 14 do. 4.8 
14	 16 do. 4.1 
16	 18 Same as above but getting harder with depth 4.1 
18	 20 do. 4.3 
20	 22 do. 4.1 
22	 24 do. 4.1 
24	 26 do. 5.0 
26	 28 do. 4.9
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HOLE H-7 


Elevation collar: 258.4 
Depth, feet Analysis, percent 
From To Description TiO2 


0 2 Calcite, pyrite, quartz, rutile, and 4.5 
other minerals in clay matrix 


2 4 do. 3.9 
4 6 do. 4.8 
6 8 do. 4.1 
8 10 do. 5.2 


10 12 do. 4.9 
12 14 do. 5.0 
14 16 do. 4.0 
16 18 do. 4.2 
18 20 do. 3. 
20 22 do. 3.6 
22 24 do. 4.6 
24 26 do. 6.2 
26. 28 do. 5.1 
28 30 do. 4.9 
30 32 do. 4.1 
32 34 do. 4.5 
34 36 Mostly calcite 3.1 
36 38 do.	 S 3.3 
38 40 do.	 5 3.5 
40 42 do. 2.3 
42 44 do. 2.6 
44 46 Calcite, pyrite, quartz, rutile, and other 3.8 


minerals in clay matrix 
46 48 do. 3.7 
48 50 do. 3.6 
50 52 do. 3.4 
52 54 do. 2.9 
54 56 do. 3.9 
56 	 58 do. 4.1 
58 do do. 2.3 
60 62 do. 1.4 
62 64 do. 2.7 
64 66 do. 2.1 
66 68 do. 2.3 
68 70 do. 2.7 
70 72 do. 2.3 
72 74 do. 0.8 
74 76 do. 2.5 
76 78 Hard dark rock 2.3 
78 80 Calcite, pyrite, quartz, rutile, and other 1.8 


minerals in clay matrix 
80 82 do. 2.3 
82 84 do. 3.0 
84 86 do. 3.0 
86 88 do. ..i 
88 90 do. 2.3 
90 92 do. 2.2 
92 94 do. 2.7 
94 96 do. 3.0 
96 98 do. 3.7 
98 100 do. 3.0 


100 102 do. 2.5 
102 104 do. 3.4 
104 106 do. 2.0 
106 108 do. 2.2 
108 110 do. 1.7 
110 112 do. 1.5
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HOLE H-7 (Continued) 
Depth, feet 
From To 
112	 114 


114
	


116 
116
	


118 
118
	


120 
120
	


122 
122
	


124 
124
	


126 
126
	


128 
128
	


130 
130
	


132 
132
	


134 
134
	


136 
136
	


138 
138 140 
140
	


142 
142 144 
144 146 
146 148 
148 150


Description 
Calcite, pyrite, quartz, rutile and other 
minerals in clay matrix 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do.


Analysis, percent
Ti02. 


1.5 
1.8 


2.7 
2:6 
2.4 
3.0 
2.1 
2.6 
2.7 
2.1 
2.4 
2.0 
1.9, 
1.8 
1.5 
1.8 
1.0 
1.2
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HOLE K-i 
Elevation collar: 277.0 


Depth, feet 
From To Description 


0 2 Overburden of clay, sand, gravel and 
some rutile 


2 4 do. 
4 6 do. 
6 8 Oxidized material. Brown and gray clay and 


rock. Some rutile 
8 10 do. 


10 12 do. 
12 14 Oxidized material. Brown and gray clay and 


rock.	 Some rutile 
14 16. do. 
16 18 do. 
18 20 do. 
20 22 Dark rock with considerable pyrite. Some 


rutile 
22 24 do. 
24 26 do. 
26 28 do. 
28 30 do. 
30 32 do. 
32 34 do. 
34 36 do. 
36 38 do. 
38 40 do. 
40 42 do. 
42 44 do. 
44 46 Lighter rock with calcite, pyrite, and rutile 
46 48 do. 
48 50 do. 
50 52 do. 
52 54 do. 
54 56 do. 
56 58 do. 
58 60 do. 
60 62 do.


Analysis, percent
Ti02
2.3 


2.3 
2.4 
2.6 


2.3 
4.4 
4.9 


4.9 
4.9 
5.1 
4.1 


5.1 
5.1 
4.7 
4.0 
5.1 
3.7 
3.7 
4.2 
3.8 
4.1 
4.4 
4.2 
3.8 
5.0 
4.1 
4.1 
3.8 
3.4 
3.6 
3.7 
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HOLE K-2 
Elevation collar:	 268.0 


Depth, feet Analysis, percent 
From To Description Ti02 


0 2 Gray-brown medium soft rock (felsite) with 3.6 
calcite, pyrite, clay, rutile and other minerals 


2 4 do. 5.0 
4 6 do. 4.3 
6 8 do. 4.6 
8 10 do. 4.6 


10 12 do. 6.3 
12 14 do. 6.9 
14 16 do. 7.1 
16 18 do. 5.6 
18 20 do. 6.2 
20 22 do. 5.3 
22 24 do. 4.5 
24 26 do. 4.4 
26 28 do. 3.9 
28 30 do. 4.2 
30 32 do. 4.5 
32 34 do. 4.4 
34 36 do. 4.1 
36 38 do. 4.7 
38 40 do. 4.9 
40 42 do. 4.9 
42 44 do. 5.1 
44 46 do. 5.1 
46 48 do. 4.8 
48 50 do. 4.0 
50 52 do. 3.7 
52 54 do. 42 
54 56 do. 515 
56 58 do. S 	 37 
58 60 do. 3.3 
60 62 do. 2.5 
62 64 do. 2.8 
64 66 do. 4.7 
66 68 do. 4.2 
68 70 do. 3.9 
70 72 do. 3.9 
72 74 do. 4.2







Depth, feet 
From To 


0	 2 
2	 4 
4	 6 
6	 8 
8	 10 


10	 12 


12 
14 
16 
18 
20 
22 
24 
26 


28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 


52 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 


80 
82 
84 
86 
88 
90 
92 
94 
96 
98


14 
16 
18 
20 
22 
24 
26 
28 


30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 


56. 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 


82 
84 
86 
88 
90 
92 
94 
96 
98 


100


94
	


ARKANSAS TITANIUM ORE DEPOSITS 


HOLE K-3 
Elevation collar: 293.0 


Description 
Overburden of clay, sand, gravel, some .rutile 


do. 
do. 
do. 
do. 


Oxidized material. Gray-white clay, soft rock 
limonite, some rutile 


do. 
do. 
do. 
do. 
do. 
do. 
do. 


Light clay, soft rock, abundant pyrite, some 
calcite, rutile, and other minerals 


do. 
do. 
do. 
do. 
do. 


Mostly pyrite 
do. 
do. 
do. 
do. 
do. 


Light clay, soft rock, abundant pyrite, 
some calcite, rutile and other minerals 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 


Mostly pyrite 
do. 


Light clay, soft rock, abundant pyrite, some 
calcite, rutile, and other minerals 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do.


Analysis, percent
TiO2
.2.1
2.1
1.8
1.9


-1.6
1.5 


1.2 
1.6 
3.0 
3.1 
4.5 
4.6 
3.5 
2.1 


2.3 
3.6 
2.5 
1.9 
1.6 
1.6 
1.8 
1.4 
1.3 
1.8 
1.1 
1.5 


No sample 
1.2 
1.1 


.7 
1.0 


.9	 - 


.7 


.7 


.9 
1.0 
2.1 
1.8 
1.6 


2.3 
1.8 
3.2 
1.3 
2.3 
2.0 
1.9 
1.7 
1.5 
1.4
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HOLE K-4B 
Elevation collar: 263.0 


Depth, feet Analysis, percent 
From To Description TiO 


0.0 11.0 Overburden and oxidized material 
11.0 15.8 Oxidized material. Clay and soft rock 2.5 
15.8 17.6 do. 2.5 
17.6 21.1 Gray clay with calcite, pyrite, and rutile 3.6 
21.1 23.4 Gray clay and rock. Some pyrite and rutile 3.2 
23.4 27.2 do. 1.6 
27.2 31.4 do. 2.4 
31.4 35.8 do. 2.3 
35.8 41.8 do. 3.3 
41.8 48.1 Clay and soft rock with calcite, pyrite, 12 


and rutile 
48.1 52.0 Calcite .6 
52.0 54.0 Calcite to soft rock. Some pyrite and rutile 2.3 


HOLE L-1 
Elevation collar: 296.5 


Depth, feet Analysis, percent 
From To Description TiO 


0 2 Overburden.	 Syenite boulders in clay 1.9 
2 4 -	 do. 1.8, 
4 6 do. 1.9, 
6 8 do. 1.3 
8 10 Oxidized material. Brown clay, medium-soft 2.2 


rock 
10 12 do. 2.2 
12 14 do. 1.7 
14 16 do. .9, 
16 18 do. 1.2 
18 20 do. 2.0 
20 22 Unoxidized material.	 Calcite, pyrite, quartz, 1.1 


other minerals 
22 24 do. 1.5 
24 26 do. .8 
26 28 do. 1.0 
28 30 do. .9 
30 32 do. .9 
32 34 do. 1.0 
34 36 do. 1.3 
36 38 do. 1.0 
38 40 Hard igneous rock 1.1 
40 42 do. .6 


HOLE M-1 
Elevation collar:	 234.9 


Depth, feet Analysis, percent 
From To Iescription TiO2 


0 10 Overburden and oxidized material to 9 feet 2.8 
Hard rock below 9 feet
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HOLE M-2 
Elevation collar: 239.7 


Depth, feet Analysis, percent 
From To Description Ti02 


0.0 11.3 Clay, sand, gravel overburden, and 3.1 
oxidized material 


11.3 14.8 Dark rock and clay. Some pyrite and rutile 5.2 
14.8 16.8 Light rock and clay.	 Some pyrite and rutile 2.2 
16.8 19.3 Clay and seamy rock. Some pyrite and rutile 4.1 
19.3 22.0 Clay, soft rock with calcite, feldspar, 2.7 


pyrite and rutile 
22.0 24.6 do. 1.9 
24.6 27.1 do. 2.3 
27.1 29.5 Clay with rutile, calêite, feldspar, 2.9 


abundant pyrite 
29.5 32.5 do. 2.7 
32.5 33.5 do. 3.5 
33.5 36.7 do. 6.8 
36.7 40.0 do. 4.5 
40.0 42.5 Calcite, feldspar, rutile, pyrite and some 2.5 


dark blue rock 
42.5 45.0 Clay and rock with calcite, feldspar, 2.6 


pyrite, rutile 
45.0 47.9 Seamy rock with some pyrite, calcite, rutile 2.4 
47.9 50.0 do. 2.4 


HOLE M-3 
Elevation collar: 245.6 


Depth, feet	 Analysis, percent 
From To	 Description	 TiO2 


0	 12	 Overburden and oxidized material to 10 	 2.8 
feet. Hard rock below 10 feet 


HOLE M-4 
Elevation collar: 248.4 


Depth, feet Analysis, percent 
From To Description Ti02 


0.0 11.9 Overburden oxidized material to 8 feet. 8 to 3.3 
10 feet unoxidized material. 10 to 11.9 feet 
harder rock 


11.9 17.0 Rock and clay with some pyrite and rutile 2.3 
17.0 20.0 Medium-hard rock, with some pyrite and rutile 4.7 
20.0 22.0 Hard rock with pyrite and rutile 2.2 
22.0 23.7 do. 1.1 
23.7 29.6 Same as above, with void spaces 2.0 
29.6 31.0 Hard, dark rock, with some pyrite and 3.9 


rutile.	 Dike rock


HOLE 0-1 
Elevation collar: 244.9. 


Depth, feet Analysis, percent 
From To Description Ti02 


0 11 Light clay and pyrite to 7 feet.	 Dike rock 3.9 
below 7 feet 


11 12 Hard dark rock. Dike rock 3.9
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LOGS OF U. S. BUREAU OF MINES 1948 DRILL HOLES,
MAGNET COVE RUTILE COMPANY DEPOSIT 


In 1948 the U. S. Bureau of Mines completed its second drilling project 
at the Magnet Cove Ritile 1Company deposit. A total of 27 holes were core-
drilled during this project, and of these, 9 were diamond drill holes and 18 
were Baker core drill holes. The following (pp. 98-129) descriptive logs and 
assays of these 27 holes are the result of a cooperative effort of the U. S. 
Bureau of Mines and the Arkansas Division of Geology. The assays have 
been reprinted from a report published by the U. S. Bureau of Mines (Reed, 
1949, Figs. 4 through 30) and the core descriptions are by Holbrook. The drill 
hole numbering system and the grid system established during the 1945 project 
were retained during the 1948 project. The coordinates of the individual holes 
refer to their location on Plate II.







ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. A-4 


COORD.-N 200, W 600	 COLLAR ELEV.-395' 
DRILL-BAKER CORE	 TOTAL DEPTH-125' 


CORE ANALYSIS I	 LITHOLOGY 
INTERVAL %T1O, %V,O, INTERVAL Description 


0-7 2.80
0-2 Brown clay with metamorphosed sedimentary fragments 


2-114 Drab, gray-green, altered phonolite 


7-114 4.0 


114-21 3.7S
114-17 Same, with minor rutile seams and much fine- 


grained pyrite 


17-28 Altered phonolite harder than above - no visible 
•rutile - quartzite inclusion at 27' 21-28 3.14 


28-35 1.80


28-68 Softer altered phonolite - color varies from dark 
greenish-black to light gray-green - contains 
scattered feldspar carbonate with little rutile. 
One foot of feldsoar-carbonate at 65' contains 
some medium-grained rutile 


3-142 2.3 


42-45 2.25 --- 
45-47


---- 
2.20 


14752 3.0 


2-59 3.95 0.09 


9-6S 3.90 


6-70 3.140  
68-70 Feldspar-carbonate rock containing some fine-


grained and some medium-grained rutile 


70-77 3.75 70-77 Dark green to black altered phonolite 


77-84 3.95.


77-91 Altered phonolite - contains one foot of feldspar-
carbonate with some fine-grained ruti].e at 791-80' 


814-91 14.50 


91-98 14.80 91-98 Porphyritic dike rock 


98-1014 3.55 98-106 Altered phonolite 


1014-110 3.20 Unaltered phonolite


Continued 







COORD.-N 200, W 400 


DRILL-BAKER CORE


COLLAR ELEV-392 


TOTAL DEPTH-l20' 
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HOLE NO. A-4 (Cont'd) 


CORE ANALYSIS LITHOLOGY 


INTERVAL %TiO, %V,O, INTERVAL 
IN FEET Description


110-116 3.70


107-125 Altered phonolite 


116-123 2.65 0.10 


123-1$ 2.0 


HOLE NO. B-i 


COORD.-N 500, W 400
	


COLLAR ELEV.40I 


DRILL-BAKER CORE
	


TOTAL DEPTH -ao 


CORE	 ANALYSIS LITHOLOGY 


INTERVAL %TIO, I %\J,, INTERVAL Description 


0-6 Drab, gray altered phonolite with scattered 
limonite stains 


SAMPLES 
NO


6]o
Drab clay as above with large fragments of meta- 
morphosed sediments and few coarse-grained 


"	 nepheline syenite fragments 
Gray-green, iron-stained, soft, altered ohonolite 10-13 


13-17 No core recovered 


-
Very fine-grained, calcareous, blue-black, ignebus 
rock (unaltered ohonolite) 


HOLE NO. B-2 


CORE ANALYSIS LITHOLOGY 


INTERVAL
IN FEET ,0TiO, Y0Vo, INTER VAL I 


IN FEET	 I Description 


Brown clay containing fragments of slate, sandstorm 
0-5 2.79 0.09 06 ouazite and altered igneous rock - minor rutile 


grains 


Slightly iron-stained, gray-green clay (altered 


5-10 6.15 0.15 .5-12 porphyritic igneous rock) 


Dark green, fine-grained altered phonolite con- 
10-15 3.t0 0.11 taming hard sedimentary rock fragments, probably 


12-17 shale - also contains one foot of feldspar-
carbonate with no rutile at 13' 


16-20 3.96 0.13
17-20 Altered feldspar-carbonate rock with some rutile 


Gray-green clay (altered phonolite) with sedimentsr 
20-26 1.39 0.09 20-27 rock fragments including some buff, fine-grained 


sandstone


Continued 
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HOLE NO. B .2 (Cont'd) 


CORE ANALYSIS LITHOLOGY 


lTEFRLI%Tjo, 
IN


INTERVAL
-	 Description 


26-31 3.142 0.13


27-35.5 Altered phonolite - contains above fragments at 
31-33 .3].-36 3.87 0.14 


36. 141 2.12 0.08
35.539


Feldspar-carbonate rock with much very fine- 
grained rutile, the hard fragments are very fine- 
grained dolomite - some medium-grained rutile 


393 


41-146 2.68 0.12
Dark green altered phonolite 


143-146.5 Very fine-grained, buff, massive, altered 
porphyritic igneous rock 


116-50 5.115 0.09  
t6..-d2.d Altered and unaltered phonolite 


50-55 14 .65 


1


0.12
Feldspar-carbonate rock with abundant fine-grained 
rutile 


52.5-55 


5560 11.116 0.15 552 Altered phonolite 


60-65 14.55 0.17


62-70 Feldspar-carbonate rock with abundant fine-grained 
rutile 65-70 2.36 0.06 


70-73 2.22 0.05


70-1,10
Mostly feldspar-carbonate rock with some gray-
green clay - contains some fine-grained, much 
medium-grained, and some coarse-grained rutile 


73-78 2.22 0.05-


78-82 3.06 0.05-


82-87 14.10 0.05-


87-9]. 2-145 m5- 


91-95 14.95 0.11 


95-100 3.30 0.11 


100-106 2.75 0.09 


106-110 2.75 0.09. 


