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PREFACE

In 1963, in response to a request from the Ministry of Petroleum
and Mineral Resources, the Saudi Arabian Govermment and the U. S.
Geological Survey, U. S. Department of the Interior, with the approval
of the U. S. Department of State, undertook a joint and cooperative
effort to map and evaluate the mineral potential of central and western
Saudi Arabia. The results of this program are being released in USGS
open files in the United States and are also available in the Library
of the Ministry of Petroleum and Mineral Resources. Also on open file
in that office is a large amount of material, in the forn:of unpublished
manuscripts, maps, field notes, drill logs, annotated aerial photo-
graphs, etc., that has resulted from other previous geologic work by
Saudi Arabian government agencies. The Govermment of Saudi Arabia
makes this information available to interested persons, and has set ‘
up & liberal mining code which is included in "Mineral Resources of
Saudi Arabia, a Guide for Investment and Development," published in
1965 as Bulletin 1 of the Ministry of Petroleum and Mineral Resources,

Directorate General of Mineral Resources, Jiddah, Saudi Arabia.
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INTRODUCTION
Phosphi T couwx was-discoverea ar Thani<ar Turaif in the southwestern
ond of the Sirnuan=tuiae.. Jawi-Sakakah) basin, northern Saudi Arabia
(Fig. No.la) by James Mytton (19567) of the U.S. Geological Survey in
October 1965. The western limit of his work was the 38° meridian. Since
then investigations west of the 33° meridian at West Thaniyat (Fig. No.

10) have revealed promising deposits of phosphate rock.

GEOLOGIC SETTING
The area herein described is referred to as West Thaniyat

{between iat. 299°40'-29°43°'N. and long. 37°52'-38°02'E.) where phos=
phate rock is found at the top of the Cretaceous Aruma Formation in
ransitional contact with the overlying Paieocene-Eocene Hibr Forma-
tion. Mytton describes this same zone equivalent to the east as ‘
being at the base of the Hibr Formation, but later work has revealed
its strong lithologic affinity to the Aruma Formation. The rock beds
are nearly flat-lying with about 1% degree dip to the northeast. The
phosphate bearihg zone, called Zone 2, ranges in thickness from 1.75
meters to 5.3 meters or more., Within this zone there are from one to
four or more layers of phosphate rock with an average of 28 to 29%

?205. At some localities samples of phosphate rock contain up to 36%

PZOS. The zone occurs along a 90-meter or more high, south-facing,
steep bluff which undulates considerably. along its east-west strike.
The zone is about 30 meters up from the valley floor at the eastern
end of the area of interest and gradually rises higher up*the bluff
westward as more and more older rock'underlyihg the Aruma Formation
nas been exposed by erosion. There are sufficient exposures of the
phosphate rock along the bluff to suggest that the better grade
material extends for an outcrop distance of 43 kilometers, or a

strike length. of about 16 kilometers.
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STRATIGRAPHY

Disconformably underlying the Aruma Formation at West Thani-
vat is the Devonian Tawil Sandstone member of the Tabuk Formation,
The Tawil member is a dark weathering, heavily cross-bedded,. quartz
sandstone which forms low, rounded hills. The top of the Tawil
Sandstone 1s near the valley floor at the eastern end of the area
0f interest but gradually rises higher westward where a greater
thickness of sandstone has been exposed by erosion. This means,of
course, that access to the overlying Aruma Formation, and the

phosphate at its top, is gradually higher on the face of the bluff

westward.

The Aruma Formation lies on the Tawil Sandstone with no visible

angularity between the two formations. The thickness of the Aruma

is about 30 meters. It is composed of white to yellow, poorly-sorted
sandstone with subrounded, and in part, frosted quartz grains. The
sandstone is friable and weathers into a steep slope of loose sand.
The sandstone includes a few beds of yellowish-brown shale 30 to 60
centimeters thick which in some places weathers into paper thin
wafers. The Aruma is transitional with the overlying Paleocene-Eocene
Hibr Formation. The transition is evident by a gradual change

from the sandstone of the Aruma to the limestone and chert of the
Hibr. Phosphatic rock and phosphate beds occupy this transitional
zone which, as mentioned before, ranges in thickness from 1.75 to

5.3 meters or more. At the base of the transitional zone is non-
phosphatic sandstone, and at the top is a 1 to 1} meter thick (basal

Hibr) chert bed.

