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UNITED STATES

DEPARTMENT OF THE INTERIOR

DEFENSE MINERALS ADMINISTRATION
WASHINGTON 25, D. C.

22}; New Customhouse
Denver 2, Colorado

Memorandum

To: Acting Administrator, Defense Minerals Exploration Administration
Attention: Code 210

From: Field Teamy, Region IV

Subject: Final Report, DMEA Docket 249h, Je Te Stroehlke Property,
Hardscrabble Mining District, Custer County, Colorado

Enclosed are the original and three copies of the final
report on DMEA=-249lLe e ori copy of DMA Form 3b hnd a
copy of the letter of denial to the applicant are also enclo

Rnone £ (—;\-
v 57

/2/%{./ ’*7/ o

.

.

A, He Koschmamn

Enclosures
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- UNITED STATES

DEPARTMENT OF THE INTERIOR

'DEFENSE MINERALS ADMINISTRATION

221; New Customhouss WASHINGTON 25, D. C.
Denver 2, Colorado -

May 12, 1952

"Nre. Jo To StI‘OEhlkﬂ
Silver Cliff, Colorado

Dear Mr. Stroehlke:

- Reference is made to your revised application for Government
aid in exploring your Cuaster County ninﬂng property in the amount of
$13,900, DMEA Docket 2hi9he

Projects approved by the Dafense Minerals Exploration
Administration must, in its judgement, show definite promise of
yielding material of acceptable grade; and in quantities that will
significantly improve the mineral supply position for the National
Defense Program, -

A careful stndy of your property and data available to
this agency, reveals that the probability of disclosing mineabls
reserves by your proposed exploration program is not considered suf-
ficiently promising to justify Government participation, Under these
circumstances, we regret to advise you that your application for
exploratmn aid is denied.

If additional work on your property reveals information
which makes this project feasible, ean application may be submitted
for consideration. . . o

%ry trul;y yours,

,(\ {,/(M%.

Jo He East, dre
"Executive Officer
" Field Team, Region IV

HMC s0c

ce: Acting Administrator, DMEA, Atten. Code 210.





. ‘ BEPARTIERT €F ToE LiEaild

Defense [inerals Ldsinisiration
FmGEIVED

MAY 1 ¢1952
Mining Division
Region IV _
May 12, 1952

Memorandum
Tos Field Team, Region IV
Froms Acting Chief, Mining Division, Region IV

 Subject:  Final Report, DMEA Dooket 245k, J Te Stroehlke Property,

Hardserabble Mining Distriet, Custer County, Colorado

Enclosed are the original and eight copies of C, Ms Harrert!s
memorandum on the Stroehlke propertys

| This revised application is for aid in diamond drilling st
a cost of $13,900s The original application DMEA 2319, which was denied,
was for more extensive diamond drilling at an estimated cost of $33,400,

The field exsminers recommended the denial of the original
spplication 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 propertys v

We concur in their recommendation that this revised appli=
cation for aid be denieds

bOf)/r‘ X/ .

Reviewed by
DMEA OPERATING COMMITTEE

O -233_52

~. (date) _.






 UNITED STATES ‘ ,
DEPARTMENT OF THE. lNTERlOR -
v ' BUREAU OF‘ MINES . : ‘
: ; - . »muamg 20 Roen 137
Denver Mom Oenter

- Penver 14, Colerado.
My 7, 1952

Minihg Division

' B " Date Rec'd. -

: !&wrml\m T ; , . ' S
LT ' ‘ { &~ 1952
R Tm Aetm cmr, mam mmm, Mcion IV

o " BUREAU OF MINES
From cmt. Colovado mn, mnxng mﬁum, nogmn T Denver, Golorado

"'.“‘Cub,ioet; mm A4Sk, Je T, Stroshlie Property, Mmubbh Mining -
. autﬂn, Gultor Gmtv, celwm » . ‘

‘ : mam mn mm m origtml and o*uht. sopien nf

- Co M. Haxrer's ssmorandum denying J. T. Stroshlde's spplicatien
wnder DMEA 2454 for sn eamploxation losn ef $13,900,00 eu his lesd-
sine-mangsnese wﬂy 1n thc Hmmmc ‘Mining Bs.:trut cmur

Om‘w, w-dc. .

o umh:m, &np:m the m;tea 1V Fe1d mm denisl lstter
er Marek 18, 1953, Aissppreving his fivst application for a loan of
$33,400,00 untier DMEA 2319, appavently ceasluded the denial was based
wtumamlmmmtmmummrohmph

- evident in the new applisatien.

’ mamlunimmimuwm‘mmwm:mu'

. first inspection that ne method of emploration wewld be likely te

yosult in the diseowry of esumercial ore is unshanged, and Harrer
‘resommends that the present loan applisation be denied. I conewr and
 also suggest that any future lean appliceticns muwnm on the
Qmmmbowmamimmr.: \ A

V.K.Trmr,&‘.‘-v"

chﬁ e





UNITED STATES
- DEPARTMENT OF THE INTERIOR

BUREAU OF MINES _
Building 20, Room 137

Region IV Denver Federal Center
' : Denver 14, Colorado
May 7, 1952
Memorandum
Tos Chief, Colorado Branch, Mining Division, Region IV

Froms C. M. Harrer
Subject: DMEA 2494, J. T. Stroehlke Property, Hardscrabble Mining
District Custer County, Colorado

Jo Te Stroehlke, of Silver Cliff, Colo., has revised his original
exploration application, DMEA 2319, downwards from $33,400.00 to
$13,900,00 by submission of a new application, DMEA 2494e The revision
is one of a.mmmt onlye.

Field examination and references to existing literature and reports

‘. on the area discount the pessibility of finding asdeposit 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.

O W berren

C. M, Harrer
Mining Engineer





- 'UNITED STATES BT
. DEPARTMENT OF THE INTERIOR

. DEFENSE MINERALS ADMINiSTRATION C
.. WASHINGTON 25, D. C.- -

224 New Custoshouss
Deaver 2, Colorads |
- , May 12, 1952

o3 Acting Administrater, Defease ¥inerals Fxploration Adainistration
L Attentiom: Godezlo’ : - w o o i ,

Froms - Field Team, Region IV L |

Subjects  Final Report, DMEA Docket 24Sk, J. T Strosblke Property

7 Hardsorabble Mining District, Suster County, Colorado
.. . Enclosed 'm_t;ha original and three ca;iin'ot the final

- report on DMEA-2LS4. The original and one copy of DMA Form 3b shd a

oopy of thn lstter of deniil to the spplicsnt are also encloned,

. Al H. KQSM
Enclesures | B
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BEPARYET CF T ETELC)
Hining Livision “
Reglon I 1Ay 11852
Hay 12, 1952
do4 Field feam, jegion IV
Froms hoting Chief, Silning iidviston, feglon IV

Gubjects  Fingl Report, Uil locket 249k, J. Te Streshike froperty,
Hardsorabble Hining Utetriot, Luster County, Colorade

~ Inclosed are the original and eight covies of Ue He Herrerte
semorandus on the Stroehlke nroperty. _ :

.. bis revised axplication 1p for aid 4n dlamend drilling at
& cost of §13,900, ‘he originel applicatien THUA 2319, which was denled,
Wag for more extensive dimmond drilling at an estimeted cost of £33,400,

.. The £4eld examiners recommended the denisl of the originel
spplication and they are still of the opinion that there is 1ittle
probability of finding a deposit of strategie minersl by any aporoved
wethod of exploration om the applicants propertys

. 48 concur in their recomuendation that this revised appiie-
cation for aid be denfeds - h

0. . A ) .

We ﬁi,ﬁiﬂﬁ

Reviewed by
DMEA OPERATING COMMITTEER

J-23-5=,
. (date), .-






. UNITED STATES
',DEPARTMENT OF THE lNTERIOR

’ ’ o BUREAU OF MINES )
mm
Santer
M

Mining Disision
Date Rec'd

~ L o MAY 8- 1952
: B‘JRE.AU Ob Midlk
Trows  Chiaf, m M, Miaing mvm‘. Reglow 3¥.vor, Colorado
M}Oﬂ-n mau J.’!.SWM wm
District, Coster Couaty, Oelereds
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© .. UNITED STATES == -
‘DEPARTMENT OF THE. lNTERlOR
B BUREAU OF MINES

xs, m
. Demvew

m K, GM )

'rm W.mm,mmm.mn
_ Subjest: DA 2494 :.r.smmmw mmmm
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| UNITED STATES
DEPARTMENT OF THE INTERIOR
DEFENSE MINERALS - ADMINISTRATION

5 .21“ Few Cuabolhouﬂ . WASHINGTQN %5 D.C. -
Denver 2, Colorado

april 18, 1952

Memorandum

Tos Acting &dninistrator, Defense li;\nerala Exploration Adniniatration,
' Attention: Code 210'

'me Executive Officer, Field Team, Eegion.'liv '
SubJect: Docketing for Exploration Assistance

- Fnclosed herewith in duplicate are DMA Form 3and applications
pertaining to the following requeats for Government agsistance:

Worth imerican Asbestos Cos ' |
431 Phoenix National Bank Bldge DHEA-2h91
Fhoenix, Arizona . :

Barnes Mining Coe DMEA- |
Silurtan, Colorado 2Ls0

We are also enclosing harcwith in duplieaia m F’oru 3
and revised appliecations pertaining te the follmv:tng requests for
Government asaistance:

DMA Boeke% 1299

Empire lhing & Imgs.ucering Company -~ DMEA=2L92. —--
e e 13 4 Lu e
Boulder, Golorade S
DMA Decket 1217X o S 9. 0a5)
Joseph C. Wild & Wa. Frandson . : mFA-?l93

Rt‘ 2’ Bx. 3’% v . ) n

Lovelmd, celorado »
DMEA Docket 2319

Je T. $troehlke s - DMEA-2L9L
Silver sm:r, Golerado ‘ - e : ‘

Enclosures






\\, " X ‘ '-“‘.. . ] . ' >
ST ® | - &
Returned to Field Team:‘ ,‘

DMEA-2490 - One copy each of MF-IOJ and 100 with attachments and 2 maps.
DMEA-2491 - One copy of MF-103 with attachments and 3 maps. - -
DMEA-2h92 - One copy of MF-103 with attachments and letter from applicant
~ to Mr. J. H. East, Jri, also, 3a.
DMEA=-2493 - One copy each of MF-103 and 100 with: attachments and letter from
. applicant to DMEA, with 3a. :
m-zwh One copy of MF-103 with attachment, and 3a.





l Form MF-103
: (Revised June 1951)

UNITED STATES DEPARTMENT OF THE INTERIOR

Budget Bureau No. 42-R1036.1.

DEF.E MINERALS ADMINISTRATION

MF-103 Should Be Filed With General Technical Data Eorm MF-100

APPLICATION FOR AID FOR AN

E EXPLORATION PROJECT PURSUANT TO

. 1 - MINERAY; ORDER 5, UNDER

DEFENSE PRODUCTION ACT OF 1950

Not To Be Filled in by Applicant

. Docket No. D &8 A =24 29 RS
. |. Metal or Mineral -,
“ | Daté' Recgived -4~ YR -
Amount $ 4

Participation (Government %)

J,T,Stroehlke
Silver Cliff

Colo,

Name and
address of
applicant

_ Date . APT1l T0th 1853,

INSTRUCTIONS

Read Mineral Order 5, Regulations Governing Government
Aid in Defense Projects, before completing this application.
Submit four copies each, of ‘the signed apphcaqon form, 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 néarest 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 DM A 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 refered to DMEp 233I9 !

1. (a) Give a description of the real property that will be in any way involved in the exploration pro_]ect ‘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.

(¢) 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~-64087-2





- N

The information req d in questions 3, 4, 5, 6, 7, 8, and 9 below s 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.

0 ANSWER EACH QUES’i‘ION ON SEPARATE SHEETS OF PAPER AND SUBMIT A COPY OF EACH ANSWER

FOR EACH COPY OF YOUR APPLICATION. For ‘sheets npot mantioned please be refered
to sheet T""’Vp
8. (a) Describe fully thg pgfosgia\;vgrkza?lg gigef theD tlgtEaIA::ost ép he projé%zzghee t No 3 » attach.

(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 seétion, 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, ete.

.5, ’Furhiéh an itemized list of existing facilities, buildings, installations, and fixtures with a sta:tgmegnt: ofthe cost of any neces-
*;, 'sary rehabilitation or repairs to put into useful and operable condition. )

‘mated.cost of eachitem. & 5 .~ -
. _ A .
e

6. Furnish a detailed list of additional facilities, buildings, and fixtures to be purch‘é‘sed,'.ins:f:ziiled, or erected by you, with the esti-
7. Furnish a detailed list of operating equipment, separated into-items to be—

(a) Rented

(b) Purchased

- . N -

»

(¢) Furnished by you
with the rental, purchase price, or deprecia;idrf of 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. o . B
10 (a) How much are you p%‘eparedl to invest in the proposed project? @4]00’ 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)?

11. State any conditions or circumstances rggardi»ng the property not sufficiently brought out by the foregoing questions.

CERTIFICATION * © "+

The undersigned company, and the official executing this certification on its behalf, hereby certify that the information con-
tained in this form and accompanying papers.is correct and complete to the best of their knowledge and belief.

T

(Signature of authorized official)

(Name of company)

/ T (Date) | (Title)

Title 18, U. S. Code (Crimes), Section 1001, makes it a criminal offense to make a willfully false statement or representation to any department or agency
of the United States as to any matter within its jurisdiction.

00 . U. S. GOVERNMENT PRINTING OFFICE 16—64067-2
PP





Shaet ¥o,3,

Puyments are for I0 months of Cperation or the dwrgticn of
of Coro darilliag, and the swpence e4tath there T,

Payment on Core Drill mer wmonth,n50,00 for 10 munths  $2,800,00

500 feet Cove Dill zods 5’!&) o " 575,00
4=-Core DEidl Lite ’?9,03 CLE 300,00
o= Core Drillers 820,00 por day esch 1 10, 009,00
Curreat expenac 23,00 per doy 'e '%ﬁ0,0G
$12875,00

J,2,Strusulks asrece to pay 300,60 pew menth oF Q&,u@@,&;
- fox t“xe 10 menths,.
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DIVISION OF GEOLOGY
ARKANSAS RESOURCES AND DEVELOPMENT COMMISSION BULLETIN 16 PLATE Vil

RIBW ' RI7TW TN SECTION A-A'

/ AGNET COVE RUTILE CO. /

’4
DEPOSIT ly

EXPLANATION

>/

] ALLUVILM QUATERNARY [ ] STANLEY SHALE______ PENNSYLVANIAN

MIDWAY CLAY__ TERTIARY A\N\ +or sPriNGs sanDsToNE

\#aRoY [oEPOSIE. = MISSISSIPPIAN
CHRISTY DEPOS, T RSEX] METAMORPHOSED SEDIMENTS_____ (PALEOZOIC) (I ArRkANSAS NOVACULITE______ MISSISSIPPIAN - DEVONIAN
3 . IGNEOUS  ROCK _ K_X] MISSOURI MOUNTAIN SHALE
s . : MOSTLY NEPHELINE SYENITE___CRETACEOUS(?) AND OLDER FORMATIONS____SILURIAN & ORDOVICIAN

GENERALIZED GEOLOGIC MAP
OF THE

MAGNET COVE REGION

N
- ____ HOT SPRING COUNTY
/ : S N . vty B ES ( ARKANSAS
P e SGALE IN MILES
\\ \\\ T IR i i - ! ADAPTED FROM : I
PRI L i

ARKANSAS GEOLOGICAL SURVEY INFORMATION CIRCULAR I
8Y
BRYAN C. PARKS






BULLETIN 16
PLATE VilI
GENERALIZED GEOLOGIC MAP
of the
MAGNET COVE AREA






"DIVISION OF GEOLOGY

+ARKANSAS RESOURCES AND D_EVELOPMENT COMMISSION

BULLETIN 16 PLATE VII

550

500

450

500+

4504 :::

500

450

550

500

450

GEOLOGIC SECTIONS OF THE CHRISTY BROOKITE DEPOSIT

[(Zi] KNOWN PRIMARY ORE

] POSSIBLE PRIMARY ORE

MAGNET COVE
HOT SPRING COUNTY
ARKANSAS

V. C. FRYKLUND JR.
1949

EXPLANATION
“™... APPROXIMATE CONTACT
~"~;_. PROBABLE CONTACT, ATTITUDE HYPOTHETICAL

] HEAVILY OXIDIZED ZONE, INCLUDING RESIDUAL | oRILL HoLE
AND TRANSPORTED ORE

[F.7 . NEPHELINE SYENITE (FINE GRAINED TYPE)

[ ]HYDROTHERMALLY ALTERED ARKANSAS NOVACGULITE
[7/ ] MISSOURI MOUNTAIN SHALE (Silurian)

EEE) BLAYLOCK SANDSTONE (Silurian)

{|  DRILL HOLE PROJECTED TO PLANE OF SECTION
8o-1  BUCKET DRILL HOLE
c-8  DIAMOND -DRILL HOLE
sc-i  BAKER GORE DRILL HOLE

U.S. BUREAU OF MINES

VERTICAL AND HORIZONTAL SCALES SAME
SCALE IN FEET

o 50 100 50 200
- 1 - t —
t T T T ]

FOR LINES OF SECTIONS SEE PLATE I

80-2

1948

0

550

500

450






BULLETIN 16

PLATE VI
GEOLOGIC SECTIONS
of the
-.:.‘.éj____ OV e HEECOME

CHRISTY BROOKITE DEPOSIT





DIVISION OF GEOLOGY
ARKANSAS RESOURCES AND DEVELOPMENT COMMISSION

BULLETIN 16 PLATE VI

10,250 N

$

>} SECTIOK

SECTION 16

=7
SECTI 20

e

i

SECTION 2|

9°30)

EXPLANATION

RESIDUAL & TRANSPORTED ORE N
NEPHELINE SYENITE (Fine-grained type) B

STANLEY SHALE (Penn) e

CONTACT,CONCEALED BY MANTLE
GRID LINES

SECTION LINES

HOT SPRINGS SANDSTONE  (Penn.) <> PROSPECT TRENCHES

ARKANSAS NOVACULITE (Dev.-Miss.) o PROSPECT PITS (W.O. CHRISTY 1942)

MISSOURI MOUNTAIN SHALE (Silurian) ’G) CAVED SHAFT

BLAYLOCK SANDSTONE (Silurian) >—+—  CAVED ADIT

STRIKE AND DIP OF OVERTURNED BEDS ®BD-| BUCKET DRILL HOLE

STRIKE AND DIP OF OVERTURNED BEDS eC-8 DIAMOND DRILL HOLE [~ U.S. BUREAU OF MINES 1948

PROJECTED TO SURFAGE
®BC-I BAKER CORE DRILL |

CONTACT [ BuiLDING

CONTACT, APPROXIMATELY LOCATED Z—— IMPROVED ROAD

GEOLOGIC MAP
OF THE

CHRISTY BROOKITE DEPOSIT
MAGNET COVE
HOT SPRING COUNTY

ARKANSAS
V.C. FRYKLUND JR. AND D.F. HOLBROOK
1949
SCALE IN FEET
50 100 150

E : -
= f —

CONTOUR INTERVAL 20 FT.






DIVISION OF GEOLOGY

ARKANSAS RESOURCES AND DEVELOPMENT COMMISSION BULLETIN 16 PLATE V

EXPLANATION

RESIDUAL ORE

. ] RESIDUAL ORE CONTAINING LARGE ANGULAR FRAGMENTS
PRIMARY QUARTZITE ORE

[C.7.".7] METAMORPHOSED ARKANSAS NOVAGULITE (Miss.~Dev)
77\_~ CONTACT

/. PROBABLE CONTACT

\\/5 PROJECTED PROSPECT PIT

. | B FOR LINES OF SECTIONS SEE PLATE I¥

6004. - 7

GEOLOGIC SECTIONS
OF THE

HARDY-WALSH BROOKITE DEPOSIT
MAGNET COVE
HOT SPRING COUNTY
ARKANSAS

V. C. FRYKLUND JR.

550

1949

SCALE IN FEET

() 50 100 150 200
550-  cs0 ' : : % : =]

VERTICAL AND HORIZONTAL SCALES SAME






BULLETIN 16
PLATE V
GEOLOGIC SECTIONS
of the
HARDY-WALSH BROOKITE DEPOSIT
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DIVISION OF GEOLOGY
ARKANSAS RESOURCES AND DEVELOPMENT COMMISSION

BULLETIN 16 PLATE IV
RITW
10,750N
EXPLANATION
l__—_] RESIDUAL ORE
. . .| RESIDUAL ORE CONTAINING LARGE ANGULAR FRAGMENTS
®  VERTICAL BROOKITE-QUARTZ VEINS
7| LARGE BROOKITE-SMOKY QUARTZ VEINS

SHALE, STRATIGRAPHIC POSITION UNKNOWN

ABUNDANT METAMORPHOSED ARKANSAS NOVACULITE (Miss-Dev) FLOAT
\ “7\.— CONTACT OF RESIDUAL ORE AND ARKANSAS NOVACULITE

\ APPROXIMATE OUTLINE OF ABUNDANT ARKANSAS NOVACULITE FLOAT

) \‘ 10,500N

e
55° STRIKE AND DIP OF BEDDING

STRIKE AND DIP OF JOINT

LR BT

C—> PROSPECT PIT
T d  SHAFT
3
5 X  LOCATION OF VERTICAL CHANNEL SAMPLE
5 LENGTH OF CHANNEL SAMPLE IN FEET
A \\ 5.0  PERGENT TiO, IN SAMPLE
£ Lo
\\
N
iy \ GEOLOGIC MAP
\ \ OF THE
\
\\ 10,250N

HARDY-WALSH BROOKITE DEPOSIT
MAGNET COVE

\ HOT SPRING COUNTY

e ARKANSAS

V. C. FRYKLUND JR.
1949

SCALE IN FEET
o 80 100 _1s0 200

:

Ul

CONTOUR INTERVAL 10 FEET
DASHED CONTOURS APPROXIMATE

SE CORNER \
SW 1/4, NW |/4, SEC.16

9,750E






DIVISION OF GEOLOGY

ARKANSAS RESOURCES AND DEVELOPMENT COMMISSION

BULLETIN 16 PLATE

Ll

X X X X X X X X X X X X X X

x
3 x
kK X x X X x x % X X X X X X

X X X X X X X X X X X X X X

X X X X X X X X X X X X X Xx

X X X X X X X X X X X X X

350

300

250

200

B o
350{ ¥
v v
3001 o ||y
2501 ¥ || ¥

X X X X X X X X X X

r350

r300

250

3501 v

3001

X X X X X X X Xl

[ x x x x x X x x

X X X X X X X X

X X X X X X X X

250

3504 v v

3001
v

K x x x X %X X X

X X X X X X X X

K X X X X X x X

250 v

EXPLANATION

SOIL AND OXIDIZED MATERIAL
FLOAT AND VEGETATION IN PIT

CLAY, HYDROTHERMAL AND WEATHERED (Rutile-bearing)
MICROCLINE - CALCITE VEIN

HEAVILY WEATHERED FELDSPAR-CARBONATE VEIN
MONCHIQUITE
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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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TITANIUM ORE DEPOSITS ‘
OF HOT SPRING COUNTY, ARKANSAS ,

By
Verne C. Fryklund, Jr. and Drew F. Holbrook

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 about 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-
sttﬁles and novaculite form the ridges, and the shales underlie the
valleys. : !

The igneous rocks of Magnet Cove are alkalic 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 is' the
rutile deposit of the Magnet Cove Rutile Company located in Sec.
18, T. 388, 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 UsOs. 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
TiO2 with an average of about 3 per cent TiOs. 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 TiO= 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 TiOs
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 a4 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 of.the 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 thickness. 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





ABSTRACT !

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 blo'ok-
ite, rutile, leucoxene, 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 TiO» with an average ifor
the orebody of about 5 per cent. Appreciable percentages (1 to 2
per cent V20;) of vanadium, which probably occurs in the brook;ite,
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 check possible extensions of the primary orebody to ithe
south. Probably the Christy deposit was formed by the introduec-
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 feld-
spar-pyrite vems with small amounts of brookite and molybdenite
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 mdlcatmg
~ the w1despread occurrence of titanium mineralization in the Cove
area. !