110-115 1.70 0.19


130-120 Very coarse-grained white dolomite with minor 
rutile .is-io 0.60 0.11
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HOLE NO. B-3 


COORD.-N 00, W 400 	 COLLAR ELEV-385' 


DRILL-BAKER CORE	 TOTAL DEPTH-161' 


CORE	 ANALYSIS I LITHOLOGY 
INTERVAL %T1O, %V,0,IIjL 


FEET Description


0-7 2.80 0-6 Dark brown surface clay 


6-20 Brown to gray clay 


7-31k 2.55 


14-21 1.70


20-23 Soft, friable, white feldspar-carbonate and pyrite 


21-27 0.90
23-28 Coarse-grained barren calcite and pyrite 


27-34 2.65
28-37


Blue-gray, soft, altered feldspar-carbonate with 
some fine-grained rutile (Sugary-textured albite-
dolomite vein type) 


34-41 1.85


37-5


Soft, gray feldspar-carbonate and clay with some 
fine-grained rutile - one foot of hard feldspar-
carbonate with much coarse-grained rutile at 37' 


Ljl-LjB 0.30 


Li8-5 1.05 


55-62 1.00


5_57 Mainly fine-grained, granular pyrite with some 
carbonate 


57-65
Mainly coarse-grained calcite fragments with pyrite 
and some fine-grained rutile 


62-69 0.70 0.07


65-81 Same as above (rutile rare) some biotite 


69-73 0.65 


73-79 1.05 


79-8L 0.140


81-59
Soft, granular, feldspar-carbonate with some fine-
grained rutile 


84-89 0.110 


89-96
Less 
than 
0.05


9-96 Coarse-grained barren calcite with some altered 
biotite and pyrite 


96-103 0.35


96-112 Calcite fragments with some pyrite, no rutile 


1031]i 0.95


Continued 
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HOLE NO. B-3 (Cont'd) 


CORE	 ANALYSIS LITHOLOGY 
INTERVAL 
IN FEET %V20, INTERVAL 


IN FEET Description


110-117
Less 
than 112-11 Coarse-grained massive calcite 


117-124
Less 
than 


0.05


117-121 Same as 96-112 


121-14 Coarse-grained massive calcite 


124130 0.30 


1


0.06
124-127 Calcite fragments 


127-130
Coarse-grained calcite with scattered silicates 


130-137 0.20


130-14 Coarse-grained barren calcite 


137-113 1.70
11141-143 Altered phonolite 


143-150 0.30
143-154 Coarse-grained barren calcite 


150-154
Less 
tha., 


1-161 0.80 0.06 11-161 Coarse-grained calcite and silicates 


HOLE NO. B-4 


COORD.-N 400, W 400	 COLLAR ELEV.-397' 
DRILL-BAKER CORE	 TOTAL DEPTH-65' 


CORE ANALYSIS	 LITHOLOGY 


FEET  
INTERVALo'r0	 %V2 0,	 %S	 INTERVAL	 Description FEET________ 


0-6	 2.06	 0.09	 0.01 


6-10	 1.65	 0.09	 0.02	 Metamorphosed shale fragments and fine-
0-23	 grained nepheline syenite pebbles in clay 


10-17	 1.60	 0.10	 0.11 


17-23	 2.28	 0.10	 0.3)4 


23-29	 3.13	 0.10	 1.60 


29-35	 3.4	 0.09	 1.08	
23-38.5	 Altered gray-green phonolite - contains large 


biotite flakes In places 


3-38.	 3.64	 0.09 0.86


Continued 
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HOLE NO. B-4 (Cont'd) 


CORE ANALYSIS i	 LITHOLOGY  
INTERVAL 
IN FEET


'0 TIO '%V,O, %S IINTERVAL 
IN FEET Description 


J0.5--l'511-59 1 0.08. _212 .5 Granular feldspar-carbonate with some fine-
grained rutile 


39.-4 4.30 0.09 2.09


41.-61 Light, gray-green altered phonolite 47-4 3.90 0.08 3.54 


54-61 3.04 0.06 1.26 


61-6 2.80 0.06 3.71 
-


61-65 
-


Black	 hard	 fine-grined calcareous rock 
(unaltered	h onolite) 	


. 
1	 :1 


HOLE NO. C-i 


COORD.-N 200, W 200	 COLLAR ELEV.-387' 
DRILL-BAKER CORE	 TOTAL DEPTH- 102' 


CORE ANALYS I	 LITHOLOGY 
INTERVAL %TIO, %V, O, IINTL Description 


o-6 1.85 0.05
0-2 Surface clay containing sedimentary and altered 


\	 igneous rock fragments 
2-6 Dark gray clay with large altered igneous rock 


fragments 


6-12 2.1,0 0.0E


- 


6-12 Mostly metamorphosed sedimentary rock fragments 
(sandy shales) blue-gray to grey in color, some 
fine-grained, hard, dark gray clay 


12-18 7.95 0.09 12-18 Feldspar-carbonate - abundant coarse-grained 
rutile (12 1 -149 some fine-grained rutile (11,1-181) 


1 -22 3. 0 0.
18-27


Soft, gray-green to flesh-colored altered 
feldspar-carbonate containing some fine-grained 
rutile (18 1 -22 1 ) - Hard fel Japar-carbonate 
fragments with some medium-grained rutile at 26' 22-28 2.35 o.o 


28-3)4 1.65 0.0 27-34
Soft, granular, feldspar-carbonate with some fine-
grained rutile 


34-40 1.95 0.13
34-37.5 Altered phonolite - feldspar-carbonate contact - 


some fine-grained rutile in feldspar-carbonate 
Altered phonolite 


40-45 


-


2.25 0.09 39-45 Granular feldspar-carbonate - no visible rutile 


)45-51 3.00 0.15 4$-49
Altered phonolite with a small vein of hard brown, 
fine-grained feldspar-carbonate 


1,9-60 Mainly altered phonolite with seams of micaceous 
feldspar-carbonate.	 The mica is/on outside of 
seams	 feldspar-carbonate in center - only ,a trace 
of rutile in the seams. 


51-57 3.15 0.09 


57-60 3. 35 0.16 


60-64 3.80 0.15


Continued 







104	 ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. C-i (Cont'd) 


GORE ANALYSIS LITHOLOGY 
INTERVAL 
IN FEET TiO %V,OS INTERVAL NTERVAL 


IN FEET Description


6469 3.75 0.13 60-73 Altered phonolite with scattered, granular 
carbonate seams 


69-73 3.50 0.10 


73-78 4.15 0.11 73-78 Probably altered phonolite 


78-84 3.60 0.13 78-84 Dark green altered phonolite with one foot granular 
feldspar-carbonate at 81' - no rutila 


8488 3.5 0.18
r84-91


Altered phonolite - contains one foot of feldspar-. 
carbonate at 84 1 with some fine-grained rutile 88-91 14.25 0.10 


i ooa
91-97


Feldspar-carbonate fragments - granular feldspar-
carbonate - green clay - some fine-grained rutile 


94-97 1.10 0.0 


97-1001 3.20 0.10 97-100 Altered phonolite 


100-102 1.05 0.13 100-102 Soft, granular feldspar-carbonate with some rutile 


HOLE NO. C-2 


GOORD-N 500, W 200	 COLLAR ELEV.-399' 
DRILL-BAKER CORE	 TOTAL DEPTH-123' 


CORE ANALYSIS LITHOLOGY 
INTERVAL 
IN FEET %TiO, %V,O, INTERVAL Description 


0-6 2.20 0.09 0-6 Brown oxidized surface clay 


6-12 3.00 0.13 6-12 Brown and black mottled clay containing abundant 
altered novaculite fragments 


12-18 3.85 o.l 12-18 Altered, fairly-hard phonolite 


18-23 3.5o o 08 18-24
Hard, blue-black, fine-grained calcareous igneous 
rock with pyrite cubes (unaltered phonolite) 


23-30 3.80 0.17 2II-26. Light gray altered phonolite 


26.5 ... 8 - Altered igneous rock 


28.411


-- 


Hard, blue-black calcareous rock (unaltered 
phonolite) 


30-36 3.65 0.07 


36-42 3.70 0.09 


I2-148 1.40 0.10 141-148 Gray clay containing hard feldspar-carbonate 
fragments


Continued 
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HOLE NO. C-2 (Cont'd) 


CORE ANALYSIS LITHOLOGY 
INTERVAL %TO, %V20, INTERVAL Description 


48- 3 .25 0.07 48-54 Gray-green clay with hard feldspar-carbonate 
fragments - some fine-grained rutile 


54-60 1.20 0.0 4-60 Hard, cream-colored, fine-grained feldspar- 
carbonate fragments containing some fine-grained 
rutile (microcline-calcite vein type) 


60-67 3 85 0 09 60-6 Blue-green clay - soft, granular feldspar-carbonate 
with much fine-grained rutile 
Fairly hard, gray-green altered phonolite 


67-73 4.35 0.07


67-91
Hard, fine-grained feldspar-carbonate with much 
fine-grained rutile - carbonate is dolomite - 
large pyrite cubes common 


73-80 11.60 0.09 


80-86 1.80 <0.0 


86-91 2.70 0.05 


91798 3.5 91-98 Hard feldspar-carbonate with some fine-grained 
rutile 


98-lc1 5.75 0.07


98-109
Hard feldspar-carbonate fragments containing much 
fine-grained rutile - much coarse-grained pyrite 


3014-111 14.145 


-


- 


0.09 


- 9- 11 Altered phonolite 


111-11 6.95 0.05 111-117 Feldspar-carbonate with much fine-grained rutile 


118-123 2.65
- 
0.06 
-


117-123
Altered phonolite (117 1 -118 1 ) - remainder is hard, 
black, very fine-grained igneous rock with 
disseminated fine-grained pyrite (unaltered phonalite)
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HOLE NO. D-1 


COORD.-N 500, E 00	 COLLAR ELEV.-394' 


DRILL-BAKER CORE	 TOTAL DEPTH-157' 


CORE ANALYSIS LITHOLOGY 
INTERVAL 


FEET-IN %TiO %VO, I JEFFL Description 
Brown surface clay containing novaculite (?) 


0-7 5.85 0.13 0-7 fragments and coarse-grained rutile 


Soft feldspar-carbonate rock containing fine-
7-11 3.65 0.08 7-11 grained rutile and a little coarse-grained rutile 


11-15 3.10 0.09 Clay and hard, dark, fine-grained feldspar-
11-17 carbonate fragments low in rutile 


15-21 3.80 0.10
17-21 Altered phonolite (?) 


21-24 2.50 0.11


21-30
Hard, white, feldspar-carbonate fragments with 
some medium-grained rutile and much fine-grained 2E4-29 3.65 0.13
pyrite 


29-35 3. 5 0.13
Hard, very fine-grained feldspar-carbonate with 


30-36 very fine-grained rutile - some dark blue-green 
clay 


35-42 3.60 0.11


36-49
Hard, dark fine-grained igneous rock fragments 
(unaltered phonolite) and dark clay 


42-49 3.70 0.15  
7 Feldspar-carbonate rock - much medium-grained 


rutile 49-51


Hard, dark, green-black very fine-grained igneous 49-56 5.35 0.18
51-57.5 rock fragments (unaltered phonolite) 


Brown	 fine-grained, hard feldspar-carbonate 
56-63 4.20 0.18 57.5-62 fragments with some medium-grained rutile from 


57.5' to 59' - remainder soft altered phonolite 
62-66 Hard, gray, fine-grained feldspar-carbonate 


63-69 3.35 0.15 fragments with some fine-grained rutile 


66-73
Soft, altered phonolite with two one-foot 
feldspar-carbonate veins - some fine-and medium-


69-76 1.85 0.09 grained rutile at 71 1 to 72' 


Hard feldspar-carbonate fragments in green clay - 
some fine-grained rutile 73' to 76' - much fine-76-83 2.90 0.10


73-90 and medium-grained rutile 76' to 83' - some 
fine-grained rutile 83' to 90' 


83-90 2.60 0.09


90-94
Hard feldspar-carbonate fragments containing some 


90-97 1.85 0.09 fine-grained rutile 


Alternating dark green clay and hard feldspar-
carbonate fragments - little rutile 


Hard feldspar-carbonate fragments containing some 
97-104 2.00 0.06 97-102 medium-grained rutile - a little coarse-grained 


rutile 


102-107
Green clay (altered phonolite?) - contains one 
foot of hard feldspar-carbonate fragments with 


1011-111 2.25 0.07 some medium-grained rutile at 1011' 


Hard feldspar-carbonate fragments with some fine-107-112
and medium-grained rutile


Continued 
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HOLE NO. D-1 (Cont'd) 


CORE ANALYSIS LITHOLOGY 
INTERVAL 
IN FEET '%TiO,l%V,O, INTERVAL Description 


111-117 2.0 0.09 112-116 DarK green altered phonolite - contains some 
feldspar-carbonate veins with medium-grained ruttle 


116-125 Soft feldspar-carbonate with some coarse-grained 
and some medium-grained rutile 


117-123 1.35 0.05 


123-128 1.85 :0.05
125-128


Hard, fine-grained feldspar-carbonate fragnts 
with some fine-grined rutile 


128-133 1.75 <0.05


128-157


Soft, granular feldspar-carbonate with greenclay 
streaks and some fine-and medium-grained rutile - 
one foot of dark green altered phonolite at 1147' 


133-140 2.25 0.05 


1140-1147 1.05 0.07 


1147-152 14.25 0.16 


152-157 3.50 0.10 


HOLE NO. D-3 


000RD.-N 00, E 00 	 COLLAR ELEV-380' 
DRILL-BAKER CORE	 TOTAL DEPTH-1I5' 


CORE	 ANALYSIS I LITHOLOGY 
INTERVAL %TiO, %V,O, i jEFRE L ET Description


0-7 2.95


0-2 Brown surface clay and soil 
Drab, brown-gray clay containing abundant frag-
ments of hard metamorphosed sediments and soft 
light gray shale 


7-114 1.15


7-10
Dark brown plastic clay with scattered manganese 
stains 


10-15 Drab gray gritty clay (altered phonolite) with 
vein of coarse-grained calcite (13'-15') 


114-21 0 70


 


15-10 Altered phonolite with streaks of green feldspar- 
carbonate - no rutile 


18-28 Coarse-grained barren calcite 
21-28 0.60 


20-314
NO 


SAMPLE 28-314 No core recovered 


314-140 0.30


35-148


Soft, friable white feldspar-carbonate - some 
fine-grained rutile 


Barren, coarse-grained calcite 
140-147


Less 
than 
0.05


Continued 
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HOLE NO. D-3 (Cont'd) 


CORE	 ANALYSIS LITHOLOGY 
INTERVAL[ Description 


7


0.10


48-65 Small fragments of coarse-grained calcite with 
some pyrite - no rutile 


, 61
Less 
than 
0.05 


61-68 0.95 0.13  
6-68 Gray-green clay and coarse-grained calcite 


68-7I 1.00 3-7. 5 Medium-grained, barren calcite and silicates - 
two feet of altered phonolite at 721_74t 


7t-80 2.0


75- 5-85 Altered phonolite with granular, white feldspar-
carbonate seams 


80-87 2.0
85-87 Soft, dark green, fine-grained igneous rock 


(altered phonolite) 
87-94 0.10 87-91 Mixed altered phonolite and coarse-grained calcite 


fragments 


91-115 Altered phcinolite - varies in color from buff to 
dark green - contains 3" lens of barren brown 
carbonate at 113' 


1 


9L-l01 4.50


- 


101-108 3.55 


08-U 3.75 0.16 1 


HOLE NO. E-7 


COORD. - N 200, E 200 	 ,	 COLLAR ELEV.-387' 
DRILL-DIAMOND DRILL	 TOTAL DEPTH- 18851 


CORE ANALYSIS SLUDGE LITHOLOGY 
iIRL /oTK%V,( %riq C • Description 


0-7 3.80,0 .13


,


0-7 Soil and limonite-stained clay 


7-10 2.20 0•1 7-12 Limonite-stained clay 
10-12.5 2.85 0.14 Very fine-grained, sugary-textured 


feldspar-carbonate rock 12.5-15 410 01 12-15 . 


15-20 3.10 0.36 15-19 Green altered phonolite 
Feldspar-carbonate rock cut by coarse- 
grained albite-dolomite vein, rutile and 20-23.3 11


19-22


Continued 
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HOLE NO. E-7 (Cont'd) 


CORE ANALYSIS 1 SLUDGE LITHOLOGY 
INTERVAL 
IN FEET Tok\c%TiqoAw,o INTERVAL 


IN FEET Description 


23.3-27 3.90 
-


0.23 
-


22-27 Green altered phonolite - 1' dike or 
 inclusion 


27-30.5 3.60 o.183.15 0.20 27-30 Feldspar-carbonate rock 


30.5-32.514.30 0.233-50 0.16 30-32 Green altered phonolite 
32.5-314 
31i-36


4.20 2.75 0.20 32-36
Hard , gray, fine-grained feldspar- 
carbonate cut by coarse-grained, altered, 
rutiie-bearing dolomite veins 


36.38 4.20 0.18
- 
3.90 0.23 36-38 Same	 with some interspersed altered p lion6e 38-140 3!_0 38-142 


40-143 3.90 0.16  Altered phonolite 


143-48 1.80 0.10 1.15 0.05 142-147 Mostly soft altered feldspar-carbonate 
rock 


148-149.8 3.20 0.05- 2.60 0.114 147-53
Hard feldspar-carbonate fragments con- 
taming both fine and coarse-grained 
i-utile L&9.852 ?iP P 


52-53.5 
53.5-57.5


1.65 
3.10


0J1 
0.18


3.05 0.13


53-67


Altered phonolite with 1.5 feet of hard 
feldspar-carbonate rock at 62 feet with 
medium-grained rutile - and flesh-colored 
dolomite veinlets - fragments are vuggy 


57.5-62 2.140 0.09 1.25 0.13 


62-63.5
2.80 0.11  63.5-67 3.25 0.15


Hard feldspar-carbonate with some fine- 
grained rutile ?J5 ii 67-69 


r73-76.5


0.16 14.75 0.17 69-73 Altered dark green phonolite 


1.35 0.18 2.15 0.10


73-82


Hard feldspar-carbonate fragments with 
some fine-grained rutile - much green 
clay, possibly altered feldspar-carbonate. 
One foot of green altered phonolite at, 
811-82' 


76.581.5 2.00


- 


0.10


- 


3.20 0.08 


81.5-84.2 2.00 0.13


-


82-86 Soft feldspar-carbonate fragments - some 
very fine-grained rutile - streaks of 
molybdenite 


.28.2  
35.2-87.2


1.25 
3.75 0.13


86-90 87.2-89.2 p5 0.18 Dark green porphy-ritic rock with 1 foot of 


89.2. 93 2.140 0.10 2.55 0.05- 90-93
feldspar-carbonate	 87' _hard	 fragments at 


Hard, light brown feldspar-carbonate 
fragments with minor fine-grained rutile 


93-98 3.85 0.15


-


93-102
Light green altered phonolite - some vein 
material with very fine-grained rutile 
scattered through 96 1 -100' interval 98-100 3.55 9.43 


100-102.2 35 0.10  
302.2-104 3.00 o.'i


102-108
Altered feldspar-carbonate with fine- and 
medium-grained rutile - few masses of 
coarse white dolomite (104'to 105' is 
phonolite) 


30-306.2 350 x6 
3D6.2-108.2 7!c 940 
108.2-311.I 2.30 0.08 2.25 o.c- 108-112 Brown, hard feldspar-carbonate fragments 


with some fine- and medium-grained rutile 13-1.4-113.4 2.25 0.10


112-119
Altered phonolite with scattered thin veins 
of hard feldspar-carbonate - minor i-utile 
in the vein material 


113.4-11712.90 0.10 
117-119.2 4.25 o.22 
339.2-122.2 2.90 0.17


119-125
Dark green, soapy altered phonolite - hard 
feldspar-carbonate fragments containing 
fine-grained rutile from 122' to 1214' 122.2-125


- 
2.15


- 
0.13 


125-130 2.95 0.13 2.25 0.09


125-138


Feldspar-carbonate fragments containing 
some fine-grained rutile throughout - 
medium-grained rutile from 131' to 1314' - 
thin (2"-3") seams of altered igneous 
rock are scattered through the vein 
material 


1)-133 14.35 0.11 3.00 0.08 
133-1314 2140 Qsc! 
1314-138 1.05 0.13 114o 0.14 


138141 2.90 0.11 - 
138.4143


feldspar-carbonate veins and 
altered phonolite -,feldspar-carbonate 
contains medium-grained rutile F-


________ 
141-14412.00


- 
0.13


Continued 
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HOLE NO. E-7 (Cont'd) 


CORE ANALYSIS SLUDGE LITHOLOGY 
INTERVAL.
IN FEET Y0TiC /OV,C %TiOJ%' C


INTERVAL	 I 
IN FEET Description 


io o.og 2.35 öTo 1143-146 Hard feldspar-carbonate fragments with 
some fine-grained rutile 


1145.5-152 1.20 0.0
1146-1148 Massive feldspar-carbonate with very fine- 


\	 and coarse-grained rutile 
1148-153 


____ 
153-155


White, coarse-grained barren calcite - the 
feldspar-carbonate-calcite contact dips 
about 60° to axis of the core 152-1514.8 0.55 0.05 


.8-159.6 1.35 0-lC 1-158
Hard feldspar-carbonate fragments - rutile 
Feldspar-carbonate - fine-grained rutile 


158-160 Altered igneous rock (phonolite?) 


