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ABSTRACT

The results of semiquantitative spectrographic analyses for 31
eleménts in 126 specimens of rocks from the Yemen Arab Republic, col-
lected mainly during February 1976 from the Precambrian area in the south-
eastern part of the country, provide background data for use in geo-
chemical evaluation of areas potentially favorable for mineral deposits.
Gold and thorium were undetected; the lower limits of determination are
10 parts per million (ppm) and 20 ppm, respectively. For the other ele-
ments, the abundances follow geochemical norms for crustal distribution:
(1) Fe, Nb, and Zr in Holocene weathering products; (2) Ca and Sr in
Pliocene limestone; (3) Mo in Pliocene(?) or Miocene(?) dikes; (4) Be,
La, and Sn in Miocene(?) alkalic granite; (5) As, Be, and La in Tertiary
and/or Cretaceous felsic tuff; (6) V in Tertiary and/or Cretaceous
carbonaceous sedimentary rocks interbedded with volcanic rocks; (7) Be,
La, Sn, and Zr in Tertiary and/or Cretaceous undivided volcanics; (8) Sn
and W in Precambrian felsite and pegmatite; (9) Co, Cr, Ni, and Ti in
Precambrian mafic rocks; (10) Mg and Sr in Precambrian marble and calc-
silicate rocks; (11) Y in Precambrian schist; (12) B and Sc dispersed

in rocks of many ages; and (13) Ag, Ba, Bi, Cd, Cu, Mn, Pb, Sb, Sn,



and Zn in a hydrothermal replacement deposit in Precambrian sediment.
None of the rocks contained as much as 205 ppm equivalent uranium.

The highest values for Ag, Cu, Pb, Zn, and Cd were obtained on a
sample of hydrothermally altered siltstone not personally collected by
the writers. It was said to have come from the Ma'rib area in the eas-
tern part of the Yemen Arab Republic. The source must be studied, be-
cause this single sample is high-grade base-metal ore.

Among the samples collected by the writers, the economically most
significant are altered tuffs, ignimbrites, and felsites exposed between
Jibal Hufash and Manakhah on the road from Hudaydah to San'a'. They are
strongly anomalous for As and weakly anomalous, variously, for Hg, Mo,
and Pb, which elements may constitute an epigenetic dispersion pattern
from hidden sulfide deposits. Inasmuch as chalcopyrite and native cop-
per have been reported in the vicinity of Jabal Haraz in the Mandkhah area,
the rocks of the Yemen Volcanics in this region should be explored for
base-metal sulfide deposits.

The first results of paleontologic examinations of fossils collected
during 1975 and 1976 are presented, as are a list of Landsat images
covering the Yemen Arab Republic, and a selected bibliography of reports
on geology and the allied sciences relating to the Yemen Arab Republic.

INTRODUCTION

Purpose of report

A study of the regional geology, mineral deposits, petrography,
and paleontology of the Yemen Arab Republic was begun in 1975 as part
of the Water and Mineral Survey Project of North Yemen being conducted

by the U. S. Geological Survey (USGS) for the Mission to the




Yemen Arab Republic of the U. S. Agency for International Development

in cooperation with the Ministries of Agriculture and of Economy. The
work was sponsored by the Yemen Arab Republic (YAR) and the Agency for
International Development, U. S. Department of State (USAID). The
regional geologyAwas described in a set of preliminary geologic maps
(G?olier and Overstreet, 1976a-1976i), and the first results of investi-
gations of mineral deposits were given in 1976 (Overstreet, Domenico,
and others, 1976),

This report has been prepared to make available the large amount
of new geologic data that was acquired during 1976 by the Water and
Mineral Survey Project. It is thought appropriate to make these raw
data available prior to completion of interpretation and synthesis.
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SAMPLING PROGRAM
The program that provided the samples of rocks, ores, and slags
related to the mineral deposits, as well as the rocks needed for petro-

graphic description and paleontologic examination, began in June and
3 )



July 1975. This program was augmented in February 19%6 when M, J.
Grolier returned to the YAR to make a hydrologic interpretation of the
nation (Grolier and others, unpub. data). On that later visit,

many new samples of rocks were collected. AlthOughvthese new samples
came from localities as far apart as the shore of the Red Sea and the
southeasternmost boundary of the YAR, most were téken from southeastern
Yemen in the area covered by Landsat image number 1206-06504.