The probléms in the beneficiation of the Magnet Cove titanium
ores have been studied by both commercial and government 1abora-
tories. The Christy brookite ore has been successfully concentrated
by a'commercial laboratory, and the U. S. Bureau of Mines Metal-
lurgical Divisidn 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 manufacture 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 'the
metal is insignificant, it shows promise of becoming a large scale
structural raw material because of its umque combination of prop-
erties—light weight, strength, and corrosion resistance. When\ an
2conomical 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 Ark'an-
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, reépectively, 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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. . i
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 Univefrsity of
Minnesota under the guidance of Dr. F. F. Grout. All of the drill cor?es from
the U. S. Bureau of Mines drilling projects at the Christy deposit 'and the
Magnet Cove Rutile Company deposit were logged by Holbrook w}xile the
drilling was in progress (January, 1948, through November, 1948), ‘and “the
nomenclature for the various rock and vein types established by Fryklund 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 reﬁlal'kable
monograph, there were a large number of papers published concerning the
interesting‘ mineéralogy of the region. Williams (1891) summarized éhe 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 gorrected
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. P., 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
Maghnet Cove minerals. He also ¢onsidered 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 depbsits 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
fow known as the Hardy brookite deposit. C. S. Ross in 1941 presLented the
first published account of the Magnet Cove rutile and brookite oreboqies. 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 C_éve Rutile Company deposif in 1944.
The information in this paper is important though fragmentary dyie 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 riages,
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% 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 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 cores‘ from
the U. 8. Bureau of Mines drilling projects at the Christy deposit and the
Magnet Cove Rutile Company deposit were logged by Holbrook whxle the
drilling was in progress (January, 1948, through November, 1948), and the
nomenclature for the various rock and vein types established by Fryklund 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 remaxkable
monograph there were a large number of papers published concemmg the
interesting minéralogy of the region. Williams (1891) summarized the wmk
of these earlier students and contributed a study of the igneous rocks which
is. considered to be one of the classic studies in igneous petrograp.hy 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 corrécted
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 Gove
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 ¢onsidered 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. 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 dep051t of the Magnet Cove Rutile Company. A’ paper
by Spencer (1946) lec01ds the dnll hole data obtained from the U. S. Bureau
of Mines exploration of the IMagnet vae 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 geologlc mapping of the open pits in
conjunction with the U. S. Bureau of Mmes dullmg in 1944. The U. S. Bureau
of Mines has published a Report of Investlgatlon (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.

7
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GEOGRAPHY OF THE MAGNET COVE AREA

LOCATION AND CULTURE

.The Magnet Cove area includes a roughly elliptical basin two by tﬁrée :
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
Malvérn, 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, tﬁe
soil of the area is rather poor, thus, farming is small-scale and restricted to
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 alummum
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 physmgraphlc province just two miles northwest of the adjacent
Gulf Coastal Plain province. This particular section of the Quachita 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 riages,
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% 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 OQuachita 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 béen 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. ’ : '

GARLAND COUNTY SALINE

COUNTY

1

Figure 1. Index map showing location of the Hot Spring County,
titanium district.
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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 VIIL

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.”





GENERAL GEOLOGY OF MAGNET COVE AREA 11

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 sectxon, 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: 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 aphénitic 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 Hy 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 quartzite:
types were recognized and will be discussed in the descriptions qf the indi-

vidual deposits. - 1
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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 actua_l]y metamorphic rocks or
are igneous rocks of unusual types. For instance, Willlams (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) Dbelieved
the igneous mass to be a laccolith which had differentiated in place to produce
the various igneous rock types. Landes (1931) presented evidence s_howing
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
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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. Bw:ureau of
~ Mines, lies south and west of the West Pit. The property may be reached
by an access road that joins U. S. Highway 270 about 3% 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 Maghet 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. - S@bsequent
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 operatiojns 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 w"‘as unsuc-
cessful and the company, through a subsidiary, the Arkansas Minir‘ig Corpo-
ration, took over the operation. Although thé Arkansas Mining Corporation
" did produce some rutile in 1936, this operation also proved unsuccéssful 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 entirel§ 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
1942 Titanium Corporation of America
. 1943 Titanium Alloy Manufacturing Co. of Arkansas
1944 Magnet Cove Rutile Company

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, 11949) 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 rutile 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. 1In 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 voleanie agglom-
erate composed of altered mafic igneous rocks in a matrix of clay (highly
altered tuff) and that the rutile seemed to be concentrated in a narrow zone
in the clay beneath the igneous blocks of the agglomerate.

TOPOGRAPHY

The pit areas of the Magnet Cove Rutile Company’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. Outerops 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 outerop 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.

R

R e,
Figure 2. View of the West Pit of the Magnet Cove Rutile
Company, looking north.
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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, i
Magnet Cove Rutile Co. Area.

Rock Feldspar Feldspathoid |Ferro-magnesian
Aegirine phonolite porphyry orthoclase nepheline aegirine
Nepheline syenite nepheline diopside
(fine grained type) orthoclase cancrinite aegirine
Nepheline syenite nepheline diopside
(Diamond Jo type) orthoclase cancrinite aegirine
“Leucite’” nepheline syenite orthoclase nepheline aegirine
Nepheline tinguaite dikes - orthoclase nepheline aegirine
Monchiquite dikes plagioclase | analcime (?) titanaugite

barkevikite

biotite
) olivine (7).
Fourchite dikes analcime (?) titanaugite
Amphibole fourchite dikes analcime (?) titanaugite
. harkevikite

Distribution

The country rock of the Magnet Cove Rutile Company deposit is mé.inly an
aegirine phonolite porphyry, the principal rock occurring bzlow 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 pyhonolite
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 thexe 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 cOmpoaed
of nepheline syenite (fine-grained type) in the center of which there is a
mass of “leucite” nepheline syenite. The nepheline syenite (fme grained
type) intrudes the aegirine phonolite porphyry. :

Just north of the East Pit there is a small oval outerop of nepheline
syenite (Diamond Jo type). This rock is probably related to the nepheline
syenite (fine-grained type) and therefore younger than the aegirine phonohte
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 icontacts
with the aegirine phonolite porphyry in the West Pit. In the East Plt how-
ever, there is a small exposure: of monchiquite which cuts the aegirine phono-
lite porphyry. . A" monchiquite: dike was also encountered in drill hole N-1.
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 outerops 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).

19
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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 8 is an analysis of the freshest appearing aegirine phonolite por-
phyry. N

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

SiO2 38.40
A1203 15.37
Fe;;o;; 2.42
FeO 6.20
MgO 3.20
CaO 9.30
Na»0 5.55
K.O 4,717
H-0 1.81
H-»0 . .36
CO- . 6.68
TiO» 3.51
P2035 .90
SO3 37
S b7
MnO 27
. 99.68

Less O 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.





MAGNET COVE RUTILE COMPANY DEPOSIT ! 21

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. Tfhe per-
centage of green biotite is increased only slightly. The more altered sections
are accompanied by considerable amounts of a montmorillonite-like ‘mmeral
(Plate XI-B, page 156). Apparently kaolinite was not formed. Apatlte 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 frésh pho-
nolite. The remainder of the rock is composed of fine-grained‘m"asses 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 phonohte with
subsequent alteration of the feldspar-carbonate rock. There is ev1dence that
at least some of the white and gray clay material was originally phonolite.

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 phonohte
mass centering around 10,340 E., 10,240 N, (Plate II) contains inclusions of
several different rock types, the Iargest 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 jmuch 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, t";he 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 nephelme 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 subrounded 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 phonolite 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

LRl

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
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appareutly is the parent of three much smaller monchiquite dikes, 6 mches 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-1. 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 .. b

Barkevikite 10

Plagioclase An (?) ... I 20

Apatite 2

Magnetite-ilmenite ... 3 J

Chlorite (?) . . 20 .
100 ;

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

In the northeast corner of the West Pit the large ‘monchiquite njass 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 seétion 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, chloritic 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-1. 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 consjidered 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 lees

In Williams’ (1891, p. 110) classd‘lcatlon the amphlbole fourchites are
amphibole-bearing, olivine-free monchiquites. Dikes of this rock 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
“Jeucite”-nepheline 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 d10p51de, with garnet, blotlte, magnetlte, 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 Jo 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 an.
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extension -of this intrusive was encountered in drill hole O-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 roeks. The rock is
presumably closely related in age to the “fine-grained type.” ‘

“Leuclte -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 em in diameter, euhedral phenocrysts of pseudo-leuc1te. The
pseudo-leucite phenocrysts are composed of intergrowths of orth_ocl,‘ase 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 spécimen 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 tmgualte 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 phonolite
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 Jo type). The great majority of these are rutile-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-ankerite 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 rutile, 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 rutile 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-calcite 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 rutile,
irregular blebs which are really very compact masses of acicular rutile, and as
veins and veinlets. The maximum length of acicular rutile was .5 mm and
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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 § em, 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 letcoxene
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 ramwash has
obscured the albite-dolomite veins throughout most of the pit alea At co-
ordinates 550 N. and 500 E. (Plate II) centerlng around elevatlon 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 51ze (Plate
XIII- A, B, page 159) but a considerable difference in the dolomite- alblte ratio.
In one thin section the dolomite-albite ratio was about 60-30, in the sgcond 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 montmorillonite 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 fo 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.

Microcline-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
O-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

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 em 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-
cline-calcite veins. The clumps of acicular rutile (Plate XVI-A, B, pag:e 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
disséminated 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 pér 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 2 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, leavmg a
porous rock composed mainly of feldspar and pyrite.

Albite-Ankerite Veins

These veins are thin, varying from 1 mm to 7.5 em, 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 gegirine-
phonolite porphyry in great number, confusing the interpretation of the TiO2
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 apatxte 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 albite-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 albite-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 ankerite 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

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 oceur-
rences are dike-like. In the drill cores this rock was the principal vein type
found in drill holes N-1 and O-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.

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 Dblack 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 aegirine 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 nef:works
of small carbonate-dominant veinlets. In thin section many of these veins
prove to be typical albite-ankerite veinlets. In some areas the phonolite is
cut by an intricate network of purely dolomite veins. Other mainly ca1fbonate
veins in thin section proved to contain such combinations as dolomite and
rutile; dolomite and pyrite; dolomite, rutile, and pyrite; dol(')mite,‘rutile,
pyrite, and green biotite; dolomite and green biotite (Plate XVIII-B, 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 probably
controlled by the pre-existing joint pattern of the aegirine phonolite porphyry.
: 1

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 microcline-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 later 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. (rutile) also indicates such temperatures but ‘too little
is known about the stability conditions of rutile 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 dikes, 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 fnagma.

Although the question as to whether or not the Magnet Cove intrusives
were formed in a volecanic neck cannot be settled in this paper, the writer
does not believe the Magnet Cove Rutile Company ore should be desecribed
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 t}ll/is"rutile 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 TiO. 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 thaf 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 TiO. of the nepheline syenite (fine-grained type), the
nepheline syenite (Diamond Jo type), and the monchiquite. Thus, despite
the relatively high percentage of TiO. in many of the igneous rocks ‘of this
deposit, the titanium ore of the deposit is restricted to the rutile-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 niinerals
in the titanium ores. Since this preliminary work showed that some, of the
cores (Holes No. E-8, G-2, B-2, C-2, D-3, and I-1) from the Magnét Cove
Rutile Company deposit were radioactive, ali 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 th‘é 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 SW1; .SW14
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 microcline-calcite vein type pre-
viously. described predominated. Both chemical and radiometric assiays were
“made by the Atomic Energy Commission laboratories and the résults 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 U0«
Coordinates™ of Equivalent Percent U;0x
Sample No. Sample Location (Radiometric) (chemical)
N E )
1501 H 640 232 0.018 0.009
1501 1 668 492 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 O 478 1405 0.002 o
1501 P SW SW see. 18, T. 8S, R. 1TW 0.013 |
1501 Q ” " ” v 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 similaxr. 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 NWZ%  of Section 20,
T. 38, 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 Radiocactive Samples from
Tufa 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. 17TW
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
NE4 sec. 19,
T. 38, R. 1TW

* Letter dated May 20, 1949, from Mr. T. B. Nolan, Acting Diréctor, U. S. Geological Survey.
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radioactivity tests on these trench samples obtained by the U. S. Geologlcal
Survey, are shown in Table 5

In his letter transmitting the radiometric‘assays of the s‘amples“, 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 driljing, 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 detdil. The distribution of the 1945 drill holes madg 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, hydrother‘r’nal and
weathered. In order to provide as complete data as possible on this dep051t
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.: Geologwal
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 distine-
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 rutlle 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
U. 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.





MAGNET COVE RUTILE COMPANY' DEPOSIT . 41

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 map 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-56 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. 17TW (Plate I), one mile north of the community of
Magnet, on the east edge of Magnet Cove. The Hardy portion lies entirely
within the SW1% NW14 of Sec. 16 and the Walsh portion of the deposit is in
the forty immediately to the west (SE% NE%, 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 intermittently 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 II), 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 metémor-
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 between
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, avelagmg
about .05 mm in diameter, in each thin section. A green amphibole was most
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, blotlte, 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 1'idgé 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.

A saddle occupied by the best prospected ore areas.

2

3. A second quartzite knob.

4. "A saddle immediately west of the second knob.
5

A third quartzite knob which has been mineralized.





44 ARKANSAS TITANIUM ORE DEPOSITS

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 as 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 erystals 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) are-shown 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 similar 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 pr‘incipalfkngwn‘ “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 (KLiMg2SiyO10F2) 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 area. :

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 over 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 by T. W. Carney,
Chemist, Arkansas Division of Geology, and the assay values are plotted on Plate IV.
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weathered nepheline syenite 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.

Cloudy and almost black recrystallized quartz,

some containing brookite—abundant.

Clay pellets—abundant.

Feldspar grains—common.

Taeniolite.

Magnetite—minor.

Dark brown goethlte (determined by X-ray)—

abundant.

9, Carbonate—alone and with fe]dspar——mmor

10. Brookite alone—minor.

11. Novaculite fragments—common.

iad

PR Te

Plus 42 mesh—All grains are well rounded. Magnetite, both as
discrete particles and associated with quartz, is
abundant. Brookite is present. The other grams 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 fractlon but
less magnetite.

Visible brookite is not common among the sand sizes, and as channel
samples averaged about 5.per cent TiO», undoubtedly much of the brooklte 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 niixed with
some water transported sediments. While weathering in place may have
produced such rounding the abundant magnetite was transported ﬁ'om 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 from the 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 importénce
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, lie'in 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 compose‘!d of
leucoxene, which retain the shapes of the fresh taeniolite, are present. '

The sequence of events in the formatlon of the light quartzite prlmary

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- gramed 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 unde1gomg reorgamzatlon
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 gossan-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 eXploratioﬁ, but it is not considered particularly favorable.

“The Second Saddle

All but the eastern edge-of 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 largely liberated
from the quartz. ‘Excellent ‘crystal shapes with fresh, sharp edges charac-
terize the liberated brookite.:- The sharp crystal edges as well as tHe 'angulal
‘shapes’of the quartzite grains indicate a residual ore. The lack of abundam

. magnetite indicates no admixture of transported material. ‘,
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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 rutile 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 euhedral 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.

PARAGENESIS 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. Intr_usive'activity in Magnet Cove in Cretaceous time. (Miser, 1943).

3. Mineralization of the novaculite forming the fine-grained yellow
quartzite containing taeniolite, rutile, 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 from..the direction of Magnet Cove.

4. Reerystallization of almost all of the fine-grained quartz, inclﬁding
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 ahgular
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 time as
the formation of the hot spring deposits in the center of the Cove basjin.

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, leucoxene,
‘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, a"veraging
.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), contaiﬁs only a
small amount, 0.11 per cent, of titanium.
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EXTENT OF THE DEPOSIT AND RECOMMENDATIONS FOR FUTURE EXPLORATION

13

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 material in the test pits, ranged
from 5.0 to 8.4 per cent in TiO: 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, mamly
in the SW%4 SW% 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 O. Christy obtained a lease on the property inl 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 samples
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. Buleau 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 residuai ore at
the Christy deposit.

TOPOGRAPHY “
The Christy deposit lies on the top and partly on the south slé)pe 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

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 merhber.
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 v_is‘ also
a sandstone member of the Arkansas novaculite formation. '

Both the massive novaculite of the lower division and the thin-bedded
novaculite and shale of the middle division of the Arkansas novaculite f(}rma-
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 aLon'g the Rock Island railroad’s spur to the barite imines
(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 in all
its exposures at the Christy deposit. This recrystallized novaculite wvaries
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 secticj)n 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 hydrothermally 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 p1'oj§ct 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, d1:i11 hole
information from hole BD-10 tends to confirm the location of the Mlssourl
Mountain shale formation.

Stiucturally 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: located
on the north limb of this same structure where the Arkansas novaculite is
truncated by the Magnet Cove intrusives, and also that the extensiv:e 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 .brookvité depositlas 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 orebody 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 re51dua1
and primary ore, but it is suspected that the residual ore coincides w1th 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, darl‘j{ 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 rea 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 acicular
rutile, (Plate XXII-A, B, p. 168), and altered taeniolite shreds. The rutile, 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 Strophemcna. 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 brook)te in this deposxt 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 specimens selected at random
have invariably indicated 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
present 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 com-
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 hds 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 novacdlite 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. Stratigraphically 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 novaculite
and shale of the middle division of the formation. The log of driil hole C-3A
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 syenlte 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 not 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. Brooklte 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-1,
reached the unoxidized zone. Hole C-1 was .bottomed in a pynte bearing
shale bed in the novaculite formation. In hole BC-1 unoxidized quartz1te 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 aitered
to leucoxene, but the brookite occurs as small unaltered crystals. Taetfniolite
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 V20; content in a given set of
samples is not directly proportional to the TiOs 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 kaolinitl‘e 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 éompletely
enveloped by clay. It is interesting to note that despite the relatively high
TiO, assays reported on the thick clay-sedtions 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. Depos1t10n, 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 (Mlser, 1943).

3. Introductlon of rutlle, taeniolite, and brookxte, at the time of 1gneous
intrusion.

) , . s ) - "
iy . L il

4. Recr;ystalhzatlon of the novacuhte
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5. Introduction of clay minerals.
6. Erosion.

7. Deep weathering of the primary orebody from the upper 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-
tically all of the brookite erystals 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 TiO:z con-
tent of the ore, this titania cannot be considered recoverable.. The TiO=
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-
nesses, 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-1 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 obtainéd from the Bureau of Mines drilling at the
Christy deposit are on permanent file in the Core Library of the Bureau of
Mines at Rélla, 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.
1

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
-parenthesés in the logs, and the primary ore was described in the' logs
as porous brookite- quartz rock. A general statement regardmg 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 underlam by
a significant body of primary ore.

2. A 1votwall 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‘i of the
orebody was tentatively established. '

4. Ocxidized 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 footwa;ll 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 formaition (see
Hole BD-10, Plate VII) should be dvilled 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., -?R 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 Comipany
churn drilled the deposit as a possible source of pyrite. The recent exf)lora-
tion (1946) has been for molybdenum, but the vein material also contains
brookite and some rutile.

The country rock is jacupirangite (mainly magnetite and pyroxenel with
some nepheline) both fresh and altered along zones which do not enfirely
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 doarse
gravels. The topographic expression and the results of the earlier di-illing
(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 pe;rthitic
microcline ranging up to 3 mm in diameter, and a small amount of chess-
board albite. Apatite, brookite, rutile, pyrite, and sphene in varying arr;lounts
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 feldsi)ar veins was followed by a molybdenite mineral-
ization. Two to three feet on either side of the rich molybdenite veins there
is disseminated molybdenité. 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 TiO: mineralization.

The feldspar veins diffei- from the microcline-calcite veins of the Magnet
Cove Rutile Company propérty by a total absence of a carbonate a:nd the
very much coarser grain V.si'ge. The veins in grain size and in the presence
of perthitic miecrocline andf‘,albite most closely resemble the coarse-grained
albife-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 veinsof the
Magnet Cove Rutile Company pit.:
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The molybdehite 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 XXIV-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 em 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 TiO. mineralization is an iron oxide, taeniolite, and a clay
mineral. The rutile and iron oxide occur in diffuse bands 2-8 mm wide which
cut across grain boundaries of the quartz. Typically such a band has an outer
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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 placé. The
brookite-quartz float gradually gives way to boulders of coarse-grained, gray
nepheline "syenite 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 biookite-
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 % 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 brospec't is located on the Richardson property in the northwest
quarter of Section 17, T. 8 S., R. 17 W., about half a mile east of the 'Magnet
Cove Rutile Company’s deposit (see Plate I in pocket). The mineré.lization
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 wéathered
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. 8 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 brookite-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 vards 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 Magm;at Cove
(p. 13), it was pointed out that Messrs. Nichols and Campbell produced a
small amount of rutile from properties located in the SW!4 SW1 Section 18,
T. 3 S., R. 17 W. The trenches resulting from that operation still ex‘ist; 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 1% inches in 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 leasé, 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 restrict;ed 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. S, High-
way 270 to the Jones Mill aluminum plant in the NE1% of Section 24, T. 3 S.,
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 locélity is
negligible, but the outcrop is interesting since it shows the widespread occur-
rence of rutile mineralization in Magnet Cove. '

McKNIGHT 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 S% SW4 of Section 5, T. 4 S., R. 17 W., Hot Spring County, Arl;cansas.
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 ju!nction.r
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

1
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gravel varying from 10 to 20 feet in thickness. The gravel 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 titaniufh 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 transpi)rted 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 escaped
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,‘r‘eferring to the Hardy-Walsh properties, says further:

|
“The titanium deposits at Magnet Cove, Ark., present minel;'al
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 explanatlon of these
relations.” ‘

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

The occurrence éft rutile in veins with soda and potash feldspars might
well be the result of transportation of titanium as KuTiF;.H.O which is water
soluble as the temperature approaches 100°C (Thornton, 1927, p. 48), or in the
form of Na.TiF;H20. This would readily explain the occurrence of fluorine
compounds in the immediate vicinity of the Magnet Cove Rutile Con‘gpany
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 minel-al
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‘j 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 tock.
Certain features of the sequence of mineralization, however, must be accou"nted
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
TiO», but the presence of earlier taeniolite does not account for the missing
fluorine. The occurrence of abundant acicular rutile in brookite-dominant
areas makes unattractive a hypothesis involving hydrothermal solutions in
the formation of rutile 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.‘r 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 fr(_)m 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 p1e11mma1y 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 on 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 obtamed

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 TiO2. In some tests, a slightly better grade of concentrates
than this was obtained, but at the expense of a sharp decrease in r'g-
covery. :

The fo]lowmg 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 sec-
ondary slimes produced during grinding.

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

5. Rougher flotation of the conditicned 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.





74 ARKANSAS TITANIUM ORE DEPOSITS

The beneficiation of the rutile ores of the Magnet Cove Rutile Company
deposit has been investigated more thorougnly 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. Burcau 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 oxiles, 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 beneficiation 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 927
(+) 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 titanium-
bearing minerals are ilmenite, rutile, brookite, leucoxene, titalflite, and
perovskite, of which only ilmenite and rutile are produced commetcially 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 Jacksonv111e, Vero Beach,
and Starke, Florida. ‘

Rutile is a natural oxide of titanium that theoretically contains 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 al,re gen-
erally less numerous and smaller than deposits of ilmenite. Rutile is pi;oduced
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, mihel'als,

* Gillson (1949) has stated that much of the so-called ilmenite in the large beach sand Idepoéifs
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 6,000 ... 7,900
Canada ... 62,992 30,820 12,234 1,275 6,445
India .. 38,396 102,412 174,848 187,993 257,476 i
Malayan Union ... .. __ - e 13,291 12,909
Norway ... 66,191 63,976 28,312 52,674 69,711 93, 1322
United States _.___ 184,667 252,749 279,880 266,230 305,296 348 126
10ther
1 Countries*** ___ 1,029 557 3,726 5,217 8,849 4,992
Total .. ... 358,735 461,060 511,271 509,183 668,361 Hx
] 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 1,664 160 28 5 .
Cameroun .
(French) 1,800 3,320 1,440 1,260 800 ok
-India ________ - 1,891 1,672 620’ 262 159 ok
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 Txtamum 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 0x1de plgment Thls ox1de, because of its
extreme whiteness, high refractlve mdex,,chemlcal stablhty and relatlve
cheapness, has become the most widely used whxte plgment in the paint,
paper and rubber industries. Some tltamum ox1de derived from 1lmemte 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 IImenite and Rutile Concentrates in
i the United States by Uses in 1948 (Short Tons) o
Product Ilmenite " Rutile]
Pigments (manufactured titanium dioxide)** _____ 558,448 L
Welding Rod Coatings** 145 7,885
Alloys and Carbide ... 6,377 952
Ceramics oo eeeee eeeae 175
Miscellaneous ... 30 851
Total e—.___565,000 ' 9.863

* Adapted from a 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 maintain
the welding are, 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,
ete.) 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.

k<

Small but important tonnages of rutile are used as a source of titania
in ceramics because it is simple to prepare. After beneficiation and grinding
it is directly suitable for use in some enamels or as a raw material f?l‘ 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. Thg 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 méthbds for'extracting, refining, and fabricating! the
metal. Tltamum metal today occuples a position not unlike that held by
aluminum ‘in 1884 when it sold for $1 41 per pound. During the succeeding
60-year penod metallurgical developments reduced the price of aluminum to
15 cents ‘pei ‘pound, and some experts ‘believe that.because of the unprece-
dented amotnt of effort and money being expended on titanium metal reséarch,
this new mletal will be developed as a large- scale structural materlal mote
quickly, possibly within the next decade. c
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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 rutile 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 pei"centage of titanium than rutile, 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 rutile and brookite deposits and prospects described in the pre-
ceding chapters only the rutile deposit of the Magnet Cove Rutile Company
and the Christy bl'ookitg 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 TiO. 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 rutile and brookite for the current, and possible future
uses of rutile 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 ininimum 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

Rutile

Titanium Cyanonitride

Acid Treatment Smelting

Pigment Grade High Titanium

Titanium Dioxide| | Slag
Chlorination Chlorination

oo

Matte Smelting

Chlorination

Titanium Matte

EI‘itanium Tetrachloride

Reduction with Magnesium Metal

I Titanium MetalJ

Chlorination

Figure 12. Diagram showing the basic steps in the extraction of

titanium metal from its ores by the Kroll process.