159.6-162.6 3.20 0.10
160165


Altered, grey-green feldspar-carbonate 
rock with abundant fine-grained rutile 


162.6-167 3.95 0.22
Altered, green-black, soft, fine-.grined 
igneous rock (phonolite?) 165-169 167-168 5.30 0.22 


68-170.5 3.140 0.1.3 169-171 Green	 altered feldspar-carbonate with 
much line-and medium-grained rutile 


170.5477.5 1.140 0.01 171-176 Coarse-grained, barren calcite with 
scattered biotite and pyrite -ie rutile 


176-179
Altered phonolite 


177.5-178.9 
178.9-182 2.50 0.17 179-182 Altered feldspar-carbonate with rutile 


182-188.5 1.50 ox9
182-1814 Coarse-grained calcite 


1814-188.5
Feldspar-carbonate with rutile - bard, 
fine-grained unaltered igneous (?) rock 
from 188' to 188.5' 


HOLE NO. E-8 


COORD.-N 00, E 200	 COLLAR ELEV.-379 
DRILL-BAKER CORE 	 TOTAL DEPTH-98' 


CORE ANALYSIS LITHOLOGY 


IlNTERATL %TiO, %V INTERVAL lIE	 AL Description 


0-3 Brown clayey surface soil 
0-7 2.00 0.11


3-13 Yellow-brown gritty clay 


7-11 0.95 0.11


1.- 20
Green to blue-gray, granular feldspar-carbonate 
rock with some fine-grained rutile - patches of 
white, friable, sugary carbonate 114-21 2.10 0.09


2I Altered phonolite 


21 ..27 0.60 0.07
21-29


Soft	 granular	 feldspar-carbonate rock - patches 
of very fine-grained blue-gray mineral (molybdertt.e) 
 (21 1 -22 1 ) and (27 1 -28 1 ) - a little very fine-


grained rutile 


2734 0.75 0.00
Coarse-grained barren calcite 


30314 Feldspar-carbonate containing some fine-grained 
rutile 


314-39 1.35 0.11 314-37 Altered phonolite 


37-39 Feldspar-carbonate with some fine-grained rutile 


39-146 0.80 0.07 Mainly barren calcite with scattered biotite 
39-148 grains, a clear acicular silicate, and pyrite


Continued 
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HOLE NO. E-8 (Cont'd) 


CORE ANALYSIS LITHOLOGY 
IRL %TiO, %V,05 Description 


6-53 1.25 0.10 48-51 Feldspar-carbonate rock 


51-60
Mainly altered phonolite with some thin feldsar 
veins, rutile rare 53-60 2.60 0.20 


60-66 o.45 0.06


60-77
Barren, coarse-grained calcite with scattered 
silicates and pyrite 66-72 0.50 0.05 


72-78 1.55 0.07


77-86
Greenish, soft altered phonolite varies from dark 
green to gray-green in color 78-85 1.80 0.21 


8	 2 0 18 86-92
Phonolite (as above) alternating with some 
feldspar-carbonate lenses at 90' the clay has 
a waxy surface 


92-98 3.10 0.09 92-98
Interbedded, light Cray-green clay and feldspar-
carbonate lenses 


HOLE NO. F-i 


COORD.-N 600, E 400	 COLLAR ELEV.-383' 


DRILL - DIAMOND DRILL	 TOTAL DEPTH -182.3' 


CORE ANALYSIS I SLUDGE LITHOLOGY 
IT Tiq%\.c Ti/eV,C 'tj- Description 


0-10.7


- 


1.5(3


- -
0-2 Soft feldspar-carbonate rock - some fine- 


grained rutile 


- 
1.25 
-


-
2-11


Hard, white, fine-grained feldcpar-carbonate 
rock with coarse-grained pyrite - 
medium and fine-grained ruttle 


0.7C 


Lo. 7-19.4 1.10


-


11-20
Soft, friable, feldspar-carbonate with some 
fine-grained xutile - locally hard feldspar-
carbonate fragments 


i9.I4-27.9 2.10


20-21 Mainly very coarse-grained, gray dolomite-
\	 rutile rare 


21-39
Fine-grained, soft, friable feldspar-
carbonate containing coarse dolomitic veins-
also coarse-grained pyrite with some 
feldspar and medium-grained rutile 


7.9-31 3.80 


31-6 1.25 -


- 
1.85


Continued 
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HOLE NO. F-i (Cont'd) 


CORE ANALYSIS SLUDGE LITHOLOGY 
INTERVAL 
IN FEET


]oI6To/Cvc4%Ti%VO INTERVAL 
IN FEET Description 


1. - 
-


39-12 Dark brown, fine-grained carbonate rock 
fragnEste	 - 


12-61


Feldspar-carbonate same as 211 -39' with 
abundant coarse-grained dolomite and coarse-
grained pyrite - much fine and medium-
grained rutile - some coarse-grained rutile 
at 571-61' 


2.35 - 


1 .15 - 
9!


- 


56.9-70.5 2.90 - 61-63 Very fine-grained, soft feldspar-carbonate 
with coarse pyrite cubes - much medium-


\grained rutile 145
63-72 Fine-grained, soft, feldspar-carbonate with 


coarse-grained dolomitic veins - some medium-
and coarse-grained rutile -coarse-grained 
pyrite 


70.5.80.6 3.50
1.45 0.07


72-92


Soft, gray-green feldspar-carbonate with some 
fine-grained rutile - some medium-grained 
and some very coarse-grained rutile and 
large well-formed pyrite cubes 


- 


80.6-89.3 2.90 


89.3.95.6 16.20 0.15 22
9296


Abundant rutile in hard feldspar-carbonate 
rock 835 - 


9546-103 12.6
96-98 Friable feldspar-carbonate - much fine- 


grained, some medium-grained rutile 
Feldspar-carbonate - very abundant rutile 


100].06 Soft, white to light green, friable, fine-
grained feldspar-carbonate with much fine- 
grained rutile 103- 


liO. 2.4


106-122


Hard, fine-grained, flesh-colored feldspar-
carbonate containing large pyrite- cubes - 
some medium-grained rutile (typicalmicro-
cline-calcite vein) 


110.4-
120.1 1.55


1.25 - - 
-
1.65 


120.1- 
128.9


3.55
122..130


Hard feldspar-carbonate fragments including 
fine-grained brown carbonate rock, flesh-
colored feldspar-carbonate and light gray 
feldspar-carbonate - all containing much 
medium-arained rutile 


128.9- 
139.2 3.35 


-


- 


- 


130-134 Hard	 flesh-colored, pordus feldspar-carbonate 
fragiients containing much medium-grained 
iutile 


3,34-137 Feldspar-carbonate - some fine-grained rutile 


137-140 Hard feldspar-carbonate - some medium-grained 
rutile 


139.2- 
154.1 4.10


00-142 Hard feldspar-carbonate - veinlets of 
medium-grained rutile 


142-148 
_______- 


- 


1.60
- Flesh-colored, hard feldspar-carbonate frag- 


inents containing much medium-grained rutile 
in veinlets (microcline-calcite vein type) 


148-151 No core recovered 
- 
0.90 151-156


Friable, fine-grained feldspar-carbonate rock 
containing some medium- and fine-grained 
rutile and coarse pyrite cubes 	 - - 


154.1-
167,2 2.00


- 


5 III 15.I60 Hard, very fine-grained, flesh-colored -. 
feldspar-carbonate rock with some medium-
grained rutile	 - 1.00 


-
______


'Cnti nued 
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HOLE NO. F-i (Cont'd) 


GORE ANALYSIS SLUDGE LITHOLOGY 
INTERVAL 
IN FEET %Ti( oV,C VOTiC /oV,O -


INTERVAL 
IN FEET Description -


Alternating flesh-colored feldspar-carbonate 
O.].( rock with some medium-grained rutile and 


160-176 brown to gray barren carbonate rock — some 
of the barren rock may be igneous 


167.2-
176 1.140 


l7 - 176-179 Hard, medium-grained, flesh-colored feldspar- 
carbonate rock with much medium-grained rutile 182.3 155


179-182 Soft, clayey feldspar-carbonate with much 
1	 fine- and medium-grained rutile 


HOLE NO. G.2 


COORD-N 200, E 600 	 COLLAR ELEV.-387' 
DRILL-BAKER CORE	 TOTAL DEPTH-1I8' 


CORE ANALYSIS LITHOLOGY 


; EEFRVE L. %T1O2 %V,O, INTERVAL 
IN FEET Description


0-5 4.27 0.09


0-15
Surface and oxidized material — mostly 
transported 


5-11 5.00 0.12 


11-16 14.014 0.13  
Green clay containing pebbles and some rutile 


16-21 14.38 0.17 16-20 Green altered igneous rock, probably phonolite 
Frajments  feLdspar-carbonate, rutile and pyrite 


21-25 14.82 0.11
_ 212.Z ie)dspar rock  _ 


22-25 Green clay (altered phonolie) 


25-31 3.86 0.08
25-27 Feldspar-carbonate rock with pyrite and rutile 


27-31 Green clay, probably altered phonolite  


31-37 3.214 0.08
31-35 Green clay (altered phonolite) 


35-39 Feldspar-carbonate 
37-141 2.148 0.09 J2Ll Green clay 


141-143
Coarse-grained calcite with biotite, other silicates 


141-147 2.95


- 


0.10
Altered feldspar-carbonate matrix 


143 .49


-


Green clay (altered phonolite) 


147-53 3.59 0.07 149-51 Altered feldspar-carbonate 
51-53 Green clay matrix — some carbonate veinlets 


53-56 1.73 0.05
53-61 Altered feldspar-carbonate 56-8 2.90 


58-614 3.68 0.08
61-614 Altered green igneous rock, probably phonolite 


with veins of light green clay (altered feldspar?) 


614-70 2 30 0 6 I	 Light gray-green clay 
 Dark green altered phonolite


Continued 
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HOLE NO. G-2 (Cont'd) 


CORE ANALYSIS LITHOLOGY 
INTERVAL
IN FEET


°' Tb, %V,O,
INTERVAL 


F E ET ET__________ Description 


70-76


_ 


2.55 0.0 70-75
Feldspar-carbonate with abundant rutile in light 
clay matrix 


75-79
Gray-green clay (altered feldspar-carbonate), no 
visible rutile - with calcite streaks, rutile and 
pyrite 


76-79 2.45 0 . 0 


79-85 3.514 0.08


79-914 Light .clay matrix, rutile and pyrite, abundant 
carbonate fragments (feldspar carbonate rock) 


85-87 1.46 0.05- 


87-93.5 1.43 0.05 


93.5300 2.70 0.3-1
94-961 No core available 


96-100
1	 Altered feldspar-carbonate rock, abundant rutile 


and pyrite	 - 


1(0-106 3.13 0.08 100-106
Light gray-green clay with one foot of abundant 
rutile and some pyrite at 105' 


106-118
Mostly fairly hard feldspar-carbonate rock - some 
clay, abundant rutile and pyrite - some very fine-
grained black streaks are probably molybdenite 


110 .435 2.23 c.- 


1 
135-118 2.30 0.05-


HOLE NO. G-4 


COORD.-N 600, E 600 	 COLLAR ELEV-379 
DRILL-DIAMOND DRILL 	 TOTAL DEPTH- 151 


CORE ANALYSIS SLUDGE LITHOLOGY 
INTERVAL 
IN FEET YOTIO, /0V,O, /0S %TiO, %V, lIJL Description 


0-11.8 2.141, 0.08 14.56


- - 0-3 Altered phonolite (gray) 


?!i


3-31
Hard, fine-grained feldspar-carbonate 
rock - much medium-grained rutile 


--- 


1.82 0.09 


11.8-25.7 3.36 0.06 5.63


1.91 0.09 


2.140 0.09 


25.7-30.14 2.145 0.07 14.59 


304-31,.5 3.145 0.09 1.50


31-1,1 Dark brown, unaltered phonolite with 
one 6" feldspar-carbonate-rutile vein 


314.5-1,5.7 2.97 0.10 2.68


1.1,5 0.07 
214 O.p9


Continued 
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HOLE NO. G-4 (Cont'd) 


CORE ANALYSIS SLUDGE LITHOLOGY 


IEL
IN FEET


bTiO,%O, 0,S 0/no %V;O, 1L 
IN FEET Description


2.09 0.09 


45.7-.9 2.16 0.10 3.83
2.02 


11.78


0.09 


41-79 Fine-grained feldspar-carbonate rock 
with some fine and medium-grained 


0.08


rut le 


8.9-68.: 2.7Li 0.10 3.95 


68.1-75.7 1.56 0.06 3.34 


70-81.1 2.12 0.07 4.21  


Mainly altered phonolite with some -
feldspar-carbonate veins containing 


81.1-90.3 2.36 0.07 2.69 79-92 some fine-andmedium-grained ruti]e 


90.3-1017 1.82 0.07 2.54 92-100 Hard green to black altered and 


unaltered phonolite 


Hard green to brown fine-grained 
unaltered phonolite costly calcareous, 
with a few feldsnar-carbonate-rutile 


101.7- 2.80 0.07 2.20 veins 


110.5


105-116 Hard, feldspar-carbonate fragments 
with some fine-and medium-grained 


110.5- 2.44 0.07 2.71
rutile 


117.9
116-119 Hard feldspar-carbonate rock with some 


 medium-and fine-grained rutile 


117.9- 2.93 0.06 2.33 
123.5


119-128
Hard fine-grained unaltered phono1ite,-, 


dark brown to black in color, containir€ 
a few scattered rutile veins 123.5- 2.93 0.06 3.44 


127.9 


127.9- 2.37 0.07 2J41 
135.8


128-151 Hard feldsoar-carbonate rock con-
135.8- 3.78 0.08 3.21 taming much fine- and medium-grained 


rutile 


145-146.6 3.60 0.09 
146.6- 1.85 0.08 1.Li8 2.06 0.09 
15







116	 ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. H-9 


COORD.-N 00, E 800	 COLLAR ELEV.-378' 
DRILL-DIAMOND DRILL	 TOTAL DEPTH-149.8 


CORE ANALYSIS SLUDGE LITHOLOGY 
INTERVAL 
IN FEET IIIQ INTERVAL INTERVAL 


IN FEET Description 


0-14 3.05 0.05-


- -


0-8 Soil 
14-10 6.05 0.09


8-15 


_______


Brown oxidized clay (surface 
weathering) 


10-13 14.55 0.08 


13-15.5 14.350.1) 
S,5-l7.5 15-18 Weathered feldspar-carbonate rock 


17.5-19.5 2.70
18-22


Feldspar-carbonate rock cut by albite-
dolomite veins - fairly abundant 19.5-21.5 14.33 0.08 


2l.5-23.5
22-26 23.5-25.5 14.90 0.114 rock (green clay with Altered i neous


onolite 
abundant fine- rained oyrite - prob- 


"	 ably altered ph	 ) 2 5 .5-27.5 k40 02 LT 26-29 27.5-29.5 0.83 0.05- Fine-grained feldspar-carbonate- fi ne- 
\g1ined pyrite abundant -such rutile 29.5-31.5 


31.5-33.5 29
0.05. 


2- 2
0-105- 
0.0. 29-36


Coarse-grained calcite cut by seal]. 
veins of albite-dolomite and feldspar 


 which carry abundant rutile 335-355 0 ,24 PP 0.60 0Q 
35.5-37.5 0.17 0.07


36-1414


Coare-grained calcite contains black 
biotite plates 1/2	 wide - some white 
silicate (wollastonite?) 


37.5-39.5 0.2510-05- 0.93 0-05- 
39.5-141.5 
141.5-143.5 
143.5-145.5


0.2310. 
0o o5


28 0.05-  


1414-146 Altered phonolite cut by coarse-grained 
calcite and byaltered veinlets con- 


\taining rutile and pyrite 
145.5-147., 1•75


14650 147.5-149. 
149.5-51. 1.160.05-


50514


Green altered igneous rock containing 
abundant biotjte (anphibo]e fourchite 


\dike?) 51.5-53.5 
53.5-55.5


2.00 
248


0.07 
0.05


Green coarse-grained igneous rock - 
514-57 calcite containing 


pyrite veins and biotite 
55.5-61 2.014 0.07 


- 57-61 Green, fine-grained altered igneous 
rock containing abundant fine-grained 
biotite 61-65 1.71 0.05


________ 


61-70
Medium-grained, green altered igneous 
rock has large (1/8 11 -1/14") phenocrysts 
and abundant feldspar-carbonate vein-


- much rutile - coarse-grained 
..calcite at 611-62' 


65-70 1.93 0.05 


-- 


70-75 l.cO 0.09 70-73 Coarse-grained calcite containing 
pyrite  and biotite 


75-80 2.77 0.11
Fine-grained green igneous rock, prob-
ably phonolite cut by coarse-grained 
calcite and small feldspar-carbonate 


\vein1ets containing rutile - 
80-85 3.143 0.05


80-88
Fine-grained altered green igneous 
rock, probably phonolite -.few small 
veinlets containing pyrite and minor 
rutile 85-90


- 


2.05


- 


0.09 


90-914 0.65 


-


0.05
889t


Coarse-grained calcite containing 
 pyrite- no visible rutile 


914-99 1.20 0.05-
914-96 Fine-grained, altered green igneous 


rock probably phonolite 


96-112 
99-103.8 0,314


- 
0.05.


Coarse-grained calcite with pyrite, 
biotite and a little rutile - coarse-
grained altered, green, igneous rock 
with large biotite phenocrysts (1014'-
1051) 10 .> 0.530.05- 


108.5-
113.3	 1 o.5o.oc


Continued 
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HOLE NO. H-9 (Cont'd) 


CORE ANALYSIS SLUDGE LITHOLOGY	 - 
INTERVAL


IN FEET
TiO%V,O.%TiC 01 


vQ INTERVAL	


[
IN FEET


Description 


113.3- 
118.1 3.08 


-
0.08


112-12I


Altered green igneous rock (probably 
phonolite) cut by abundant veinlèts 
carrying rutile and pyrite ________ 


3-18.1- 
123 4.01 0.09 


123-128 2.3: 0.$ 124-127 Same as above cut by calcite veins 


127-130
Coar5e-grained calcite containing 
biotite and pyrite - some fine-grained 
crystals possibly broold.te 


128- 
132.8 2.93 0.05


130-140 
132.8- 
136.8 3 .38


- 
0.07


Fine-grained feldspar-carbonate with 
i-utile and pyrite - altered green 
igneous rock at 1311132' and 139'-
110' 136.8- 


139.8
- 
•_.3


- 
00 


139.8- 
11i 3 .8 3.1d 0.07


- 


3.2


--


0 .0 140-144


Fine-grained feldspar-carbonate - sate 
pyrite, rutile, and brookite veinlets 


_______ 


]J43.8-]17 2.T 0.08 Coarse-grained igneous rock, large 
feldapathoid phenocrysts 


I17-249.8 2.14 o.oS 3)9-]50 Feldspar-carbonate - pyrite and i-utile 


HOLE NO. I-i 


COOR-N 200, E 1000	 COLLAR ELEV.-390' 
DRILL-BAKER CORE	 TOTAL DEPTH - IOI' 


CORE ANALYSIS LITHOLOGY 


IEFREVEAl %TiO, °,0v,o, IIJEATL Description 


0-6 1.10 0.0-


0-12 Limonite-stained clay - some stained pyrite and 
white clay nodules - no noticeable i-utile 


6-12 0.98 0.0-


12-20 0.80 0.0- 12-20 Limonite-stained and clayey feldspar-carbonate 
rock, write and i-utile 


20-26 0.88 0.07- 20-26 Feldspar-carbonate rock, clay in spots - pyrite 
veinlets, some i-utile 


Feldspar-carbonate rock - some green clay along 
26-32 0.95 0.05- 26-32 contact with igneous rock 


2	 6  Green altered igneous rock probably phonolite 0.08--[32-34 34-36
Feldspar-carbonate rock 


36-140 2.35 0.05 36-140 Feldspar-carbonate rock with some coarse-grained 
calcite, pyrite and i-utile 


Feldspar-carbonate rock - streaks of this rock are 
1401414 2.90 0.0 140-1414 now clay but there are fresher sections 


44-0 3.73 0.05- 144-0


- 


Feldspar-carbonate rock with one foot of green 
clay in middle


Continued 







118	 ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. I-i (Cont'd) 


CORE ANALYSIS LITHOLOGY 
INTERVAL 
UFEET%TiO2 J%v2 o. Description 


50-55 3.18 o.oS- SO-S Green clay - probably altered pnonolite 


514-74 Feldspar-carbonate rock - contains some green 
clay (571-601) 


55-57 2.90 0.05-
57-60 0.85 0.05-


60-65 0.95 0.05.. 


65-67 0.65 


67-72 


r


1.15 0.05- 


72-76 274 0.10
Green clay probably altered phonolite 


76-78 12-33 -°--- 76-80
- 


Feldspar-carbonate rock - some clay alteration -- 
78-81.1


--- 
14.37 0.12


80-82 Green clay 
81.1-86 2.64 0.07


82-92 Feldspar-carbonate rock cut by coarse-grained 
calcite - abundant rutfie 86-91 1.13 0.07 


91-96 


96-101


3.23 


3.814


0.08 


0.09


92-101 Mixed green clay and feldspar-carbonate rock - 
apparently along a contact 


HOLE NO. J-1 


COORD.-N 1085, E 1200 	 COLLAR ELEV.-399 
DRILL-DIAMOND DRILL	 TOTAL DEPTH- 134.9 


CORE ANALYSIS SLUDGE LITHOLOGY 
INTERVAL 
IN FEET Y0TIQ IW,Q kS ,flC4/,WQ INTERVAL 


IN FEET Description 


014.7 3.60 0.08 2.47 0.71 145 White, hard, very fine-grained feldspar-
carbonate with some medium-grained 
rutile 14.7 .6.9 3.14 0.08 1.34 5.560.09 2.143 .7 Biotitic, light gray-green igneous rock 


6.9-11.9 2.58 0.09 1.62 3.140 0.07 0.85


7-19
Soft green altered phonolite containing 
a few'thin veinlets of feldspar-11.9-16.3 2.92 0.07 1.79 carbonate and rutile. 