‘'The geographic distribution of the analyzed samples of rock collec~
ted in the two field seasons is shown on figure 1, where the boundaries
of image 1206-06504 are also defined. Separate symbols are used for the
localities visited in 1975 and those reached in 1976. A numerical pro-
gression in geographic order is followed for the localities. Sample
localities occupied in 1975 are numbered from the north to the south,
beginning with locality 1 and ending with locality 14. They cover
the region from Sa'dah to Ar Rahidah. Sample localities visited in
1976 are plotted from west to east, thence northward. They begin with
locality number 15 at Al Luhayyah on the coast and extend eastward to
San'3. From San'd' the localities are numbered in succession south-
eastward to Al Bayda', thence northward to Ma'rib, where they end at
locality 51. Many localities on figure 1 represent more than one sample.
Owing to the small size of this figure and to the close spacing of
many samples taken in 1976, the localities in the éeutheastern‘part of
Yemen are shown on a geologic map of the region covered by Landsat-image
number 1206-06504 (fig. 2). (Data for interpreting the annotation block

for the Landsat images are given in table 1.)



Table 1. DATA FOR INTERPRETING THE ANNOTATION BLOCK FOR THE LANDSAT-1 IMAGES
Extracted from "Earth Resources Technology Satellite Data Users Handbook,”
prepared by Goddard Space Flight Center, National Aeronautics and Space

Administration.