6L





\
80 ARI\(ANSAS TITANIUM 'ORE DEPOSITS
: \

rod coatings. The Metal\l’urgical 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-
:weld-metal test specimens made with Arkansas rutile concentrates in the
electrode coating are inferior to similarly produced weld metal from arc-
‘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 parily
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, ete., 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. O. 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 time 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: 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 coricentrates
that are lower grade than those acceptable for welding rod coatings: could
probably be used in metal production. A market for.lower gradé~ 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 becomés 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 hoies 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 logs 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-1
Elevation collar: 253.5
Depth, feet Analysis, percent
From To Description TiO.
0.0 118 Clay, sand, gravel overburden, and 2.5

oxidized material

11.8 14.5 Metamorphosed shale with some pyrite 3.8
and rutile
145 174 do. 4.5
174 19.9 do. 14
19.9 224 do. 1.3
224 24,5 do. 1.1
245 27.7 do. 2.9
27.7 317 Harder gray rock with pyrite and rutile- 3.3
31.7 385.3 do. 3.0
35.3 38.1 do. 2.3
38.1 40.0 do. 3.0
40.0 424 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 TiO»
0.0 11.0 Clay, sand, gravel overburden and 4.1
oxidized material
11.0 144 Metamorphosed shale with some pyrite 5.1
and rutile )
144 179 do. 4.5
179 22.0 do. 44
22 23.8 do. 4.6
23.8 28.1 do. 4.7
28.1 324 do. * 4.7
32.4 382 do. 4.8
38.2 42.0 . do. 4.6
42.0 46.5 do. 5.5
45.5 bl.5 do. 4.9
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HOLE A-3
Elevation collar: 270.8

Depth, feet -3 .- 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-1
Elevation collar: 257.0 :
Depth, feet Analysis, percent
From To Description TiO.
0 2 Surface and oxidized material. Sand, clay, 2.3
gravel, limonite, some rutile,
2 4 ) 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, 8.8
pyrite, rutile, other minerals ‘
16 18 0 4.5 .
18 20 do "33,
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 34 |
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 TiO
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. 24
6 8 do. 2.6
8 10 do. 2.6
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. 34
24 26 - do. 2.5
26 28 do. 3.0
HOLE E-2
Elevation collar: 275.0 .

Depth, feet Analysis, percent
From To Description TiO,
0 2 Overburden and oxidized material, clay, sand, 3.8

and rock. Some rutile .
2 4 o 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 2.6
40 42 do. - 8.2
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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 “3.2
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 33
30 32 do 2.3
32 34 do 2.2
34 36 do 24
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
pyrite and rutile
46 48 do. 3.5 .
48 50 do. 3.3
HOLE E-7
Elevation collar: 249.0 .
Depth, feet C " Analysis, percent
From To _ Description TiO: '
0.0 113 Clay, sand, gravel overburden and 4.0
oxidized material
11.3 143 Clay and soft rock. Oxidized material 4.2
14.3 15.7 Clay, soft rock, pyrite. Unoxidized material 3.2
15.7 224 Soft rock with pyrite. Metamorphosed shale 2.7
22.4 242 do. 4.1
24.2 269 Hard brown rock w1th calcite, feldspar, rutile 1.9
26.9 274 do. 1.7
274 294 Soft rock with some feldspar, pyrite, rutile 4.9
294 324 - do. 4.3
324 35.4 do. 2.7
354 384 do. 1.9
384 404 do. 3.9
404 424 do. 4.3 |
42,4 443 do. 2.3
44.3 499 do. 3.1
49.9 524 Harder rock with calclte, feldspar, pyrite, 3.1
rutile
524 b54.6 do. 2.5
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HOLE G-1
Elevation collar: 280.0
Depth, feet Analysis, percent
From To Description TiO.
0 2 Clay, sand gravel overburden. Some rutile 3.8
2 4 do. 4.6
4 6 Oxidized material. Brown-gray clay, soft rock. 4.1
Quartz, calcite, rutile, unidentified minerals
(4 8 0 4.5
8 10 do 3.6
10 12 do 3.7
12 14 do 4.2
14 16 do. 4.2
16 18 Oxidized material. Some pyrite 4.6
18 20 do. 3.9
20 22 Medium-hard rock, with calcite, quartz 3.0
pyrite, rutile, other minerals
22 24 do. 4.2
24 26 do. 4.2
26 28 Mostly calcite 4.2
28 30 do. 3.7
30 32 do. 4.9
32 34 Medium-hard rock, with calcite, qualtz pyrite, 4.0
rutile, other mmela]s
34 36 o 3.6
36 38 do 3.5
38 40 do 3.4
40 42 do 4.3
42 44 do 3.3
44 46 do 4.1
46 48 : do. 4.0
48 50 Harder, darker rock with some pynte and 3.8
rutile
50 52 do. 4.2
52 54 do. 4.0
54 56 do. 3.6
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HOLE H-1
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 14
30 32 do 8
32 34 do .6
34 36 do .8
36 38 do 2.4
38 40 do 24!
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 TiO»
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. 14
28 30 do. 1.6
30 32 Harder igneous rock .8
32 . 34 Hard dense igneous rock 1.2
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Depth,
From
0
2
4
6
10

12
14
16
18
20
- 22
24
26

28
30
32
34
36
38
40
42
44
46
48
50
62
54
b6

feet
To
2

ARKANSAS TITANIUM ORE DEPOSITS

HOLE H-3
Elevation collar: 321.0

Description

Overburden, clay, sand, gravel, some rutile
do. ’
do.
do.
Oxidized material. Clay and soft rock.
Quartz, calcite, rutile, other minerals
do.

. do:
Oxidized to unoxidized material
do.
Unoxidized material. Medium-hard rock.

Quartz, calcite, rutile, pyrite and other minerals

do.
do.
do.
do.
do.
do.
do.
Harder, darker rock
do.
do.
do.
do.
do. -
Hard, dense rock
do.
HOLE H-4

Elevation collar: 271.0

Description

Surface material with pyrite, rutile, clay, rock

felsite, with pyrite, rutile and other minerals
do. :

do.
Darker rock with pyrite, rutile, mica, other
minerals

do.

do. .
Light-colored rock, felsite, with pyrite,
rutile, other minerals

do.

do.

do.

do.

Analysis, percent

o
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Analysis, percent
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HOLE H-5 Co
Elevation collar: 271.0 ;‘
Depth, feet Analysis, percent
From To Description TiO»
0 2 Unoxidized material. Medium soft gray rock 4.5
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-pyrite 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
4 45 do. 4.2
HOLE H-6
Elevation collar: 274.7 :
Depth, feet Analysis, percent
From To Description: Ti0.
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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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
56'“" 58
58 60
60 62
62 64
64 66
66 68
68 70
70 72
72 74
74 76
76 78
78 80
80 82
82 84
84 86
86 88
88 90
90 92
92 94
94 96
96 98
98 100
100 102
102 104
104 106
106 108
108 110
110 112

ARKANSAS TITANIUM ORE DEPOSITS

HOLE H-7
Elevation collar: 258.4

Description

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

Mostly calcite

do.
Calcite, pyrite, quartz, rutile, and other
minerals in clay matrix
do.
do.

Hard dark rock
Calcite, pyrite, quartz, rutile, and other
minerals in clay matrix

Analysis, percent

TIOQ

HENDNONWWWONNON0WWN HONONNNNDND SN WNDWHRW 0NN L0 R P i OTD I 0000 I i TUS TUR 0
MUV R NONORNWLOOW PWUPWAWH AR WHOORNT OHWNPHIA-OHIODID RO DML o





MAGNET COVE RUTILE COMPANY DEPOSIT 1945 DRILL HOLES' 9L

HOLE H-7 (Continued)

Depth, feet : . Analysis, percent
From To Description TiO-.

112 114 Calcite, pyrite, quartz, rutile and other

minerals in clay matrix 1.5
114 116 do. 1.8
116 118 do. 2.7
118 120 do. 2.7
120 122 ) do. 2.6
122 124 do. 2.4
124 126 do. 3.0
126 128 do. 2.1
128 130 _do. 2.6
130 132 do. 2.7
132 134 do. 2.1
134 136 do. 2.4
136 138 do. 2.0
138 140 . do. 1.9
140 142 do. 1.8
142 144 do. 1.5°
144 146 do. 1.8
146 148 do. 1.0
148 150 - do. 1.2
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HOLE K-1
Elevation collar: 277.0 :
Depth, feet Analysis, percent
From To Description TiO,
0 2 Overburden of clay, sand, gravel and 2.3
some rutile
2 4 do. 2.3
4 6 do. 2.4
6 -8 Oxidized material. Brown and gray clay and 2.6
rock. Some rutile
8 10 do. 2.3
10 12. do. 4.4
12 14 Oxidized material. Brown and gray clay and 4.9
rock. Some rutile .
14 16. do 4.9
16 18 do. 4.9
18 20 do. 5.1
20 22 Dark rock with considerable pyrite. Some 4.1
rutile
22 24 do 5.1
24 26 do 5.1
26 28 do 4.7
28 30 do 4.0
30 32 do 5.1
32 34 do 3.7
34 36 do 3.7
36 38 do 4.2
38 40 do 3.8
40 42 do. 4.1
42 44 do. 4.4
44 46 Lighter rock with calcite, pyrite, and rutile 4.2
46 48 do. 3.8
48 50 do. 5.0
50 52 do. 4.1
52 54 do. 4.1
54 56 do. 3.8
56 58 do. 3.4
58 60 do. 3.6
60 62 do. 3.7
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HOLE K-2
Elevation collar: 268.0
Depth, feet
From To Description
0 2 Gray-brown medium soft rock (felsite) with
calcite, pyrite, clay, rutile and other minerals
2 4 do.
4 6 do.
6 8 do.
8 10 do.
10 12 do.
12 14 do.
14 16 do.
16 18 do.
18 20 do.
20 22 do.
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 do.
46 48 do.
48 50 do.
50 52 do.
52 54 do.
54 56 do.
56 58 do.
58 60 do.
60 62 do.
62 64 do.
64 66 do.
66 68 do.
68 170 do.
70 72 do.
72 74 do.

Analysis, percent
" Ti0,
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HOLE K-3
Elevation collar: 293.0 .
Depth, feet Analysis, percent
From To Description TiO.
0 -2 Overburden of clay, sand, gravel, some rutile 2.1
2 4 do. - - 2.1
4 6 do 1.8
6 8 do. 1.9
8 10 do. 1.6
10 12 Oxidized material. Gray-white clay, soft rock 1.5
limonite, some rutile
12 14 do. 1.2
14 16 do. 1.6
16 18 do 3.0
18 20 do 3.1
20 22 do 4.5
22 24 do. 4.6
24 26 do. 3.5
26 28 Light clay, soft rock, abundant pyrite, some 2.1
calcite, rutile, and other minerals
28 30 0 2.3
30 32 do 3.6
32 34 do 2.5
34 36 do 1.9
36 38 do 1.6
38 40 Mostly pyrite 1.6
40 42 do. 1.8
42 44 do. 14
44 46 do. 1.3
46 48 do. 1.8
48 50 do. . 1.1
50 52 Light clay, soft rock, abundant pyrite, 1.5
some calcite, rutile and other minerals
52 56 . 0 No sample
56 58 do 1.2
58 60 do 1.1
60 62 do q
62 64 do 1.0
64 66 do 9
66 - 68 do q
68 70 do q
70 72 do .9
72 74 do 1.0
74 76 Mostly pyrite 2.1
76 78 do. 1.8
78 80 Light clay, soft rock, abundant pyrite, some 1.6
calcite, rutile, and other minerals
80 82 0 2.8
82 84 do 1.8
84 86 do 3.2
86 88 do 1.3
88 90 do 2.3
90 92 do 2.0
92 94 do 1.9
94 96 do 1.7
96 98 do 1.5
98 100 do 14





Depth,
From
0.0
11.0
15.8
17.6
21.1
23.4
27.2
314
35.8
41.8

48.1
52.0

Depth,
From
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feet
To

11.0
15.8
17.6
21.1
23.4
27.2
31.4
35.8
41.8
48.1

52.0
54.0

feet
To

10

" rock

HOLE K-4B
Elevation collar: 263.0

Description

Overburden and oxidized material
Oxidized material. Clay and soft rock
do.
Gray clay with calcite, pyrite, and rutile
Gray clay and rock. Some pyrite and rutile
do.
do.
do.
do.
Clay and soft rock with calcite, pyrite,
and rutile
Calcite
Calcite to soft rock. Some pyrite and rutile

HOLE L-1
Elevation collar: 296.5

PDescription

Overburden. Syenite boulders in clay

do.
do.
do.
Oxidized material. Brown clay, medium-soft

do.

do.

do.

do.

do.

Unoxidized material. Calcite, pyrite, quartz,
other minerals

Hard igneous rock
do. ¢

! HOLE M-1
Elevation collar: 234.9

Description
Overburden and oxidized material to 9 feet.
Hard rock below 9 feet

Analyéis, percent
TiO.
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Analysis, percent
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Analysis, percent
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Depth,
From

0.0

11.3
14.8
16.8
19.3

22.0
24.6
27.1

29.5
32.5
33.5
36.7
40.0

42.5

45.0
417.9

ljepth,
From
0

Depth,
From
0.0

11.9
17.0
20.0
22.0
23.7

Depth,
From
0

11

feet
To

11.3

14.8
16.8
19.3
22.0

24.6
27.1
29.5

32.5
33.5
36.7
40.0
42.5

45.0

47.9
50.0

feet
To
12

feet
To

11.9

©20.0

22.0
23.7
29.6

feet
To

11
12

' ARKANSAS TITANIUM ORE DEPOSITS

HOLE M-2
Elevation collar: 239.7

Description

Clay, sand, gravel overburden, and
oxidized material :
Dark rock and clay. Some pyrite and rutile
Light rock and clay. Some pyrite and rutile
Clay and seamy rock. Some pyrite and rutile
Clay, soft rock with calcite, feldspar,
pyrite and rutile

do.

do. :
Clay with rutile, caléite, feldspar,
abundant pyrite

do.
Calcite, feldspar, rutile, pyrite and some
dark blue rock
Clay and rock with calcite, feldspar,
pyrite, rutile .
Seamy rock with sc:ime pyrite, calcite, rutile
o.

HOLE M-3
Elevation collar: 245.6

Description

Overburden and oxidized material to 10
feet. Hard rock below 10 feet

HOLE M-4
Elevation collar: 248.4

Description
Overburden oxidized material to 8 feet. 8 to
10 feet unoxidized material. 10 to 11.9 feet
harder rock
Rock and clay with some pyrite and rutile

Medium-hard rock, with some pyrite and rutile

Hard rock with pyrite and rutile

do.
Same as above, with void spaces
Hard, dark rock, with some pyrite and
rutile. Dike rock

HOLE O-1
Elevation collar: 244.9.

Description
Light clay and pyrite to 7 feet. Dike rock
below 7 feet
Hard dark rock. Dike rock

Analysis, percent
TiO;

PO D DARwd NDH PRDOT
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Analysis, percent
TiOg
2.8

Analysis, percent
TiOg
3.3

LA T
oMW

Analysis, percent
TiO2
3.9

3.9
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LOGS OF U. 8. BUREAU OF MINES 1948 DRILL HOLES,
MAGNET COVE RUTILE COMPANY DEPOSIT

f ,

In 1948 the U. S. Bureau of Mines compl?ted its second drilling project
at the Magnet Cove Rutile /Company 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.
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ARKANSAS TITANIUM ORE DEPOSITS

COORD.-N 200, W 600
DRILL-BAKER CORE

HOLE NO. A-4

COLLAR ELEV.-395'
TOTAL DEPTH -125'

CORE ANALYSIS

LITHOLOGY
INTERVAL (2% Ti0, | %V, 0, |l ERVAL Description
0-2 Brown clay with metamorphosed sedimentary fragments
0-7 | 2.80 ’
2-14 Drab, gray-green, altered phonolite
7-1| L.50
=17 Same, with minor rutile seams and much fine-
1-21] 3.75 grained pyrite
17-28 Altered phonolite harder than above - no visible
21-28 3.45 rutile - quartzite inclusion at 27!
28-35( 1.80
35-42| 2.35
h2-4S | 2.2
us 5 28-68 Softer altered phonolite - color varies from dark
u5-L7] 2.20 greenish-black to light gray-green - contains
scattered feldspar carbonate with little rutile.
L7-52) 3.05 One foot of feldspar-carbonate at 65' contains
some medium-grained rutile
52-59 | 3.95 [ 0.09
59-65 | 3.90
65-70| 3.0
68-70 Feldspar-carbonate rock containing some fine-
grained and some medium-grained rutile
70-771 3.75 70-77 Dark green to black altered phonolite
77-8k | 3.95
77-91 Altered phonolite - contains one foot of feldspar-
carbonate with some fine-grained rutils at 79'-80'
84-91 | 4.50
91-98 | 4.80 91-98 Porphyritic dike rock
8- .
98-104) 3.55 98-106| Altered phonolite
104-110 3.20 106-10 Unaltered phonolite

Continued
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v

HOLE NO. A-4 (Cont’d)

CORE ANALYSIS

LITHOLOGY

INTERVAL
IN FEET

%Ti0,

INTERVAL
%V: O, IN FEET

Description

110-116{ 3.70

107-125|

116-123

2,65

0.10

123-125

2.05

Altered phonolite

COORD.-N 500, W 400
DRILL -BAKER GORE

HOLE NO. B-1

COLLAR ELEV-40!'
TOTAL DEPTH-20'

CORE ANALYSIS LITHOLOGY
'?J E?é‘# %Ti0, | %V, 05 N e Description
0-6 Drab, gray altered phonolite with scattered
NO limonite stains .
SAMPLES 6-10 Drab clay as .above with large fragment§ of meta-
morphosed sediments and few coarse-grained
nepheline syenite fragments .
10-13 Gray-green, iron-stained, soft, altered ohonolite
13-17 No core recovered
17-20 Very fine-grained, calcareous, blue-black, lgneous
7- rock (unaltered phonolite)

COORD.-N 200, W 400
DRILL -BAKER CORE

T

HOLE NO. B-2

COLLAR ELEV-392'
TOTAL DEPTH-120"

CORE ANALYSIS LITHOLOGY
NI 1%Ti0, V.0, | "W Feer Description ' 1
Brown clay containing fragments of slate, sandstone
0-5 | 2.79 | 0.09 | O=L.5 quartzite and altere igngxgus rock - minor rutile,
grains
Slightly iron-stained, gray-green clay (altered
5-10| 6.15 | 0.15 |},.5-12 .| Pporphyritic igneous rock)
>
Dark green, fine-grained altered phonolite con-
10-15| 3.0 |0.11 1217 talning hard sedimentary rock fragments, probably
- shale - also contains one foot of feldspar- '
carbonate with no rutile at 13! !
15-20| 3.96 {0.13 : R ?
17-20 Altered feldspar-carbonate rock with some rutile
Gray-green clay (altered phonolite) with sedimentary
20-26| 1.39 | 0.09 | 20-27 rock fragments including some buff, fine-grained '
sandstone

Continued

99
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. B-2 (Cont’d)

CORE ANALYSIS LITHOLOGY
I Feer (% Ti0; 6V, 0r | ' ER Description
*] :26=31] 3.42 |0.13
= ] 27-35.5 Altered pho;{ahte - contains above fragments at
31-33'
3.87 |0.14
Feldspar-carbonate rock with much very fine-
355-39 grained rutile, the hard fragments are very fine-
2,12 | 0.08 grained dolomite - some medium-grained rutile
39-L3 Dark green altered phonolite
]
11-46| 2.68 | 0.12 L36.5| Very fine-grained, buff, massive, altered
porphyritic igneous rock
46-50] 5. 0.0
46-50{ 5.L5 ? 46.5-52.5| Altered and unaltered phonolite
50-55| L.65 10.12 _ Feldspar-carbonate rock with abundant fine-grained
52.5-55 rutile
"55-60| L.u6 10.15 55-62 Altered phonolite
60-65 4.55 | 0.17
62~70 Feldspar-carbonate rock with abundant fine-grained
65-701 2.36 |0.06 : rutilxa’ o et
70-73| 2.22 { 0,05
73-78| 2.22 | 0,05~
78-82| 3.06 {0.05~
82-87| L.10 | 0,05~
87-91| 2.45 |0.05- Mostly feldspar-carbonate rock with some gray-
. 5 70-110 green clay - contains some fine-grained, much
91-95 | 4.95 |0 il medium-grained, and some coarse-grained rutile
95-100| 3.30 |0.11
100-106 | 2.75 | 0409
1106=110 | 2.75 [0.09.
110-115( 2,70 ;0.19
130-120 Very coarse-grained white dolomite with minor
115-120 | 0,60 |0.11 rutile






MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES

COORD~N 00, W 400
DRILL-BAKER CORE

HOLE NO. B-3

COLLAR ELEV-385'
TOTAL DEPTH-6t'

CORE ANALYSIS LITHOLOGY
INTERVAL 19 TiO, {%V, Ou| "N Srer Description
0-7 2.80 0-6 Dark brown surface clay
7-1 | 2.5%
6-20 Brom to gray clay
W-21 | 1.70
20-23 Soft, friable, white feldspar-carbonate and pyrﬂ,e
21-27 | 0.90 X :
23-28 Coarse-grained barren calcite and pyrite
. Blue-gray, soft, altered feldspar-carbonate with
27-3L4 | 2.65 some fine-grained rutile (Sugary-textured albite-
28-37 dolomite vein type) . :
34-41 | 1.85 ;
Soft, gray feldspar-carbonate and clay with some
L1-48 | 0.30 . fine-grained rutile - one foot of hard feldspar-
37-35 carbonate with much coarse-grained rutile at 37'
u8-55 | 1.05
35-57 Mainly fine-grained, granular pyrite with some
carbonate
55-62 | 1.00 Mainly coarse-grained calcite fragments with pyrite
57-65 and some fine-grained rutile
62-69 | 0,70 | 0,07
69-73 | 0.65 . ;
65-81 Same as above (rutile rare) somé biotite
73-79 | 1.05
79-84 | 0.40 B
Soft, granular, feldspar-carbonate with some fine-
81-89 grained rutile
84-89 | 0.L0 .
Less
89-95 | than 29.96 Coarse-grained barren calcite with some altered
0.05 biotite and pyrite
95-103] 0.35
96-112 Calcite fragments with some pyrite, no rutile
103-110 0.95 N .