16.3-19.3 3.62 0.09 3.21  
19.3-22.7 2.83 0.08 2.55 3.30 19-26


Mixed altered phonolite and hard 
feldspar-carbonate fragments - some 
coarse-grained rutile 191-201 22.7-27.2 3.11 0.08 0.76 2.15 0.09 14.70 


- Dark brown, hard, vuggy feldspar-
27.2-30.7 2.143 0.09 3.39 14.114 0.09 14.914 26-33 carbonate rock containing seams and 


nests of medium-grained rutile and large, 
 well-formed pyrite cubes 10.7-32.5 3I47 


32.5-35.9 3.114 0.09 1.72 33-36 Altered phonolite (?) 
35.9-37.922082


36-145 Same as 26 1 -33' contains some medium- 
37.9-140.5 2.90 0.09 4-59 3.25 0.09 2.148 


40.5-145.7 3.145 0.08 3.62 grained rutile 


145:7-49.613.28 0.08 2.65 14.35 0.09 2.66


Continued 
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HOLE NO. J-1 (Cont'd) 


CORE ANALYSIS SLUDGE LITHOLOGY 
INTERVAL 
IN FEET %I1Q W,O%S a/Tiq o,w S INTERVAL 


IN FEET Description 


l9.6-53 3.50 0.08 1.80


48-64
Very fine-grained altered igneous rock - 
black with green-blue streaks (ph cnolite?) 


53-57 3.50 0.09 2.9 


57-63.4 3.76 0.09 1.91 


63.4-A6.412.82 0.09 12.88


64-73


- 
Alternating brown, unaltered phonolite 
and vug' feldspar-carbonate rock - 
rutile prominent 63.91-64.5' 


66.4-67.5 
67.5-69.5 2.12 ma 3..22 1 1.9 09


-
y 


69.5-73.9 3.30 0.09 2.08 3.30 0.07 1.95 


73.9-75 T. 1-0
73-79


Feldspar-carbonate rock fragments - some 
fine, medium- and coarse-grained rutile 


75-80.3 3.72 0.10 3.08  


80.3-83.8 4.6o o.og 1.93


79-110


Dark green to black very fine-grained 
compact phonolite with scattered 
feldspar-carbonate rutile veins - also 
contains lenses of brown fine-grained, 
hard rock 


83.8-91.5 4.50 0.09 2.97 


91.5-94.5 4.30 ooi 5.231 


9I.5-100.14L&.10 0.10 3.38 


100.14- 
1014.6


14.26 0.10 2.0 


1014.& 
108.6 14.610d22 


108.6-  
112.2 


-lllj.2


14.19 


3.28


0.13 14.39


110-119 


________


Brown, vuggy feldspar-carbonate with 
some fine- and medium-grained rutile  LQL 


3J3 LY 


t7.22
-121 2.9 0.12 5.55


Mixed	 drk green phonolite and brown 
vesjc1ar feldspar-carbonate with some 
medium-grained rutile 


119-121 


123.8-126
L 
1408 os


c 
312


121-1214 Brown, porous, rutile-bearing rock 
(feldspar-carbonate) 


1214-135 


126-129.4 3.92 0.11 3.33 Mainly very Line-grained dark green 
altered phonolite with some scattered 
brown feldspar-carbonate 129.4-LU.A 2.67 0.09 773 


131.7-1314. 4.18 1 0.09 1 2-70 1
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HOLE NO. J-2 


COORD.- N 700 ) E 1200	 COLLAR ELEV.-385' 
DRILL-BAKER CORE 	 TOTAL DEPTH-139.7' 


CORE ANALYSIS LITHOLOGY 
INTERVAL


-
INTERVAL Description 


0-3


Gray, hard, fine-grained calcareous rock 


3-11. 3.68 0.08 2.90 0-114 (unaltered phonolite) containing thin 
seams of dolomite and medium-grained 
rutile 


/	 Dark brown, fine-grained calcareous rock 
114-16 21.18.1 3.33 0.10 14.11 (unaltered phonolite) with feldspar- 


carbonate-pyrite veinlets 16	 8 -
Brecciated phonolite somewhat altered 
Dark brown, fine-grained, calcareous rock 
(unaltered phonolite) 18.1-214.9 3.60 0.10 2.06


18- 22 


214 .9-31.8 3.90 0.09 3.09


Friable, white, feldspar-carbonate rock 
containing streaks of dark green soapy 


31.8-39.14 2.38 0.07 0.914 22-148 clay - large pyrite cubes common - much 
medium- and fine-grained rutile 


39.14-1414.3 2.02 0.07 0.71 


1414.y 149.14 1.60 0.07 0.714  
Coarse-grained, massive, brownish calcite 
with patches of dark green soapy clay - a 


149.14-57.6 1.22 0)08 0.78 few grains of rutile 


Green clay and feldspar-carbonate rock with 
much fine- and medium-grained rutile 


7.6-64.4 3.16 0.08 1.83 58-63
Dark brown, hard, fine-grained unaltered 
phonolite - cut by veins of coarse-
grained calcite. 


614.14-68.5 3.06 0.09 3.82
63-66 Brecciated, brown rock cemented with 


felspar-carbonate - some medium-grained 


6669 Friable feldspar-carbonate with much 


68.-75.14 2.65 0.08 3.18
\	 medium-grained rutile 


Hard, fine-grained feldspar-carbonate 69-77
with some fine-grained rutile 


Fine-grained feldspar-carbonate rock with 74-82.14 2.30 0.07 3.39


77-88
some medium-grained rutile in veinlets - 
color of feldspar-carbonate varies from 
light green to white 


.14-91.1 2.30 0.08 3.16  


88-914
Gray, fine-grained igneous rock (unal-
ten-ed phonolite) containing some fine--
grained and some medium-grained rutile 


914	 8 Feldspar-carbonate with some medium- 
grained ruti].e 


91.1- 
103.14 2.314 0.08 1.82


Gray, fine-grained, hard igneous rock, 
98-1014 non-calcareous with a few thin scattered 


seams of rutile 


103.14- 104-109
Mainly soft, green, altered igneous rock 
(phonolite) with a few scattered n-utile 
grsin5 112.8 1.15 0.09 3.87


109-112 Feldspar-carbonate with much medium-
grained n-utile


Continued 
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HOLE NO. J-2 (Cont'd) 


CORE ANALYSIS.. LITHOLOGY 
INTERVAL %TiO, "101 %S INTERVAL 


IN FEET Description


112.8- 
123.9 2.72 0.09 2.26


112-121
Fine-grained feldspar-carbonate rock with 
some fine-grained rutile 


121-127
Mainly soft, gray, friable, altered 
igneous rock (phonolite?) 


123.9-
132.3 2.014 0.09 1.63


127-133
Feldspar-carbonate with some medium- and 
fine-grained rutile 


132.3- 
139.7 3.114 0.09 2.148


133-136 Buff plastic clay 


1)6-]39.7
Gray, hard feldspar-carbonate with some 
medium- and fine-grained rutile 


HOLE NO. J-3 


COORD.-N 400, E 1200	 COLLAR ELEV.-39d 
DRILL-BAKER CORE	 TOTAL DEPTH-109' 


CORE ANALYSIS LITHOLOGY 
INTERVAL
IN FE ET %TiO, %V, O, %S INTERVAL Description 


0-7 3.714 0.11 0.96
0-9


Dark brown surface clay containing some 
medium-grained rutile 


7- .7 a 9-114
Heavily iron-stained, soft gray, altered 
igneous rock 


14-21 0.614 0.07 2.514


114-142 Soft, gray-green, granular feldspar-
carbonate rock with a little fine-grained 
rutile (some iron staining 114' to 191) 


21-27 0.69 0.07 2.13 


27-33 0.62 0.09 3.29 


33-39 1.00 0.08 2.82 


39-146 .2.30 0.08 2.52


142-57


Dark, fine-grained, hard calcareous rock 
(unaltered phonolite) containing smell (60) 
patches of soft and hard feldspar-carbonate 
rock - some feldspar-carbonate and medium-
grained rutile (1461-1481) 


146-50 2.30 0.09 14.143 


50-57 2.314 0.08 1.93 


57-63 6.20 0.08 0.75
57-68 Coarse-grained barren calcite - some 


medium-grained rutile (661 -681) --


Continuea 
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HOLE NO. J-3 (Cont'd) 


CORE ANALYSIS	 I LITHOLOGY 
INTERVAL %T102 %V2 05 %S INTERVAL 


IN FEET Description


63-68 0.95 0.04 1.16 


68-75 3. 02 0 03 1 36 68-73 Hard feldspar-carbonate rock with much 
medium-grained rutile 


73-84 Hard, brown, fine-grained calcareous rock 
(unaltered phonolite) 


75-82 2.62 0.08 1.96 


82-89 2.59 0.07 1.99
84-90 Dark, brown-gray, friable feldspar-carbonate 


rock with no visible rutile 


89-96 3.72 0.10 1.67
90-92 Soft, granular, dark green altered phonolite 


92-103 Dark gray, granular, soft feldspar-carbonate- 
some fine-grained rutile 


96-103 1.82 0.09 7A


103-109 3.04 0.09 1.32 103-109 Dark brown, fine-grained hard calcareous 
rock (unaltered phonolite) 


HOLE NO. K-5 


COORD.-N 200, E 1400	 COLLAR ELEV.-393' 
DRILL-DIAMOND DRILL	 TOTAL DEPTH -132.5' 


CORE ANALYSIS LITHOLOGY 


INTERVAL
IN FEET -.6Ti( Y1I,C INTERVAL 


IN FEET Description 


0-2 Brown residual surface clay 
0-5 2.5 0.1:


2-5 Heavily iron-stained gray-green clay (altered 
________ ohonolite) 


5-8 1.20 <0.0 -7 Slightly iron-stained gray clay (altered pono]ite) 


8-11 1.45 0-09


7-19 Heavily iron-stained gray-green clay (altered 
phonolite)


 


U-14 3.90 0.2: 


14-17 4.75 0.2 


17-20 3.40 0.2
Dark green, altered igneous rock probably 


20-2I 2.65 0.25 19-24 phonolite 


2I-29 2.40 0.15


Very fine-grained, greenish-black, hard 


29-34 1.75 0.10 21-39 unaltered igneous rock (unaltered phonolite) 
containing scattered thin calcite veinlets 


34-38.5 2.00 0.13


Very fine-grained, black, unaltered igneous rock-


38.548.5 3.00 0.0
contains 6" feldspar-carbonate-rutile vein 


39-50 (1151-4516")
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HOLE NO. K-5 (Cont'd) 


CORE ANALYSIS LITHOLOGY 


INTERVAL /,
q


INTERVALINTERVAL 
IN FEET Description


118.5-57.5 0.90 0.0


50-71
Coarse-grained, calcite with traces of very 
fine-grained ruti].e - some .biotite and pyrite 
patches 


57.5-67 0.25 0.07 


67-76 0.25 0.0


711-82
Altered feldspar-carbonate roc	 containing some 
very fine-grained rutile - cut by very fine-
grained black dike at 76 feet 


76-79.7 3.35 0.1: 


79.7-82.2,1.80
- 
p 


82.2-92.5 2.75 o.o


82-88 Dark, hard unaltered phonolite 


892
Gray, fine-grained, hard feldspar-carbonate con-
taming some very fine-grained rutile 


92.5-302.5 2.55 0.10


92-132.5
Mainly black, fine-grained unaltered phonolite 
cut by scattered feldspar-carbonate-rutile 
veinlets 


112.5-111 3.25 0.0 


112.5-122. 2.55 0.08 


L22.5-1.5 3.50 0.01 


HOLE NO. L-2 


COORD.-N 530, E 1600	 COLLAR ELEV.-378', 


DRILL-BAKER CORE	 TOTAL DEPTH- 60' 


CORE ANALYSIS LITHOLOGY	 I 
INTERVAL
 %TiO I I%V,O, I %S INTERVAL 


I IN FEET I	 Description	 I 


0-7 2.811 0.09 0.110 0-7 Dark brown surface clay containing a few 
pebbles of metamorphosed sediments


Continued 
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HOLE NO. L-2 (Cont'd) 


CORE ANALYSIS LITHOLOGY 
9ITERVAL


%TiO, °i0v,o, %S INFEET Description 


7-14 3.30 0.09 1.10
7-10 1ru.-i i.ained, gray-green feldspar-carbonate 


10-28
Gray-green, granular feldspar-carbonate 
containing some fine-grained and medium-
grained rutile 


114-21 3.08 0.08 3.18 


21-28 3.56 0.07 2.97 


28-35 2.96 0.08 3.12
28-140 Dark gray, fine-grained hard unaltered 


phonolite with a few 6" feldspar-carbonate 
lenses 35-112 3.89 0.08 2.06


40-47 Soft, green feldspar-carbonate with some 
fine-grained rutile 142-119 11.08 0.09 1.59


117-514 Hard, gray, fine-grained, non-calcareous 
igneous rock (unaltered phonolite) 149-56 3.89 0.09 1.38


54-60 Dark brown, fine-grained, hard, calcareous 
igneous rock (unaltered phonolite) 56 ..60 3.86 0.09 1.80 


HOLE NO. M-5 


000RD.-N 1000, E 1800	 COLLAR ELEV.-391' 
DRILL-BAKER CORE	 TOTAL DEPTH -l2I' 


•	 CORE ANALYSIS LITHOLOGY 
INTERVAL 
IN FEET %TiO, %V,O, Description 


0-7 0.73 0.08 0.55


Brown surface clay containing pebbles of 
novaculite and nepheline syenite (fine- 


\.g1ined type) 


3-8 Iron-stained, soft feldspar-carbonate 


7-114 oj4 0.07 14.33
Soft, granular, white feldspar-carbonate 
with some fine-grained rutile 
Feldspar-carbonate - some fine-grained rutile 


311j 


1)4-5)4


7	 Altered phonolite 


114-21 1.12 0.08 7.146


Soft, granular, gray-green to white 
feldspar-carbonate, some fine-grained and 
medium-grained rutile - locally contains 
hard, white feldspar.-carbonate-rutile 
fragments 


21-28 1.116 0.08 10.143 


28-34 1.78 0.08 6.144 


314-111 1.37 0.08 6.18


Continued, 
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HOLE NO. M-5 (Cont'd) 


CORE ANALYSIS LITHOLOGY 
INTERVAL 
IN FEET %TiO, %vo %5 INTERVAL 


IN FEET Description 


111-148 1.38 0.08 12.3 


148-511 0.87 0.09 10.77 


511-61 0.119 0.08 11.59 11-61 Gray-green, granular feldspar-carbonate 
little rutile 


61-68 0.66 0.08 5.96 61-66
Gray-green, soft feldspar-carbonate with 
some fine-grained rutile 


66-711
Hard, gray-to-brown, fine-grimed feldspar- 
carbonate with some fine-grained rutile 


68-75 1.80 0.07 6.13


74-82
Gray-green, granular, soft feldspar-
carbonate with a little fine-grimed rutile 75-82 0.6 0.07 6.68 


82-86 1.6 0.07 9.20 828
Hard	 very fine-grained, cream-colored 
feldspar-carbona	 fragiients with a little 
fine-grained rutiie 


jark brown unaltered phonolite 


86-93 1.97 0.09 6.07


86-100
Brownish-gray to cream, hard, vugr feldspar.? 
carbonate rock containing much medium- 
grained rutile


 93-98 1.68 0.08 8.1 


98-1011 1.39 0.08 14.09
Dark brown, hard, fine-grained calcareous


'.	 rock (unaltered phonolite) 101-103 Se as 86-100 


1014-11 0.86 0.09 2.011
1(-]08 Hard, fine-grained green to dark brown 


igneous rock (unaltered phonolite) 


108-alS Soft, granular feldspar-carbonate rock 
containing some fine-grimed rutile 


111-1]J o. S8 0.08 3.02 Hard, fine-grimed	 buff fedapar-carbonate 
with soee fine-graned ru ii.e 


118-121 1.05 0.09 O.3 117.421
Black calcareoue igneous rock-crser-grained 
than the phonolite -may be napheline syenite 


HOLE NO. N-i 


COORD.-N 1400, E 2100 	 COLLAR ELEV.-418 
DRILL - DIAMOND DRILL	 TOTAL DEPTH _96.5e 


CORE ANALYSIS	 SLU. LITHOLOGY 
INTERVAL 
IN FEET %v,Q'oTiQ INTERVAL 


IN FEET
I	 Description 


0-2.2 I 0.7 0-3 I	 Brick red, residual surface clay 


0. 3-10 Mixed red and buff clay


Continued 







126	 ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. N-i (Cont'd) 


CORE ANALYSIS	 SLU. LITHOLOGY 
INTERVAL
IN FEET ,0TK.. Y0V,C 4tiQ INTERVAL 


IN FEET Description 


io-5-15.5 3.35


10-2


Soft, granular light green clay with abundant 
limonite stains (17.'-20.5') - probably 
albite-perthite-carbonate vein type that has 
been altered 


Z. 5-2o. 5 4.80 


20.5-2


- 


4.10 


2 ...28.6 4.25 2-28 Coarse-grained granular rock, altered - 
similar to above but gray in color - heavy 
limonite staining from 26.6' to 28' 


28.6-33.6 1.70


28-44
Black, hard, fine-grained unaltered dike rock 
probably monchiquite - in places porphyritic 


33.6-38.6 1.00 


38.643.6 1.85 


!13.6-i47.2 0.7 CORE 
0.07 l.6S W18 Friable, altered feldspar rock - feldspar 


coarse-grained (albite-perthite-carbonate 
type) 


vein 


47.250.2 0.70 2.10 48- . 0 Altered coarse-grained igneous rock (nepheline 
syenite - fine-grained type of Williams) 


0.2-3.: 1.50  Albite-perthite-carbonate vein 


53.3-57.4 2.0 5 . 008 0.9 3-S7 Altered nepheline syenite (fine-grained type) 


7.Li60.2 2P


1.2
116- 


Qc2
Friable mixture of feldspar particles, pyrite 
fragments and gray clay - pyrite oredominates 


6o.2-6


lJ


1.00
60-70 No core recovered 


6.2-69.7
- 
1.90 


69.7-74. 0.90


70-96


Light to dark green, soft, altered nepheline 
syonite containing scattered, hard feldspar-
carbonate veins 2 to 3 inches wide containing 
some fine-grained rutile 


74.7-78


c!Q 78-79.7 
79.7-82.9 1.05 


- 


8.1-88.: 1.20 


88.1-96.