a b < 4 e £ g h i . C)
: 1 1
1 2 3 4 5 6 7 8 9 0 1
12345678{90123456789012345]67890123456789012}345678901234]56789012345678]90123456789(0123456789|012345678(9012341567890123456 ’_"(:)
07JUN72 {C N33-05/W115-18 [N N33-04/W115-20 |RBV 1 RXAL |SUN E130 AZO1S| 194-1234-A{ 1-N-P-  [NASA ERTS| L-1042-16012-10 @—— EXAMPLE
RBV 2 B
> RV 3 oo e
@ NOTES: THE LETTERS “a” THROUGH "i” REFER TQ
e PARAGRAPHS IN THIS OOCUMENT THAT
EXPLAIN THE ANNOTATION BLOCK.
CHARACTER “POSITION” IN THE
ANNOTATION BLOCK.
1 1
1 2 3 4 S 6 7 8 9 a3 i
12345678] 90123456789012345|67890123456789012] 345678901234 56789012345678/90123456789]0123456789] 012345678/ 90123456789012345¢ ‘—(:)
07JUN72 | € N33-05/W115-18 [N N33-04/W115-20 [MSS & D |SUN EL30 AZ01S| 194-1234-G] 1-N-P-1H | NASA ERTS| E-1042-16032-4 @— EXAMPLE
MSS 5 5
MSS 6 b
w MSS 7 7
» MSS 8 N
=
a ghanctav '::sitio:s 01-C8. ?7JUN72 S0 ;‘“t‘)""_oi:di?::‘s r:::::; u-:;s’: f. Character Posstions 69-79. (This applies to Bands 4, 5, and 6
3y, month and year of picture miss) : 194-1234-A only. See Appendix A
exposure. indicates stored d“? P'*’Y"" Spacecraft heading, orbit revolution 4 L * )
back from the satellite wide- number, and ground recording
band video tape recorder. station. NOTE" Compressed data will be
decomprressed during processing.
$1-62 RABV Shutter Duration Code
s The 194" is spacecraft heading to
b. Character Positions 09-25. The ""XA’ means the shutter the nearest degree, measured clock- “H'" 1s high gan, "L’ 1s low gain for
CN33-05/W115-18 for Camera 1 was set for 4.0 ise f . Barids 4 and 5 only, which have a
Format Center - Latitude and lon- milliseconds, Camera 2 for wise from true North. It 15 the mmandabi (
gitude at the center of the RBV and 4.8 ms, and Camera 3 for 6.4 :rb-;al Da!'ht_ plU: spacecraft y-wln commandable gain option.
MSS image format is indicated in ms- eading relative to an image s al- .
N g s toward the i t -h. Character positions 90-98 NASA
degrees and minutes. The MSS For- “X8" would indicate the :’l:)yck ward the image annotation ERTS
mat Center is identical to the RBV shutter setting for Camera 1 .
Format Center. Format Center s is 5.6 ms, Camera 2 is 6.4 -
defined 25 the ic extensi ms, and Camera 3 is 7.2 ms. identifies the Agency and the Pro-
W - X ject.
of the spacecraft yaw axis to the Alpha- The *'1234" s a four digit orbit !
earth’s surface. batic revolution. Rev ““0001" starts with .
. . - . Character positions 99-114 E-1042-
Code Duration of Exposure Time the first ascending node (south to 16032-10 po
north equator crossing) after launch.
Cameral Camera2 Camera3 Frame identfication Number—each
c. Character Positions 26-42. A 4.0 4.8 6.4 image or frame will nave a unique
N N33-04/Wi15-20 8 5.6 6.4 7'2 The A" indicates the ground identifier which will contain en-
Latitude and longitude of the nadir c 8.0 8.8 8.8 recording station, G=Goldstone, coded nformation consisting
{the intersection with the earth’s o ‘2‘0 ‘2’0 ‘2‘0 A=Alaska, N=NTTF. primarily of time of exposure rela-
surface of a perpendicular line from € 16.0 16‘0 16.0 tive to launch. Its format is E
the spacecraft to the earth - B - ADDD HHMMS-BCRR and 1s inter
ellipsoid) is indicated in degrees and . g. Character posititons BO-B9 1-N-P.1H preted as follows:
minutes. The NASA Ellipsoid is the 3-54 Aperature Correction The “1" means the image 1s full ! )
Earth model. :;d'“"" size. £ — Encoded Project identifier
—~ Aperature correction “in"’ - . 3= .
©Ob — Aperature correction ""out’’ A ERTS Mission: 1=ERTS A;
b — blank gt R 2=ERTS B
The "“N’' means the image was pro- .
cessed using normal processing pro- DDD — Day number relative to
For MSS i1mages " launch at time of observa-
- cedures. Abnormal processing will be X
d. Character Positions 43-54. RBV 1 \ndicated with “A" tion
DXA 43-51 The sensor and : HH — Hour at ime of observation
The characters in this group are NDPF spectrai band MM — Minute at time of observa-
sensor and spectral band specific: identification code. The P means “predicted” orbit tion
For RBV images: 5 T - . ephemeris data was used to compute S — Tens of seconds at time of
3 o"’:’:c(;'de':”sm""”' direct image center; a D" indicates "defi- observation
nitive”’ or best fit ephemeris was B - NDPF Identification Code
e. Character Position 55-68. SUN EL.30 used. Normally the latter is used (RBV: 1, 2, 3; MSS: 4, 5,
43-49 Sensor and NDPF spectral AZO15 since it is more accurate. 6,7.8)
band identification code, . C —8lank for carth 1mares,
Note that the spectral iden. Sun Anglcs-.lho sun elevation angie EI;:W 0"’1 oy m: F’iBV
tification code numbers are and sun azimuth angle measured The 1" indicates a linear mode, a radiometric  calibraton
purposely staggered to clockwise from true North at the “2" indicates a compressed mode of images, 'ndicating lowest 10
permit jdentification of the time of RBV exposure or midpoint MSS signal processing prior to trans- highest exposure level re-
spectral images used to make of MSS frame is ified to the ion f i spectively.
a color composite trans- spec "_"”m" Tom satellite to ground sta- RR - Regeneration namber. This
parency, nearest degree. tion. 15 used 10 inchcate the re run
of 3 video tupe in the vvent
of a molfuncuon n  the
prior run,

EDCDM NO. 9
OCT. 10, 1972



q

+ ;
Ka;a/r—an\
s

45’ 4g°
KINGDOM OF SAUDT ;ARABTIA
b as Su'd:
, -~ Abaas S 7 .
é | p— o~ .',‘

I, . //
/

] /

{ M

Outline of area
yshown on Figure

5
® San‘'d’

x6

Note:
sample and locality
descriptions.

1B
Outline;of area couvered by )
Landsat . image 1206-06504 %
60
51

EXPLANATION

x14

Localities sampled
in 1975.