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. B-3 (Cont’d)

CORE ANALYSIS LITHOLOGY
INTERVAL 1o, TiO, |%V, Ou| "N Seia Description
Less -
110-117 ghgg 112-117] Coarse-grained massive calcite
Less 117-121]  Same as 96-112
117-12l4 than -
0.05 121-12) Coarse-grained massive calcite
124-127 Calcite fragments L
12-130 0.30 | 0.06 Coarse-grained calcite with scattered silicates
127-130 .
130-137 0,20
130-1LY Coarse-grained barren calcite
137-143| 1.70
141-13] Altered phonolite
143-1501 0.30
1U3-154 Coarse-grained barren calcite
Less
150-15k| thar
0.0
154-161| 0.80 | 0.06 |1%4-161] Coarse-grained calcite and silicates

GOORD.-N 400, W 400
DRILL - BAKER GORE

HOLE NO. B-4

COLLAR ELEV.-397'
TOTAL DEPTH-65'

CORE ANALYSIS LITHOLOGY

W Eeer [%TiO [%V:0, | %S |'NEReY Description

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| 0.34
23-29 | 3.13 | 0.10| 1.60

_ 23-385 Altered gra);-green phonolite - contains large
29-35| 3.54 | 0.09| 1.08 biotite flakes tn places
35-38.5 3.64 | 0.09| 0.8

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

CORE ANALYSIS LITHOLOGY
"W e [%TiO, [%V,0,| %S |NrERvAL ) Description
> B5[1.59 1 0.08] 2.79 38541.5! Granular feldspar-carbonate with some fine-

grained rutile '
39.5-47 4.30 | 0.09| 2.09
L7-54 | 3.90 | 0,08 3.5, |L1.561| Light, gray-green altered phonolite
S4-61 | 3.0L | 0,06 1.26
. . Black, hard - d calca. s rock

61-65 2,80 | 0.06| 3.71 | 6165 (l];:gl ohan I,Jhg%g{ig?ine reou »

COORD.-N 200, W 200
DRILL-BAKER CORE

HOLE NO. C-1

COLLAR ELEV-387'
TOTAL DEPTH-102'

CORE ANALYSIS LITHOLOGY
e, o [ Descripton
0-2 Surface clay containing sedimentary and altered '
0-6 | 1.85 | 0.05 igneous rock fragments
2-6 Dark gray clay with large altered igneous rock
fragments
6-12 | 2.40 | 0,05 6-12 Mostly metamorphosed sedimentary rock fragments
(sandy shales) blue-grey to gray in color, soms H
fine-grained, hard, dark gray clay

12-18 | 7.95 | 0.09] 12-18 Feldspar-carbonate - abundant coarse-grained
rutile (12'-14') some fine-grained rutile (14'-18')
Soft, gray-green to flesh-colored altered

18-22 | 3.40 | 0.06 feld;psr—clx‘bomte containing gome fine-grained

18-27 rutile (18'-22') - Hard felispar-carbonate
22-28 | 2.35 | 0.0%- fragments with some medium-grained rutile at 26!
0 o /
Soft, granular, feldspar-carbonate with some fine-

28-34 [1.65 | 0.11 | 27-34 grained rutile }

; 34-37.5|  Altered phonolite - feldspar-carbonate contact -

34-40 | 1.95 | 0.13 some fine-grained rutile in fel

37.5-39 Altered phonolite

h0o-45 | 2.25) 0.09 | 39-LS Granular feldspar-carbonate - no visible rutile
Altered phonolite with a small vein of hard brown,

LS-51 | 3.00| 0.15 | US-L49 fine-grained feldspar-carbonate ,

51-57 { 3.15| 0.09 49-60 Mainly altered phonolite with seams of micaceous
feldspar-carbonate. The mica is/0on outside of
seams, feldspar-carbonate in center - only, a trace

57-60 | 3.35| 0.16 of rufile inp:he seams. . ' v

60-6L | 3.80| 0.15

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. C-1 (Cont’d)

GCORE ANALYSIS LITHOLOGY
W reet | %0, %V, 0.\ Feer Description
6L-69 | 3.75| 0.13 60-73 Altered phonolite with scattered, gramular
carbonate seams . .
69-73 | 3.500.10
73-78 | 4.15| 0.11 |73-78 Probably altered phonolite
78-84 | 3.60 | 0.13 |78-8L Dark green altered phonolite with one foot granular
feldspar-carbonate at 81' - no rutile
Bu-88 | 3.55 0,18 BL-91 Altered phonolite - contains one foot of feldspar-
- t 1 oo
88-91 | 5.25 | 0.10 carbonate at 8l' with some fine-grained rutile
91-94 | 1.75 | 0.08 Feldspar-carbonate fragments - granular feldspar-
91-97 carbonate - green clay - some fine-grained rutile
94-97 | 1.10 | 0.05 :
97-100| 3.20 | 0.10 |97-100 Altered phonolite
100-102| 1,05 | 0.13 |100-102 Soft, granular feldspar-carbonate with some rutile

COORD.-N 500, W 200
DRILL-BAKER CORE

HOLE NO. C-2

COLLAR ELEV.-399
TOTAL DEPTH-123'

CORE ANALYSIS LITHOLOGY
T % Ti0, [%V,0, [N ey 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
1218 3.85 | 0.15 12-18| Altered, fairly-hard phonolite
18-23 | 3.50 | 0.08 Hard, blue-black, fine-grained calcareous igneous
. 18-24 rock with pyrite cubes (unaltered phonolite)
24-26.5| Light gray altered phonolite
23-30) 3.80 | 017 26.5-28] Altered igneous rock
30-36 | 3.65 | 0.07
28-41 Hard, blue-black calcareous rock (unaltered
phono_lite)
36-L2 | 3.70 | 0.09
4248 | k.40 | 0.10( L1-L8 Gray clay containing hard feldspar-carbonate
fragments

Continued






MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES

HOLE NO. C-2 (Cont’d)

CORE ANALYSIS LITHOLOGY
WA oeTio, [0, [ Descripfion
48-54 | 3.25 | 0.07| LB8-54 Gray~-green clay with hard feldspar-carbonate
fragments - some fine-grained rutile
54=60 | 1.20° | 0,05 5h=60 Hard, cream-colored, fine-grained feldspar-~
carbonate fragments containing some fine-grained
rutile (microcline-calcite vein type) :
60-65 Blue-green clay - soft, granular feldspar-carbonate
60-67 3.85 | 0.09 with much fine-grained rutile
6567 Fairly hard, gray-zreen altered phonolite ]
67-73 | L.35 | 0.07
-80 [11. 0.0 Hard, fine-grained feldspar-carbonate with much
3= 60 o 67-91 fine-grained rutile - carbonate is dolomite -
large pyrite cubes common
80-86 | 1.80(<0.05 1
86-91| 2.70|<0.05
91-98 | 3.55/<0,05| 91-98 Hard feldspar-carbonate with some fine-grained
. rutile
98-1Q4 5.75| 0.07
. Hard feldspar-carbonate fragments containing much
= 98-109| fine-grained rutile - much coarse-grained pyrite '
Wo4-111f 4.45| 0.09 ‘
109-111| Altered phonolite
11-118 6.95| 0.05[111-117] Feldspar-carbonate with much fine-grained rutile
Altered phonolite (117'-=118') - remainder is hard,
n8-123| 2.65| 0.06[17-123| black, very fine-grained igneous rock with
disseminated fine-grained pyrite (unaltered phonolite)
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ARKANSAS TITANIUM ORE DEPOSITS

COORD.-N 500, E 00
DRILL- BAKER CORE

HOLE NO. D-1

COLLAR ELEV-394'
TOTAL DEPTH- 157"

CORE ANALYSIS LITHOLOGY
WA PTio w0, e Description
Brown surface clay cuntaining 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 (?)
21-2) | 2.50| 0.11 .
Hard, white, feldspar-carbonate fragments with
_ 21-30 some medium-grained rutile and much fine-grained
24-29 | 3.65| 0.13 pyrite ;
5 65! 0.1 Hard, very fine-grained feldspar-carbonate with
29-3 3. 13 30-36 very fine-grained rutile - some dark blue-green
clay :
35-42 | 3.60| 0.11
Hard, dark fine-grained igneous rock fragments
36-49 (unaltered phonolite) and dark clay
h2-h9 | 3.70| 0.15
Feldspar-carbonate rock - much medium-grained
L9=-51 rutile
L9-56 | 5.35| 0.18 Hard, dark, green-black very fine-grained igneous
51-57.5 rock fragments (unaltered phonolite)
Brown, fine-grained, hard feldspar-carbonate
56-63 | L.20| 0.18 57.5-62 fragments with some,mediim-grainad 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
Soft, altered phonolite with two one-foot
66=73 feldspar-carbonate veins - gsome fine-and medium-
69-76 | 1.85| 0.09 grained rutile at 71'to 72!
Hard feldspar—carbonate fragments in green clay -
76-83 | 2.90 0.10 some fine-grained rutile 73' to 76! - much fine-
73-90 and medium-grained rutile 76' to 83' - some
fine-grained rutile 83' to 90!
83-90 | 2.60| 0.09
Hard feldspar-carbonate fragments containing some
90-97 | 1.85| 0.09 90-54 fine-grained rutile
9L-97 Alternating dark green clay and hard feldspar-
carbonate fragments - little rutile
Hard feldspar-carbonate fragments containing some
97-10k | 2.00 | 0.06| 97-102 mealm-grained rutile - a little coarse-grained
rutile
Green clay (altered phonolite?) - contains one
102-107 foot of hard feldspar-carbonate fragments with
104-111 | 2.25 | 0.07 some medium-grained rutile at 10L'
107-112 Hard feldspar-carbonate fragments with some fine-
and medium-grained rutile

Continued






MAGNET COVE RUTILE COMPANY PRODUCTION 1948 DRILL HOLES

HOLE NO. D-1 (Cont’d)

CORE ANALYSIS LITHOLOGY
INTERYA 1%TIO, [%V,0,| T ERvAL Description
o . .09 12116 vark green altered phonolite - contains some
11-117 | 2.40 | 0.09 feldspar-carbonate veins with medium—grained rutile
117-123 | 1.35 [<0.05 [116-125 Soft feldspar-carbonate with some coarae-grained
and some medium-grained rutile
123-1268 | 1.85 %0,05 125-128 Hard, fine-grained feldspar-carbonate fragments
-12 with some fine-grained rutile
128-133 | 1.75 |<0.05
133-140 | 2.25 | 0.05
Soft, granular feldspar-carbonate with green clay
128-157 streaks and some fine-and medium-grained rutile -
1,0-147 | 1.05 | 0.07 one foot of dark green altered phonolite at 1;147'
147-152 | L.25 | 0.16
152-157 | 3.50 | 0.10 ‘

COORD.-N 00, E 00
DRILL - BAKER GORE

HOLE NO. D-3

COLLAR ELEV-380'
TOTAL DEPTH-1I5'

CORE ANALYSIS LITHOLOGY
S (% Ti0, [ %V, O |'W Feer- Description !
0-2 Brown surface clay and soil
0-7 | 2.95 Drab, brown-gray clay containing abundant frag-
. 2-7 ments of hard metamorphosed sediments and soft ‘
light gray shale
y Dark brown plastic clay with scattered manganese
7-10 stains
7-14} 1.15
10-15 Drab gray gritty clay (altered phonolite) with
vein of coarse-grained calcite (13'-15')
1W-21| 0.70 15-1C Altered phonolite with streaks of green feldspar-,
a ‘ carbonate - no rutile
18-28 Coarge-grained barren calcite |
21-28| 0.60
NO )
28-3U s upres 28-34 No core recovered
304-35 Soft, friable white feldspar-carbonate - some
fine-grained rutile
34-L0{ 0.30
Less 5-L8 Barren, coarse-grained calcite
40-L7| than 3 ’
0.05

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. D-3 (Cont’d)

CORE ANALYSIS LITHOLOGY
'."NT Er?éerL % Ti0,| %V, 0 '?‘J Esas\é‘}L Description
L7-54| 0.10
Less . i
Su-61 gh(a); 48-65 Small fragments of coarse-grained calcite with
. some pyrite - no rutile
61-68| 0.95| 0.13
65-68 Gray-green clay and coarse-grained calcite
68-7L| 1.00 63-75.9 Medium-grained, barren calcite and silicates -
two feet of altered phonollte at 72'-74'
74-80| 2.50
75.5-85 Altered phonolite with granular, white feldspar—
. carbonate seams
80-87| 2.05
85-87 Soft, dark green, fine-grained igneous rock
(altered phonolite)
87-94| 0.LO 87-91 Mixed altered phonolite and coarse-grained calcite
fragments
94-101| L.50
91-115 Altered phonolite - varies in color from buff to
dark green - contains 3" lens of barren brown
101-108| 3.55 carbonate at 113! -
108-115 3.75| 0.16

COORD.~-N 200, E 200
DRILL -DIAMOND DRILL

HOLE NO. E-7

COLLAR ELEV.-387'V
TOTAL DEPTH - 1885'

CORE ANALYSIS | SLUDGE 'LITHOLOGY
"IN PATIQUAVO%TIQNVG] A Description

0-7 [3.80,0.13 0-7 | 5611 and limonite-stained clay

7-10 |2.20 0'1? 7-12 © Limonite-stained clay

_12.€ o - ;
10-12.5 [2.85/0.14 . Very fine-grained, sugary-textured
12.5-15 |b.40]0.13 12-15 .|  freldspar-carbonate rock

15-20 [3.10/0.16 15-19 ‘ " Green altered phonolite

- fod 1922 - Feldspar-carbonate rock cut by coarse-

20-23.3 3.18 0;_153’“5 048 ¢ g;;ir;zd -albite-dolomite vein, rut.,ile and

T

Continued





MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES

HOLE NO. E-7 (Cont’d)

CORE ANALYSIS

SLUDGE LITHOLOGY
WERAL LTIQUAVQ%TIQNO] e Description ?
23.2-27 [3.90(0.23 22-27 gr:in :1tered phonolite - 1' dike or
nclusion
27-30.5 |3.6010.18({3.15 0,2(? 27-30 Feldspar-carbonate rock
30.5-32.5|L.30/0.23]3.50| 0.1 30-32 Grezn altered phonolite |
32.5-3L L.20/0.11 Hard, gray, fine-grained feldspar-
=36 L.25[0.19 2.7510.20[ 32-36 carbr;nate <’:ut by coarse-, grained altered,
6 - rutile-bearing dolomite veins
36-38 L .20 0-183.90 0.23 36-38 Same, with some interspersed altered
38-40 _ [3.50{0.a7 phondlite ‘
40-43 3.90/0,16 38-L2 Altered phonolite
1348 1.80|0.10/1.1510.051 L2-l7 L;::;ly soft altered feldspar-carbonate
18-49.8 |3.20/0. Hard feldspar-carbonate fragments con-
-39 ” 3 05-2.60 01| L47-53 taining both fine and coarse-grained
49.8-52 2,70{0.10 rutile
52-53.5 |1.65(0.11 3.05/0.13
63.5-57.5 [3.10/0.18 Altered phonolite with 1.5 feet of hard
. feldspar-carbonate rock at 62 feet with
57.5-62 [2.40/0.09(1.25/0.13] 53-67 medium-grained rutile - and flesh-colored
dolomite veinlets - fragments are vuggy
62-63.5 12.55(0.13
63.5-67 [3.25]0.5]2-80]0-1) s e ——
6169 12.35(014] 2350 6789 | grainea raciae e Toh sone fines
69-73 h.i5|0.16] b.75]0.17| 69-73 Altered dark green phonolite
73-76.5 [1.35/0.18| 2.15(0.10 Hard gldspar;ca;bon::; fragme:ts with
some fine-grained rutile - much green
73-82 clay, possibly altered feldspar-carbonate.
76.5-81.5/2.00/0.10 3.20{ 0.08 One foot of green altered phonolite at,
811-82!
1'-82
gml'g'gg'zz 122; g‘.g 82-86 Soft feldspar-carbonate fragments - some
STl (e . very fine-grained rutile - streaks of
85.2-67.2[3.75]0.13 molybdenite .
87,2-89.2[3.05/0.18 86-90 I})l:rl; green porphyritic rock with 1 fogt.‘ of
rd feldspar-carbonate fragments at 87!
89.2-93 [2.10|0.10{2.55/0.05-( 90-93 Hard, light brown feldspar-carbonate
fragments with minor fine-grained rutile
93-98 3.85(0.15] : ;
Light green altered phonolite - some vein
93-102 material with very fine-grained rutile
98-100 |3.55/0J1 scattered through 96!'=100' interval
100-1@.2 |3.85/0.10 :
102.2-10) 13.00]0.14) Altered feldspar-carbonate with fine- and
104,-106.2 13.50]0.06 102-108 medium-grained rutile - few masses of
106.2-108.2]3.50]0..10 coarse 'hg.t.e dolomite (10L'to 105' is
A 2ot L phonolite '
108.2-111.4(2, 30{0.08|2.25 |0.05-| 108-112 Brown, hard.feldspar-carbonate fragments .
M b113.002.25]0.10 with some fine- and medium-grained rutile
| Altered phonolite with scattered thin veins
113.4-117|2.90|0.10] 112-119 of hard feldspar-carbonate - minor rutile
117-119.2 |1.25]0.22 in the vein material 9
119.2-122,2{2.90{ 0,17 Dark green, soapy altered phonolite - hard
119-125 feldspar-ca,arbonqte fragments containing
122,2-125 (2.15{0.13 . fine-grained rutile from 122' to 124!
-125-130 |2.95|0.13 2.25{0.09 Feldspar~carbonate fragments containing
. some fine-grained rutile throughout -
1%0-123 [1.35] 0.16] 3.00[0.08| 125-138 medium—grained rutile from 131' to 134' -
: D_lli I; ig 3 thin (2¥-3") seams of altered igneous
133-13 -10/0.03 rock are scattered through the vein
- 134-138 [1,05/0.13{L.koj0.1} material
- Altered feldspar-carbonate veins and
' 136-141{2.90|0.18| 138-113 altered phonolite - feldspar-carbonate
- contains medium-grained rutile
1,1-141 |2,00| 0.1 -

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. E-7 (Cont’d)

152-154.8{0.55(0.05

CORE ANALYSIS | SLUDGE LITHOLOGY
N PRTIQUVQUTIONG) W hter Description
-6 Hard feldspar-carbonate fragments with
[1i-1u5.5 11101 0.09.2.35[0.10] 13-k some fine-grained rutile
1U6.5-152 |1.20{0.07 16-148 Massive feldspar-carbonate with very fine-

and coarse-grained rutile
148-153 White, coarse-grained barren calcite - the
feldspgr-carbonate-calcite contact dips

153-155 about 60° to axis of the core

nsy.8-159.6(1.35/0.1q

159.6-162.6|3.20| 0.10

162.6-167 |3.95|0.22

167-168

5.30{0.22

n68-170.5(3.40/0.13

Hard' feldspar-carbonate fragments - rutile
155-158 Feldspar-carbonate - fine-grained rutile

158-160 Altered igneous rock (phonolite?)

Altered, grey-green feldspar-carbonate
160-165 rock with abundant fine-grained rutile

Altered, green-black, soft, fine-grained
165-169 igneous rock (phonolite?)

Green, altered feldspar-carbonate with

169-172 much fine-and medium-grained rutile
Coarse-grained, barren calcite with

170.5-177.5 | 1.L0] 0.0§ IM-176 | Ccattered biotite and pyrite -sume rutile
Altered phonolite
177.5-178.5 |1;.00[ 037 176-179
78.9-182(2.50( 0,17 179-182 Altered feldspar-carbonate with rutile
182-18) Coarse-grained calcite
82-1686.5|1,50| 0.09) Feldspar—carbonate with rutile E?‘S"féck

-188. fine-grained unaltered igneous
18-188.5 from 188' to 188.5'

COORD.-N 00, E 200
DRILL-BAKER CORE

HOLE NO. E-8

COLLAR ELEV-379'
TOTAL DEPTH-98'

CORE ANALYSIS LITHOLOGY
INTERVAL |94, TiO, [%V,0, |'NTERYAL Description
0-3 Brown clayey surface soil
0-7 | 2.00|0.11
3-13 Yellow-brown gritty clay
7-14) 0.95 | 0.2
Green to blue-gray, granular feldspar-carbonate
13-20 rock with some fine-grained rutile - patches of
1-21| 2.10 | 0.09 white, friable, sugary carbonate
20-21 ‘Altered phonolite
Soft, granular, feldspar-carbonate rock - patches
21-27| 0,60 | 0,07 21-29 of very fine-grained blue-gray mineral (molybderdte)
(211-22') and (27'-28') - a little very fine-
grained rutile
29-30 [ Coarse-grained barren calcite
27-34| 0.75 | 0.08 30-34 Feldspar-carbonate containing some fine-grained
rutile
. 3k~ 1ltered phi
=39 1.35 | 0,11 3L~37 Altered phonolite
37-39 Feldspar-carbonate with some fine-grained rutile
39-46| 0.80 | 0.07 Mainly barren calcite with scattered biotite
39-48 grains, a clear acicular silicate, and pyrite

Continued






MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES

HOLE NO. E-8 (Cont’d)

CORE ANALYSIS

LITHOLOGY

INTERVALo, 1 INTERVAL]
in FeeT | o Ti0; | %V 05| i FeeT

Description

46-53| 1.25 0.0 | 48-51

Feldspar-carbonate rock

$3-60| 2.60 | 0.20 | 51-60

Mainly altered phonolite with some thin !‘eldsnar
veins, rutile rare

60-66| 0.45 | 0.06

66-12| 0.50 | 0.05 | 60-77

72-78{ 1,55 | 0.07

Barren, coarse-grained calcite with scattered
silicates and pyrite .