- 


1.6







MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES	 127 


HOLE NO. N-2 


COORD.-N 600, E 2040	 COLLAR ELEV-378' 


DRILL-BAKER CORE	 TOTAL DEPTH-475' 


CORE ANALYSIS LITHOLOGY 


IVEATL %TiO, %V,O, %S INTERVAL 
IN FEET Description


0-7 3.08 0.09 0.211 0-8 Dark gray clay, heavily iron-stained 


7-13 11.66 0.08 1.21 8-12 Soft, light gray, altered phonolite 


12-18 Black, dense, hard, fine-grained calcareous 
13-18 2.86 0 08 1.33 rock with scatteredpyrite crystals 


(unaltered phonolite) 


Soft, granular feldspar-carbonate rock with 


18-25 2.72 0.08 7.611 18-25 much pyrite - rutile if present is very 
fine-grained 


25-28
Mainly coarse-grained write with some 
coarse-grained dolomite 


2532 2.06 0.09 22.97
2831 Soft feldspar-carbonate rock with numerous 


thin seams of fine-grained pyrite - some 
rnedium-grained rutile 


32-39 3.06 0.09 14.08
Dark, massive, hard unaltered phonolite 


31-147 containinC a few scattered, hard feldspar-
carbonate veins with medium and coarse-


39-145 2.93 0.08 2.141 grained rutile 


115147.5 3.014 1	 0.09 1.35 1 


HOLE NO. 0.2 


COORD.-N 800, E 2300	 COLLAR ELEV.-377' 


DRILL-DIAMOND DRILL 	 TOTAL DEPTH- 91' 


CORE ANALYSIS	 SLUDGE	 LITHOLOGY 
INTERVAL INTERVAL 
IN FEET	 /0TiO, Y.V,O, YTi0, 	 IN FEET	 Description 


0-14.5	 2.68 o.c1-


Hard feldspar-carbonate-pyrite rock 


14.5-9.5	 2.37 0.05	 11.60	 0.12:	 0-12	 with rutile (microcline-calcite vein 
type) 


9.5-11.7 3.26 51	 14.55  
1.7-12.7 22k Q1Q.	 l - 


12.7-17.3 2.87 0.11	 Hard, brown, fine-grained rock with 


17.3..22.] 2.90	 0.05	 :	 feldspar-carbonate veinlets (rutile 


much pyrite, probably unaltered phono- 
12-214	 lite with abundant sugary-grained 


bearing) 


22.1-27.1 2.90	 0.11 


27 1 293 5.35	 0.07	 much rutile both fine-grained anti 
White, hard calcite-feldspar rock with 


214-33	 coarse-grained and much pyrite 


29.1-314.1 2.67 0.05-


Continued 


1 







128	 ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. 0-2 (Cont'd) 


CORE ANALYSIS SLUDGE LITHOLOGY 
INTERVAL 
IN FEET VOT1O, Y0V,O,%TiO, /0V.O INTERVAL 


IN FEET Description


34.1-39.1 2.314 0.05
33-37


Brown-gray, fine-grained feldspar-
carbonate rock with coarse calcite vein. 
much rutile 


37-57 Medium-grained, white, hard calcite-
write rutile-microcline rock - rutile 
abundant and fine-grained 


39.1-44.14.25 0.05 


"1-49.1 3.55 0.05 


149.1-.3 325 ois 


52.3-57.7 2.63 0.16 


57.7-63 14.20 0.12
57-62


Brown-gray, fine-grained feldspar-
carbonate rock - rutile bearing 


62-.611 Dark brown, unaltered igneous rock with 
63-65 0.30


61170


calcite veinlets (probably phonolite) 


Hard, fine-grained, gray feldspar-
carbonate rock with much rutile associ-
ated with the coarse calcite 


65-70 3.014 0.09 


70-75 3. 27 0.21 Hard, unaltered phonolite with a few 
barren coarse calcite veins 
Brown feldspar-dolomite, containing 
coarse-grained rutile patches 75-80 3.02 0.20


77-81 Very fine-grained unaltered phonolite 
containing rutile-calcite veinlets - 
rutile is medium-grained 


30-81
81-86 3.117 0.09 81-86 Feldspar-calcite rock - abundant fine- 


grained rutile - much pyrite 


86-91 3.87 0.13
 Dolomite-feldspar rock - much very fine- 


grained rutile  
P88-91 Same as 51'-86' interval 


HOLE NO. 0-3 


COORD.-N 1200 1 E2300	 COLLAR ELEV.-395' 
DRILL-DIAMOND DRILL 	 TOTAL DEPTH -100.6 


CORE ANALYSIS SLUDGE LITHOLOGY 
INTERVAL 
IN FEET '0T4,°, i'O,0, INTERVAL 


IN FEET Description 


0-2 --'-P -(1-4(


-


0-14 Red-brown, gritty clay 


2-6.5 1.110 0.15
11-10


Mostly white novaculite fragments - 
some clay and altered igneous fragments 6.5-8.7 0 65 oxg 


8.7-9.7 0.70 
9.7...].1 0.55 0.12 0.3 0.05


10-20


Coarse-grained rock composed mainly 
of feldspar - minor amounts of pyrite
trace of rutile (typical albite- 
perthite-carbonate vein) 


14-18.6 0.55 0.09 0.60 0.06 


- 18.6-20. Q,. 
20.2-23 0.70 0.1.].


20-32


Dark green, mottled, medium-hard 
altered coarse-grained igneous rock 
(probably nepheline syenite - Diamond 
Jo type) - layer of albite-perthite- 
carbonate rock at301-31' 


23-26.5 0.70 0.11 o-55 0.08 
_ 5 010 


28.5-31.8 0.75 0.10


Continued 







MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES	 129 


HOLE NO. 0-3 (Cont'd) 


CORE ANALYSIS SLUDGE LITHOLOGY 


 T4%V,O,%TiO,%,, INTERVAL 
IN FEET Description 


J


INTEjRVAL


0.,0 32-37 Albite-perthite-carbonate rock ____ o b


37-110 Gray, fine-grained, hard feldspar- 
carbonate rock with abundant fine-
grained rutile __ _____________ 


17.7-19.
 


120 [i i' 
39.8-111 . 8 1 . 00 


---
0.09 


iL3-hl.7 AlteFed nepheine syenite (Diamond Jo 
type) 


43.7-46. 0.85 0.09 0.50 0.07 44-L4 9 Feldspar rock (same as 30-31' above) 
116.9-115.7 25 QQ5. 
48.79.9


-
1.10 
o.63


0, 
0.


119-68 Coarse-grained, dark-green nepheline 
syenite 


51.9-.5 o.650-


58-59.5 0.700-05- 


59.5-611.5 1.15 0.05. 


611.5-69.5 1.55 0.35


68-71 Coarse-grained feldspar - pyrite vein 
with abundant coarse-grained rutile 


69.5-711.5 2.55 0.05-


71-82 Altered, coarse-grained nepheline 
syenite. 


711.5-79.5 0.850-05- 


79.5-811.5 1.110 0.05 82-83 


83-100


Coarse-grained feldspar-rutile vein, 
abundant coarse-grained rutile 


811.5-88.3 0.650.05-0.80 0.05


Altered, coarse-grained nepheline 
syenite - rutile rare in widely 
scattered feldspar veins 


I 


88.3-90.6 oos


. 


50.6-95.6 o.65 0.05 


95.6-loo-6 0.75 0.06 


HOLE NO. 0-4. 


COORD.- N 600, E 2300	 .	 COLLAR ELEV.-392' 
DRILL-BAKER CORE	 TOTAL DEPTH- 37' 


CORE ANALYSIS LITHOLOGY 
INTERVAL AL %TiO,%V,O, %5 INTERVAL Description 


07 11.611 0.07 0.27
0-11


Dark, gray-green, soft altered phonolite 
with spotty iron oxide staining 


7-1J4 11.112 0.08 0.30
11-14


Dark brown clay containing some fine and Dark
	 rutile - probably weathered 


x	 feldspar-carbonate vein 


11141 11.38 0.09 0.25 14-21 .IL Brown altered and unaltered phonolite


Continued, 







130	 ARKANSAS TITANIUM ORE DEPOSITS 


BOLE NO. 0-4 (Cont'd) 


CORE ANALYSIS LITHOLOGY 
INTERVAL 
IN FEET ,eTiO2 %V20, %S INTERVAL 


IN FEET Description 


21-28 3.37 0.08 1.9I


21-37
Dark brown to black, dense, hard calcareous 
rock (unaltered phonolite) containing cal-
cite veins and a few coarse scattered 
pyrite crystals 


28-32 3.01 0.08 2.24 


32-37 3.11 0.09 1.57







LOGS OF U. S. BUREAU OF MINES 1948 DRILL HOLES,
CHRISTY BROOKITE DEPOSIT 


In 1948 the U. S. Bureau of Mines completed a core-drilling project at 
the Christy brookite deposit. A total of 21 holes were drilled during this 
project, including 7 diamond drill holes, 13 bucket drill holes, and I Baker 
core drill hole. The following (pp. 131-151) logs and assays of these drill holes 
are a result of the cooperative effort of the U. S. Bureau of Mines and 
the Arkansas Division of Geology. The assays have been reprinted from a 
report published by the U. S. Bureau of Mines (Reed, 1949, Figs. 10 through 
20) and the core descriptions are by Holbrook. The coordinates of the indi-
vidual drill holes refer to their location on Plate VI.
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132	 ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. C-i 


COORD.-N-10117, E-10479 	 COLLAR ELEV-595.8' 
DRILL-DIAMOND DRILL 	 TOTAL DEPTH- 112' 


CORE LITHOLOGY 
INTERVAL 


- IN FEET %TiO, %VO, Description 


Quartz fragments most abundant - a few magnetite grains - 
0-10 4.78 0.65 some limonite fragments - limonite and clay coat most of 


the mineral grains - some rounded grains - some brookite 
crystals (residual ore) 


10-15 5.45 0.65
Mineral grains cleaner than surface material - quartz 
most abundant - brookite common - a few red clay fragments 
(residual ore) 


15-20 4.15 0.56 


20-25 6.65 0.38
Mostly cloudy, gray quartz fragments - some brookite 
crystals - very little clay 


25-30 6.35 0.56 


30-35 8.80 0.60 Same as above with more clay fragments, less brookite 


Mostly smokyquartz - some brookite in both smoky and 
35-40 5.15 0.73 clear quartz - a few yellow and white clay fragments 


Mostly buff and brown clay fragments - some cream-colored 
40-45 7.50 1.33 clay - abundant brookite - much clear and smoky quartz 


uS-So 8.05 1.35 


0-55 6.15 0.77 Abundant white and buff clay fraLments - abundant smoky 
 and clear quartz - brookite cosinon 


55-60 6.65 0.96
Mostly yellow, green, and brown clay fragments - much 
clear and smoky quartz and brookite 


60-.65 5.7 C).84
Abundant brookite and quartz - some buff, white and gray 
clay fragments - a few limonite fragments 


65-70 5.60 1.29


Much gray, green and buff clay and quartz - some brookite 
70-75 6.73 1.16 (the lower limit of the oxidized zone probably falls in 


this interval) 


Mostly gray-green soft clay - may be altered shale or very 
75-80 3.67 0.85 fine-grained altered igneous rock - some pyrite 


Mostly gray-green clay as above - some brown and buf 
80-85 3.0 0 93 clay, pyrite, quartz and brookite 


(First core recovered) Mostly rine-grained gray-green 
85-90 2.35 0.79 altered igneous rock or altered shale


Continued 







CHRISTY BROOKITE DEPOSIT-1948 DRILL HOLES	 133 


HOLE NO. C-i (Cont'd) 


CORE LITHOLOGY 
INTERVAL %TiO, %u, Description 


90-95 1.90 0. 142 Dark green, fairly soft altered shale 


95-100 3.51 0.86
Hard, compact, very fine-grained black shale - contains 
narrow pyrite seams at 1001-102' 


100-102  


No core recovered - cuttings showed 'oxidized ore similar 
102-112 3.50 0.86 to that above the shale - may have been contamination 


from upper part of hole as it was uncased below 514' 


HOLE NO. C-3A 


COORD.-N-10157, E-10689	 .	 COLLAR ELEV.-602.5' 
DRILL-DIAMOND DRILL	 TOTAL DEPTH-67' 


%T1O, %V,OS LITHOLOGY 
INTERVAL 
IN FEET CORE SL. CORE SL. Description 


0-5 11.70


- 


0.29


-
Porous brookite quartz masses in gray clay 


5-8.5 6.27 0.37 Porous brookite quartz fragments with some cream 
clay 


8.5-10.5 372 si'o o. oo Mainly cream	 white and tan clay containing 
auartz fragmnts and crystals 


L0.5-12. j7p 14.18 0.06 0.16 Main 	 very fine-grained sugary altered novacu- 
\. lite	 " of buff and white clay 12.5-13.5 0.2 0.02 


13.5-15.5 0.20 3.00 0.01 0.06 ry fine-grained altered novaculite 
L5.5-16.5


 
5- . -13 0.23 0.11 Cream clay - no quartz or brookite visible 


16.5-19 1.143 1.146 0.114 0.05 Mainly dark gray altered novaculite - top 6" is 
cream clay with some brookite-quartz 


1921 0.11 1.10 0.00 0.02 Dark, hard altered novaculite and soft, white 
sugary altered novaculite - at 22 1 -214' thin 
seams of brookite in novaculite and some gray clay 21-214 0.70 14.65 0.00 0.10 


214-25.5 3.45 4.70 0.03 jj Limonite, hard yellow clay and hard, altered 
to 25.-27 _Q.s 0.12 eryje_grajfled, dark gray	 altered novaculite 


with thin, barren seam of bufl clay 27-30 0.17 2.90 0.05 0.014 


30-33 0.16 1.50 0.00 0.00


 33-35 
3537 027 135 0014 oos Very fine-grained gray to white altered 


novaculite locally contains limonite-stained 
fractures 3739 0d7 1.05 0.03 0014 


39-141.5 0.23 2.21 0.03 0.014
/ 


141.5-1414.5 0.27 14.10 0.02 0.06 


1414.5-146.5 Cream clay, limonite fragments, and gray 
altered novaculito fragments 


146.5.148.5 1.58 0.00 No core recovered 
148.5-50.5 1.66 1.95


00050.5-52.5 1.60 1.75 0.00 0.00 Cream-colored barren clay 
1.1 0_.00 10.03 '


Continued 







134	 ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. C-3A (Cont'd) 


%TiO, %V.O, LITHOLOGY 
INTERVAL 
11 FEET CORE SL. CORE SL. Description 


53.5-55.5 05 1.23 0.03 02 
55.5-57.5 0.111 1.70 0.00 0.03 Dark gray and black novaculite with a thin seam 


of cream .	 y 57.5-59 1.011 1.50 0.01 0.05 Cream-col 	 clay 
59-61 0.50 1.63 0.03


10.03
Alternating cream clay and altered noaculite 


61-61.9 0.43 1,30 Qi_ 02_ 
61.9-65 0.11 1.30 0.00 0.07 Dark gray altered novaculite 


65-67 01li00 06  


HOLE NO. C-4 


COORD.-N- 10056, E-10697	 COLLAR ELEV.-5932 
DRILL-DIAMOND DRILL 	 TOTAL DEPTH-I22' 


%TiO, %V,O, LITHOLOGY 
INTERVAL 
IN FEET CORE SL. CORE SL. Description 
0-2


No core recovered 2-11 
116 5.87 2.10


_;jro______________________________________________ 
rous	 medium-grained quartz with fine-grained 
okie - in part cemented with limonite 


Nesidua].	 re)6-8 L2? 92 d clay, gtz. • brooldte frags.(residual ore) 
8-10 1.311 1.10 0.112 0.36 ?orous atz. wite' clay, red clay-little brookit residua1 ore) 


10-12 1.36 0.90 0.55 0.113 Porous qtz. frags., limonite cement, some brookite 
12-111 1.20 0.85 0.37 0.52 F. and c.gr. porous qtz. - some brookite and 


white clay
 111-16 1.53 1.35 0.98 0.39


- 


Dark brown, friable, sandy porous quartz - 
thin seam of red clay - little brookite 16-18 


18-20 0.89 1.00 0.60 0.36  
20-22 1.39 0.69 No core recovered 
22-211 1.70 0.511 
211-26 6.39 3.32 0.30 0.38 Porous, coarsely cryst. qtz. -no brooldte visible 
26-29 1.311 2.78 0.35 0.59 Mainly porous c. gr. qtz. - a few clay seams 


29-31.5 11.38 6.09 0.38 1.07 Mainly banded gray clay - a little brookite-
qtz. at top 


31.5-311 6.28 8.39 1.79 1.25 Brown clay with some sandy qtz.- limonite f rags. 
311-36 8.37 5.30 1.115 1.02 C.gr. brookite-qtz. and brown to black clay 
36-38 9.93 1.25 No core recovered 


38111.7 11.112 7.50 0.98 0.62
Buff and cream clay with many sandy quartz 
fragments and much brookite 


111.7-1111 3.97 9.60 0.76 0.66


Some buff clay - mostly brown porous quartz 
with abundant fine-grained brookite 


1111-116.5 11.25 13.50 0.811 1.28 


116.5-119 11.75 6.55 0.911 0.62 


119-51.5 11.20 0.83 No core recovered 
51.5-53-31 11.25 3.25 0.36 0.401 Drown, porous brookite-quartz	 no clay 
_3-55 8.05 5.80 0.26 0.25 Dark gray, porous quartz frags. - abundant 
55-57.5 12.15 10.00 0.56 0.56 V. f.gr. porous qtz. - much f.gr. brookite 


57.5-60.5 5.119 6.22 0.62 0.95 Same, but coarser-grained quartz


Ccntinued 







CHRISTY BROOKITE DEPOSIT-1948 DRILL HOLES 	 1. .188 


HOLE NO. C-4 (Cont'd) 


%TiO, V. 0. LITHOLOGY 
INTERVAL 
IN FEET CORE SL. COREJ SL. I	 Description 


60.5-63.5 2.26 14.55 0.57 0.88
Gray to brown porous quartz - some brookite 63 . 5-66.517.80 


-
5.75 0.81 0.87 


66.5-68.5 12.60 18 0.87 1.02 Limonite frags. - some brown and gray porous 
f rags. - some brookite 


68.5-71.5 10.70 3.5 0.85 1.17


Porous, ferruginous, fine-grained quartz - 
much very fine-grained brookite 


71.5-711.5 10.13 10.00 0.66 1.72 


74.5-77.5 6.50 10.15 O.16 1.17 


77.5-80.5 10.70 9.60 0.81 1.13 


80.5-83.5 9.25 9.60 2.05 1.15 White and yellow clay with a few coarse-grained 
quartz fragments 


83.5-86.7 3.92 7.78 1.111 2.30 Red and brown clay with coarse-grained quartz _fragments 
86.7-90 6.145 6.311 2.92 2.16 Mixture of c.gr. qtz. masses, brookite-qtz. 


frags. and brown por. qtz. frags. -some 
,	 limonito frags. 