051
Localities sampled
in 1976.

17

See Table 2 for

Al
Hudaydah

Jazira

o

&

g

<Qluqar
AlHa
A Al Kab|

e

t

n

the Afa
a4

Red Sea
\ Mocha
,13e_/:\i\seob ,:J' S\ ' ,{@Q
¢
/ N \ 7/ o \}:J
/ <
ETHIOPIA gip\\\\ Q§€v V//V///ﬂ\&ﬂ\Jaﬁn
@2 Sl \3
b \\ (' % Perim .-
(Vo S
FrenchL‘I’erritory of ° Gulf of Aden

3’" and Issas

1

Road

-— — — Track

.

20 40 60 Miles
By )

9
I3

1
Y 4'0 6’0 Kiometers

20

BOUNDARY REPRESENTATION IS
NOT NECESSARILY AUTHORITATIVE

Figure 1A,

Index map of the Yemen Arab Republic showing localities

where rocks were sampled in June-July 1975 and February 1976.

6



44° 00’ 44°15’
15° 45’ -

oV’ o°
@10 07
o8
¥J. HA'ID
@16 @4
Qll
GsDarb Hizam o3

1
S @
15° 30’
SCALE 1:250 000
0 5 10
— 1 |

KILOMETERS

Figure 1B, 1Index map showing locations of 17 samples collected by
Dr. Kabesh, Sana'3' University in the Hamdan volcanic field, north
of Sana'a', Yemen Arab Republic.

6a



The localities indicated on figure 1A show the sources of samples
taken for chemical analyses made in 1975 (Overstreet, Domenico, and
others, 1976) and in 1976 (this report).

The localities sampled in 1976, together with field descriptions
of the rocks, are given in table 2. The geographic coordinates were
scaled from localities plotted in the field on 1:250,000-scale
topographic maps (Ministry of Defense, United Kingdom, 1974). Where
two or more samples were taken at the same locality, the
lowest sample numbef is used to designate the locality. Thus, at
locality 10, figure 2, three samples were collected. The designation
of the locality as 10 is taken from MJG-76-10, the field sample numbers
MJG-T6-11 and MJG-76-12 are included under locality 10 in table 2.

A study on the petrochemistry of some Quaternary basaltic rocks
collected by Dr. Kabesh, San'a' University, in the Hamd&n volcanic
field, 20-50 km north-northwest of San'a' has been published (Kabesh
and Ghoweba, 1976). This study is largely based on 17 rock samples
collected by Dr. Kabesh, who kindly plotted the locations on

figure 1B.
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REGIONAL GEOLOGY OF THE SOUTHEASTERN PART OF THE YEMEN ARAB REPUBLIC

An interpretation of the geology of the southeastern part of the
Yemen Arab Republic was made through use of Landsat-1 imagery (Grolier
and Overstreet, 1976e~19761i) prior to the field work in this area. The
long traverse made in February 1976 has afforded an opportunity to
add to the original interpretation, particularly in the area of Landsat-1
image 1206-06504 (Grolier and Overstreet, 19761i), and a revised geologic
map éf that region is included here (fig. 2). The complex stratigraphy
and structure of the Precambrian rocks in this area are still poorly
known, because the major uncomformities that separate the units of meta-
morphosed layered rocks have not been defined and mapped. The angular
uncomformity between Precambrian and Phanerozoic rocks, as seen from
the road from Rida' to Al Baydﬁ' is illustrated in figure 3.

The vast assemblage (fig. 4) of Precambrian metamorphosed volcanic
and sedimentary rocks, where mapped across the national boundary with
the People§ Democratic Republic of Yemen, was called the Aden Metamorphic
Group (Greenwood, Bleackley, and Beydoun, 1976, sheet 2). Eleven varieties
of rock were recognized on a lithologic basis, but major stratigraphic
divisions were not defined in the Group. The term Aden Metamorphic
Group is not extended here into the area of the Yemen Arab Republic. In
the present work, these rocks are divided lithologically into mappable
units, but formation names are not assigned.

Doubtless two, and possibly three, major unconformities are
present within north-striking Precambrian layered rocks in the area of

Yemen covered by figure 2. These rocks may also be unconformable with
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respect to the Precambrian layered rocks that crop out along the
eastern border of figure 2, but the stratigraphic relations are compli-
cated by faults.