78-85| 4.80 | 0.21 | 77-86

Greenish, soft altered phonolite varies from dark
green to gray-green in color

85-92| 3.50 | 0.18 | g¢ o

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 gray-green clay and feldspar-:
carbonate lenses

HOLE NO. F-1
COORD.~N 600, E 400 COLLAR ELEV-383'
DRILL ~DIAMOND DRILL TOTAL DEPTH-1823 .
CORE ANALYSIS { SLUDGE LITHOLOGY
':‘JE"E‘,'Z‘TL AT iQAV,0{%TiQ%V,0, ",‘J‘,“E"E‘," Description :
. 0=2 Soft Ieldegar—carbomte rock - some fine-
1.30[0.08
0-10.7 {1.50 Hard, white, fine-grained feldspar-carbonate
1.25 2211 rock with coarse-grained pyrite - scme
medium and fine-grained rutile
0.70;
| Soft, friable, feldspar-carbonate with some
10, 7-19.4 | 120 . | 11-20 fine-grained rutile - locally hard feldspar-|
Y carbonate fragments |
1 20=2) Mainly very coarse-grained, gray dolomite-
’ rutile rare
19.4-27.9| 2.10
Fine-grained, soft, friable feldspar- .
P7.9-31 | 3.80 2-39 carbonate containing coarse dolomitic veins-
also coarse-grained pyrite with some
feldspar and medium-grained rutile
1.85
| 31-Lbi.6 |1.25

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. F-1 (Cont’d)

CORE ANALYSIS

SLUDGE

LITHOLOGY

INTERVAL °/nTiq °/0V, (o)

IN FEET

%Ti

%oV,

INTERVAL
iN FEET

Description

1.0

39-42

1.05]

bl 6-B.9)

2.35)

115

0.85

56.9-70.5

42-61

Dark brown, fine-grained carbonate rock
fragments

Feldspar-carbonate same as 21'-39' with
abundant coarse-grained dolomite and coarse-
grained pyrite - much fine and medium-
grained rutile - some coarse-grained rutile
at 571-61'

61-63

145

70.580.6

3.50

63-72

Ver{ fine-grained, soft feldspar-carbonate
coarse pyrite cubes - much medium-
grained rutile

Fine-grained, soft, feldspar-carbonate with
coarse-grained dolomitic veins - some medium
and coarse-grained rutile -coarse-grained
pyrite

145

0.07

80.6-89. 3

2.90

89.3-55.6 [16.20| 0.15

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

95.6-103 |12.60

103-
0.4

2.40

92-96

96-98

98-100

Abundant rutile in hard feldspar-carbonate

rock

Friable feldspar-carbonate - much fine-
-ained, some medium-grained rutile

Feldspar-carbonate - very abundant rutile

100-106

Soft, white to light green, friable, fine-
grained feldspar-carbonate with much fine-
grained rutile

<L0]

110k~
120.1

1.55

1,25}

165

120.1~
128.9

3.55

128.9-
139.2

139.2-
154.1

k.10

106-122

Hard, fine-grained, flesh-colored feldspar-
carbonate containing large te cubes ~
some medium-grained rutile (typical mioro-
cline-calcite vein)

122-130

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

medium-grained rutile

130-134

134-137

Hard, flesh-colored, porous feldspar—carbmate
frufnents containing much medium-grained

Feldspar-carbonate - some fine-grained rutile

137-140

0-142 [~

L6

142-1,8

Hard feldspar-—carbonate - some medium-grained
rutile :

148-151

Hard feldspar-carbonate - veinlets of
medium-grained rutile

Flesh-colored, hard feldspar-carbonate frag-
ments containing much medium-grained rutile
in veinlets (microcline-calcite vein type)

No core recovered

154.1-

167.2

12,00

0.90

] 151156

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

1.65

1.00

. Hard, very fine-grained, flesh-colored
teldupar—carbomto rock with some medium-
. grained rutile

;Cbnbti‘nuefi





MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES

HOLE NO. F-1 (Cont’d)

CORE ANALYSIS | SLUDGE LITHOLOGY !
e beTighovapeTighov o] WA Description " :
Alternating flesh-colored feldspar-carbonate
2.70] 0,10 rock with some medium-grained rutile and
160-176 bromn to gray barren carbonate rock - some
of the barren rock may be igneous
167.2-
176 140
R Hard, medium-grained, flesh-colored teldsoar—
igg:} 1.55 176-179 carbonate rock with : ch

Soft, clayey feldspar—carbonat.e with much

179-182 | fine’ and medium-grained rutile

COORD-N 200, E 600
DRILL-BAKER CORE

HOLE NO. G-2

COLLAR ELEV-387'
TOTAL DEPTH - 118"

CORE  ANALYSIS LITHOLOGY
AN %Ti0, | %V, 0, | i ERvAL Description
0-5 | 4.27 | 0.09
Surface and oxidized material - mostly
0-1. t d
s-111 5.00 | 0.12 5 ransporte
11-16 | L.OL | 0.13
o=18 Green clay containing pebbles and some rutile
16-21| 4.38 | 0.17| 16-20 Green altered igneous rock, probably phonolite
20=2T Fragments feldspar-carbonate, rutile and pyrite
21=77 Feldspar rock
21-25| L.82 | 0.11] 5p.25 Green clay (altered phonolife) :
25-27 Feldspar-carbonate rock with pyrite and rutile i
25-311 3.86 | 0.08| 57 31|  Green clay, probsbly altered phonolite
31-35 Green clay (altered phonolite)
31-37| 3.24 | 0.08
35-39 iFeldspar—carbomte'
37-L1| 2.48 039% Green clay
=L Coarse~grained calcite with biotite, other silicatee
L1-43. Altered feldspar—carbonate mat
L1-47| 2.95 | 0.10 '
L3-h9| ¥ Green clay (altered phonolite)
47-53 | 3.59 | 0.07( L9-51| ‘: Altered feldspar-carbonate
_ i 61-53| ~ Green clay matrix - some carbonate veinlets
$3-56 | 1.73-] 0.05| ": . )
56-58 | 2.90 | 0.07| 53-61 ‘Altered feldspar-carbonate
58-6L | 3.68 | 0.08 - -
: ! 61-6L Altered green igneous rock, probably phonolite
- - — 1 TN\ :with veins of light green clay (alt.ered feldspar")
64-70 230 OOS- 511:-69 ! Light’ gray—green vélay. ‘ ]
69=T0 Dark green altered phonolite 1 . S

Continued
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ARKANSAS TITANIUM ORE DEPOSITS
HOLE NO. G-2 (Cont’d)
CORE ANALYSIS LITHOLOGY
|INJEFRE\2AYL %Ti0, |%V,0, I?Ji*;‘é‘}h Description
) Feldspar-carbonate with abundant rutile in light
70-76 | 2.55 | 0.05] 70-75 clay matrix
Gray-green clay (altered feldspar-carbonate), no
76-79 | 2.45 | 0.054 75-79 visible rutile - with calcite streaks, rutile and
pyrite
79-85 | 3.54 | 0.08
85-87 | 1.46 | 0J05-f 79=94 Light .clay matrix, rutile and pyrite, abundant
carbonate fragments (feldspar carbonate rock)
87-93.5( 1.43 | 0.05
9L-96 No core available
93.5-100( 2.70 | 0,11 Altered feldspar-carbonate rock, abundant rutile
96-100] and pyrite
Light gray-green clay with one foot of abundant
100-106| 3.13 | 0,08 [100-10§ rutile and some pyrite at 105!
0= 10 « 18 .08
OIS 3T 0,00
RO LE0L I WL oy
= 1o 1 D5 Mostly fairly hard feldspar-carbonate rock - some
_[106-118 clay, abundant rutile and pyrite - some very fine-
110415 2.23 | 0L grair:ed black streaks are probably molybdenite
115-118| 2.30 | 0.05-]
HOLE NO. G-4
COORD.-N 600, E 600 COLLAR ELEV-379'
DRILL - DIAMOND DRILL TOTAL DEPTH- I5I'
CORE ANALYSIS SLUDGE LITHOLOGY
WA PATIO, [%V,0(%S  [%Ti0,[%V,0, MrErvaL Description
0-3 Altered phonolite (gray)
0-11.8) 2.1l | 0.08|1s.56 | =4 9+07
1.82|0.09
Hard, fine-grained feldspar-carbonate
1.91/0,09 3-31 rock - much medium-grained rutile
11.8-25.73.36 | 0.06(5.63
2.40]0.09
25.7-30.4( 2.45(0.07 | k4.59
304-34.5{3.45(0.09 | 1.50
31-u1 Dark brown,unaltered phonolite with
one 6" feldspar-carbonate-rutile vein
3U4.5-U5.7{2.97{0.10 | 2.60
1.5 [0.07
2.6l 0,09

Corntinued
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MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL'HOLES

HOLE NO. G-4 (Cont’d)
CORE ANALYSIS SLUDGE LITHOLOGY
NTERMAE A0, |%V0,% S [%Ti0, %0, W EEe Description a
2.09 | 0.09 . '
L5.7-98.9 | 2.1610.10 | 3.83 .
2.02 ;0.09
1.78 10.08 L1-79 Fine-grained feldspar-carbonate rock
with some fine and med).um—~ramed
rut le
58.9-68.1 2.7 | 0.10|3.95
68.1-75.71.56 | 0.06|3.34
75 7-81.1{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-and medium-grained rutile
90.3-10L.7| 1.82| 0.07| 2.54 92-100 Hard green to black altered and
unaltered phonolite
Hard green to brown fine-grained
100-105 unaltered phonolite mostly calcareous,
with a few feldspar-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
10.5- | 2,14 0,07 2.7 rutile
117.9 126-119 Hard feldspar-carbonate rock with some
medium-and fine-grained rutile
117.9- | 2.93| 0.06] 2.33 ‘
123.5 Hard fine-grained unaltered phonolite,-
119-128 dark brown to black in color, contaimrg
12%_5_ 2.93( 0.06| 3.L4 a few scattered rutile veins \
127.9
127.9- | 2.37| 0.07|2.41
135.8
_ 128-151 Hard feldspar-carbonate rock con-
Eg'e 3.78] 0.08 3.21 taining much fine- and medium-grained
rutile
W5-146.6| 3,60| 0.09! 6.63 .
10+6 | 1.85| 0,08/ 1.8 2.06|0.09
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ARKANSAS TITANIUM'ORE DEPCSITS

COORD.~-N 00, E 800,
DRILL - DIAMOND DRILL

HOLE NO. H-9

COLLAR ELEV-378'
TOTAL DEPTH-1498

" CORE ANALYSIS

LITHOLOGY

SLUDGE
"W reer [%eTIO [ %V,0%TIOPAV,0] 'NTERvAL Description
0-4 3.05 [0.05-
0-8 Soil
L-10 16.05 [0.09
10-13 |4.550.08 8-15 Brown oxid:‘;zed clay (surface
theri
. 13-15.5 11.35 0'13 weathering
115.5-17.511.95 [0.05- 15-18 Weathered feldspar-carbonate rock
17.5-19.5| 2.70} 0.05, :
Feldspar-carbonate rock cut by albite-
19.5-21.5| 4.33) 0.08 18-22 dolomite veins - fairly abundant
121,5-23.5| 44,20 0.11 2226 ;;:iled 1 . it
= - ere neous rock (green clay wi
23.5-25.5| 4,90, 0,14 abundant, %ine- rained gyrite - grob-
25.5-27.5 410 0,09k .54[0.12]— - 29 ably altered phonolite }
27.5-29.5 0.83/0.05 = Fine-grained feldspar-carbonate - fine-
29.5-31.5] 0.75/0.054 191005 grained pyrite abundant -much rutile
= Coarse-grained calcite cut by small
31.5-33.5| 0.30/0,05- 0.52/0.05 29-36 veins of albite-dolomite and feldspar
?5.?3?2 gih %'05"‘ 0.6010.05- which carry abundant rutile
35.5-37.51 0.171 0.07 Coarpe-grained calcite contains black
37.5-39.5] 0.25/0.05-0.93/0.05 o 361l biotite plates 1/2" wide - some white
39.;5—11:1? 0.23 o.? silicate (wollastonite?)
41.5-43.5| 0.30/0.0 -
U3.5-45.5} 1.13{0.05- LL-L6 Altered phonolite cut by coarse—gral
L5.5-L7.5 1,75/ 0.06 calcite and by altered veinlets con-
147.5-49.9 1.97,0.23 46-50 taining rutile and pyrite
* o * < Green altered igneous rock containing
49.5-51.5 1.16|0.05 izinl:n%m biotite (amphibole fourchite
o e
g"g:;%‘gi—'g% g:g; 2.280.08 50-54 Green coarse-grained igneous rock
: 2L e ° =2 8)4-57 Coarse-grained calcite containing
pyrite veins and biotite
55.5-61 | 2.0 0.07 57-61 Green, fine-grained altered igneous
;gcg_gontaining abundant fine-grained
6165 | 1.7]0.05 e
Medium-grained, green altered igneous
61-70 rock has large (1/8"-1/4") phenocrysts
65-70 1.93/0.05+4 and abundant feldspar-carbonate vein-
lets - much rutile - coarse-grained
calcite at 61'-62'
70-73 Coarse-grained calcite containing
70-75 1.0/ 0.09 pyrite and biotite
73-80 Fine-grained green igneous rock, prob-
75-80 - 2.77 0.11, ably phonolite cut by coarse-grained
calcite and small feldspar-carbonate
B veinlets containing rutile
80-85 3.43; 0.05 Fine-grained altered green igneous
80-88 rock, probably phonolite -. few small
veinlets containing pyrite and minor
85-90 2,05} 0.09) rutile
Coarse-grained calcite containing
{ s0o1 0.650.05 88-94 pyrite - no visible rutile
94-96 Fine-grained, altered green igneous
9U-99 1,20/0.05- rock probabl;' phonolite
Coarse-grained calcite with pyrite,
99-103.8 | 0.34(0,05+ biotite and a little rutile - coarse-
96-112 grained altered, green, igneous rock
: 8- with large biotite ph ts (104'=
1388:8 | o.sslo.0s- 1 © Phenoeryste (104
108.5-
113.3 0.53(0.05+

Continued





MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES

HOLE NO. H-9 (Cont’d)

CORE ANALYSIS | SLUDGE LITHOLOGY
"NYERYAL  TIO, V0% TIOIAN.O] ey Description
113.3- Altered green igneous rock (probably
118.1 3.08| 0,08 phonolite) cut by abundant veinlets
112-124 carrying rutile and pyrite
118.1-
123 L .01 0,09
123-128 | 2.33 0.5 124-127 Same as above cut by calcite veins
Coarse-grained calcite contalning
128- 127-130 biotite and pyrite - some fine-gnined
132.8 ‘2.93 0.05] crystals possibly brookite
132;8- Fine-grained feldspar—carbonate with
136.8 3.3 0.07] 130-140 . rutile and pyrite - altered green
136 1gx\eoua rock at 131'-132' and 139'-
1358 |s.230.08 L0t x
139.8- Fine-grained feldspar-carbonate - some
: 3.L4} 0.07{3.52 0.05~f 140-1h4k pyrite, rutile, and brookite veinlets
113.8 ke
; Coarse-grained ignecus roc rge
143.8-117) 2.711 0,08 Ugk-149 feldspathoid phenocrysts ’ o
W7-149.8| 2,14/ 0.05 ,9-180 |  Feldspar—carbonate - pyrite and rutile
"HOLE NO. I-1

GCOORD.-N 200, E 1000
DRILL-BAKER GORE

. {
COLLAR ELEV-390'
TOTAL DEPTH- 101" .

CORE ANALYSIS LITHOLOGY
"W Feer |%Ti0, | %V, 0 |'W Fert | Description ,
0-6 | 1.10 | 0.05- )
0-12 Limonite-stained clay - some stained pyrite and
white clay nodules - ticeabl t1l
6-12| 0.98 | 0.05- y no noticeable rutile
12-20 | 0.80 {0.05-| 12-20 Limonite-stained and clayey feldspar-carbonate
. rock, pyrite and rutile .
2026 | 0.88 [ 0.,07=| 20-26 Feldspar-carbonate rock, clay in apota - pyrj.u
: veinlets, some rutile ‘
Feldspar-carbonate rock - some green clay along
26=32 | 0.95 | 0.05-| 26-32 contact with igneous rock
32-34 Green altered 1Mmmxzxmm__
2-36 . 0.08
32-36 | 3.50 L-36 Felds Er—carbonate rock’
Feldspar—carbonate rock with some coarse-grained
36-L0 | 2.35 |0.05-| 36-U0 calcite, pyrite and rutile
Feldspar-carbonate rock - streaks of this rock are
40—kl | 2.90 0,05~ hO-hk now clay but there are fresher sections
W50 | 3.73 |0.08-| Llk-50|  Feldspar—carbonate rock with one foot of green - -|.
clay in middle :

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. I-1 (Cont’d)

CORE ANALYSIS LITHOLOGY
'rJEF?Eﬁ'LI%TiOz I%V,Os INTERVAL Description
50-55 | 3.48 |0,05-| 50-54 Green clay - probably altered pnonolite
55=57 | 2,90 |0.05=~
57-60 | 0.85 | 0.05-
60~65 | 0.95 [0.05=| Su-74 Feldspar-carbonate rock - contains some green
clay (57'-60')
6567 | 0,65 0,05~
67-72 | 1.15 0,05~
72-16 | 2.74 |0.10 74-76|  Green clay probably altered phonolite
76-18 | 2.33 0.05 76-80 Feldspar-carbonate rock - some clay alteration
78-81.1] 4.37 |0.12 -
80-82 Green clay
81.1-86| 2.6l [0.07
82-92 Feldspar-carbonate rock cut by coarse-grained
86-91 | 1.13 (0.07 calcite - abundant rutile
91-96 | 3.23 |0.08
92-101 Mixed green clay and feldspar-carbonate rock -
96-101| 3.8 |0.09 apparently along a conf,act

COORD.-N 1085, E 1200
DRILL-DIAMOND DRILL

HOLE NO. J-1

COLLAR ELEV-399'
TOTAL DEPTH-1349'

CORE ANALYSIS SLUDGE LITHOLOGY
WEEET [WTIOPMQf%S |%TIORL0%S | it Description
0.7 |3.80[0.08 | 2.47 4.060.08| 0,72 L-5 Carbonste with coms megfrained feldspar-
rutile
L.7-6.9 [3.14]0.081.3L]5.56]0.09 2A-h3 5-7 Biotitic, light gray-green igneous rock
6.9-11.9(2.58(0.09 | 1.62(3.40 [0.07 | 0.85
Soft green altered phonolite contsining
7-19 a few'thin veinlets of feldspar-
11,9-16.3 2,92 |10.07 |1.79 carbonate and rutile.
16,3-19.3/3.82]0.09 {3.21 )
Mixed altered phonolite and hard
19.3-22.7/2.830.08 [2.55 |3.30{0.09 | 2.02 19-26 feldspar-carbonate fragments - some
coarse-grained rutile 19'-20¢
22,7-27.213.11 0,08 |0.76 | 2.15/0.09 { 4.70
Dark brown, hard, vuggy feldspar-
27.2-30.7|2. . . . 3 9| 26- carbonate rock containing seams and
7.2-30.7|2.4310.09 3.39|4.14) 0.09 h_% 2633 nests of medium-grained rutile and large,
.7-32.5 14.38/0.09] 3.47 well-formed pyrite cubes
32.5-35.9{3.14 [0.09 1.72 33-36 Altered phonolite (?)
35.9-37.9(2.02 [0.08 [2,34 ,
37.9-40.5]2.90 [0,09 .59 |3.25] 0.09] 2.48 .
36=48 Same as 26'-33' contains some medium-
40+5=45.73.45 [0.08 |3.62 grained rutile
1507496 |3.28 [0.08 |2,85]L.35] 0.09] 2.66

Continued






MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES 119

HOLE NO. J-1 (Cont’d)

CORE ANALYSIS SLUDGE LITHOLOGY
N [ATIOLN0%S |[%TiQPVQ[%S | 'NIERVAL Description

L9.6-53 |3.50 0,08 {1.80

53-57 3.50 [0.09 | 2.L9| Very fine-grained altered igneous rock -
LB8-64 black with green-blue streaks (phmolite?)

57-63.4  |3.7610.09 [1.91

63.4~66.4]2.82 (0,09 [2.88

66.1,-57.512.5510.09 12.73 ” Alternating brown, unaltered phonglite
569,512, R N . . -73 and vuggy feldspar-carbonate rock -
67 5 9,512.12 /0,08 3,92 | 3,89 0,09/ 3,67 _ rutile prominent 63.9¢ &l 51
69.5-73.9(3.30 [0.09 [2.08 | 3.30| 0.07] 1.95 E .
13.9-75 [3.0270.10 [3.5L Feldspar-carbonate rock fragments - some
7379 fine, medium- and coarse-grained rutile

75-80.3 " |3.72 /0,10 [3.08

80.3-83.8|4.60 0.09 |1.93

63.8-91.5 |4.50 10.09 [2.97

Dark green to black very fine-grained
91,5-94.5 [4.30 |0.07 | 5.23 compact phonolite with scattered |
79-110 feldspar-carbonate rutile veins - also

9l.5-100.4/4.10 | 0.10! 3,38 containg lenses of brown fine-grained,
. hard rock
100.4- 1);,26 | 0.10] 2.0
104.6 L 10 9
13‘5;2‘ L.61|0.12| 2.91
1086 15| 03] u. ‘
ER Bromn, vuggy feldspar-carbonate with
112.;-% g g gi gjzz ;:'g 110-119 some 1,‘ine— and medium-grained rutile’
6-117,2] 3,33] 0.21[ 7.87[2.50[0.08[3.05 -
Mixed, dark green phonolite and brown
7.2-121 | 2.97 0.12| 5.55 119-121 ve}s(gt:\’ﬂar ef sparzcarbanate with some
3222 5.00[0,30(2,00 mediun-grained rutile
122,5-123.8 2.4510,1015.29 121-124 Brown, porous, rutile-bearing rock
123.8-126 | 4,.08]0.15]3.42 (feldspar—carbonate)
Mainly very fine-grained dark green
126-129.4 | 3.92|0.11 | 3.33 altered phonolite with some scattered.
12941307 2.67/0.09(7.73 124-135 | brown feldspar-carbonate

130.7-134.9 4+18)0.09 [2.70






ARKANSAS TITANIUM ORE DEPOSITS -

HOLE NO. J-2 -
COORD.-N 700, E 1200 COLLAR ELEV-385'
DRILL-BAKER CORE TOTAL DEPTH-139.7'
CORE ANALYSIS LITHOLOGY
INTERYAL (%TiO; (%Vs0s| %S | "N Sreg- Description
0-3
Gray, hard, fine-grained calcareous rock
3-11.5] 3.68 [0.08 | 2.90] O-14 (unaltered phonolite) containing thin
seams of dolomite and medium-grained
rutile

Dark brown, fine-grained calcareous rock
N.5-18.1| 3.33 | 0.10 | LY 14-16 (unaltered phonolite) with feldspar-
carbonate~pyrite veinlets

16-18 Brecciated phonolite somewhat altered
18-22 Dark brown, fine-grained, calcareous rock
181-24.9| 3.60 | 0.10 | 2.06 (unaltered phonolite)

24.9-31.8| 3.90 | 0.09 | 3409

Friable, white, feldspar-carbonate rock
containing streaks of dark green soapy
31.8-39.} 2.38 | 0.07 | 0.94| 22-48 clay - large pyrite cubes common - much
medium- and fine-grained rutile

94-0-3] 2.02 [0.07 | 0.2

Lh.3+4S%k| 1.60 | 0,07 | 0.7k

Coarse-grained, massive, brownish calcite

4,8-55 with patches of dark green soapy clay - a
L49.457.6{ 1.22 | 0,08 | 0.78 few grains of rutile
55-58 Green clay and feldspar-carbonate rock with

much fine- and medium-grained rutile
Dark brown, hard, fine-grained unaltered

57.6-6L.4| 3.16 | 0.08 | 1.83| 58-53 phonolite - cut by veins of coarse-
grained calcite.
63-66 Brecciated, brown rock cemented with
648,85 3.06 | 0.09 | 3.82 lx"el%gigar-carbonate - some medium-grained
66-69 Friable feldspar-carbonate with much

medium~grained rutile

68.5-75.4| 2.65|0,08 | 3,18

69-17 Hard, fine-grained feldspar-carbonate
with some fine-grained rutile

754-8.4| 2,30 | 0,07 | 3.39 Fine-grained feldspar-carbonate rock with

some medium-grained rutile in veinlets -
77-88 color of feldspar-carbonate varies from
light green to white

®.494| 2.30 | 0.08 | 3.16

Oray, fine-grained igneous rock (unal-
88-94 tered phonolite) containing some fine-
grained and some medium-grained rutile

91.1- 91,98 Feldspar-carbonate with some medium-
103.4 2.34 | 0,08 | 1,82 "~ grained rutile

Gray, fine-grained, hard igneous rock,
' 98-104 non-calcareous with a few thin scattered
seams of rutile :

Mainly soft, green, altered igneous rock

103.4- 104-109 (phonolite) with a few scattered rutile
12.8 1.15 | 0.09 | 3.87 grains
109-112 reldspar-carbonate with much medium-

grained rutile

Continued





MAGNET COVE RUTILE COMPANY ‘DEPOSIT 1948 DRILL HOLES

HOLE NO. J-2 (Cont’d)

CORE ANALYSIS. LITHOLOGY
wrema bTio, [oev,0] %S | en Description |
Fine-grained feldspar-carbonate rock with
1n2.8- 112-121 some fine-grained rutile
123.9 | 2.72|0.09 | 2.26 ,
Mainly soft, gray, friable, altered
121-127 igneous rock (phonolite?)
123.9- : —
132.3 2,04 | 0,09 | 1.63 _ Feldspar-carbonate with some medium- and
127-133 fine-grained rutile . .
132.3- 133-136 Buff plastic clay
139.7 | 3.1 | 0.09 | 2..8 Gray, hard feldspar-carbonate with some
- 136-139.7 medium- and fine-grained rutile
HOLE NO. J-3
COORD.-N 400, E 1200 COLLAR ELEV-390'
DRILL -BAKER CORE TOTAL DEPTH~- 109’
CORE ANALYSIS LITHOLOGY
e e Tio w0 %s [We Description
0-7 3.74| 0.11} 0.96 Dark brown surface clay containing some
0-9 medium-grained rutile N
Heavily iron-stained, soft gray, altered
7-14 | 2.78] 0.11|1.13 9.1 igneous rock ’ ’
14-21 | 0.6L| 0.07 | 2.54
‘21-27 | 0.69] 0.07 | 2,13
=42 Soft, gray-green, granular feldspar-
carbonate rock with a little fine-grained
27-33 | 0.62| 0.09 | 3.29 rutile (some iron st-aining L' to 19')
33-39 | 1.00| 0.08 | 2.82
39-L6 | 2.30{ 0.08 | 2.52
N Dark, fine-grained, hard calcareous rock '
L6-50 30| 0,09 [ k.43 (unaltered phonolite) containing small (6%) '
: L2=57 patches of soft and hard feldspar-carbonate .
H rock - some feldspar-carbonate and med:lum—
50-57 | .2.3L4| 0.08 | 1.93 grained rutile (L6'-48')
57-63 | 0.20| 0.08 |0.75 . :
57-68 Coarse-grained barren calcite - some
medium-grained rutile (66'-68')

Continued
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. ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. J-3 (Cont’d)

CORE ANALYSIS LITHOLOGY
INERVAL 1% TiO, [%V,0;| %S | ceear Description
63-68 | 0.95| 0.0 [1.16 |
68-73 Hard feldspar-carbonate rock with much
68-75 | 3.02| 0.03 |1.36 mediun-grained rutile
75-82 | 2.62| 0,08 (1,96 | 7384 Hard, brown, fine-grained calcareous rock
(unaltered phonolite)
82-89 | 2.59 | 0,07 | 1.99
84-90 Dark, brown-gray, friable feldspar-carbonate
rock with no visible rutile .
90-92 Soft, granular, dark green altered phonolite
89-96 | 3.72| 0.10 | 1.67
92-103 Dark gray, granular, soft feldspar-carbonate-|
some fine-grained rutile
96-103 | 1.82 | 0,09 | 7.04 .
103-109| 3.0k | 0.09 |1.32 (103-109 Dark bromn, fine-grained hard calcareous
rock (unaltered phonolite) :

HOLE NO. K-5

COORD.-N 200, E 1400
DRILL -DIAMOND DRILL

COLLAR ELEV-393'
TOTAL DEPTH-I3256'

CORE ANALYSIS LITHOLOGY
N PTGl A Description
0-2 Brown residual surface clay
0-5 2.45) 0.1 2-5 Heavily iron-stained gray-green clay (altered
phonolite)
$-8 |1.20/0.08| =1 Slightly iron-gtained gray clay(altered phonolite)
8-11 |[1.45{0.09
-1 13.90)0.23 7-19 Heavily iron-stained gray-green clay (altered
W-17  |u.75]0.26 phonolite)
17-20 [3.40}0.2 _
Dark green, altered igneous rock probably
20-24 |2.65]0.25| 19-24 phonolite
24-29 |2.4o|0.15
Very fine-grained, greenish-black, hard
29-34 [1.75/030 24-39 unaltered igneous rock (unaltered phonolite)
containing scattered thin calcite veinlets
34-38.5 |2.00/0.13
Very fine-grained, black, unaltered igneous rock-|
contains 6" feldspar-carbonate-rutile vein
38.5-48.5(3.00{0.09 39-50 (uS* 451 6")






MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES‘

HOLE NO. K-5 (Cont’d)

CORE ANALYSIS LITHOLOGY

T e o Description

—

48.5-57.5/0.90[0.04

Coarse-grained, calcite with traces of very .
57.5-67 |0.25/0.07] S0-Tk fine-grained rutile - some biotite and pyrite
patches

67-76 [0.25|0.07

: Altered feldspar-carbonate roci( containing some
76-79.7 |3.35/0.11 74-82 very fine-grained rutile - cut by very fine-
grained black dike at 76 feet

79.7-82.2]1.80{0.09

82-88 Dark, hard unaltered phonolite
82.2-92.5(2.75| 0.