90-93 1.15 7.57 0.211
- 
1.81 Mostly brown clay 


93-97 6.30 6.72 0.90 1.33
Brown to black sandy, porous brookite-quartz 
fragments - some banded' clay 


97-100 8.97 5.60 1.311 0.99 Gray clay - some gray,porous, hard quartz 


1007103 1.113 11.40 0.18 0.711 Hard, gray, granular, porous quartz fragments 


103-106 6.72 6.111 0.31 0.117 Fragments of blue-gray, hard, porous brookite-
quartz 


106-109 5.50 6.53 0.76 0.28
Same as above with some buff and cream clay 


109-112
- 
2.00


- 
11.00 0.19 0.32 


112-115 2.110 11.81 0.13 0.38 Brown and cream clay with hard noraus Quartz 
figments 


115-118 1.63
- 
3.20 0.19


- 
0.29 - Brown plastic clay 


118-122 1.35 3.89 0.27 0.38 Brown, green, and yellow clay 


HOLE NO. C-5 


GOORD.-N-9991, E-10701 	 COLLAR ELEV.-583 
DRILL-DIAMOND DRILL 	 TOTAL DEPTH-132' 


%TiO, 1 %V,O, LITHOLOGY 
INTERVAL 


5 FEET CORE 1COREJ SL. Descriptio,I 


0-3 5.32 0.67 Hard, gosaanized brookite-quarts (residual ore) 


35 - 2.2 Mostly gossanized, brookite-quartz with some 
clay (residual ore) 


5-8 2.87 0.22 0.17 Mainly friable porous quartz - some clay 
(residual ore) 


8-11 11.27 3.56 0.20 0.18 Same,with some fine-grained brookite (reelcial 
ore) 


1115,5 3.711 3.18 0.25 0.211 Hard and friable porous brooldte-quartz - 1.5' 
of buff clay at bottom


Continued 







136	 ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. C-5 (Cont'd) 


%T4 %V' 0, LITHOLOGY 
INTERVAL 
IN FEET CORE SL. CORE SL. Description 


15.520 5.07 8.52 0.28 0.75
Mainly buff and pink clay - few fragments of 
porous brookite-quartz 


20-22.5 613 651 o 0.471 Porous brookite-quartz fragments 


22.5-26 11.614 5.32 0.06 0.28 Same as above, with some cream clay 


26-29 7 0.06 0.25
Very friable, brown porous quartz - much fine-
grained brookite 


29-32


R3.583.90


2 0.18 0.29
Brown, porous brookite-quartz with some coarse- 
grained quartz veins and clay seams 


32-35 0.15 0.28 Mainly white clay - with some brookite-quartz 
fragments 


35-38 1.60 1.91 b.23 0.31j 


38-141 2.77 3.63 0.06 0.49 Brown, friable brookite-quartz 


111-1414 3.514 5.27 0.19 0.117 Mainly brookite-quartz - much gray clay 


1414-147 3.87 2.00 0.37 o.6o Same, without clay 


117-50 1.27 2.60 1.72 0.64 Very fine-grained brookite-quartz 


50-53 0.98 1.91 0.114 0.66 Porous, brown quartz - some coarse-grained 
quartz _-_ little _brookite 


53-56 1.17 2.06 0.36 0.614 Hard, gray, partly porous quartz - little 
brookite 


56..59 5.00 5.00 0.214 0.67
One foot of above material - rest is black 
porous brookite-quartz with coarse quartz ''eths 


59-60.5 6.23 6.50 0.11 0.441 Hard brown porous Quartz 
60.5-62.5i6.45 3.67 0.311 0.62


Hard, black, gray, and brown porous quartz-
brookite rare 


2.5-65.5 1.83 2.20 0.67 0.66 


65.5-68 03 20 1.15 0.35 


68-70.5 1.28 1.36 0.23 0.37 Black, hard, porous quartz with brookite 


70.5-73.5 114.80 11.68 0.56 0.69 Brown to black porous quartz - brookite 
abundant 


73.5-76 5.514 2.83 0.22 0.314
Mainly white clay - some brown brookite-quartz 
fragments 76-79 4.95 3.20 0.1414 0.37 


79-82 3.82 3.99 0.142 0.55 Top half white clay - bottom, brown porous 
quartz with some brookite 


82-85 2.13 147 0.23 0.113 Hard gray quartzite with much brookite 


85-88 3.07 2.05 0.17 0.144 Hard gray to black quartzitic material - some 
brookite 


88-91 3.50 3.114 0.118 0.35 Mainly white and pink clay -,some porous quartz 
fragments with brookite 


91-914 2.87 2.80 0.09 0.18 Cray porous quartz with much broold.te 


914-97 3.06 0.37 No core recovered 


97-100 3.55 2.88 0.37 0.39 All gray and brown porous quartz with much 
brookite 100-103 8.1414 11.614 0.63 0.87 


103-106 6.88 1.52 No core recovered 


106-109 10.35 11.70 1.53 1.79 Brown clay with brown porous quartz fragments 


109-112 15.11 11.140 0.89 11.98 Both hard and - friable porous quartz - brookite 
abundant


Continued 
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HOLE NO. C-5 (Cont'd) 


re
%Ti02 %V,O, LITHOLOGY 


INTERVAL 
IN FEET CORE SL. GORE SL. Description 


112117 5.65 8.80 1.50 2.08 Varicolored clay with porous quartz fragments, 
all containing brookite 


117-122 9.69 9.58 0.87 1.90
Gray porous quartz - some buff clay seams - 
all brookite-bearing 


122-127 9.70 1.98 No core recovered 


127-130 15.7 9.95 0.44 1.59 Gray to black, hard to friable porous quartz - 
abundant brookite 


130-132 3.07 7.20 0.38 1.02 Gray porous quartz with much brookite 


HOLE NO. C.6 


COORD.- N-10068, E-10113	 COLLAR ELEV.-
DRILL- DIAMOND DRILL 	 TOTAL DEPTH-104.V 


%TiO, %V,O, LITHOLOGY 
INTERVAL 
11 FEET CORE SL. CORE SL. Description 
0-2.5 3.2 o Quartz and brookite disseminated in red clay 


(residual ore) 
2.5-5 3.22 0.146 Same with some gossanized brookite-quartz 


fragments (residual ore) 56 
6-9.25


II 
6.55


II 
0.35 Porous fine-grained brookite-quartz fragments - 


scattered veins of coarse-grained quartz 
N. (residual ore) 


9.25-12.' 3.95 14.35 0.144 0.62 Mostly brown, limonite-stained, porous soft 
...rookite-quartz - some clay (residual ore) 


12.5-15.5 14.00 8.55 0.70 0.59 Hard,niassive limonite - some gossanized, porous 
..qpkite-quartz - few buff clay seams 


15.5-17.5 14.67 14.00 0.36 0.148 Mottled clay and brown, porous brookite-qUartZ 


17.5-20 3.145 14.55 0.32 0.141 Half cream clay and half brookite-quartz 
locally rossanized 


20-22.5 1.98 14.10 0.21 0.28 Buff clay and pink clay with white patches 


22.5-25.5 2.35 6.30 0.26 0.40 All pink clay as above 


25.5-28.5 6.31 6.50 0.88 0.35 Mainly gossanized porous quartz with one foot 
..,ofbuffclay 


28 .5-30.5 13.25 0.28 No core recovered 
30.5-32.5 8.12 5.80 0.149 0.24 Mixed porous quartz fragments and buff clay 
32.5-33.5 
33.5-314.5


7.85


0.3 
0.13


0.16


Buff clay. _________________________________________________ 
Pink_clay_with_porous quartz fragments 


314.-35.5 
35.5-37


12.20 
2.60


0.237 Porous fine-grained brookite-guartz fragments __ _____ 
White and gray clay 


17 
l8..4o _L


10 .70 Gray brookite-quartz - brookite very fine-grained 


Friable brookite-quartz and cream clay 
..illo core recovered ___


.4p
Hard brookite quartz 


ij Alternating layers of porous brookite-quartz 
and_cream _clay 6-0


110 core recovered 8.15 0 26 - .eain clay and porous brookite-ouartz 
110 core recovered 


________ 1125 013 Porous, clay-coated brookite-quartz fragments 
No core recovered


Continued 
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HOLE NO. C-6 (Cont'd) 


%TiO, %V,O. LITHOLOGY 
INTERVAL 
IN	 ,ET F CORE SL. COREl SL Description 


56-57.5
J5 9.60 0.31 FF55-56	 able porous clay-coated brookite-quartz


gments
57.5-60 .50


8.35
0.58 0.38


k brown clay, brooldte crystals, and 
brookite-quartz fragments 


60-62 14.25 0•J40 Coarse-grained quartz in brown clay - some 
brookite 62_6 1 


6_4
Ij


9s
11iI


0.25 No core recovered 
6t-.6b II5I


______________________________________ 
Hard, gray porous-quartz 


65-67 10.75 0.31
No core recovered 


67-69 13.70 0.28
Hard, slightly porous brookite-quartz 


69-71 
71-72.5


8.75 12.80 0.211 


72.5711.5 
711.5-75.5


19.13 
J1.00


18.60 0.37 0.37 Porous brookite-quartz core is vuggy - quartz 
and brookite coated with limonite 


15 .60 20.00 0.27 0.35


Hard, brown, porous brookite-quartz - some clay 77.5-79.5 12.80 15.2 0.17 0.30 
79.5-82 16.8 16.700.140 0.38 Hard porous brookite-quartz 


52-.83 
83-85


10J 
15.00 i..i4s 0.28 Hard porous brookite quartz - some white clay 


85-87 16.20 114.110 0.211 0.28 Hard porous brookite-quartz 


87-89 j 19.50 21.00 0.35 0.141 Porous brooldte-quartz - some buff clay 


89-91 12.80 17.00 0.18 0.112 Friable, porous, brookite - quartz fragments 


91-93 805 18.10 0.1114 0.36 Hard porous broolcite-quartz - some clay 
93-95 9


Fine-grained, hard, porous brookite-quartz 95-97 18.70 21.00 0.26 0.29 
97-98.5 13.6o o.27 0.26  
98.5-loo.5 111.85


_ 
11.60 0.18 0.23 Same with some coarse quartz veins 


002. iss o 28 o Friable, and hard porous brookite-quartz 


302.5-1014.5 5.85 111.50 0.211 0.38
Top foot is brookite-quartz and clay - bottom 
foot is altered novaculite 


HOLE NO. C-7 


COORD.- N-IOO6I, E-9989	 COLLAR ELEV.-558.6' 
DRILL-DIAMOND DRILL 	 TOTAL DEPTH-86.83 


%TiO %VO LITHOLOGY 
INTERVAL 
IN FEET CORE SL. CORE SL. Description 


0-1 
1-2


Brown to red clay containing disseminated  
broold 


irh
te-quartz fragments and free brooldte 


(ve.m1 Are) 
0.11 


6-8
Sandy porous broold.te-quartz (residual ore) 8-10 0.751 11.145 0.371 0.33 


10-11.5 0.141 0 19 214 


11.5-13.5 9.c4 0.18
Mainly brown and white clay with few porous 
quartz framnents 


13.5-15.5 2.61 0.22 0.551 Brown and white clay 
15.5-17.5 3.55


_
11.75 0.16 0.21 Gossanized, porous brookite-quarts 


17.5-20 10.58 5.23 0.08 o.16
Gray, hard, vuggy brookite-quartz 


20-22 12.80 2.17 0.12 0.15  
22-211 1.13 1.73 0.14 0.13 Red, friable porous broold.te-quartz fragments 
214-26 1.50 0.901 0.21 0.031 Hard, f. gr, porous quartz - little broold.te


Continued 
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HOLE NO. C-7 (Cont'd) 


%TiO %VO I	 LITHOLOGY  
INTERVAL 
IN FEET CORE SL. COREl SL. Description 


26-28 ]..5]. l.i0 0.17 0.00 lerrpginous, porous brookite-quartz - little orooK].te - 
28-30 lQ35 2.86 0.01 Same,with 1' of white clay 
30-32 12.75 4-731 0.23 0.014


Brown hard porous brookite-quartz - much brookité 32-34 12.70 5.801 0.21 0.06 
314-36 14.00 6.31 0.08 0.07  
36-38 0.28 2.52 0.03 0.00


Sugary, altered novaculite - white to light 
brown 38-140 0.35 0.80 0.05 0.02 


IiO-h1.33
41.33-42. 0.00 Altered_novaculite_and_sandy porous quartz __ _____________________ 


Gray, hard, med. gr. quartz, with brookite 
14 2 .5-1414 0.78 0.40 0.00 Hard to friable porous broodte-quartz 
1414-145 Hard, gray porous broold.te-quartz 
!4-147.5


•- --
Sane, with some altered novaculite  


147.5-149 0.5 0,65 0.05 0,02 Brnokite..quartz and altered novaculite 
149-50.5 1.05 0.10 Hard, gray, c. gr. brooldte-quartz 
50 .5-52 
52-53.5


0.80 0.00 Porous brookite-quartz with some cream clay_ 
1	 No core recovered 


53.5-55 _1 0.02 Porous quartz • altered novaculite and brown clay 
55-56.5 0.10 Porous brookite-quartz -little brookite, sane day 
56.5-58 1 18 0.58 o.o Hard, med. gr.. qtz. with much v. f. gr. brookit
58-60 277 0 -02


__ _ ________ 
Same, with thin layer of alt. novac. at bottom 


60-62 1.00 1.25 0.26 0.27 Gossanized, coarse-grained porous quartz 
62-63.5 
63 .S-6h.


1.51 037 0.00 C. gr. hard gray quartz with some f. gr .brookite some alt. novaculite  
64 - 5-66 _g 0.66 -s .f 0.00 White, sugary altered novaculite 


67-69.25 2.05 0.61 0.05 0.02 Mainly altered novaculite - some sandy porous 
quartz with much v. f. gr. brookite 


70.25-72-51
- 
l.1n7


2.10 -
0.07


0.12 No core recovered 


Sandy, porous broold.te quartz - brooldte 
abunoant 72.5...714 


714-76 1.65 15 oh 02 Hard, gray, porous brookite-quartz - 
layer of altered novaculite at 78' 76-78.25 0.95 1.31 0.05 0.00 


78.25-80 0.38 1.10 0.014 0.05 Altered brown novaculite and coarse-grained hard 
broold.te-quarta 80-82 1.50 1.38 0.03 0.08 


82-86.83 0.23 0.147 0.01 0.03 White, sugary altered novaculite - cut by 5" 
gray-green, altered igneous dike at 83' 


HOLE NO. C-8 


COORD.-N-9972, E-,10I33 	 COLLAR ELEV.-
DRILL-DIAMOND DRILL 	 TOTAL DEPTH- 115' 


%TiO, %V,O, LITHOLOGY 
INTERVAL 
IN FEET CORE SL. CORE SL Description 
0-3.5 3.23 0.30 Red surface clay with porous quartz fragments 


and brookite (residual ore) 


3.5-6.5 3.63 0.142 Porous brookite-quartz partly cemented by 
limonite (residual ore) 6. 5-9 0.96 0.22  


9-11 - 1.143
1.50


0.63
0.37


Mostly brookite-quartz goasan - some cream and 
buff clay 


11-13.5 1.51 0.20 Sandy and gossanized porous quartz fragments - 
bI)okite rare 


13.5-16 1.76 1.80 0.11 0.19 Sandy, friable porous brookite-quartz


Continued 







140	 ARKANSAS TITANIUM ORE DEPOSITS. 


HOLE NO. C-8 (Cont'd) 


%TiO2	 %V,O,	 LITHOLOGY 


IN 
INTERVAL
	 COREJ	 SL	 COREISL	 Description 


16-18.5	 1.613	 2.21	 0.13	 0.113 
18.5-21	 0.76	 2.30	 0.16	 0.21	 Same, with some buff clay seams 


21-23.5	 1.132	 1.60	 0.23	 0.16 


23.5-26	 2.135	 0.26	 No core recovered 


26-28.5	 0.63	 0.83	 0.213	 0.26	 Sandy porous quartz fragments - brookite rare 


28.5-31	 0.58	 0.83	 0.13	 0.20	 Porous and vuggy quartz - brookite rare 


31-33.5	 0.61	 0.91	 0.22	 0.27	 Sandy porous quartz - brookite rare 


335-355 1.136	 1.20	 0.17	 0.21	 White and cream clay - some brookite-quartz 


1.25	 1.35	 0.24f 2	 white clay - some gossanized 


38-130.5	 0.63	 0.80	 0.14	 0.16	 Mainly barren porous quartz - some white and 


130.5-133	 0.52	 1.15	 0.13	 0.37	
buff clay


Sandy quartz with limonite - little brookite 
133-136	 1.11	 0.75	 0.213	 0.22 


136-138.5	 0.53	 0.52	 0.28	 0.32	 Hard porous quartz with white clay 


138.5-51	 1.45	 0.87	 0.130	 0.39 


51-53.5	 1.131	 1.65	 G.m	 0.38	 Quartz gossan - little brookite 


53.5-56	 3.20	 0.35	 0.31	 0.32 
56-58.5	 3.06	 13.55	 0.59	 0.98


Buff clay with porous quartz 
58.5-61	 5.013	 13.98	 1.07	 0.79 


61-63.5	 6.23	 10.13	 0.72	 0.57	 Quartz gossan - brookite rare 
63.5-66	 3.83	 10.91 0.52	 0.77	 Gossanized porous quartz with some brookite 
66-67.5	 10.138 7.70	 1.136	 0.32


Gossanized brooldte-quartz with cream-colored 
67.5-70	 7.15	 8.013	 0.39	 0.513	 clay lenses 


70-72. 5 	 6	 0 38	 Porous brookite-quartz rock with coarse- 
grained quartz veins 


72.5-75	 7.15	 3.65	 0.1313	 0.132 


75-77.5	 9.137	 0.136	
Brown clay with some brookite-quartz 


77.5-80	 11.55	 0.62	 No core recovered 	 - 


80-82.5	 8.91	 10.613 0.130	 0.50	 Hard brookite-quartz rock - much brookite 
82.5-85	 9.91	 10.36 0.65	 0.137	 Porous brookite-quarts with some brown clay 
85-86.5 


c-	 20.96	 3	 Hard brookite-quartz - brookite very fine- --- -	
grained and abundant 88-90.5	 20.50	 8.70 0.21	 0.21	 Hard	 gray porous brookite-quartz - brookite abunãant 90.5-92.5 16.80 10.20 0.38 	 0.20	 Creams-colored clay,brookite, brookite-quartz 


92.5-913.5	 7.45 1 14-.06 0.36	 0.22	 Lite" clay and porous quartz 
913.5-97	 19.30	 0.51	 No core recovered 
97-9819.60	 (iiii 


100.5-102. 12.25 13.130 0.132 	 0.51  


98-100.5	 9.58 17.65 0.1)4. 0.58 	 hard brookite-quartz - much brookite 


102.5-lO5	 9.65	 6.10 0.26	 0.22 


105-10.5	 5.95	 0.13	 No core recovered 


107.5-110 2.130	 13.78 0.36	 0.18	 Gray, sandy porous brookite-quartz 


110-112.51.20	 3.70 o.16	 0.15 Gray, hard porous quartz - brookite póor 
112.5-115 0.30	 3.250.013	 0.09 







CHRISTY BROOKITE DEPOSIT-1948 DRILL HOLES 	 141 


HOLE NO. BD-1 


COORD.-N- 10178.2, E-I0526.4	 COLLAR ELEV.-601' 
DRILL-BUCKET DRILL	 TOTAL DEPTH-46' 


CORE LITHOLOGY 
INTERVAL 
IN FEET %TiO, %V,O, Description 


0-21 No core - this hole was started in the bottom of a test 
pit 21 feet deep 


- Quartz fragments - much fine-and coarse-grained brookite, 
21-24 5.91 0.96 a few fragments of altered novaculite, 	 buff clay, white 


clay, and a few magnetite grains 


24-29 6.31 1.35 Red, brown and white clay abundant; much fine-grained 
brookite both in quartz and as free crystals - much 
quartz 


Quartz fragments (clay coated) . - sane white and brown 29-31, 7.97 1.38
clay fragments, much fine-grained brookite 


31-39 8.21 1.56 Buff and white clay fragments, some quartz and fine-
grained broold.te 
Reddish brown quartz fragments containing some 'medium-


39-44 8.67 1.04 and coarse-grained brookite - a few brown clay 
fragments 


1,1-1,6 12.15 1.11
Fine- to coarse-grained quartz masses containing much 
fine- and coarse-grainedbrookite. 


HOLE NO. BD-2 


COORD.-N- 10083, E-IO292	 COLLAR ELEV.-590.5' 
DRILL-BUCKET DRILL 	 TOTAL DEPTH-34' 


CORE LITHOLOGY 
INTERVAL 
IN FEET %T0, %V,0, Description 


0-5 6.10 0.33 Mostly porous quartz fragments in red clay - some 
brookite (residual ore) 


5-10 3.10 0.17 Mostly white clay - a few porous quartz fragments - 
broold.ta rare 


10-15 3.05 0.26 Mostly porous quarts fragments - some with br.okite-
much white clay as in 5'-10' above 


15-20 5.85 0.30 Mostly white and brown clay fragments - some porous quartz 
fragments - brookite rare 


20-25 3.55 0.35 White and pink clay fragments


Continued 







142	 ARKANSAS TITANIUM ORE DEPOSITS 


HOLE NO. BD-2 (Cont'd) 


GORE LITHOLOGY 
INTERVAL 
IN FEET j0/0Ti0, %V, O Description 


25-30 1.80 0.05 Mostly white clay fragments - few coarse-grained quartz 
fragments_ with_some _brookite 


30-311 1•50 0.06
Mainly white clay fragments - few altered white 
novacu].ite fragments 


HOLE NO. BD-3 


COORD.-I1-I0119, E-10482	 COLLAR ELEV.-596.6 
DRILL-BUCKET DRILL 	 TOTAL DEPTH-52' 


CORE LITHOLOGY 
INTERVAL


0 Description 


0-5 3.96 0.82


NOTEs	 This hole was not logged as it is only 5 
feet from Hole C-i.	 0-1 was logged because 
of its greater deoth. 