The north-trending mafic volcanic and metamorphic rocks represented
by the symbols "am" and "sb" (fig. 2) probably are extensions of the
Baish and Jiddah Groups mapped in Saudi Arabia (Greenwood and others,
1976, pp. 519-521). Interspersed with these units of metavolcanic rocks
are units of metamorphosed sedimentary rocks shown by the symbols '"bq"
and "mq." They may be equivalent to the sedimentary members of the
Baish and Jiddah Groups as well as equivalent to the Bahah Group of
Saudi Arabia (Greenwood and others, 1976, p. 520). The folded and meta-
morphosed volcanic and sedimentary rocks entering the area from the north-
east may be equivazlent respectively to the Halaban Group and the Ablah
Group of Saudi Arabia (Greenwood and others, 1976, p. 522-523). The
metamorphosed sedimentary and volcanic rocks in this northeasterly trend
that have been correlated with the Thaniya Group as shown on the geologic
map of the Arabian Peninsula (U. S. Geological Survey-Arabian American
0il Company, 1963) may also be equivalent to the Ablah Group of south-
western Arabia. However, the possibility is not excluded that the meta-
morphosed rocks of northeasterly strike in this part of the Yemen Arab
Republic may actually be older than the Baish and Jiddah Groups-—-a pros-
pect that will require detailed field work to resolve.

The units mapped as diorite (d) and gabbro (gb) on figure 2 may
be equivalent to the '"second dioritic series" in Saudi Arabia, and the
grneissic granite and gneissic granodiorite (gg) may be equivalent to

the "injection gneiss" of Saudi Arabia (Greenwood and others, 1976,
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table 1). Post-tectonic granites (gr and gp) in the area of figure 2 in
the YAR have been tentatively correlated with the calc-alkaline and
peralkaline granites of Late Precambrian age in Saudi Arabia (U. S.
Geological Survey-Arabian American 0il Company 1963), but diverse radio-
metric ages from Middle Cambrian to Ordovician have been reported (Green-
wood, Bleackly, and Beydoun, 1967, sheet II) for apparently similar
granite plutons in the Peoples'Democratic Republic of Yemen. As noted
in table 2, some small granitic plutons in the area underlain by Pre-
cambrian rocks in figure 2 yield specimens that are indistinguishable in
hand speciman from the alkalic granite of Miocene (?) age elsewhere in
the Yemen Arab Republic. Resolution of these problems of relative age
and composition of the post-tectonic granitic plutons will require fur-
ther field work and analyses.

Several persistent faults of great length are shown in the Precam-
brian area of figure 2. Of these, the most important is the north-
easterly fault that extends across the mapped area and enters the Peoples'
Democratic Republic of Yemen at Wadi Khirr. Wadi Khirr is a left-bank
tributary of Wadi Bayhan, which joins Wadi Bayhan about 3 km north of
the city of Bayhan al QaZab, in the Peoples' Democratic Republic of
Yemen. This fault can be traced southwestward on Landsat-1 imagery
across the YAR and the Peoples' Democratic Republic of Yemen to the
Gulf of Aden. As interpreted from Landsat image 1206-06504, movement
along the fault appears to be left lateral. This structure may be a

transform fault. Areas of dark rock adjacent to the fault and plotted

as amphibolite (am) on figure 2, may be serpentinite.
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ANALYSES OF ROCK SAMPLES

Methods and results

Spectrographic analyses for 31 elements
Semiquantitative spectrographic analyses for 31 elements were made

by James A. Domenico, USGS, of 126 rock samples principally representing
specimens collected in 1976 in the YAR. The method of analysis, reporting
intervals, and precision of the results are the same as those described
for the samples collected in 1975 (Overstreet, Domenico, and others,

1976, pp. 10-11). It is well to repeat here, however, that the analytical
results are reported in six steps as the approximate geometric midpoints

of ranges in concentration of which the respective limits are:

Approximate geometric Range of values represented
midpoint (reporting value) by each midpoint