Gray, fine-grained, hard feldspar-carbonate con-

88-92 taining some very fine-grained rutile

92.5-102.5|2.55|0.10

10e.5-1125 3.25| 0.05

Mainly black, fine-grained unaltered phonolite
92-132.5 cut by scattered feldspar-carbonate-rutile

veinlets
112.5-122.5 2.55| 0.0

[.22.5132.5| 3. 50| 0.0

HOLE NO. L-2

COORD.-N 530, E 1600 COLLAR ELEV-378"

DRILL - BAKER CORE TOTAL DEPTH- 60" .
CORE ANALYSIS LITHOLOGY
INTERVAL 9% TiO, [%V,0, | %S |l Frer Description
0-7 | 2.84| 0.09-| 0.40] 0-7 [ - Dark brown surface clay containing a few
) pebbles of metamorphosed sediments

.

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. L-2 (Cont’d)

CORE ANALYSIS LITHOLOGY ,
"N ey |%Ti0, [%V,0,| %S |'WFeer Description
7-10 lruu-siained, gray-green feldspar-carbonate
7-14| 3.30| 0.09 | 1.10 —
14-21| 3.08 (0,08 | 3.18 Gray-green, granular feldspar-carbonate
10-28 containing some fine-grained and medium~
grained rutile
21-28} 3.56| 0,07 | 2.97
28-35| 2,96 [ 0.08 | 3,12
28-40 Dark gray, fine-grained hard unaltered
phonolite with a few 6" feldspar-carbonate
35-h2| 3.89 | 0.08 | 2.06 lenses
LO=-L7 Soft, green feldspar-carbonate with some
L2-49| L.08 | 0,09 | 1.59 fine-grained rutile
47=54 Hard, gray, fine-grained, non-calcareous
L9-56{ 3.89 [ 0.09 | 1.38 igneous rock (unaltered phonolite)
b 5L4=60 Dark brown, fine-grained, hard, calcareous
5660 | 3,86 [ 0,09 | 1.80 igneous rock (unaltered ;honol:l,.te)

HOLE NO. M-5

COORD-~N 1000, E 1800
ORILL-BAKER CORE

COLLAR ELEV-39l'
TOTAL DEPTH- 12!

CORE ANALYSIS LITHOLOGY
TJ%V# %TiO, (%V,0,| %S [N ey Description
0-3 Brown surface clay containing pebbles of
novaculite and nepheline syenite (fine-
0-7 | 0.73| 0.08| 0.55 grained type)
3-8 Iron-stained, soft feldspar—carbonate
8-11 Soft, granular, white feldspar-carbonate
7-14! 0.34 | 0.,07| L4.33 with some fine-grained rutile
11-13 Feldspar-carbonate - some fine-grained rutile
13=-14 Altares phonolite
Uy-21| 1.12 | 0.08[ 7.46
21-28| 1..6 | 0.08/10.43| -
28-34| 1,78 | 0,08 6.LL o .
" 14-54 Sofb, gra.nular, gray-green to white
feldspar-carbonate, some fine-grained and .
34-41| 1.37 | 0.08] 6.18 medium-grained rutile - locally contains
. hard, white feldspar-carbonate-rutil
fragments -

Continued.






MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES 125

HOLE NO. M-5 (Cont’d)

CORE ANALYSIS LITHOLOGY :
INTERVAL 19, Ti0, [%V,0,] %S |y ERvA- Description

41-48| 1.38 | 0.08|12.53

48-54[ 0.87 | 0.09{10.77

s4=61| 0.49 | 0.08}11.59| 54-61 Gray-green, granular feldspar-carbonate =
little rutile

Gray-green, soft feldspar-carbonate with
61-68| 0.66| 0.08 5.96 61-66 some fine-grained rutile

Hard, gray-to-brown, fine-grained feldspar-
68-75| 1.80| 0.07 6.13 66~7L carbonate with some fine-grained rutile

Gray-green, granular, soft feldspar-
75-82] 0.56 | 0,07| 6.68| 7u-82 carbonate with a little fine-grained rutile

ets| Tl Soe g SR
= T8,
82-86| 1.65 | 0.07 9.20| 2o 2l FEROTRAIICARROR i gnents '

Dark brown unaltered phonolite

86-93| 1,97 | 0.09| 6.07
Brownish-gray to cream, hard, vuggy feldspar-|

86-100 carbonate rock containing much medium-

93-98| 1.68 | 0.08| 8.51 grained rutile

00— Dark brown, hard, fine-grained calcareous :
98-104| 1.39 | 0.08 L.09 ho1-1 rock (unalfered phonolite)
= Same as -1.00

103-108| Hard, fine-grained green to dark brown
104-111 0.86| 0.09| 2.0L4 igr rock (unaltered phonolite)

108-115 Soft, granular feldspar-carbonate rock
containing some fine-grained rutile

m-11§ 0.58 | 0.08 3.02 h15-117) ‘}kard, fine-Erained! buff {ei.dapar—cnrbomm

Black,calcarecus igneous rock-coarser-grained
18-121] 1.08 | 0.09| 0.53[117-121]  than the phonolite - may be nepheline syenite

HOLE NO.

COORD-N 1400, E 2100 : COLLAR ELEV.-418'
DRILL - DIAMOND DRILL TOTAL DEPTH-965'
CORE ANALYSIS SLU. LITHOLOGY
NI LTiQI%V, O%TiO "W Evar : Description

0-2.2]0.79 0-3 Brick red, residual surface clay
2.2-10.5/.0.60 3-10 Mixed red and buff clay

.

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. N-1 (Cont’d)

CORE ANALYSIS SLU. LITHOLOGY
o [PeTIQIV, O%Ti0) "W e Description
10.5-15. .
5-15.53.35 Soft, granular light green clay with abundant
limonite stains (17.5'-20.5') - probably
15.5-20.9 4.80 10-25 albite-perthite-carbonate vein type that has
been altered :
20.5-25 |L.10
. Coarse~grained granular rock, altered -
25-28.6 |b.25 25-28 similar to above but gray in color - heavy
limonite staining from 26.6' to 28!
28.6-33.6/1.70
33.6-38.6/1.00 Black, hard, fine-grained unaltered dike rock
28-Ll probably monchiquite - in places porphyritic
38.6-43.6/1.85
43.6-47.2|0.75 CORE 1.65 8 Friable, altered feldspar rock - feldspar
0.07 |- Lh-b coarse-grained (albite-perthite-carbonate
vein type
47.2-50.2{ 0,70 2,10 | 48-50 Altered coarse-grained igneous rock (nepheline
syenite - fine-grained type of Williams)
50.2-53.31.50 1.5 |_50-53 Albite-perthite-carbonate vein
53.3-57.4] 2.0¢ %ugg:o 95| 53-57 Altered nepheline syenite (fine-grained type)
Friable mixture of feldspar particles, pyrite
57.4-60.2/0.90 0.90 | 57-60 fragments and gray clay - pyrite predominates
60.2-65.2 1.00
60-70 No core recovered
65.,2-69. 7| 1.90
69.7-74.7 0.50
’
h.7-78 1.20
145
78-79.7 0.80 Light to dark green, soft, altered nepheline
79.7-82:9 1,05 syenite containing scattered, hard feldspar-
b ° 70-96 carbonate veins 2 to 3 inches wide containing
&.9-85.1 some fine-grained rutile
85.1-83.1 1.20 )
88.1-96.5| 165






MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES

COORD.~N 600, E 2040

DRILL-BAKER CORE

HOLE NO. N-2

COLLAR ELEV.-378'
TOTAL DEPTH-475'

GORE ANALYSIS ) LITHOLOGY ‘
INTERVAL | 9, TiO, | %V,0: | %S ['hERvAL Description
0-7 | 3.08| 0.09| 0.24| 4. g Dark gray clay, heavily iron-stained
7-13| L.66 | 0.08 1.21| B-12 Soft, light gray, altered phonolite
_ 12-18 Black, dense, hard, fine-grained calcareous
13-18) 2.86 | 0.08) 1.33 rock with scattered pyrite crystals
(unaltered phonolites)
Soft, granular feldspar-carbonate rock with
18-25! 2.72 | 0.08| 7.64 | 18-25 much pyrite - rutile if present is very
fine-grained
Mainly coarse—grained pyrite with some
25-28 conrsg-grainedgdolamite .
25-32| 2.06 | 0.09|22.97 [T55 5y Soft feldspar-carbonate rock with numerous |
thin seans of fine-grained pyrite - some
medium-grained rutile
32-39| 3.06 | 0.09| L.08 |
Dark, massive, hard unaltered phonolite :
31-47 containing a few scattered, hard feldspar-
. carbonate veins with medium and coarse-
39-45| 2.93 | 0.08| 2.4k grained rutile
L5-L7.5 3.0L4 | 0.09| 1.35

COORD.~N 800, E 2300

DRILL - DIAMOND DRILL

HOLE NO. 0-2

COLLAR ELEV.-377'
TOTAL DEPTH- 9!’

(v Ey

CORE ANALYSIS | SLUDGE LITHOLOGY
INTERVAL |oTIO, [%V,0,[%Ti0,[%V.0)| 'IWERA- Description
0-4.5 |2.68 (0.0~ .
) — Hard feldspar-carbonate-pyrite rock
4.5=9.5 [2.37/0.05 | L4.60 | 0.12 0-12 . rlt.h)rutile (microcline-calcite vein
. : type
9.5-11.7|3.26/0.19 |[L.55]0.13
11.7-12,7| 2,94 [0,10 [ 5,57 ] 0,12
12.727.32.87 .12 : Hard, brown, fine-grained rock with
7.3 7 1221 much pyrite, probably unaltered phono-
- lite with abundant sugary-grained
17.3-22.1 2.90 | 0,05 feldspar-carbonate veinlets (rutile
bearing) )
2.1-272{2.90 | 0.1
White, hard calcite-feldspar rock with
27.1-29.15.35 | 0.07| . much rutile both fine-grained and
24-33 coarse-grained and much pyrite
29,1-34.1|2.67 (0.05-

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. 0-2 (Cont’d)

GORE ANALYSIS | SLUDGE LITHOLOGY
MTEREY PATIO, V.0, [%Ti0,[%V.0, "W Feer Description
Brown-gray, Iine-grained feldspar-
33-37 carbonate rock with coarse calcite veins-
3hd-39.1] 2.3, {0.05 much rutile
39.1-bk.1 k.25 |0.05
Lh.1-49.1]3.55 |0.05 37-57 Medium-grained, white, hard calcite-
pyrite rutile-microcline rock - rutile
49.1-52.3|3.25 [0.15 abundant and fine-grained
52.357.7/2.63 |0.16
Brown-gray, fine-grained feldspar-
57.7-63 |1.20 | 0.12 57-62 carbonate rock - rutile bearing
. 62-60 Dark brown, unaltered igneous rock with
63-65 3,551 000 calcite veinlets (probably phonolite)
Hard, fine-grained, gray feldspar-
65-70  |3.0L4 |0.09 6L-70 carbonate rock with much rutile associ-
ated with the coarse calcite
Hard, waltered phonolite with a few
70-75 3.er|0.2 70-7h barrén coarse calcite veins
W=7 Brown feldspar-dolomite, containing
75-80 3.02 | 0.20 coarse-grained rutile patches
77-81 Very fine-grained unaltered phonolite
<B1 3.60 | 013 containing rutile-calcite veinlets -
rutile is medium-grained
81-86 3.47 | 0.09 81-86 Feldspar-calcite rock - abundant fine-
. grained rutile - much pyrite
86-88 Dolomite-feldspar rock - much very fine-
86-91  |3.87(0.13 grained rutile
88-91 Same as 01'-B6' interval

COORD.-N 1200, E 2300
DRILL - DIAMOND DRILL

HOLE NO. 0-3

COLLAR ELEV-395'
TOTAL DEPTH-1006

CORE ANALYSIS | SLUDGE LITHOLOGY
INFERVAL o/, Ti0, V.0, % IO %V04| iy ERVAL Description
0-2 |1.%|0.10 0=l Red-brown, gritty clay
2-6.5 | 1.100.15 Mostly white novaculite fragments - -
6.5-8.7 | 0.65]0.09 L4-10 some clay and altered igneous fragments
8.7+9.7 [0.70{0.054
9.7-1 | 0.55/0.12| 0.35 0.05 . Coarse-grained rock composed mainly
of feldspar - minor amounts of pyrite
-18.6 | 0.55]0.09 [0.60 |0.06| 10-20 trace of rutile (typical albite-
1-18 0.55 ? perthite-carbonate vein)
18.6-20.2 0,50/ 0,11
[20.2-23 |0.70/0.11| . Dark green, mottled, medi um-hard
R altered coarse-grained igneous rock
23-26.5 |0.70/0.11{0.55 | 0.08 |*  (probably nepheline syenite - Diamond
6,5-28.5] O, i : 20-32 Jo type) - layer of albite-perthite-
:8 ; ;ig g 3; g 13 carbonate rock at ‘30'-31'

Continued





MAGNET COVE RUTILE COMPANY DEPOSIT 1948 DRILL HOLES 129

HOLE NO. 0-3 (Cont’d) !

CORE ANALYSIS | SLUDGE LITHOLOGY i
"WEVEE (%TIO,V.04%TiO,%V,0, iTERVAL | Description . ‘
31,8-33,3( 0,70/0.09
zﬁ:”ﬁ:;i!;l.; g:;g 8:03 .88 0.08 32-37. Albite-perthite-carbonate rock
39.2-36.6[0.80/0.09 - -
5.0=37, (1 190 9 37-40 Gray, fine-grained, hard feldspar-
';.a-g.g §.38 g.og 1,25 0.07 carbonate rock with abundant fine-
39,8-41, . . grained rutile
h}i'%—.iﬁ.g 852 g’gg Lo-LL %1te§ed nepheline syenite (Diamond Jo
. - = vpe .
ls3.7-k6. 9 0.85/0.0910,50 | 0.07 Lh=h9 Feldspar rock (same as 30'-31' above)
L6 9-48.7] 1,250,054
1,8.7-1,9.9]1.10[0.054
9.9-51.9] 0.65[0.05-
51.9-%4.8| 0.65/0.05-
5l 8- -
54 .8-59.5| 0.70/0.05 19-A8 Coarse-grained, dark-green nepheline
syenite
59.5-64.5|1.15|0.05 ’
64.5-69.5| 1,55 0.054 i
68-71 Coarse-grained feldspar - pyrite vein,
69.5-70.5] 285 0.05- with abundant coarse-grained rutile
74.5-79.5( 0.850.05- 71-82 Altered, coarse-grained nepheline
syenite.
79.5-8L.5) 1.10| 0.054 82-83 Coarse-grained feldspar-rutile vein,
abundant coarse-grained rutile
8L.5-88.3| 0.65/0.05-/0.80|0.05
88.3-90.5| 0.55| 0.054 Altered, coarse-grained nepheline
83-100 syenite - rutile rare in widely ;
90.6-95.6 | 0.65] 0.05 scattered feldspar veins .
\
95.6-100.8 0.75| 0.06 |

HOLE NO. 0-4.

COORD~N 600, E 2300
DRILL-BAKER GORE

COLLAR ELEV-392
TOTAL DEPTH- 37'

CORE ANALYSIS : LITHOLOGY
NTERA | % TiO|%V,0,] %S ['WEar Description
0-7 | k.64 | 0.07) 0.27 .Dark, gray-green, soft altered phonolite
: 0-11 with spotty iron oxide staining
. \ '
714 | b.b2 | 0.08 0'.30 : Dark brown clay containing some fine and :
11-1 medium~grained rutile - probably weathered | .
i feldspar-carbonate vein . .
=21 | 4.38 | 0.09| 0.25 '1-21 “I'Brown altered and unaltered phonolite - - ' [

Continued





ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. 0-4 (Cont’d)

GORE ANALYSIS LITHOLOGY

"Weedr | %Ti0,|%Vi0:| %S |'Weter Description

21-28 | 3.37 | 0.08] 1.94
Dark brown to black, dense, hard calcareous
: 21-37 rock (unaltered phonolite) containing cal-

28-32 | 3.01 | 0.08| 2.2} cite veins and a few coarse scattered’
pyrite crystals

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 heles, 13 bucket drill holes, and 1 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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COORD.-N-101i7, E-10479

ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. C-1

COLLAR ELEV-595.8'

DRILL-DIAMOND DRILL TOTAL DEPTH-112'
CORE LITHOLOGY
INTERVAL o/ 10, [%V,0, Description
Quartz fragments most abundant - a few magnetite grains -
0-10 L4.78 | 0.65 some limonite fragments - limonite and clay coat most of
the mineral grains - some rounded grains - some brookite
crystals (residual ore)
10-15 | 5.5 0.65
Mineral grains cleaner than surface material - quartz
most abundant - brookite common - a few red clay fragments
(residual ore)
15-20 | b.b45 | 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 smoky quartz - some brookite in both smoky and
35-L0 5.15 {0.73 clear quartz - a few yellow and white clay fragments
Mostly buff and brown clay fragments - some cream-colored
LO=-45 7.50 [1.33 clay - abundant brookite - much clear and smoky quartz
L5-50 | 8.05°/1,35
50-55 6.15 (0,77 Abundant white and buff clay fragments - abundant smoky
and clear quartz - brookite common
Hostly yellow, green, and brown clay fragments - much
5560 6.65 10.96 clear and smoky quartz and brookite
60-55 S.77 {0.84 .
Abundant brookite and quartz - some buff, white and gray
clay fragments - a few limonite fragments
55-70 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 3.87 (0.89% fine-grained altered igneous rock - some pyrite
Mostly gray-green clay as above -~ some brown and buf
80-85 3.50 (093 clay, pyrite, quarta and brookite
(First core recovered) Mostly Iine-grained gray-green
85-920 2.35 10.79 altered igneous rock or altered shale

Continued






CHRISTY BROOKITE DEPOSIT—1948 DRILL HOLES

HOLE NO. C-1 (Cont’d)

CORE LITHOLOGY
"WERA  [%Ti0, [%V.0, Description
90-95 1,90 [0.42 Dark green, fairly soft altered shale
95-100 |3.51 |0.86 )
Hard, compact, very fine-grained black shale - contains
narrow pyrite seams at 100'-102! N
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 belew 54'

HOLE NO. C-3A

COORD.~N-10I57, E-10689
DRILL-DIAMOND DRILL

. COLLAR ELEV.-602.5'
- TOTAL DEPTH-67'

Continued

%Ti0, %V, 05 LITHOLOGY
e |CORE| SL. |CORE SL. Description
Porous brookite quartz masses in gray clay
0-5 11.70 0.29 ’ '
- i
5-8.5 6.27 0.37 Porous brookite quartz fragments with some cream
clay
Mainly cream, whit d tan_cl tainin
8.5-10.5 | 3.72/5.40 |0.31]0.30 Barty Srammints and at an cley con g
N0.5-12.5 [ 1.70| 4.18 |0.06 | 0.16 nlg very fine-grained sugary altered novacu-
2,5-13.,5] 0.273.15 [0.02 | 0.09 lite 3" of buff and white cigy—_
f3.5-15.5 | 0.20]3.00 | 0.01 | 0.06 Very fine-grained altered novaculite .
N5.5-16.5| 5.152.18 [0.23 [0.J1 |  Cream clay - no quartz or brookite visible
Mainly dark gray altered novaculite - top 6" is
16.5-19 1.43 1,46 | 0.2) | 0.05 crem}lyclay with some brookite-quartz
19-21 0.1§1.10 | 0.00 | 0.02 Dark, hard altered novaculite and soft, white
sugary altered novaculite - at 22'-24' thin
-2y 0.70| 4.65 | 0.00 | 0.10 seams of brookite in novaculite and some gray clay|
24-25.5 3.45 .70 [0.03 [ 0.12 Limonite, hard yellow clay and hard, altered
povacylite
29.5-21 0.50[ 3.70 | 0.03 | 0,12 Ver;: fine-grained, dark grayi_ altered novaculite
27-30 0.17 2.90 [0.05 | 0.0 with thin, gn‘en seam of buff clay
30-33 0.16(1.50 |0,00 | 0.00
33-35 0.16/1.15 [0.03 |0.00
X Very fine-grained gray to white altered
35-37 0.271.35 10.0L 10.05 novaculite locally contains limonite-stained
37-39 - 0.17|1.05 |0.03 [0.0L |  fractures
39-41.5 0.23]2.21 {0.03 | 0,0k
41.5-Uk4.5| 0.27|4.10 |0.02 |0.06
i Cream clay, limonite fragments, and gra;
ub.5-46.5] 1.20/1.60 |0.06 10.03 altered nzv;a.culite fmgmgts ’ i
46.5-L8.5 1.58 0.00 | No core recovered
48.5-50.5/1.66 [1.95 |0,00 |0,00
50.5-52.5/1,60 {1,75 {0.00 [0,00 | Cream-colored barren clay
[52.5-53.5]1.2 [1.51 [0.00 [0.03 ‘
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. C-3A (Cont’d)

%Ti0, %V, 0, LITHOLOGY
WIERYAL |CORE| SL. {CORE] SL. Description
53.5-55.5[0.25 {1.23 [0.03 [0.02 .
55.5-57.5/0.L1 [1.70 (0.00 |0.03 Dark gray and black novaculite with a thin seam
57.5-59 [1.04 [1,50 [0,01 [0,05 |gLerean clay
59-61 0.50 [1.63 {0.03 [0.03 Alternating cream clay and altered novaculite
61-61,9 [0.L3 11,30 (0,00 [0,02 |\ lavers
61,9-65 [0.11 {1.30 [0.00 |0.07 | Dark gray altered novaculite
65-67 0.31 {1.51 |0,00 |0.06

HOLE NO. C-4

COORD.-N-10056, E-10697
DRILL -DIAMOND DRILL

COLLAR ELEV-593.2
TOTAL DEPTH-122'