5-10 5.05 1.03 


10-15 7.88 1.711 


15-20 6.95 1.96 


20-25 11.66 0.62 


25-30 8.88 0.92 


30-35 8.26 1.07 


35-40 6.55 0.84 


40-115 6.28 1.55 


115-50 8.88 1.59 


50-52 9.70 1.18
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HOLE NO. BD-4 


COORD.-N-10022, E-I0499 	 COLLAR ELEV-583.2' 
DRILL-BUCKET AND DIAMOND DRILLS 	 TOTAL DEPTH-I41' 


CORE LITHOLOGY 
INTERVAL


 FEETRL voTio, %V.O, Description 


0-5 6.05 o.86
Mainly fine-and coarse-grained quartz with much fine-
and medium-grained brookite - some brown clay fragments - 
some magnetite grains - some of the quartz and brookite 
grains show slight rounding (residual ore). 


5-10 10.07 2.17
Mostly fine-grained brown quartz fragments - some slightly 
rounded - a few brown clay fragments - much fine- and 
medium-grained brooIdte - a few magnetite grains (residual 


10-15 8.55 1.76 Same as above - no rounded grains 


15-20 7.87 1.52 Same - broold.te fine-grained, magnetite absent 


20-26	 6.04 0.86
Mostly quartz, both fine-grained porous aas8es and coarse-
grained vein quartz - some fine-grained brookite and 
brown clay 


25-30 7.22 0.41 Mostly fine-grained porous, gray quartz, some fine-
grained brooldte - some flesh-colored clay fragments 


30-35 7.33 0.39 


35-140 7.04 0.32 Same - some broold.te fine to very fine-grained 


140-45 1.17 0.141
Same as 35-140 - some fine-grained brookite 


456 3 .96 0.55  
DIAMOND DRILL 


%TIO, %V,O, 
INTERVAL 
IN FEET CORE SL. CORE SL.  


14649 6.05 3.13 0.97 0.88
Hard gossanized brookite-quartz -sandy porous 
brookite-quartz with quartz veins - some buff 


149-51 3.28 3.51 0.28 Q Sandy porous brookite-quartz - seam of buff clay 
51-53 1.140 2.17 0.33 0.28 Fine-grained, sandy, in 	 brookite quartz


quartzwith coarse


5366 14.25 2.17 0.38 0.68 Sandy. porous, limonite-stained broold.te-cuartz 
55-57 3. 35 2.53 10-31 0.67 Brown, porous, sandy brookite-quartz with a few 


fragments of brown altered novaculite 
57-59 3.60 14.86 0.33 0.714 brown porous brooldte-quartz - some 


Mostlyaltered novaculite brown 
59-61 2.58 2.83 0.146


- 
:O•37


No samples available for logging 6l..63 0. 57.
- 


63-65 5.18 3.08 Grayporous broolcite-quartz - very, fine-grained 
e 


66-67 9.50 7.86 0.6]. .79
broo kit
Gray to brown porous brookite-quarta 


67-69 6.75 7.50 0.72 :0.98 Limonite-tsstained, brown, porous brooldte-quartz 
. 69-71 9.00 . L4 1.1 0.


Mainly  quartz fragments - some brookite 71-72 


72-76 5.35 


-


9.87 0.98 0.79


No core recovered 


No sample available for logging 76-78 -i- - 


78-80 10.25 7.67 0.914 0.90 1	 Mainly quartz fragments - brookite abundant 
80-81 
81-B2 5bi&


j
-


j 
.__


Limonite fragments - some quartz and brookite 
Limonite	 oxides - some brookits ,quartz ,manganese 


82-814 4.2 7.67 1.60 186 Dark brown quartz - much limonite - some brooldte 
81-86 6.38 2.21 Same, with some manganese oxides


Continued 
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HOLE NO. BD-4 (Cont'd) 


DIAMOND DRILL LITHOLOGY 
%TiO, /oV,O, Description 


INTERVAL 
IN FEET CORE SL. CORE SL 
86-88 8.71 6.82 2.03 1.31 Brown novaculite - brown quartz - much brookite 


88-90 8.014 1.28 No core recovered 
90-92 8.36 8.15 1.97 1.29


No sample available for logging 
92-95 5.59 7.50 0.57 1.01 


95-97 97 
97-99


- - -
1.19  


99-101
- - 


7.75
-


0.514 No core recovered 
101-103 0.58 1.90 0.23 0.23 No sample available for logging 
103-105 5.53 3.66 0.62 0.52  
105-107 14.73 14.03 0.67 0.57 Mainly quartz fragments, some white clay, some 


poIdte 
107-110 6.6815-48 0.614 •0.60 Mostly bown quartz - brookite abundant - much 


manganese oxide 
110-113 9.25 8.30 1.01 1.02


- 
Mostly quartz fragments - brooldte abundant - 
limonite and manganese oxides common 


113-116 9.80 7.95 1.60 0.88 No sample available for logging 


116-119 5.55 7.32 1.13 1.15 Mostly yellow-brown clay - much quartz - some 
brookite, limonite and manganese oxides 


119-124 13.45 8.60 1.68 1.47 No sample available for logging 


12143-28 8.15 10.55 1.514 1.140 Mostly white, gray and brown clay - much quartz 
and abundant brookite 


128-132 6.514 9.08 1.53 1.514 No sample available for logging 


132-135 11.01 9.140. 1.12 1.69 Mostly brown quartz with much brookite 


135-138 8.59 1.33 No core recovered 


138-3Iil 2.80 5.75 1.28 1.26 No sample available for logging 


HOLE NO. BD-5 


COORD-N-10016, E-10304	 COLLAR ELEV.-586.7' 
DRILL-BUCKET AND DIAMOND DRILLS 	 TOTAL DEPTH-110' 


CORE LITHOLOGY 
INTERVAL 
IN FEET %TiO O, Description 


Mainly quartz fragments - abundant fine- and coarse-grained 
0-5 14.10 0.71 brookite - several limonite fragments - several yellow 


clay franents - some magnetite grains (residual ore) 


5-10 5.145 0.81 Mostly quarts - many buff, white and pink clay fragments, 
much fins-grained brooldte 


10-15 5.80 0.81 1 


.15-20 6.95 1.09


Continued 
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HOLE NO. BD-5 (Cont'd) 


CORE LITHOLOGY 
INTERVAL 
IN FEET %fl(), %V,O, Description 


20-25 6.51 0.72 Mostly quartz, some brown clay fragments - some fine-
grained brookite 


25-30 6.28 0.66 


30-35 5. 140 0.59 


35-40 4.05 0.1,9 Mostly buff and white clay, some quartz, some fine-grained 
brookite 


10-5 5.72 0.1,2 Mostly fine-grained porous quartz masses with some brown 
clay fragments and much very fine-grained brookite 


45-50 6.65 0.52
Mostly gray fine-grained and coarse-grained quartz, some 
brown clay fragments, much fine-grained to very fine-
grained brookite 


50-55 6.05 0.93 Same as above but with much less brookite 


55-61 8.40 0.55 Mostly fine-grained porous quartz with some fine-grained 
brookite 


DIAMOND DRILL 
%TiO, %V,O, 


INTERVAL 
IN FEET GORE SL. CORET SL 


6l61, 3.90 4.00 0.37 0.32 Hard to porous brookite-quartz - some gsssan at 
bottom 


61,-67 3.15 1,.66 0.12 0.19 Smoky, coarse quartz crystals with brooldte 
common - some white clay 


67-69 0.82 6.28 os o Dark, gray altered novaculite with some coarse- 
grained smoky brookite-quartz at top 


69-72 0.20 1.65 0.02 0.10 Dark gray altered novaculite 


72-75 1.62 1.65 0.06 0.06 Dark gray altered novaculite and medium-grained 
porous quartz with fine-grained brookite 


75-77 19.70 2.70 0.26 0.13 Fine-grained porous quartz - fine-grained brookite abundant 
77-79 11.03 6.16 0.26 0.17 Mostly brown clay with porous quartz fragments 
79-81 12.70 2.26 0.22 0.13._ Gossanized porous brookite-quartz and brown clay 


abundant brookite 
81-83 Mainly gossanized porous quartz and brown clay 


fraaents - some brookite 


83-87.5 1.10 2.16 0.00 0.06 Altered dike (?) gray in color, containing much 
pyrite 


87.5-90 2.20 L,.12 0.20 0.1 Cream clay withgreen veinlets - brown and	 reen 
very fine-grained clay - some coarse-grained 
quartz gossanized 90-92.5 2.90 3.76 0.06 0.19 Porous brookite-quartz - 6" black novaculite 


92.5-95 10.46 1.25	 1 oÔl 0.00 
95-96.5 


96 .5-98.5
0.39 
020


1.27 0.00
Li1ht brown altered novaculite 0.00 


98.5-101.50.10 1.50 0.00
- 


0.07 


101.5-103 1.15 2.40 . 0.01, 0.19 Brown novaculite- some gray hard brookite-quartz 
103-105 2.51 2.91 0.14 3 0.36 Porous , brown, sandy brookite-quartz - oartly. ,ossanizea 


105-107.5 3.70 4.25 0.55 0.50 Porous brookite-quartz 
107.5-110 1.82 3.00 0.37 0.27 Porous brookite-quartz - some gr41reen clay, 


coarse quartz crystals, and broo
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HOLE NO. BD-6 


COORD.-N-10202, E-10350	 COLLAR ELEV.-598.I' 
DRILL-BUCKET DRILL 	 TOTAL DEPTH-59' 


CORE LITHOLOGY 
INTERVAL %flO2 %V,O, Description 


Mostly quartz fragments with much red gritty clay, and 
0-5 5.145 0.35 abundant medium-grained brookite - some altered novaculite 


fragments (residual ore) 


5-10 5.32 0.147 Same as above with some white clay (residual ore) 


10-15 7.35 0.30
Mainly porous quartz fragments with some brookite - much 
red gritty clay and many white altered novaculite fragments 


15-20 9.147 0.214 


20-25 10.60 0.21 Mainly brown clay with many quartz fragments - fine-grained 
brookite abundant 


Mostly brown clay with some blue novaculite fragments and 
25-30 3.30 0.18 white clay fragments - brookite rare 


30-35 1.15 0.014 White clay (1) fragments - drab gray shale - black shale - 
some brown clay 


35-140 1.140 0.00 Drab gray, soft shale - few limonite fragments 


140-145 1.85 0.00 Moctly drab gray soft shale - some blue, soft shale, buff 
clay and altered novaculite 


14540 2.65 0.014 Pink clay fragments with some black novaculite 


50-55 1.60 0.01 Mostly hard unaltered light to dark gray novaculite - 
some green and buff clay 


55-59 1.35 0.05 Hard, gray novaculite with some buff shale and cream- 
colored shale 


HOLE NO. BD-7 


COORD.-N-10263, E-10575	 COLLAR ELEV-597.7 
DRILL-BUCKET DRILL 	 TOTAL DEPTH-39' 


CORE LITHOLOGY 
INTERVAL 


— IN FEET %TiO,%V,O, Description 


0-5 11.70 0.97


Porous brookite-quartz in red clay - some free brooldte 
(residual ore) 5-10 9.90 0.614 


10-15 2.75 0.214
Mostly brown clay - many vhiite fragments (altered shale?) 
several fragments of gray and brown waxy clay


Continued 
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HOLE NO. BD-7 (Cont'd) 


CORE LITHOLOGY 
INTER %TiO, %V,O, Description 


15.-20 1.50 0.24 Mostly brown clay - some gray and white clay 


20-25 1.25 0.19
Brown and black clay - some black novaculite and white 
clay 


25-30 1.30 0.09 Mostly green waxy clay - some black and brown clay 


30-35 1.10 0.0
Much black waxy clay - many flesh-colored clay fragments - 
some hard novaculite and brown clay 


35-39 1.43 0.06
Mostly black, brown, and green clay - some hard 
novaculite 


HOLE NO. BD-8 


COORD.-N-IO252,E-lO485	 COLLAR ELEV-601.8 
DRILL-BUCKET DRILL	 TOTAL DEPTH-48 


CORE LITHOLOGY 
INTERVAL %TiO, %VO, Description 


0-5 8.38 0.31


Porous brookite-quartz fragments in red, gritty clay - 
brookite fine-grained (residual ore) 


5-10 9.65 0.37 


10-15 8.60 o.W 


15-20 1.00 0.10 Buff, altered shale - hard gray novaculite and dark brown 
clay 


20-25 2.66 0.12 Mostly brown clay, some black and green clay - some hard 
altered novaculite 


25-30 1.00 0.09 Mostly gray shale - some altered novaculite and white clay 


30-35 3.33 0.12 Mostly buff and white clay - some novaculite and gray 
shale 


35-110 2.145 0.12 Brown clay with some white clay 


110-45 1.81 0.19 Buff and white clay - a little novaculite and black clay 


145-148 1.09 0.07 Hard, white altered shale (?) - some hard novaculite
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HOLE NO. BD-9 


COORD.-N- 10211, E-10248 	 COLLAR ELEV.-584.I 
DRILL-BUCKET DRILL 	 TOTAL DEPTH-35' 


CORE LITHOLOGY 
INTERVAL %TiO, %V,O, Description 


0-5 4.27 0.16
Mainly quartz fragments with some altered novaculite and 
brookite - all in red gritty clay (residual ore) 


5-10 2.66 0.12 Liostly white and red clay - some altered novaculite - some 
porous quartz fragments - minor brookite (residual, ore) 


10-15 1.76 0.00 Gulf clay with some altered novaculite 


15-20 1.07 0.06 Gray shale with some white clay and hard altered novaculite 


20-25 1.35 0.05 Light brown clay with some white clay, gray shale and 
altered novaculite 


25-30 1.50 0.06 Buff clay - some altered hard novaculite 


30-35 1.94 0.01 Buff-to-white clay 


HOLE NO. BD-10 


COORD.-N-9791, E-10712	 COLLAR ELEV-548' 
DRILL-BUCKET DRILL	 TOTAL DEPTH-16.5' 


CORE LITHOLOGY 
INTERVAL


IN %TiO, %V,O, Description 


0-5 2.72 0.19 Mostly red shale - some novaculite fragments - some 
gosaanized porous quartz with brookite (transported ore) 


5-10 1.49 0.09 Mostly red clay - some banded pink, yellow and white clay - 
some very fine-grained altered novaculite - no brookite 


10-15 • o.88 0.01 Mostly light-colored altered shale (?), one fragment con- 
taininc rounded quartz grains 


15-16 . 0.77 0.0].
Mostlywhite, buff, an 	 pink altered shale(?) fragments - 
some angular fragments of silty shale
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HOLE NO. BD41 


COORD.-N-9892, E-I0707	 COLLAR ELEV.-565 
DRILL-BUCKET DRILL	 TOTAL DEPTH-45' 


CORE LITHOLOGY 
INTERVAL %TiO, O O Description 


0-5 2.22 0.29 Quartz fragments in red-brown clay - no brookite visible 
(residual ore) 
Porous quartz fragments, in part gossanized - brookite 


-lo 1.66 0.29 rare - red brown clay coating (residual ore) 


Gossanized quartz - flesh-colored clay with white patches 
101 2.85 0.41 and embedded quartz crystals 


15-20 3.25 0.36 Flesh-colored clay as above - washed sample showed only 
small brookite concentration 


20-25 2 0.41 Few large, white altered shale (?) fragments - several 
fragments of altered gray-to-white novaculite - flesh-
colored clay as above, some of the included quartz crystals' 
brookite-bearing 
Mostly buff clay with little included quartz - no brookite 25-30 1.08 0.12 


30-35 2.77 0.26 One large, porous brookite-quartz fragment - mostly buff 
clay some white clay 


White altered novaculite fragments - solid brooldte-quartz 
35-40 1.88 0.39 fragments - many buff and white clay fragments some of 


which contain embedded quartz (no brookite) 


Brown-to-buff clay with embedded quartz-brookite rare 40-45 1.25 0.21 


HOLE NO. BD-12 


COORD.-N-I0008, E-10889 	 COLLAR ELEV.-574.2' 
DRILL-BUCKET DRILL	 TOTAL DEPTH-I5' 


CORE LITHOLOGY 
INTERVAL %TiO, %V,O, Description 


Light brown surface clay with altered novaculite fragments-
0-5 0.91 0.09 latter have abundant limonite specks in them - only very 


small amount of brookite in the clay 


-10 0.99 0.11 Mostly light brown clay - few quartz-gossan fragments and 
a few porous quartz fragments - brookite rare 


10-15 2.30 0.32 Mostly altered novaculite frapients with some light brown 
clay - no brookite
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HOLE NO. BD-13 


COORD. — N-I0026, E-I0797	 COLLAR ELEV.-578 
DRILL-BUCKET DRILL	 TOTAL DEPTH-48' 


CORE LITHOLOGY 
INTERVAL %TiO, %V,O, Description 


0-5 1.70 0.26


Porous quartz masses and red clay - brookite not common 
(residual ore) 


5-10 1.77 0.31 


10-15 5.15 0.34 Sane as above with large quartz, gossanized fragments 
(residual ore) 


15-20 11.28 O.45 Same with some cream and buff clay fragments containing 
brookite-quartz fragments - brookite rare 


20-25 14.75 0.41 Only a few porous quartz fragments all carrying abundant 
brookite - mostly light red-brown clay 


Mostly buff and white clay containing quartz crystals 
25-30 8.76 0.39 and fragments and abundant bràold.te 


Some barren white clay fragments - some buff clay 
30-35 9.74 0.5I rragmonts containing quartz and brookite-quartz - most of 


the sample is clay 


Mostly brown to buff clay with included quartz and 
35. 110 3.15 0.55 brooldte-quartz fragments - some hard, porous brookite-


quartz fragments 
Mostly barren buff and white clay - the buff clay carries 


110-45 11.13 0.28 smaller amount of quartz fragments than above - some hard, 
porous quartz fragments with little brookite 
Gossanized porous quartz fragients - mostly buff clay with 


115-118 3. 52 0.37 included quartz fragments (washed sample shows only minor 
percent of broold.te)
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HOLE NO. BC-1 


COORD.- N-9918, E-10526	 COLLAR ELEV.-565.8' 
DRILL-BAKER CORE	 TOTAL DEPTH-$2' 


CORE LITHOLOGY 
INTERVAL N	 + %TiO,%vO, Description 


0-5 7.38 0.38
Red and brown gritty clay containing quartz fragments 
and crystals - much brookite (residual ore) 


5-10 9.90 0.41 


10-17 11.80 0.38
Brown gritty clay containing fragments of porous quartz - 
rwø brookite (residual ore) 


17-20 8.20 0.144
Dark brown gritty clay (residual ore) 20-21 


2l-2! r '.SS - Very fine-grained, plastic buff and cream-colored clay 
little brookite 


21-28 5.60 0.59 Gray, brown and black, sandy porous quartz - some buff 
gritty clay 


28-32 6.95 0.57 Varicolored gritty clay with much embedded brookite and 
quartz 


32-35 4.5 0.62 Black and buff gritty clay containing much embedded 
rookite and quartz 


35-38 4.60 0.10 Mainly porous quartz - with some brookite and buff clay 


38-Zl 5.20 0.23


Cream-colored plastic clay - no brookite 


I41-44 4.95 0.29 


414147 5.45 0.22 


7-50 5.05 0.20 


50-53 4.60 oJa. 


53-56 4.70 0.28 


56-59 4.05 0.31 


59-62 5.32 0.28 


62-65 4.90 0.35 Brown and cream-colored plastic clay with some porous 
quartz fragments and brookite 


65-68
- 
4.65 0.24 Greenish-gray clay with abundant disseminated pyrite 


6	 0 7 _ Black and green clay and gray granular clay - all con- 
taming pyrite - the black clay contains some brookite 


70-73 3.60 1.21 Black, granular clay - some porous brookite-quartz masses 


73-76 14.50 0.67 Black and gray shale (?) with abundant fine-grained pyrite 


76-77 3 &
Gray green to black shale (?) - some black, porous 
brookite-quarts at 82' 


77-80 5.45 0.77 
80-82 6.15 0.51







PHOTOMICROGRAPHS OF THIN SECTIONS OF ORES AND IGNEOUS
ROCKS FROM THE HOT SPRING COUNTY TITANIUM DEPOSITS 


Plates X through XVIII—Magnet Cove Rutile Company Deposit.: 


Plates XIX through XXI—Hardy-Walsh Brookite Deposit. 