1.0 1.2 - 0.83

0.7 .83 - .56

0.5 .56 - .38

003 038 - 022

0.2 .22 - .18

0.15 .18 - .12

0.1 .12 - .08

The results of these analyses are listed in table 2, where it can
be seen that 2 of the 31 elements sought were not detected in any sample,
and 6 elements were detected in only 4, or fewer, samples. The undetec-
ted elements, and their lower limits of determination, are: gold, 10 ppm;
thorium; 20 ppm. The rarely detected elements and their lower limits of
determination, are: silver, 0.5 ppm; arsenic, 200 ppm; bismuth, 10 ppm;
cadmium, 20 ppm; antimony, 100 ppm; and tungsten, 50 ppm. Mostly,

where these rarer elements were observed, they are present in abundances
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much greater than their lower limits of determination (see footnote to
table 3), but silver and tungsten values only reached the lower limits
of determination for these elements.

The more commonly detected elements are rarely present in anoma-
lous abundance. Indeed, as most of the high values for individual
elements are achieved in appropriate rocks for the reported values, the
elements can be regarded as being present in expected crustal abundances

(table 4). A summary of the averages in table 4 shows:

Elements reaching their

Lithologic unit by géologic age highest values in given unit
1. Holocene weathering products . . . . . . Fe, Nb, and Zr.
2, Pliocene limestone . . . « « . « » « » . Ca and Sr.

3. Pliocene(?) or Miocene(?) dikes. . . . . Mo.
4. Miocene(?) alkalic granite plutons . . . Be, La, and Sn.
5. Tertiary and/or Cretaceous felsic tuff . As, Be, and La.
6. Tertiary and/or Cretaceous carbon-

aceous sedimentary rocks inter-

bedded with volcanic rocks. . . . . V.

7. Tertiary and/or Cretaceous undivided
volcanic rocks. . . . . . . . . . . Be, La, Sn, and Zr.

8. Precambrian felsite, pegmatite,
and quartz veins. . . . . . . . . . Sn and W.

9. Precambrian mafic rocks. . . . . . . . . Co, Cr, Ni, and Ti.

10. Precambrian marble and calc-silicate
rocks . . . « + .+ e .+ s v . « . Mg and Sr.

11. Precambrian schist . . . . . . . . . . . Y.
12. Dispersed in rocks of many ages. . . . . B and Sc.
13. Hydrothermally altered Precambrian sedi-

ment; age of alteration unknown . . Ag, Ba, Bi, Cd, Cu, Mn,
Pb, Sb, Sn, and Zn.
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Radiometric analyses for uranium

Radiometric analyses for uranium were made by Geiger counter on all
the MJG-76 series of samples listed in table 3 prior to spectrographic
analysis. The lower limit of determination by this method is 250 ppm
equivalent uranium (eU). None of the samples had as much as 250 ppm el.

A yellow incrustation of a clayey mineral, the color of which is
bright enough to resemble that of certain secondary uranium minerals,
is present on altered felsite of the Yemen Volcanics exposed on the
highway west of Manakah and 1.5 each of Jibal Hufash pluton. A
sample of this material (MJG~76-73A, table 2) was found by radiometric
analysis to be nonradioactive. By X-ray diffraction analysis, it gives
the pattern of jarosite (Theodore Botinelly, written commun., Dec. 10,
1976), a potassium~bearing hydrous iron sulfate having the general formu-
la K(Fe0),(80,), + 3H,0. Jarosite is a secondary mineral formed by

the alteration--commonly through weathering--of iron sulfide minerals

in potassium-bearing silicic rocks.

Atomic absorption analyses of 14 samples for gold and mercury

An unfinished part of the analytical work on‘the samples collected
in 1976 is the determination of their gold, mercury, and selenium content.
Fourteen samples from veins and altered rocks, however, were analyzed by
J. A. Domenico and R. W. Leinz, U, S. Geological Survey, on December 8,
1976, for gold and mercury using instrumental procedures previously
described (Overstreet, Domenico, and others, 1976, pp. 11-12). The
results of these analyses showed that gold was absent'iﬁ ali samples at
a lower limit of determination of 0.5 ppm, but that small amounts of mer-

cury were present:



Field sample no. Laboratory no. Mercury (ppm)

MJIG-76-20A MAM-810 0.02

-20B -811 .02
-28D -812 .02
-45B -813 .04
-46 -814 .02
-56B -815 .04
-57B -816 .04
-598 -817 .04
-72D -818 .04
-73A -819 .08
-73B -820 .02
-73C -821 .02
~T74A -822 .06
-74B -823 .16

Known mineral occurrences

The locations of mineral occurrences reported in the Yemen Arab
Republic by previous authors or described for the first time in this
report are shown on figure 5, according to a four-fold classification
based on preferential enrichment in precious metals, ferroalloy metals,
iron, and base metals. These localities are listed below, with a
summary of the mode of mineralization at each site; the various
bibliographic references in which mineralized occurrences in the Yemen
Arab Republic are mentioned are also cited. Numbers refer to location
numbers on figure 5.