LITHOLOGY

%Ti0, “%V,0,
'WMEr |CORE| SL. |CORE| SL. Description
0-2
P No core recovered
Porous, medium-grained quart ith fine-grained
L-6 5.87| 2.10| 0.60| 0.2} ?ma\ﬁfgl-o}g)pg{t rc‘emented with limogftgm
residu
6-8 1.91|1.40| 0.29] 0.33 _ Red clay, qtz., brookite frags.(residval ore)
8-10 1.34| 1.10| 0.42| 0.36 Porous q%z,., dete' clay, red clay -little brookitel
residual ore .
10-12 | 1.36] 0.90| 0.55] 0.43 Porous qtz. frags.,limonite cement,some brookite]
12-1) 1.20 | 0.85] 0.37] 0.52 F. and c.gr. porous qtz.- some brookite and
white clay
1U~-16 1.53|1.35] 0.98| 0.39 Dark b etabl . "
ark brown able, sandy porous quartz -
16-18 0.66] 1,491 0.39] 0.62 thin seam of red clay - little brookite
18-20 0.89| 1.00 | 0.60| 0.36
20-22 1.39 0.9 No core recovered
22-24 1.70 0.54 .
204=26 6.39| 3.32| 0.30| 0.38 Porous, coarsely cryst. qtz.-no brookite visible
26~29 1.3L| 2.78] 0.35]| 0.59 Mainly porous c. gr. qtz.- a few clay seams
29-31.5| L.38 | 6.09| 0.38| 1.07 Mainly banded gray clay - a little brookite-
qtz. at top
31.5-34 [ 6,28 8.39| 1.79| 1.25 Brown clay with some sandy qtz.- limonite frags.
34-36 8.37] 5.30] 1.45] 1.02 C.gr. brookite-qtz. and brown to black clay
36-38 9.93 1,25 No core recovered
Buff and cream clay with many sandy quartz
38<41.7| L2 | 7.50( 0.98] 0.62 fragments and much brookite
L1.7-bL | 3.97| 9.60| 0.76 0.66
Lh-b6.511.25 13.50 | 0.84 | 1,28 Some buff clay - mostly brown porous quartz
with abundant fine-grained brookite
U6.5-h9 | u.75 ! 6.55| 0.9k | 0.62
L9-51.5 L.20 0.83 lio core recovered
61.5-53.3 L.25] 3.25] 0.36] 0.40 Brown, porous brookite-quartz - no clay
53.3-55 | 8.05| 5.80 ] 0.26| 0.25 Dark gray, porous quartz frags.- abundant
brookite
55-57.5 |12.15[10.00 | 0.56| 0.56 V. f.gr. porous qtz. - much f.gr. brookite
57.5=60.5| 5.49 | 6.22| 0.62| 0.95 Same, but coarser-grained quartz

Centinued





CHRISTY BROOKITE DEPOSIT—1948 DRILL HOLES e

HOLE NO. C-4 (Cont’d)

%Ti0, %V,04 LITHOLOGY :
| 'WeEet [CORE| SL. |CORE| SL. Description !
60.5-63.51 2.26 | 4,.55 | 0.57| 0.88 '

Cray te brown porous quartz - some brookite
63.5-66.5| 7.80| 5.75| 0.81| 0.87
) Limonite frage. < some brown and gray porous
66.5-68.5 (12,60 | 8.88 | 0.87 | 1.02 qtz. frags. - some brookite
$8.5-71.5 10,70 | 5.55 | €.85| 1.17
71.5-7L.5 [10.13 10.00 | 0.66 | 1.72
Porous, ferruginous, fine-grained quartz -
74.5-77.5 | 6.50 10.15 | 0.L6 | 1.17 much v;ry fine-‘grai;md brooid te
77.5-80.5 [10.70 | 9.60 | 0.81| 1.13
! : White and yellow clay with a few coarse-greined
80.5-83.5 | 9.25 | 9.60-| 2,05 | 1.15 quartz fragments
83.5-86.7 | 3.92 [ 7.78 | 1.1 | 2.30 Red and brown clay with coarse-grained quartz
fragments
n Mixture of c.gr. qtz. masses, brookite—qtz.
86.7-90 6.5 1 6234 | 2,92 2.16 frags. and brown por. qtz. fl,'ags. - some
limonite frags.,
90-93 | 1.15| 7.57 [ 0.24 | 1.8 Mostly brown clay
Brown to black sandy, porous brookite-quartz
93-97 6.30 | 6,72 (0.90 | 1.33 fragments - some banded clay
97-100 | 8,97 ] 5.60|1.34| 0.99 Gray clay - some gray,porous, hard quartz
100-103 | 1.43 | L.LO | 0,18 0.74 Hard, gray, granular, porous quartz fragments
103-106 | 6.72 | 6.1 [ 0.31] 0.L7] . Fragl:ents of blue-gray, hard, porous brookite-
: quartz
106-109 | 5.50 | 6.53 | 0,76 | 0.26
Same as above with some buff and cream clay
109-112 | 2.00 | 4.00 | 0,19 0,22
112-115 | 2,40 | L.81 | 0.13| 0.38 Brown and cream clay with hard vorous auartz
fragments )
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
COORD.-N-9991, E-1070I COLLAR ELEV-583
DRILL -DIAMOND DRILL TOTAL DEPTH-132'
%Ti0, %V, 05 LITHOLOGY
ey |CORE| sL. [core| sL. Descriptiow
03 |s.32 0.67 Hard, gossanized brookite-quarts (residual ore)
Mostly gossanized, brookite-quartz with some
5 [5.68 0.13 buff L1sy (residual oves
5-8 2.87 | 5.04 | 0.22 | 0.17 ‘(“,’.ie’;guil“:ﬁ‘f porous quartz - some clay
8-11 |u.27]3.56|0.20] 0.18 :ar:c)a,with some fine-grained brookite (resicial |
Hard and friable parous brookdte-quarts - 1,5'
11-15,5 [ 3.74 | 3.18 [ 0.25 | 0.2} of buff clay at bottom A

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. C-5 (Cont’d)

%Ti0, %N, 0s LITHOLOGY
wrerval Toore| sL. [GORE| sL. Description
T -
| Mainly buff and pink clay - few fragments of
15.5-20 | 5.07 | 8.52 | 0.28 | 0.75 porous brookite-quartz
20-22.5 | 6.43 | 6.51 | 0.16 | 0.L7 Porous brookite-quartz fragments
22.5-26 | 1.64 | 5.32 | 0.06 | 0.28 Same as above, with some cream clay
Very friable, brown porous quartz - much fine-
26-29 | L.6L | 4.67 |0.06|0.25 grained brookite
Brown, porous brookite-quartz with some coarse-
29-32 6.88 | 6,12 | 0.18 | 0.29 grainéd quartz veins and clay seams
32-35 3.5813.50 | 0.15 | 0.28 Mainly white clay - with somec brookite-quartz
. L fragments
35-38 1.60 [1.91|0.23| 0.34
3851 2.77 1 3.63]0.06 | 0.9 Brown, friable brookite-quartz
u1-Lks 3.54 | 5.27 | 0.19 | 0.47 Mainly brookite-quartz - much gray clay
Lh-47 | 3.87[2.00]0.37]| 0.60 Same, without clay
47-50 1.27]2.60|1.72| 0.6L Very fine-grained brookite-quartz
- R . . R Porous, brown quartz - some coarse-grained
50-53 1 0.98 1191 | 0.l | 066 | S "little brooiite
_ Hard, gray, partly porous quartz - little
53-56 | 1.17 | 2,06 | 0.36| 0.6k pard; grav)
One foot of above material - rest is black
56-59 5.00 | 5.00 | 0.2 | 0.67 porous brookite-quartz with coarse quartz veins
59-60.5 [ 6.23 16.50 | 0,11 | 0.LL Hard brown porous quartz
50.5-62.5; 6.u5 | 3.67 | 0.34 | 0.62
162.5-65.5 [ 1.83 [ 2.20 | 0.67| 0.66 Hard, black, gray, and brown porous guartz-
brookite rare '
65.5-68 10.93 [2.6011.15) 0.85
68-70.5 |1.28 1.36 [0.23] 0.37 Black, Mr&, porous quartz with brookite
70.5-73.5 {14.80 [ L.68 | 0.56 | 0.69 Browmn to black porous quartz - brookite
abundant
73.5=76 | 5.54 | 2.83|0.22|0.3L
Mainly white clay - some brown brookite-—quartz
76-79 4.95 [ 3.20 | O.LL | 0,37 fragments
-82 .82 | 3. 0.42 | 0. Top half white clay - bottom, brown porous
s 3 399 b 55 quartz with some brookite
82-85 2.13 [1.47 | 0.23 | 0.43 Hard gray quartzite with much brookite
85-88 3.07 | 2.05 | 0.17 | 0.k Hard gray to black quartzitic material - some
° brooki te
_ Mainly white and pink clay - some porous quartz
88-91 3.50 | 3.14 | 0.L8 ) 0.35 fragments with brookite
91-9Y 2.87 |2.80 | 0.09 | 0.18 Gray porous quartz with much brookite
94=97 3.06 0.37 No core recovered
7-100 . 2.88 (0.37 0.
? 3.55 3 » A1l gray and brown porous quartz with much
100-103 | 8.4 k.64 |0.63 0,87 | Drockite
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|11.40{ 0.89 | 1.98 Both hard and friable porous quartz - brookite
abundant . n s

Continued






CHRISTY BROOKITE DEPOSIT—1948 DRILL HOLES

HOLE NO. C-5 (Cont’d)

%Ti0, * %V, 0; LITHOLOGY ;

"WERVAL |CORE| SL. [CORE| SL. Description i
Varicolored clay with porous quartz fragnents

112-117 | 5.65 [8.60 (1.50 | 2.08 all containing brookite ’
Gray porous quartz - some buff clay seams -

117-122 9.69 [9.58 | 0.87 |1.90 all brookite-bearing

122-127 9.70 1.98 No core recovered

127-130 |15.47(9.95 |0.LL | 1.59 Gray to black, hard to frigble porous quartz - ¢
abundant broolcxte :

130-132 {3.07 |7.20 {0.38 | 1.02 Gray porous quartz with much brookite

COORD.-N-10068, E-I01I3
DRILL -DIAMOND DRILL

HOLE NO. C-6

GOLLAR ELEV.-
TOTAL DEPTH-104.5'

%Ti0; %oV, 05 LITHOLOGY
Moy ICORE| SL. |CORE| SL. Description
IN FEET
- Quartz and brookite disseminated in red clay
0-2.5 | 3.h2 0.3 - (residual ore)
2.5-5 3.22 0.46 Same with some gossanized brookite-quartz
°% 1.85 0.51 fragments (residual ore)
6-9.25 | 6.55 0.35 - Porous fine-grained brookite—quartz fragments -
scattered veins of coarse-grained quartz
(residual ore)
9.25-12.5 3.95 | L.35 | O.LL | 0.62 Nostly brown, limonite-stained, porous soft
brookite-quartz - some clay (residual ore)
12.5-15. .00 [ 8. 0.70 | 0. Hard,massive limonite - some gossanized, porous
5-15.51 b 55 ? 59 broo),(ite—quartz - few buff clay seams ’
15.5-17.5 | L.67 [L.00 [ 0.36 | 0.48 Mottled clay and brown, porous brookite-quartz
¥ Half cream clay and half brookite—quartz
17_'5-20 3.45 [L.55 [0.32 | 0.l locally possanized
20-22.5 11,98 |4.10 |0.21 | 0.28 Buff clay and pink clay with white patches
22.5-25.5| 2.35 | 6,30 | 0.26 | 0.40 | A1l pink clay as above
25.5-28,5| 6.31 |6.50 | 0.88 | 0,35 Mainly gossanized porous quartz with one i'oot
g
- of buff clay
28.5-30.5 13.25 0.28 No core recovered
' 30,5-32.5({ 8.12 | 5.80 | 0,49 | 0.2h Mixed porous quartz fragments and buff clay
2,5-33.511,.60 0.36 Buff clay. .
3.5- 35T} .15 0.13 Pink clay with pgmg quartz fragments
}L\J—35-5 12.20] 7.85 [0.257] 0.16 on -
7 38 L %iégS g- g White and gray clay
=30, . . . . Gray brookite—quartz - brookite very fine-grained
8.5-h0 | 7.6012°'™0.20] %%
O~ 92.30 Q.24 -
h’u 88 8.750854 0.29 Friable brookite-quartz and cream clay
= % No core recovered
N . Hard brookite quartz
210 6.7000:287 0.30 Sibad
1%.; T‘GZ{ Alternating layers of porous brookite-quartz
. N 1a;
.85 10.55[0 137 0.20 | 2" °Team clay
) No core recovered
e 8.15[0.19] 0.26 gfﬁﬁ clay and porous brooldte-quartz
* T oy : 078 O core recovere
_11%:20 11.25[8:97] 0.18 Porous, clay-coated brookite—quartz fragments
= No core recovered

Cdntinued
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ARKANSAS TITANIUM ORE DEPOSITS '

HOLE NO. C-6 (Cont’d)

%Ti0; %oV,0s LITHOLOGY
INTERVL |CORE| SL. |CORE| SL. Description
gg:g? S %j %5 9.60 8'2% 0.31 51‘_ riabletporous clay-coated brookite-quartz
* < ragmen
.5-60 .50 0.58 Dark b Tay, brookit tal d
51560 1150 | 51950 1o 30 |\ _Deeriiovauarty cragments oo
22'25 ,:;g; g'gg goarsg—grained quartz in brown clay - some
= . . rookite
6%—6% 9.L5 0.25 [~No core recovered
0.89 0.31 Hard, gray porous-quartz
65-67 No core recovered
10. 0.31
169 1370 P08 | O
6911 8.75| 12.80| 0.18 Hard, slightly porous brookite-quartsz
i . . . 0.24
71-72.5 [15.86 0.29
72.5-74.5]19.13}10.60|0.37 | 0.37 Porous brookite-quartz core is vuggy - quartz
T4.5-75.5]11.00 0.23 and brookite coated with limonite :
75.5-77.5 | 15.60 20.00{ 0.27 | 0.35
77.5-79.5 12.80[ 15.25] 0.17{ C.30| Hard, brown, porous brookite-quartz - some clay
79.5-82 16.80 16.70| 0.40 | 0.38 Hard porous brookite-quartz
§2-83 10.80 0.30
83-85 15.00} 12.45] 0,33 | 0.28 Hard porous brockite quartz - some white clay
85-87 16.20[ 14.40{ 0.2L | 0.28 Hard porous brookite-quartz
87-89 - 19,50/ 21.00( 0.35 | 0.41 Porous brookite-quartz - some buff clay
89-91 12.80( 17,00{ 0,18 | 0.42 Friable, porous, brookite - quartz fragments
91-93 8.35 {18.10|0,LL [0.36 | Hard porous brookite—quartz - some clay
93-95 12.25(|16.20(0.43 [ 0.30
95-97 18.70| 21.00| 0,26 | 0.29 Fine-grained, hard, porous brookite-quartz
7-98.5 [13.60}15.45] 0.27 | 0.26
98.5-100.9 14.85| 11.60{ 0,18 | 0.23 Same with some coarse quartz veins
100.502.5 8.35]15.25 0.28 | 0.32 | Friable and hard porous brookite-guartz
I Top foot is brookite-quartz and clay - bottom
102.5-104.5| 5.85|14.50{0.2l | 0.38 | foot is altered novaculite
L HOLE NO. C-7
COORD.-N-1006!, E-9989 COLLAR ELEV.-558.6'

DRILL-DIAMOND DRILL

TOTAL OEPTH-86.83'

%Ti0 %V O LITHOLOGY
mrervs loore| si. [coRe| si. Description
0-1
-2 -
:12 s % [\ Brown to red clay containing disseminated
=2 0. 31 rtz f: ts and free b t
% G 0] L7 })f_:gl&ﬁ:{q\;:s ‘z ragments and free brookite
6-8 2.85 0.36
8-10 0.75] h.hS| 0.37] 0.33] Sandy porous brookite-quartsz (residual ore)
10-11.5 0.41}] 0.79] 0.29] O. T It ST Rt T
n. rown an e cla; ew porous
11.5-13.5] 0.79] 0.u5] 0.18] 0.26] quarty frapments v s
13.5-15.5] 2.61| 2.55| 0.22| 0.55] Brown and white clay
15.5-17.5| 3.55| 475] 0.16] 0.21 Gossanized, porous brookite—quarts
17.5-20 |10.58| 5.23| 0.08| 0.16
Gray, hard, vuggy brookite-quartz
20-22 12.80| 2.17| 0.12| 0.15
22-2l 1.13] 1.73| 0.14| 0.13| Red, friable porous brookite-quartz fragments
24-26 1.50]| 0.90| 0.21] 0.03| Hard, f. gr. porous quartz - little brookite

Continued






CHRISTY BROOKITE DEPOSIT—1948 DRILL HOLES

HOLE NO. C-7 (Cont’d)

LITHOLOGY '

%Ti0 %NV O
Nerer |coRe| sL. |core| sL. Description
26-28 1.51] 1.40] 0,17/ 0.00 Eggxo'ﬁﬁrelous, porous brookite-quartz - 1ittle
2830 110.35| 2.86] 0.14| 0.0)| “Same,with 17 of white clay
30-32 12.75] 4.73] 0.23] 0.04
32-34 12.70| 5.80} 0.21| 0.06] Brown hard porous brookite-quartz - much brookite
34-36 L4400 6.31| 0.08] 0,07
36-38 0.28]| 2.52| 0.03| 0.00 su 1tered 1t hte bo 1Lght
38-40 | 0.35] 0.80] 0.05] 0,02 ppE°T¥» @Ttered novaculite - white to Lg :
0-IT.33 | 0.90] ;.18 029 0.00| _Altered novaculite and sandy porons quariz ‘
%1-33442. 3.40 1.48 0.1L Gray, hard, med. gr. quartz, with brookite |
L2.5-uh | 0,78 g,)0| 0s36[ 0.00] Hard to friable porous brookdte-quarts
% [ P 7 9. 13] 0.02 Hard, gray porous brookite-quartz
.5 11.05] "*' 0,16 th t V.
L7.5-49 | 0.LS| o,65]| 0-05 0,02| Brookite-quartz and altered novaculite |
49-50.5 | 1.05 0,10 rd, gra: b a
50.5-52 | 0.80 0.57 9.23] .00 ¥
52-53.5 No core recovered .
5345-55 0.78} o 75 0.05| (,02| Porous quartz, altered novaculite and
55-56.5 0.35] ° 0.10 Porous brookite—quartz -little brookite,same clay]
56.5-58 | 1.18 0.58 0,02 . ool _Hard, med. gr., qtz, with much v, £. gr. brookite|-
58-60 2.7 0.02 Same, with thin laver of alt. novac. at bottom
60-62 1.00| 1.25| 0.26] 0.27] Gossanized, coarse-grained porous quartz
62-63. 1.51 0.00 C. «_hard t: ith f. +brookd t.
Sttt 5:3h 07| §:B3] 0.0 Suftaylord xey, gyarta with some I. gr.brooidite
'%.2‘766 8.85 0.66 0'88 0.00] White, sugary altered novaculite
Tiﬂnly altered novaculite - some sandy porous
_gixzs 2.05| 0.61f 0,05| 0:02| guarts with much v. f. gr. brookite
+25°0. 2.10 0.12|_No core recovered
70.25-72.5] 1.47 0.07 s brookit N brookit.
72.5-74 | 1.25] 2.45] 0.03] 0.0h| SEuc¥a gorous brookite quarts - brookite
=16 1.65| 1.55| 0.0L| 0.02 Hard, gray, porous brookite-quartz - 1!
76~78.25 | 0.95| 1.31| 0.05| 0.00| 1layer of altered novaculite at 78!
78.25-80 | 0.38) 1.10] 0.0k4j 0.05 Altered brown novaculite and coarse-grained hard
80-82 1.50| 1.38 0.03 0.08| brookite-quarts
X White, sugary altered novaculite - cut by 5"
82-86.83| 0.23| 0.47| 0.01 0.03 gray-éreeﬁ,rgltered igneous dike at 83! o

HOLE NO. C-8

COORD.-N-9972, E-10133

DRILL-DIAMOND DRILL

COLLAR ELEV.-
TOTAL DEPTH-IIS'

%TiO, %V, 0, LITHOLOGY

o |CORE| SL. {CORE| SL. Description

" Red surface clay with porous quartz fragments

0-3.5 |3.23 0.30 and brookite (residual ore)
3.5-6.5 | 3.63 0.L2 Porous brookite-quartz partly cemented by

4 limonite (residual ore)
6.5-9 | 0.96 0.22
Most -
911 1-.1‘3 L5 0.63 . bz;fla:;ooldte-quanz gossan - some cream and
11-13.5 ' | 1.51 ©10.20 : Sandy and gossenized porous quartz fragments -
- brookite rare

13.5-16 |1.76-| 1.80 | 0.11 | 0.19 ‘Sandy, friable porous brookite-quarts

Continued
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ARKANSAS TITANIUM ORE DEPOSITS .

HOLE NO. C-8 (Cont’d)

%Ti0, %eV,0, LITHOLOGY
"WFter |CORE| SL. [CORE| SL. Description
16-18.5 |1.6L |2.21{0.13]0.14
18.5-21 | 0.76 | 2.30 | 0.16 | 0.21 Same, with some buff clay seams
21-23.5 |1.L2 |1.60]0.23|0.16
23.5-26 2.5 0.26 No core recovered
26-28.5 [0.63 [0.83|0.24|0.26 Sandy porous gquartz fragments - brookite rare
28.5-31 |0.58 |0.88 | 0.13 | 0.20 Porous and vuggy quartz - brookite rare
31-33.5 |0.61|0.9110.22|0.27 Sandy porous quartz - brookite rare
33.5-35.5/1.46 [ 1.20 | 0.17 | 0.21 White and cream clay - some brookite-quartz
- g Mainly buff and white clay - some gossanized
35.5-38 [1.25 |1.35|0.24 [0.17 brookl te-quartz Y
38-40.5 |0.63 |0.80 | 0.14 | 0.16 Mainly barren porous quartz - some white and
buff clay
40.5-53 }0.52 [1.15 |0.13 | 0.37
Sandy quartz with limonite - little brookite
L3-L6 1.11 [ 0.75 | 0.24 | 0.22°
L6-48.5 |0.53 |0.52 [0.28 | 0.32 Hard porous quartz with white clay
48.5-51 |1.L5 {0.87 [0.L0 | 0.39
51-53.5 | 1.4l |1.65 [0.74 | 0.38 Quartz gossan - l;tt.le brookite
53.5-56 [3.20 (0.35 |0.310.32
6-58.5 .06 | L.55 [0.59 | 0.98
5 3 55 Buff clay with porous quartz
58.5-61 | 5.0k [L4.98 |1.07 | 0.79 .
61-63.5 |6.23 |1013|0.72 | 0.57 Quartz gossan - brookite rare
63.5-66 |3.83 |10.91{0.52 | 0.77 Gossanized porous quartz with some brookdte
66-67.5 |10.L8[7.70 | 1.46 [0.32
Gossanized brookite~quartz with cream-colored
67.5-70 [7.15 8.0k [0.89 | 0.5k clay lenses
Porous brookite-quartz rock with coarse-
70-72.5 6.10 0.8 grained quartz veins
72.5-75 |7.15 {8.65 0.4k [ 0.42
Brown clay with some brookite-quartz
75-71.5 9.7 0.46
77.5-80 11.55] 0.62 No core recovered ‘
80-82.5 |8.91 [10.6L{0.L0 [0.50 Hard brookite-quartz rock - much brookite
82.5-85 |9.91 (10.36/0.65 |0.47 Porous broold te-quartz with some brown clay
85-86. 26.30 0.38
Bg S—Bg 2.7k 20.96 0.LL 0.37 Hard brookite-quartz - brookite very fine-
. J grained and abundant
88-90.5 |20.50 8.70{0.21 |0.21 ggrdd gray porous bmoldte—quartz - 'brookite
90.5-92.5/16.80|10.20/0.38 |0.20 Cream-colored clay,brookite, brookite-guartz
S
92.5-94.5] 7.45[14.06/0.36 |0.22 Yo cTay and porous quarts
94.5-97 19.30 0.51 No core recovered
7-98 19.60 0.32 i i ‘ ‘
98-100.5 | 9.58117.65/0.1L {0.58 | Tlard brookite-quartz - much brookite
100.5-102412.25|13.L0{0.42 [0.51
102.5-105| 9.65| 6.10{0.26 |0.22 i
105-107.5| 5.95 0.13 No core recovered .
107.5-110|2.40 | L.78{0.36 [0.18" Gray, sandy porous brookite-quartz
i
110-112.5/1.20 | 3.70|0.16 |0.15 Gray, hard porous quartz - brookite poor
112.5-1150.30 | 3.25/0.04 |0.09 : : !