The Hibr Formation is up to 90 meters thick above the phosphate
zone but in most places over the area of interest is oanly about 50
meters thick. This thickness of the Hibr is that found at the face

of the bluff and naturally Hibr overburden increases as the phosphate

zone dips northeastward into the hills. The Hibr Formation is composed

A



of thick bedded to massive limestone, marly limestone, and marl
ith occasional beds of chert up to 1 meter or more thick, nodules

f chert, and geodal zones. Within the Hibr Formation, and about

0 meters above the phosphate of Zone 2, is a bench-forming, bed

Of chert &0-centimeter to l-meter thick with associated phosphate
>»ock. This phosphate is called Zone 1 and is composed of a 15~

to 60-centimeter bed on top of the chert and a bed of similar
thickness below the chert. In some places at the top of the bluff,
Zore 1 has been eroded off. There are no immediate plans to further
avaluate Zone 1 at West Thaniyat, but there is a plan to have it
trenched and sampled at its continuation in an area to the east at

Thaniyat Turaif., Zone 1 at Thaniyat Turailf contains phosphate

W

w0

with up to 27% P,0g.
STRUCTURE

There is a definite N.25°7. lineation visible on aerial photo-
graphs in the Tawil Sandstone which is exposed south of the West
Thaniyat bluff. In most places this lineation is the alignment of
fractures in the sandstone with practically no vertical displacement,
but in some places faulting or gradens are in evidence. However,

a continuation of the lineation is not apparent in the‘overlying'
Aruma and Hibr Formation, at least for a distance of several kilo-
meters back from the bluff. It may be that the fractures of the
Tawil Sandstone were formed prior to the deposition of the Aruma

and Hibr, and in the area of interest there has been little or no
movement since., The phosphate zone at the top of ti.: Aruma displays
no offsetting other than that caused by slump. At some places across
the West Thaniyat area, there is considerable pinching and swelling
of the phosphate zone probably caused by the weight of the overlying
massive Hibr limestone on the relatively soft, phosphatic interval.



PHOSPHATE ROCX (ZONE 2)
At West Thaniyat better grade phosphate rock in a zone at the
top of the Cretaceous Aruma Formation, referred to as Zone 2, has

been traced intermittehtly east-west along the outcrop for a distance
of about 43 kilometers. This ocutcrop distance follows the numerous
undulations of the outcrop up and down wadis over a straight line
distance of about 16 kilometers. Much of the zone is partially or
completely covered by talus limestone that has been broken off from
the overlying Hibr Formation, but fifteen localities of good or
relatively good exposures were measured and channel sampled (fig. 2).
These measured sections have been plotted to illustrate the grade

and thickness of the phosphate layers at each locality (fig. 3 and
fig. 4). From locality No. 1 on the east to locality No. 15 on

the west there is a layer of phosphate rock at the top of the zone

in contact with the basal Hibr chert bed. This layer, designated
Bed No. 1, ranges in thickness from 25 to 90 centimeters, oOr an
average of 55.5 centimeters over the 15 localities (43~kilometer
outcrop distance). Grade ranges from 20.6% to 36.6%. The phos-
phate rock of Bed No. 1 at localities No. 1 through No. 11, including
Section 12 measured during earlier work, is sandy and calcareous; '
usually it is tough and hard so that it is di fficult to break with

a hammer, but in part it is friable and is easily crumbled into

The phosphate rock of this bed at localities No, 12

loose grains.
- At

through 15 contains less sand, is marly, and in part friable.
Section 12 westward through locality No. 15 the grade is 32% P,0g
except for locality No., 13 (Note in Fig., 2 that Section 12 and
locality No. 12 are two separate points). Binocular microscopic
examination of all of the channel samples collected from Bed No. 1
revealed that the samples were composed on the average of 80%
phosphate grains and 20% matrix consisting of quartz sand, marl,
and calcareous material. The value of Bed No. 1 deteriorates east

of locality No. 1 and west of locality No. 15.