Precious metals

Locality 1. Gold placers, Sirwah area (Halévy, 1872, p. 53-54);
' exploited about 100 years ago.

Locality 2. Gold deposit northeast of Ma'bar (Altmann and Delfour,
1971, p. 13, Appendix 1; Miclea, 1973, p. 66; Minerals Department, 1974,
p. 65); mode of occurrence, size, grade, and exploitation not stated.

NOTE: Silver is éresent in the base-metal sulfide replacement

deposit in the Ma'rib area (see locality 6 under base metals).
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Base metals

Locality 1l.--Prospect pit or cistern disclosing a trace of
chrysacolla in sheared mafic lava of Yemen Volcanics, 4 km southwest of
Qaryat an Naqil (this investigation), on the east side of a valley. It
was observed by the writers on June 27, 1975. The sheared zone strikes
to the east and dips 80° N. Rhyolite dikes intrude the andesite. A
trench 0.4-1.2 meters wide and about 30 meters long has been opened
to depths of 0.3-2.5 meters uphill along the shear zone. The walls
of this trench are massive, unsheared andesite. No evidence of minerali-
zation was seen in the wall rocks, or in the joints in the rock, but
about 12 meters to the south of the trench, small pieces of chrysocolla-
coated andesite were found on the ground. This open trench is linked
at its eastern end to a surface-runoff catchment system and serves
to direct rainwater to fields on the west.

Locality 2.--Al Bayda' region, includes Taffa-Al Fatha and El
Gheili areas which are said (Yemen Minerals Department, 1974, p.
64-65) to occupy 25 km2 where quartz veins with impregnations of chal-
cocite, bornite, and malachite (Altmann and Delfour, 1971, p. 13) are
emplaced in Precambrian rocks; the veins are said to crop out over
strike lengths of 10-700 meters and to be 1-1.5 meters wide; copper
content reported to be generally 1-10 percent with 15 percent of copper
reached in samples from the largest vein, which attains 260 meters in
length and 20-30 meters in depth; explored by Boliden of Sweden in 1964.

Locality 3.--Ar Rahidah area veins and disseminated deposits in
Precambrian rocks at seven localities explored in 1971 by YOMICO of
Japan, as follows (Yemen Minerals Department, 1974, p. 65):

41



o

w

, 45
;i KINGDOM OF SAUDI)ARABIA EXPLANATION
2
/‘“\ Aba aa 8ud Precious.metals
l;I \’VL"’*’- 2
/ / Ferroalloy.metals
§ ‘3 - and other elements
1 g hd ; 17.
( Sadat | 991 T ‘2
) Iron
J @’
; Base metals
T d
Note: Numbered sites
o are described in same
numerical order in text.
]
Oukline of area covered by o
. 2 Lapdsat (image 1206-06504 o
o . § )
, 1 a'rib «\’
§ ' ‘
\
Kamaran
o / Baii, 2 .
15 1 Harlb, P An Nuqub 15°
Ma'bar /
Al ]
Hudaydah [}
I < o “
\Q Baytal !
Fagth
Jazirat l
qZuqar
o
ﬁumn-u’
/Al Kabge
&
Red Sea
Mocha
13* Aseb
N
ETHIOPTA_}j==\%
. ®
% ~~perim
N LY “E 0 2 ) _soMies
\';‘mch Yeorrit: of Gulf of Aden ’ ® “ o Kianemr
'” " mmm“ BOUNDARY REPRESENTATION IS
i 3 e NOT NEC('ILY AUTHORITATIVE ‘5. o
Figure 5. TIndex map of the Yemen Arab Republic showing distribution

of some metalliferous mines, prospects, and mineral localities.