1






COORD.~N-101782, E-10526.4
DRILL-BUCKET DRILL

CHRISTY BROOKITE DEPOSIT—1948 DRILL HOLES

HOLE NO. BD-1

COLLAR ELEV.-60I
TOTAL DEPTH-46'

CORE

LITHOLOGY
ey |%Ti0,|%V.0, Description
0-21 No core - this hole was started in the bettom of a test
pit 21 feet deep
Quartz fragments - much fine-and coarse-grained brookite, |
21-2k | 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
29-34 | 7.97 |1.38 Quartz fragments (clay coated) - some white and brown
clay fragments, much fine-grained brookite
-39 |[8.21 [1.56 Buff and white clay fragments, some quartz and fine-
grained brookite
Reddish brom quartz fragments containing some medium-
39-4 [8.67 [1.04 and coarse-grained brookite - a few brown clay
fragments
Fine- to coarse-grained quartz masses containing much
AL-h6 1215111 fine- and coarse-grainedqbrookite.

COORD.-N-10083, E-10292
DRILL-BUCKET DRILL

HOLE NO. BD-2

COLLAR ELEV.-5905'
TOTAL DEPTH-34'

LITHOLOGY

CORE
NTERAL  [%Ti0,[%V,0, Description
0-5 6.10| 0.33 Uostly porous quartz fragments in red clay - some
brookite (residual ore)
. s
5-10 3.10| 0.17 Mostly white clay - a few porous quartz fragments -
brookite rare
10-15 3.05| 0.26 Mostly perous quarts fragments - some with breokite-
much white clay as in 5'-10' above
15-20 5.85] 0.30 Mostly white and brown c'hy fragments - some porous quartz
fragments - brookite rare
20-25 3.55| 0.35 White and pink clay fragments

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. BD-2 (Cont’d)

CORE LITHOLOGY
e %Ti0,[%V,0, Description
25-30 | 1.80|'0.05 Mostly white clay fragments - few co:rsa-grained quartz
fragments with some brookite
Mainly white clay fragments - few altered white
30-34 1.50| 0.06 novaculite fragments

GOORD.-N- 019, E- 10482
DRILL-BUCKET DRILL

HOLE NO. BD-3

COLLAR ELEV-596.6
TOTAL DEPTH-52'

CORE LITHOLOGY
|:4JE’RE\?'L %Ti0,|%V,0, Description
0-5 3.96| 0.82
5-10 |5.05 [1.03
10-15 7.88 [1.74
15-20 6.95 |1.96
20-25 L.66 |0.62

NOTE: This hole was not logged as it is only S
feet f H - -

25-30  [8.88 [0.92 of 1ts greater dath. | T |088%d Because
30-35 |8.26 |1.07
35-40  {6.55 [0.8)
Lo-4s  |6.28 |i.55
u5-50  18.88 |1.59 ’
50-52  19.70 |1.18






COORD.-N-10022, E-10499
DRILL-BUCKET AND DIAMOND DRILLS

CHRISTY BROOKITE DEPOSIT—1948 DRILL HOLES

HOLE NO. BD-4

COLLAR ELEV-~5832'"
TOTAL DEPTH-14f'

CORE LITHOLOGY
INTERVAL 104, Ti0, |%V,0, Description
Mainly fine-and coarse-grained quartz with much fine-
0-5 6.05 |0.86 and medium-grained brooldte - some brown clay fragments -
’ . some magnetite grains - some of the quartz and brookite
grains show slight rounding (residual ore).
liostly fine-grained brown quartz fragments - some slightly
5-10 |10.,07|2.17 rounded - a few brown clay fragments - much fine- and
med!).m-gra.i‘ned brookite - a few magnetite grains (residual
ore :
10-15 | 8.551.76 | Same as above - no rounded grains
15-20 7.87|1.52 Same - brookite fine-grained, magnetite absent
Mostly quartz, both fine-grained porous masses and coarse-
20-25 l 0404} 0.85 grained vein quartz - some fine-grained brookite and
! brown clay
$ 25-30 7.22/0.L1 Mostly fine-grained porous, gray quartz, some fine-
grained brookite - some flesh-colored clay fragments
30-35 | 7.33/0.39
35-40 7.04]0.32 Same - some brookite fine to very fine-grained
40-45 La7|0.L1
Same as 35-L0 - some fine-grained brookite
L5-L& 3.96[0.55
DIAMOND DRILL
%Ti0, %V,0,
'WMEEA |CORE| SL. [CORE|" 5L
Hard gossanized brookite—quartz - sandy porous
L6-49 | 5.05/3.13 |0.97 | 0.88 [ prookite—quartz with quarts veins - some buff
- clay
49-51 3.28/3.51 [0.28 |0.38 Sandy porous brookite-quarts - seam of buff clay
T )
5153 | 100217 [0.33 [0.28 | §ing-grained, sandy, porous brookite quarts
53-55 L.25(2.17 [0.38 | 0.68 Sandy, porous, limonite-stajned brookite-quartg
_ Brown, porous, sandy brookite-quartz with a few
55-57 3.35/2.53 10.31 | 0.67 fra 'ngs of l;romdiltered novgculite
57-59 3.60/4.86 |0.33 | 0.7h Mostly brown porous brockite-quartz - some
5961 2.58| 2.83 | 0.46 0,37 brown altered novaculite
- - - > No samples available for lo
6163 | 3.25|2.25 [0.57. 0.7 " geing
K . BB Gra rous brookite-quartz - very fine-grained
63-65 | 5.18/3.08 |0.59 [:0.56 prayspor =q! ry (4
65-67 9.50|7.86 j0.51 _,0'79 Gray to brown porous brookite-quartg
67-69 6.75/7.50 |0.72 |:0.98 %imonit:-stained, brown, porous brookite-quartg
ragments
69-71 9.00|8.48 [1.16 | 0.86 Mainly quartz frapments - some brookite
T1-T2 9.80 0.72 | ™o core recovered
72-76 5.35/9.87 [0.98 [0.79
No sample available for lo
76-78 | 7.70]9.58 |0.76 |0.77 P eeine
78-80 |10.25)7.67 |0.94 0,90 | Mainly quartsz fragments - brookite abundant
00=0T N 1.65 |° Limonite fragments - some quartz and brookite
_‘81:52__87& 6.82 2-25 1.6 Limonite,quarts mnnrnnnnmdg:_-_ngmg_hmm_
82-84 k.25 7.67 1.60 1.86 Dark bromn quartz - much limonite - some brookite
8L4-86 6.38 2.21 Same, with some g oxides

Continued
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ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. BD-4 (Cont’d)

DIAMOND DRILL LITHOLOGY
%Ti0, %V;0s Description
Wit |CORE| SL. |CORE| SL.
86-88 8.71/6.82 |2.03 [1.31 | Brown novaculite - brown quartz - much brookite
88-90 8.04 1.28 | No core recovered
90-92 8.38/8.15 [1.97 |1.29
92-95 5.59(7.50 | 0.57 | 1.01
No sample available for logging
95-97 2,17|7.28 10.31 [0.76 .
97-99 5.17/6.40 |1.82 {1.19
99-101 7.75 0.84 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 | 4.73|L.03.|0.67 {0.57 ldain]d quartz fragments, some white clay, some
brookite
107-110 | 6.68{5.48 |0.64 |0.60 | Mostly brown quartz - brookite abundant - much
) manganese oxide
" Mostly quartz fragments- brookite abundant -
110-113 | 9.258.30 |1.01 |1.02 limonite and manganese oxides common
113-116 | 9.80(7.95 [1.60 [0.88 | No sample available for logging
o Mostly yellow-brown clay - much quartz - some
L6-19 | 5.55/7.32 1,13 1115 brookite, limonite and mang oxides
119-124 (13.45{8.60 (1.68 | 1.47 [ No sample available for logging
Mostly white, gray and brown clay - much quart
12-128 | 8.15/20.55/2.54 |2.40 | and abundant “brookite 7 e
126-132 | 6.54| 9.08/1.53 |1.54 | No sample available for logging
132-135 (11,01} 9.40/1.12 |1.69 Mostly brown quartz with much brookite
135-138 8.59 1,33 | No core recovered
138-14) | 2.80{ 5.75| 1.28/1.26 | No sample available for logging

HOLE NO. BD-5

GCOORD.-N-10016, E-10304

DRILL-BUCKET AND DIAMOND DRILLS

COLLAR ELEV-586.7"
TOTAL DEPTH-110'

CORE LITHOLOGY
WTERAL or 110, foV,0, Description
Mainly quarts fragments - abundant fine- and coarse-grained
0-5 4.10 [0.71 brookite - several limonite fragments - several yellow
clay fragments - some magnetite grains (residual ore)
5-10 |[5.45 {0.81 Mostly quarts - many buff, white and pink clay fragments,
much fine-grained breokite
10-15 |5.80 |0.681 :
i
EEPER HEEE ]
..15-20 . (6,95 [1.09 o

Continued






CHRISTY BROOKITE DEPOSIT—1948 DRILL HOLES

HOLE NO. BD-5 (Cont’d)

CORE LITHOLOGY
N Eeer [%TIO: %V,0, Description
Mostly quartz, some brawn clay fragments - some fine-
20-25 [6.51 |0.72 grained brookite
25-30 |6.28 |0.66
30-35 [5.40 |0.59
35-40 4.05 {0.49 Mostly buff and white clay, some quartz, some fine-grained'
brookite
Lo-kS |5.72 {0.Lh2 Mostly fine-grained porous quartz masses with some brown
clay fragments and much very fine-grained brookite
Kosily gray fine-grained and coarse-grained quartz, some
LS-50 |6.65 |0.52 brown clay fragments, much fine-grained to very fine-
grained brookite
50-55 16.05 |0.93 Same as above but with much less brookite
65-61 |8.40 ]0.55 Mostly fine-grained porous quartz with some fine-grained
brookite
DIAMOND DRILL
%Ti0, %V.0s
"IERYA ICORE| SL. |CORE| SL.
Hard to porous brookite-quartz - some gessan at
616k |3.90 |4.00 | 0.37(0.32 | poteom 9 &
Smoky, coarse quartz crystals with brookite
6uL-67 |3.15 |L.66 | 0.12(0.19 common - some white clay .
- Dark, gray altered novaculite with some coarse-
6769 10.82 |L.28 | 0.05/0.15 graiéed smoky brookite-quartz at top
69-72  |0.20 |1.65 | 0.02!0.10 Dark gray altered novaculite
R Dark gray altered novaculite and medium-grained
72-75 |1.62 |1.65 | 0.06 O'Oé porous quartz with fine-grained brookite
75-77 9.70 {2.70 | 0.26|0.13 F%neagrgined porous quartz - fine-grained brookite|
abundan
77-79 [11.03(6.16 | 0.26(0.17 ¥ostly bromn clay with porous quartz fragments
79-81 |12.7012.26 | 0.22 0.12‘ ggigggétegrgg;ggz brookite—quartz and brown clay
- . Mainly gossanized porous quartz and brown clay
81-83 9.4213.81 1 90.23]0.10 fragments - some brookite
83-87.5{1.10 [2.,16 | 0.00(0.06 Altered dike (?) gray in color, containing much
B pyrite
87.5-90 (2.20 [L.12 | 0.20 O'iQ' Cream clay with green veinlets - brown and sreen
N ‘ vt i verytfine-gra;ne clay - some coarse-graine
" quartz gossanize
90-92.5 12,90 |3.76 9'06 0.13 Porous brookite-quartz - 6" black novaculite
92.5-95 |0.46 |1.25 | 0191]0.08 ,
95-96.5 [0.39 1.27 0.0015 06 ] ]
96.5-98.50.20 0.00 Light brown altered novaculite
98.5-101.5/0.10 [1.50 | 0.00]0.07 i ..
101.5-103{1.15 {2.L40 [-0.0L4| Q.19 Brown novaculite- some gray hard brookite-quartz
103-105 |2.51 |2.91 | 0.43]0.36 Porous .bgown, sandy brookite-quartz - oartly.
possanize
105-107.5]3.70 |L.25 | 0.55/0.50 Porous brookite-quartz ) . .
107.5-120[1.82 [3.00 | 0.37]0.27 | (3E88 Rrookiterdudrte - o3PE EoRYeETeen Clavy,

'
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AREKANSAS TITANIUM ORE DEPOSITS

HOLE NO. BD-6

COORD.-N-~-10202, E-10350 COLLAR ELEV.-5981'
DRILL-BUCKET DRILL TOTAL DEPTH-59'

CORE LITHOLOGY

INTERAL o/ 110, [V, 0, Description

Mostly quartz fragments with much red gritty clay, and
0=-5 S.45| 0.35 abundant medium-grained brookite - some altered novaculite
fragments (residual ore)

5-10 5.32| 0.47 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.u7| 0.24

20-25 [10.60| 0.21 kainly 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] 0.04 White clay (?) fragments - drab gray shale - black shale -
some brown clay

35-40 1.40( 0.00| Drab gray, soft shale - few limonite fragments

LO=LS 1.85] 0.00 Mostly drab gray soft shale - some blue, soft shale, buff
clay and altered novaculite

L5=50 2.65| 0.0L Pink clay fragments with some black novaculite

50-55 1.60| 0.01 Yostly hard unaltered light to dark gray novaculite -
some green and buff clay

Hard, gray novaculite with some buff shale and cream-
55-59 1.35| 0.05 colox,'es siala

HOLE NO. BD-7

COORD.-N-10263, E-I0575 o CQLLAR ELEV-5977
DRILL-BUCKET DRILL TOTAL DEPTH-39'
CORE - LITHOLOGY
et |%Ti0,|[%V,0, Description

0-5 |11.70| 0.97

Porous brookite-quartz in red clay - some free brookite
5-10 9.90] 0.8} (residual ore)

Mostky brown clay - many white fragments (altered shale?)
10-15 2.75] 0.24 several fragments of gray and brown waxy clay

Continued






CHRISTY BROOKITE DEPOSIT—1948 DRILL HOLES

HOLE NO. BD-7 (Cont’d)

GCORE LITHOLOGY
WTERVAL o/ 110, |%V,0, Description
15-20 1.50| 0.24 Mostly brown clay - some gray and white clay
Brown and black clay - some black novaculite and white
20-25 | 1.25| 0.19| clay
25-30 1.30( 0.09 Mostly green waxy clay - some black and brown clay
Much black waxy olay - many flesh-colored clay fragments -
30-35 1.10( 0.1 some hard novaculite and brown clay
Mostly black, brown, and green clay - some hard
35-39 1.L3| 0.06 novaculite

COORD.~N-10252,- E-10485
DRILL-BUCKET DRILL

HOLE NO. BD-8

COLLAR ELEV.-601.8'
TOTAL DEPTH-4¢'

CORE LITHOLOGY
INTERVAL 194, TiO, [%V.0, Description
0-5 8.38( 0.31
5-10 9.65! 0.37 Porous brookite-quartz fragments in red, gritty clay -
brookite fine-grained (residual ore)
10-15 8,60 0.k
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 X
35-40 2,451 0.12 Brown clay with some white clay
L40-45 1.81] 0.19 Buff and white clay - a 1little novaculite and black clay
L5-48 1.09{ 0.07 Hard, white altered shale (?) - some hard novacu.lite
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COORD.-N-

ARKANSAS TITANIUM ORE DEPOSITS

1021,
DRILL -BUCKET DRILL

HOLE NO. BD-9

E-10248 COLLAR ELEV.-584.'

TOTAL DEPTH-35'

CORE LITHOLOGY
N 1%Ti0,|%V,0, Description
. Uainly quartz fragments with some altered novaculite and
0-~5 h.27| 0.16 brookite - all in red gritty clay (residual ore)
5-10 2.661 0.12 liostly white and red clay - some altered novaculite - some
porous quartz fragments - minor brookite (residual ore)
10-15 1.76| 0.00 Buff 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 bromn 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-1¢9
COORD.-N-9791, E-I0712 COLLAR ELEV-548'

DRILL-BUCKET DRILL

TOTAL DEPTH-16.5'

CORE LITHOLOGY
'T‘Jir?ﬁ" % Ti0, |% V.0, Description
0-5 2.721 0.19 Mostly red shale - some novaculite fragments - some
gossanized 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 - |.0.88| 0.01 Mostly light-colored altered shale (?), one fragment con-
taining rounded guartz grains
Mostly white, buff, and’¥1nk altered shale(?) fragments -
15-16.5 | 0.77/ 0.01 some angular fraLments of silty shale






CHRISTY BROOKITE DEPOSIT—1948 DRILL -HOLES 149

HOLE NO. BD-11

LCOORD.~N-9892, E-10707 COLLAR ELEV.-565'
DRILL-BUCKET DRILL : TOTAL DEPTH-45'
CORE LITHOLOGY
A |%Ti0, |%V.0, Description
0-5 2.22 0,29 Quartz fragments in red-brown cléy - no brookite visible ‘

(residual ore)

Porous quartz fragments, in part gossanized - brookite
5-10 1.66 |0.29 rare - red brown clay coating (residual ore)

Gossanized quartz - flesh-colored clay with white patches
10-15 2.85 0.1 and embedded quartz crystals

_ . .36 Flesh-colored clay as above - washed sample showed only
15-20 3:25 1023 small brookite concentration

20-25 2.55 |04l 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
25-30 1.08 |0.12 Mostly buff clay with little included quartz - no brookite '

30-35 2.77 |0.26 One large, porous brookite—quartz fragment - mostly buff
clay some white clay - 1

White altered novaculite fragments - solid brookite-quartz
35-40 [1.88 |0.39 fragments - many buff and white clay fragments some of

which contain embedded quartz (no brookite)

L0-L5 1.25 |0.21 Brown-to-buff clay with embedded quartz-brookite rare

HOLE NO. BD-12

COORD.-N-10008, E-10889 COLLAR ELEV.-574.2'
DRILL-BUCKET DRILL TOTAL DEPTH-IS'
CORE LITHOLOGY
INTERVAL |94 Ti0, [%V,0; Description

Light vrown 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 1

5-10 0.99| 0.11 Mostly light brown clay - few quartz-gossan fragments and
& few porous quartz fragments - brookite rare

10-15 2.30| 0.32 llostly altered novaculite fragmerits with some light brown
clay - no brookite
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COORD.-N-10026, E-10797
DRILL -BUCKET DRILL

ARKANSAS TITANIUM ORE DEPOSITS

HOLE NO. BD-13

COLLAR ELEV-578.2'
TOTAL DEPTH-48'

CORE LITHOLOGY
MERA | %Ti0,| % V.0, Description
0-5 1.70 | 0.26
Porous quartz masses and red clay - brookite not common
(residual ore)
- 5-10 1.77 | 0.33
10-15 5.15 | 0.3k Same as above with large quartz,gossanized fragments
(residual ore)
15-20 11.28| 0.45 Same with some cream and buff clay fragments containing
. brookite—quartz fragments - brookite rare
20-25 1.75| 0,41 Only a few porous quartz fragments all carrying abundant
brookite - mostly lipght red-brown clay
Mostly buff and white clay containing quartz crystals
25-30 8.76 | 0,39 and fragments and abundant brookite
Some barren white clay fragments - some buff clay
30-35 | 9.74 | 0.54 fragments containing quartz and brookite—quartz - most of
) the sample is clay
Mostly bromn to buff clay with included quartz and
3540 3.15| 0.55 brookite-quartz fragments - some hard, porous brookite-
quartz fragments ’
Mostly barren buff and white clay - the buff clay carries
4O-US 4.3 | 0.28 smaller amount of quartz fragients than above - some hard,
porous quartz fragments with little brookite
G ized porous quartz fragnents- mostly buff clay with
1,5-148 3.52 | 0.37 included quartz fra ts (washed sample shows only minor
° ° percent of brookite .






COORD.-N-9918, E-10526
DRILL-BAKER CORE

CHRISTY BROOKITE DEPOSIT—1948 DRILL HOLES

\

HOLE NO. BC-1

COLLAR ELEV-5658'
TOTAL DEPTH-82'

GCORE LITHOLOGY
INTERVAL |94 Ti0,|%V,0; 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.kl
=_ Brown gritty clay containing fragments of porous quartz -
10-17 [11.80| 0.38 come brookite (residual ore !
17-20 | 8.20| 0.k " (
saTEeE] oemey oo
. ery fine-grained, plastic buff and cream-colored clay -
2A-2h | 555 035  jittle brookte .
24-28 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 k45| 0.62 Black and buff gritty clay containing much embedded
brookite and quarts
35-38 L.50| 0.40 Mainly porous quartz - with some brookite and buff clay
38-l1 5.20| 0.23
. U1-lh L.95| 0.29
Lh-47 | 5.45| 0.22
47-50 5.05| 0,20
iy Cream—colored plastic clay - no brookite
50-53 | L.60| 0.l
53-56 | L.70| 0.28
56=59 | L.0S{ 0.31
59-62 5.32| 0,28
62-65 | L.90| 0.35 Bromn and cream~colored plastic clay with some porous
quartz fragments and brookite
65-68 L.65] 0.2 Greenish-gray clay with abundant disseminated pyrite
Black and green clay and gray granular clay - all con-
68-70 3.75| 0.34 taining pyrite - thg blacE ciaggr contains sgm brookite
70=73 3.60( 1.2 Black, granular clay - some porous brookite-quartz masses
73-76 | 4.50| 0.67|  Black and gray shale (7) with abundant fine-grained pyrite
T5=T7 5.05[ 0. .
Gray green to black shale (?) - some black, porous
7780 | S.L5) 0.7 brookits—quarts at 82t :
80-82 6,15 0,51
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PHOTOMICROGR_APHS OF THIN SECTIONS OF ORES AND IGNEOUS
ROCKS FROM THE HOT SPRING COUNTY TITANIUM DEPOSITS

Plates X through XVIII—Magriet Cove Rutile Company Deposit. '
Plates XIX through XXI—Hardy-Walsh Brookite Deposit.

" Plates XXI through XXIV—Christy Brookite Deposit.
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154 ARKANSAS TITANIUM ORE DEPOSITS

PLATE X

PHOTOMICROGRAPHS OF THIN SECTIONS OF IGNEOUS ROCKS,
MAGNET COVE RUTILE COMPANY DEPOSIT

A.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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PHOTOMICROGRAPHS

PLATE X
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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.

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

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.

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.





1568 ARKANSAS TITANIUM ORE DEPOSITS

0

PLATE XIII

1

PHOTOMICROGRAPHS OF THIN SECTIONS Of’"VElNS,
MAGNET COVE RUTILE COMPANY DEPOSIT

'A'.‘ Thin sectionlof sugary-textured aliﬁte-dolomite 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.
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PHOTOMICROGRAPHS

PLATE XIII
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PLATE XIV

PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS,
MAGNET COVE RUTILE COMPANY DEPOSIT

i

Nt

A. Thin section of sugary-textured albite-dolomite vein, West Pit,
showing montmorillonite alteration of albite. Light gray is
albite; darker gray streaks in albite are montmorillonite. Black
grains are rutile. X 100.

B. Thin section of sugary-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

A. Thin section of microcline-calcite vein, West Pit. White areas
are microcline; gray areas are calcite; black areas are rutile.
X 21,

B. Same thin section as “A”, with crossed nicols.
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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.

s « N - "

| 5%

. : “ ¥ ¥ ;

-z' SRy -y ™ :?;l‘

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 microcline-
calcite vein, West Pit. Black areas are leucoxene.

Gray areas
within leucoxene are residual rutile. X 72.

Thin section of montmorillonite-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 450.
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PLATE XVIII

PHOTOMICROGRAPHS OF THIN SECTIONS OF VEINS,
MAGNET COVE RUTILE COMPANY DEPOSIT

A. Thin section of coarse-grained albite-perthite-carbonate vein,
West Pit. All grains are feldspar. Crossed nicols. X 80.

B. Thin section of dolomite-biotite vein, West Pit. Light gray areas
are dolomite; darker gray plates are biotite. X 80.





PHOTOMICROGRAPHS 165

PLATE XIX

PHOTOMICROGRAPHS OF THIN SECTIONS OF COUNTRY ROCK AND
VEINS, HARDY-WALSH BROOKITE DEPOSIT

A. Thin section of gray quartzite. This quartzite is recrystallized
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

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

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.

A.

Thin section showing brookite-quartz vein which cuts barren gray
Black areas are brookite; white areas are quartz;
X -87.

B.
quartzite.
gray areas are limonite-stained kaolinite.
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PLATE XXII

PHOTOMICROGRAPHS OF THIN SECTIONS OF ORE,
CHRISTY BROOKITE DEPOSIT

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.

:

—k

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

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. o

Thin section of primary ore, Christy brookite deposit. Large
cicular grains are altered taeniolite; fine needles are rutile.

169
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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 shreds.on 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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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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