ho 7L

3,270

207 7 w0 adin

¥
Lo o Aoy Ywnsy Jo doy Iy ?>uﬂu.:4ﬂd#$;ﬂdcm‘ﬂdcoN
n:.inf dopy Yoy d.b;o#nu hiuoy ) u.n..u\ﬁ

DinE oW Loy o) \»oocﬂ.h

™~

% \ M \ " . -ﬁA’~
i [ w.wom\\ B

_ _ OOQ.O_O_ ! _

L4
sovgmment g v z M |M
.,NM .

Wninay |y \\s/
© . ‘
ﬁ o a\l\/« /7 \
[ ~~
N~——r uwy S
— J:Q\.\Mvﬁ. S-M>40

E

& B

CO_L'GELO& Lﬂoli

cREack-F B v:.wdoe_ém

300 .86

Z wanbigy

——_—




-*0|~
1.”._
_'on-.
! rece|
Rl
leooat
'
u...:

e dF| §

-}
[t ?
bv....«..

XX X}
Qraﬂ“n.m c_ ==
-ulﬂ v 1
L v
wley [V .
o) | \4
B4
v
[o7d v
9t ot

et

Siyeesry

voee

'z onmm.....u
9.4“ Qi psTg NP Ry
.

coe’s
ore
Y
[
.c'.o,
ecve

mi«d“; My

90z o-oowﬂ

1

Ly

H

LIl
e 5,0 9
"

3

fo »

)
eie o

r\é

) AL
s [ ”u_
C e ~oo-o. .ﬁa»!ou
TPNI. Fh:avo;mﬂ
wn..on ~n.|...._ bA ......n.w hb
~«I|.1 Pumod ool Hi22,
A A =L e N 1
= m....«....ﬂ reees] P2
ese O ALY P g
=T
ve ® l:!ﬂ Huav W$M .
N H e Tt i
foves e BN ==
R 2w s Rt T
o .." , ’ 1 . .
.duq o.a..ﬂ..o. Fﬂhﬂ'h%m bzt Il-llM Ch

Nﬁ.cdo_ dyduve G/
S074%, 2 opuni wjdurg ZEB ]S
sqe .

4 3: f@ h

djnd::d m

AP oy e

%ued -+ d_c:m U

m.qﬁx W& =

Sy I = 42: T AT v_SW
(Qiog 1 7914 Qddoqv

[¢ A4RJNT o wdsay j 7 Juay
.vsxucef. 1M T

your 3

.5\.&(&

asc’e9 :

?ggt\u

DU0Ys

puv

jis
pers g

u.\v QJ\U :

4

ws. v»mkmqoxm .

v 40

ys
*.)—

e
m.co‘.ﬂ_:fra.& ee%l

pusba
prpucziisy ) m

AN

&7

L¥r

a,
o- 0 1y

A

€ dl.:@,k

T P9

G

e e

Tl —Fe
=] OS]4 |0FF
-*.;tl DCERER]
Y v
wan_.... 0y
d.«. Le| . ber
4 va
e a. %
e L B D
svew *Qm o“ﬂﬂ £
QQJ.OC a..
H.N.nl.; ool
4.4
ve,
b |~
A
0'8/| v v |eziam
ve
LA
vY