Plates XXI through XXIV—Christy Brookité Deposit.
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PLATE X 


PHOTOMICROGRAPHS OF THIN SECTIONS OF IGNEOUS ROCKS, 
MAGNET COVE RUTILE COMPANY DEPOSIT 


A. Thin section of aegirine phonolite porphyry. Pseudomorphs are 
after nepheline. The light gray areas in the pseudomorphs are 
carbonate; the small dark areas are biotite. X 115. 


B. Thin section of aegirine phonolite porphyry—nepheline syenite 
(fine-grained type) contact. The lower dark zone and the two 
angular gray inclusions in the upper left corner are aegirine 
phonolite porphyry. X 28.
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PLATE XI 


PHOTOMICROGRAPHS OF THIN SECTIONS OF IGNEOUS ROCKS, 


MAGNET COVE RUTILE COMPANY DEPOSIT 


A. Thin section of aegirine phonolite porphyry. Acicular grains 
are aegirine. Small light gray plates are mainly biotite. Black 
masses are ilmenite. X 76.


ft .,; 


a q	 .. rr;: , 


B. Thin section of aegirine phonolite porphyry showing montmo-
rillonite alteration of the orthoclase. The small rods are mont-
morillonite; black areas are ilmenite and leucoxene. X 115.
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PLATE XII 


PHOTOMICROGRAPHS OF THIN SECTIONS OF IGNEOUS ROCK, 


MAGNET COVE RUTILE COMPANY DEPOSIT 


.	 ,j	 4_	 Is...	 •,; 


\f4;\ 


1 '-':4	 ' 
.,	 •- - ' i	 1. .. 


A. Thin section of monchiquite from the large dike in the West Pit. 
Medium gray is titanaugite; dark gray is barkevikite; light gray 
is chlorite (?). Black is magnetite-ilmenite; white is plagio-
clase. Note skeleton crystals of magnetite. X 28. 
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B. Thin section of nepheline tinguaite dike, West Pit. Acicular 
grains are aegirine. Light areas are nepheline and orthoclase. 
The pseudomorph is after nepheline. X 100.
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PLATE XIII 


PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS, 
MAGNET COVE RUTILE COMPANY DEPOSIT 


A'. , Thin section of sugary-textured albite-dolornite vein, West Pit. 
Dark gray areas are albite; black areas are rutile and leucoxene. 
X 21. 


B. Same thin section as "A" with crossed nicols.







	


PHOTOMICROGRAPHS	 159 


PLATE XIII 
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ARKANSAS TITANIUM ORE DEPOSITS 


PLATE XIV 


PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS,


MAGNET COVE RUTILE COMPANY DEPOSIT 


dW 


A. Thin section of sugar y - textured aihite-dolomite vein. West Pit, 
showing moatmorillonite alteration of albite. Light gra y is 
albite; darker gray streaks in albite are montmorillonite. Black 
grains are rutile. X 100. 


•


b 


, 


B. Thin section of sugar y -textured albite-dolomite vein, West Pit, 
showing montmorillonite alteration of albite. White areas are 
remnants of albite. Black areas are leucoxene. Small rods and 
plates are montmorillonite. X 450. Crossed Nicols.
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PLATE XV 


PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS, 


MAGNET COVE RUTILE COMPANY DEPOSIT 


- 
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A. Thin section of microcline-calcite vein, West Pit. White areas 
are microcline; gray areas are calcite; black areas are rutile. 
X 21. 
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B. Same thin section as	 . w ith crossed nicols.


In
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ARKANSAS TITANIUM ORE DEPOSITS 


PLATE XVI 


PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS, 


MAGNET COVE RUTILE COMPANY DEPOSIT 


A. Thin section showing network of acicular rutile in microcline-
calcite vein, West Pit. X 96. 


• 1.	 •


&4P 


kW 


B. Thin section showing variable size of rutile needles in microcline-
calcite vein, West Pit. X 86.
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PLATE XVII 


PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS,


MAGNET COVE RUTILE COMPANY DEPOSIT 


A. Thin section showing leucoxene alteration of rutile in microc1iie-
calcite vein, West Pit. Black areas are leucoxene. Gray areas 
within leucoxene are residual rutile. X 72. 


B. Thin section of mootmorillonite-like mineral in slightly altered 
microcline-calcite vein, West Pit. The clay mineral is best de-
veloped along the boundaries of the microcline (light gray) 
grains. X 150.
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PLATE XVIII 


PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS,


MAGNET COVE RUTILE COMPANY DEPOSIT 


r !V 
A. Thin section of coarse-grained alhute-pert hite-earhonate vein, 


West Pit. All grains are feldspar. Crossed nicols. X 80. 


.: 


K iltin -etttt,t 10 dol-nil—biolite %vin, West Pit. Light gra y areas 
are dolointe : darker gra y plates are biotite. X MO.
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PLATE XIX 


I'IIOTOMICROGEtPHS OF THIN SECTIONS OF COUNTRY ROCK AND 


VEINS, HARDY-WALSH BROOKITE DEPOSIT 


A. Thin section of gra y quartzite. This qtiart/ite is reti-stallized 


Arkansas novaculite. Crossed nicols. X 24. 


B. Thin section of quartz-goethite vein. Note rims of clear quartz 


around centers of quartz containing abundant rutile needles. 
Black areas are goethite. X 28.
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PLATE XX 


PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS, 
HARDY-WALSH BROOKITE DEPOSIT 


Of


4 


A. Thin section showing brookite grains lying in fine-grained quartz-
ite. The quartzite is Arkansas novaculite which was recrys-
tallized after the introduction of brookite. X 24. 


B. Same as "A" with crossed nicols. Large white areas are coarse 
quartz; white shreds are taeniolite; groundmass is fine-grained 
quartz. X .24.
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PLATE XXI 


PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS,


HARDY-WALSH DEPOSIT 


A. Thin section showing brookite lying in coarse-grained quartz. 
Skeleton grains are altered taeniolite. 	 Note brookite grains 
(solid black areas) cutting central skeleton grain. 	 Crossed
nicols. X 24.


!i	 ! 


B. Thin section ho%% iug hroohil c-quartz vein hich cuts barren gray 
quartzite. Black areas are brookite; white areas are quartz; 
gray areas are limonite-stained kaolinite. X S7.
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ARKANSAS TITANIUM ORE DEPOSITS 


PLATE XXII 


PHOTOMICROGRAPHS OF THIN SECTIONS OF ORE, 
CHRISTY BROOK ITE DEPOSIT 


l 


A. Thin section of dark quartzite of residual ore, Christy brookite 
deposit. The gray areas are quartz and black areas are brook-
ite. The fine needles are rutile and larger acicular grains are 
altered taeniolite. X 24. 


B. Same thin section as "A" with higher magnification. X 87.
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PLATE XXIII 


PHOTOMICROGRAPHS OF THIN SECTIONS OF ORE, 
CHRISTY BROOKITE DEPOSIT 


A. Thin section of primary ore, Christy brookite deposit. Black areas 
are brookite; dark gray areas are clay minerals; light gray 
areas are quartz. X 24. 


'I 1m) section of primary ore, Christy brookite deposit. Large 
&(:i( tiIar grains are altered taeniolite; fine needles are rutile.
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PLATE XXIV 


PHOTOMICROGRAPHS OF THIN SECTIONS OF NOVACULITE AND


BROOKITE VEIN EXPOSED ALONG HIGHWAY 270


AT MAGNET, ARKANSAS 


A. Thin section of recrystallized novaculite. Crossed nicols. X 24. 


B. Thin section showing brookite and taeniolite in recrystallized 
novaculite Large black grains are brookite. White shreds are 
fresh taeniolite; dark shredson left are altered taeniolite. Note 
that altered taeniolite is mainly restricted to coarsest quartz 
areas and fresh taeniolite is restricted to finer quartz areas. 
Crossed .nicols. X 24.
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PLATE XXIV 
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A. Large single brookite crystal and a cluster of brookite and quartz 
crystals—half natural size. 


B. Rutile crystals with cyclic twinning—about twice natural size. 


FRONTISPIECE.—SELECTED SPECIMENS OF BROOKITE AND 
RUTILE FROM MAGNET COVE, HOT SPRING 
COUNTY, ARKANSAS. 


(Courtesy Harvard University Museum)
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UNITED STATES


DEPARTMENT OF THE INTERIOR 
DEFENSE MINERALS ADMINISTRATION 


WASHINGTON 25, D. C. 
221k New Customhouse 
Denver 2, Colorado


May 120 1952 


Memorandum 


To:	 Acting Administrator, Defense Minerals Exploration Administration 
Attention: Code 210 


From:	 Field Team, Region IV 


Subject:	 Final Report, DMEA. Docket 2494, J. T. Stroeh].ke Property, 
Hardscrabble Mining Distxict, Custer County, Colorado 


Enclosed are the original and three copies of the ma]. 
report on D!1EA-'2h91.	 eriginaL one copy of DMA. Form 3. d a 
copy of the letter of denial to the app1iciare a 80 enclos . 


(/H.EastJr.


- 
A. H. lCoschmann 


Enclosures







UNITED STATES
DEPARTMENT OF THE INTERIOR 


\ f/	 DEFENSE MINERALS ADMINISTRATION 


2214 New Customhouse 	 WASHINGTON 25, D. C. 
Denver 2, Colorado


May 12 0 1952 


Mr. Jb T. Stroehlke 
Silver Cliff, Colorado 


Dear Mr. Stz'oebikö: 


1eferenee is made to your revised application for Government 
aid in exploring your Custer County mining property in the amount of 
$13,9000 0MM Docket 2149. 


Projects approved by the Defense Minerals Exploration-
Administration must, in its udgement, show definite promise Of 
yielding material of acceptable grade, and in quantities that will 
significantly improve the mineral supply position for the National 
Defense ProgrU.. 


A careful study of your property and data available to 
this agency, rereda that the probability of disclosing mineable 
reserves by your proposed exploration program is not considered suf -
ficiently promising to justify Government participationo tinder these 
circumstances, we regret to advise you that your application for 
exploration aid is denied. 


If additional work on your property reveals information 
which makes this project feasible, an application may be suhaitted 
for consideration,


•	 V,'y truly yours, 


• •	 /J. 0. East, Jr. 
•	 / Executive Officer •	 / Field Team, Region IV 


HMC :oc 


àc: Acting Administrator, DI4Et, Atten. Code 210.,







.	 T; 'E 
Oefese ['	 rti 


tY 1 C 1952 


Mining Division 
Region IV


May 32, 192 


Memorandum 


To:	 Field Team, Region IV 


From:	 Acting Chief, Mining Division, Region IV 


Subject:	 Final Report, DMEA Docket 249, J. . StrOelilke Property 
Rardserabble Ming District, Ouster County, Colorado 


Enclosed are the original and eight copies of C. Ma Barrer I 


memorandum on the Stroehike property. 


This revised application is for aid in diamond drilling at 
a cost of $13,900. The original application DMEA 2319, which was denied, was for more extensive diamond drilling at an estimated cost of $33,400 


The feid examiners recommended the denial of the original 
application and they are still of the opinion that there is little 
probability of finding a deposit of strategic mineral by any approved 
method of exploration on the applicants property. 


We concur in their recoznmeridation that this revised appli-
cation £ or aid be denied.


4V e 04. Ali 
W.HXing 


40	
Reviewed by 


DMEA OPERATING COMMITTEE 


. dte) -,











Region IV


.	 S 
UNITED STATES


DEPARTMENT OF THE INTERIOR 
BUREAU OF MINES


Building 20, Room 17 
Denver Federal Center 
Denver 14, Colorado 
May 7, 1952 


Memorandum 


To:	 Chief; Colorado Branch, Mining Division, Region IV 


From:	 Co N. Harrer 


Subject: DMEA 2494 0 3. T. Stroehika Property, Hardecrabble Mining 
District ,, Custer County, Colorado 


J. T. Stroehike, of Silver Cliff, Cob., has revised his original 


exploration application, DMEA 2319, downwards from $33,40 900 to 


$13,900.00 by submission of a new application, DNEA 24949 The revision 


is one of amount ox. 


Field exini ation and references to existing literature and reports 


•	 on the area discount the possibility of finding a deposit of strategic 


mineral by any approved method of exploration on the applicant's property. 


Since the conclusions in the original report, Defense Minerals 


Exploration Administration docket 2319, remain unaltered, it is recom-


mended that the revised application for an exploration loan of $13,900.00 


also be denied.


Co N. Harrer 
Mining Engineer











eon


	


	
1 1952 
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.	 Reviewed by 


DMEA OPERATING COMMITTEE 


(date),















lob	 .0 
Ck UNITED STATES 4	 ft	 DEPARTMENT OF THE INTERIOR 


DEFENSE MINERALS  ADMINISTRATION


WASHINGTON 25, D. C.. 
2214 *.w Cuetoahouas 
Denver., 'c lorado


April :18, '1952 


e*ora!du* 


To:	 Acting ainistrator, Defense Minerals ExploratOn Adeinistrat ion, 
• Attentions Code 210 


Pros;	 Executive Officer, Field Teas, Region IV 


Subject: Docketing tor Exp1c'ation Assistncs 
• Enclosed bez'eiith in iuplicsts are DNA Forsa 3iand a•pliaaticns 


pertaining to the following requests for Government assistance: 


florth American Asbestos Co. 
iill Phoenix National Bank Bldg. 	 ME-2191 


• Phosnixp. AI'&ZCa 


B*5 Mining 00,% DNEA..290 
&ilvez'ton, Colorado 


We are also enclosing herewith in duplicate DA ?or* 3b 
and revised applications pertaining to the following requests for 
• Government assistancs: 


DMA Docket 1209 
ire Mining & Fgineering Cospany 


P.O,Box763 
•	 Boulder, Colorado: 


DMA Docket 12171	 ' 2 
•	 Joseph C. Wild & War.	 nclsoxt	 •. 


Et.2,)x.3C6	 •	 '• 
•	 Loveland, Coior*do  


DMEA Docket 2319. ' 
•	 •J. To btxce.	 '	 •;	 DMEA21914 


• Sil. ver fJIjff p colOrado


//71 


iI. Eant, Jr. 
Enclosures	


/







I 
Returned to Field Team: 


DMEAm2490 One copy each of MF-103 and 100 with attachments and 2 maps. 
DMEA2191 One copy of }IF-103 with attachments and 3 . maps. 


• DNFA...2492 One copy of MF..103 with attachments and letter from applicant 
to Mr. J. fl. East, Jri, also., 3a. 


•	 DMEA.'2493 One copy each of NF-103 and 100 with attachments and letter from 
applicant to DMEA, with 39.	 • • . 


DMEa..2191 One copy of ?4F.i103 with attachments
• 


and 3a.







Form MF103	 UNITED STATES DEFARTNENT OF THE INTERIOR 	 Budget Bureau No. 42—R1035.1. 
. j (Revised June 1951)


DEF E MINERALS ADMINISTRATION 


MF-103 Should Be Filed With General Technical Data Form MF-100 


APPLICATION FOR AID FOR AN


EXPLORATION PROJECT'
.
PURSUANT rf&


MIEiAL ORDER 5, UNDER


DEFENSE PRODUCTION ACT OF 1950


Not To Be Filled in by Applicant 


Docket No. __________________ 
Metal or Mineral 
Date' Re'cdived	 - 
Amount $ 
Participation (Government %) 


J2	 Name and •J,T,Stroehlke
applicant 


Silver Cliff


Cob,	 I	 Date	 P1l 19th I . 52._ - 


If you have already filed MF-100, give date filed J i2ndi952L type of assistance requested ---------------------------------


DMA Docket Number (if available) 


INSTRUCTIONS 


Read Mineral Order 5, Regulations Governing Government 
Aid in Defense Projects, before completing this application. 
Submit four copies each 9f , the signed app1ictori farm, Gen- 
eral Technical Data Form MF-100, and answers to questions 
as specified, to Defense Minerals Administration, Department 
of the Interior, Washington 25, D. C., or to the nearest field 
executive office thereof, with your name and address on each 
sheet of the application and all accompanying papers. If you


have previously filed MF-100, it is not necessary to file it 
again. However, you should indicate in space provided above 
the type of assistance previously applied for (loans, procure.. 
ment contracts, etc.) and DMA Docket Number, if available. 
When a question is inapplicable it should be so stated in the 
form. Additional sheets should be attached in answering any 
questions or in supplying additional information. IF YOU 
CANNOT ANSWER A QUESTION, SO STATE. 


Please be ref ered to DMEA 2319 
1. (a) Give a description of the real property that will be in any way involved in the exploration project, including any existing 


mine or operating property. 


(b) If you are not the owner of the property, submit a copy of the lease, purchase option, or other agreements under which 
you are authorized to operate the property with each copy of your application. 


(c) Give the legal description of the exact parcel, plot, or area upon which the exploration is to be conducted. 


NOTE: (1) If both areas are the same, so state. The only obligation to repay the Government is from the net earnings 
from any commercial discovery made in the area specified in (c) above in which the exploration is to be con-
ducted, and the expenditure of funds which may be charged as costs of the project must be limited to that 
area or to work necessary to perform the exploration in that area. 


(2) If applicant is not the owner of the property or if there are any liens or encumbrances against the property, 
copy, of agreements of claimants, lienors, encumbrances, and lessors subordinating their interests in the prop-
erty to the interest of the Government under the Exploratioh Project Contract will be required for attach-
ment to the Contract. 


2. (a) What metals or minerals do you expect to find? 


(b) Furnish statement of the geologic features of your property, giving type of ore deposit and reasons for expecting to find 
commercial ore bodies. Illustrate with maps or sketches. If you have a geologic or engineering report, or assay maps 
showing width and grade, please send them with application, stating whether or not you wish to have them returned. 


16-64067-2







The information req d in questions 3, 4, 5, 6, 7, 8, and 9 below 51W be answered specifically and in detail, as this 
information will be attached to and incorporated as part of the Exploration Project Contract, if such contract is entered into 
with you by the Government. 


ANSWER EACH QUESTION ON SEPARATE SHEETS OF PAPER AND SUBMIT A COPY OF EACH ANSWER 
FOR EACH COPY OF YOUR APPLICATION. For sheetsnpt xnantioned please be refered 


to sheets of Jan 2nd of DMEs4Q	 f'heet No a,attaph.iprojec3. (a) Describe fully the proposed work and give the tota t  


(b) State the time required to start the project and to complete it. 


4. Submit a map or sketch of the property involved showing a plan (and cross section, if needed) of the present mine workings 
and the location of the proposed exploration work as related to geologic features, such as contacts, veins, ore-bearing beds, etc. 


.5. urnish an itemized list of existing facilities, buildings, installations, and fixtures with a statement of the cost of any neces-
sary rehabilitation or repairs to put into useful and operable condition.  


6. Furnish a detailed list of additional facilities, buildings, and fixtures to be purchased installed, or erected by you, with the esti-


	


mated. cost of eachifem. 	 . 


7. Furnish a detailed list of operating equipment, separated into items to be—


(a) Rented 


(b) Purchased 


(c) Furnished by you 


with the rental, purchase price, or depreciaiórof each item, as the case may be, to be charged as a cost of the project. 


8. Furnish an itemized schedule of labor, by numbers and classes (miners, muckers, etc.) and of supervisors by numbers and 
positions, with the maximum wages or salaries to be paid to each. 


9. Furnish a detailed list with estimated cost of each item for materials, supplies, engineering, assaying, accounting, power, 
water, utilities, and any other items not provided for above. 


10. (a) How much are you prepared to invest in the proposed project? $4900, 00 per Month. 
(b) Is this amount sufficient to pay your part of the cost of the project, in accordance with the regulations on Government 


participation (Sec. 9 of MO-5)?	 V 


11. State any conditions or circumstances regarding the property not sufficiently brought out by the foregoing questions. 


CERTIFICATION	 V. 


The undersigned company, and the official executing this certification on its behalf, hereby certify that the information con-
tamed in this form and accompanying. papers, is correct and complete to the best of their knowledge and belief. 


	


By	 ----------------------	 ------------------------------------------ 
e of company).	 (Signature of authorized official) 


	


- - - - - - - - - - - - - - - - - - - - - - - - - ----- - 	 ------
(Title) 


Title 18, U. S. Code (Crimes). Section 1001, makes it a criminal offense to make a willfully false statement or re presentation to any department or agency 
of the United States as to any matter within its jurisdiction.


	


U. S. GOVERNMENT PRINTING OFFICE 	 16-64067-2
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