Z| uoyzes



AL

Puv duocpuvg [ ,
S0y & $4%qwnu leem zs Lt St 3 9Y9 “«
4 P ” .\,tgvn \EWA*\_
7 ey G | Ty
Aep2a0 =ivys = s
ot [} R oy oy
. .x’..cE..o ﬂ.uﬂuca_ﬂc
W RIS Sirydeoy E et g
s . %eqd# vys == you O«Vihoﬁ mno.- .
r.m“.w.wwmg PurbeT &
T o
(g =ym ﬂ.uﬁ&ﬁ ..u__._.._«
¢ T . o
ONZe9 | ojuozioy R s \...I.:l....u..r.ll. . T ﬂ.“emb PFoamod
AFUT =y T vt g e yacee: a2 rpin
mm_i o/ * .*..3@ Y 9oTisiiiuy
‘SUQ , d*ﬂ‘%ﬂd&m suoz 9.0z ..u.nﬂmh s el " wm“ 2
L ....J o i {
- — — g ﬂinul..w oo ol .0.0“ QN. ‘ !
HQ*ES.C. oM mwn.q..f\ r.ﬂ..,._ @ﬂmuﬁ.hw u
\.«v.”!“.ll“.% T2, .ul.lﬂl..mu .
/o szl s g’ :
= s .....4.,“ S e rel
e It“..l v! .LO.IH“
osvg |00 \ _....hl. - « v de )
A ) 0 1..,....\ AL vw!
1T s L \ﬁﬂ a4 v v
Lel| e s 4 vy 122 [P
.J..\ x\ lvo w.wm_m'..ﬂ..ﬁ 9L
E M:m == .1.H.u T
S Lt [IMafzs 9 298 == IT
b9
vv A L -
v SLreest|SS ~__ 5o 09 [
vV g _—.luhii D ﬂ.bt ~Lﬂ~
SUESRIE AN el Bl - _
e de o ﬂt . ‘Nﬁoﬁbl Al.mkv WL!;‘SM
—.N.Mcl‘ 00.-—!” Q“ . _!.r.w” e .,l-l..... - L 0_‘
) A [ospg g~ SR = e = -
0l I 4
h 2s0big

LIMOLS YIS

. %r._ﬁdov ﬂ_mfcm w~




Directly underlying'the above described Bed. No. 1 (top layer)
of phosphate rock in Zone 2 is a limestone bed changing laterally
into chert which ranges in thickness from about 15 centimeters to
The limestone is siightly phosphatic, 3% to 7% P,0s,
Underlying this bed is an irregular

i meter.
and the chert is non-phosphatic..
sequence of phosphate rock interbedded with partially phosphatic

sandstone, shale, limestone, and chert down to the top of non-phos-

phatic Aruma sandstone. From locality No. 1 through Section 12
P,0. with a maximum of

the phosphate rock contains less than 30% 295
27 .5% P,0g and a minimum of 20.6% P,0s. Interbedded rock containing
phosphate with less than 20% P,05 is not included as phosphate rock

but is called "phosphatic". Exposed thickness of this irregular

sequence ranges from about 1.1 meters to 4.5 meters. Although

parts of the sequence appear to contain phosphate rock of sufficient
grade and composition which could be upgraded to a commercial product

of 30% P205 or more, there is no immediate plan to further evaluate

this material between localities No. 1 and Section 12. However,

this same sequence contains consistently better grade phosphate
westward at localities No, 10 through 15, an outcrop distance of
about 18 kilometers where there are layers with up to 36.6% Pgosv

One layer of interest is found under a chert bed in the lower part.

of Zone 2 and is referred to as Bed. No. 2. The eastern end of

Bed No. 2 at locality No. 10 is only 15 centimeters thick with a
P,0g Of 27.5%, but it thickens westward and splits into two layers.
At locality No. 11 it is 90 centimeters thick containing 27.5%
Paos. At locality No. 12 Bed No. 2 contains a thin shale split
with an upper layer,. 30 centimeters thick containing 32% P05,
a lower layer about 92 centimeters thick containing 27.5% P,0g.
Bed No. 2 is covered at locality No., 13 but is found at locality
No. 14 where the upper layer is 40 centimeters thick with 27.5%

and

P2°S' ard the lower layer is 75+ cCentimeters taickx (base is covered)
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