42




Locaiitx

A. Wadl Rakam

B. Wadil al Ahrooz

C. Wadi Hamid

D. Jabal Hatary

E. Wadi al Sheiveifa
F. w;dz al Regelma
G. Jabal al Salwy

Minerals
Pyrite, chalcopyrite
Malachite, antimonite
Malachite, chalcopyrite
do.,
Malachite
Malachite, chalcocite

Malachite, azurite

Type of deposit

Disseminated in gneiss.
Vein.
Veins in pegmatite.
Disseminated in gneiss.
Quartz vein.

Do.

In mafic rocks.

Locality 4.--Hayfan area, veins in Precambrian rocks at two locali-

ties (Altmann and Delfour, 1971, p. 13; Miclea, 1973, p. 66; Minerals

Department, 1974, p. 61-64; Atia, Hegab, and Morsey, 1974; Overstreet

and others, 1976, p. 27-32):

A, Al Humura-Maazig vein:--1,200 meters long, 30 meters wide;

vein said to consist of quartz, pyroxene, and epidote with pyrrotite,
chalcopyrite, digenite, pyrite, and magnetite; four analyses of vein
reported by Atia and others {1974, table 5) to show 0.35-20.4 percent
Cu, 0.06-1.2 percent Ni, and 0.05-0.7 percent Co; similar values
observed by Overstreet and others (1976, table 2); four analyses of
the Maazig vein are reported (Atia and others, 1974, table 5) to
have shown 0.02-0.45 percent Cu and 0.01-0.25 percent Ni.

B. Mazabi-Shakkat vein consists of lenticular bodies of quartz
up to 150 meters long and 20 meters wide striking northwestward
and dipping vertically; vein composed of same gangue and ore minerals
reported for Al Hamura vein, except that digenite is absent; the
results of two analyses of the Shakkat vein show 0.1-2.]1 percent
Cu, 0.03-1.02 percent Ni, and 0.0-0.25 percent Co (Atia and others,
1974, table 5).
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Locality 5.--Vicinity of Jabal Haraz in the Manakhah area, chal-
copyrite and native copper are reported (Ansaldi, 1933, p. 193) in
lavas of the Yemen Volcanics.

Locality 6.--Uncertain locality said to be in the vicinity of
Ma'rib (oral commun., 1976, Dr. Hamed M. El Shatoury), yielded speci-
men of hydrothermally altered dolomitic siltstone, of probable Precam-
brian age, which is partly replaced by pyrite, chalcopyrite, galena,
and sphalerite; analysis by present investigation shows more than 2
percent each of Cu and Pb, more than 1 percent Zn, 700 ppm Ag, and
>500 ppm Cd.

Locality 7.--Khoban, deposits of galena reported (Miclea, 1973,

p. 66); locality, origin, grade, and size not indicated; apparently
unexploited. (Not shown on fig. 5.)
Iron

Locality 1.-~Localities east of Sa'dah (Geukens, 1966, p. B21;
Altmann and Delfour, 1971, p. 13; Miclea, 1973, p. 66; Minerals Depart-
ment, 1974, p. 65; Overstreet and others, 1976; p. 33-55); goethite
and hematite gossan developed over massive sulfide iron formation;
probably large deposits of pyrite and pyrrhotite; nickel may be present
locally; exploited since antiquity; magnetite deposits said to be in

this area (Minerals Department, 1974, p. 65).

Locality 2.--Locality near Majadh, about 30 km northwest of Sa'dah
(Geukens, 1966, p. B21); probably similar to the ironm deposits at
Sa'dah; exploited since antiquity.

Locality 3.--Deposit in Wadi Rijam (Miclea, 1973, p. 66); locality,

origin, mineralogy, and size not described; grade said to be 32-40 per-

cent Fe; not exploited. (Not shown on fig. 5.)
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Ferro-alloy metals and other elements

Locality 1.--Tllmenite (an ore of titanium) deposits reported in

Wadi Akwam basin northeast of Sa'dah (Geukens, 1960, p. B21); moda of

occurrence, size, and grade not stated; not exploited.

Locality 2.--Nickel deposits reported north of San'a (Miclea,

1973, p. 66); locality, mode of occurrence, size and grade not stated;

not exploited.

NOTE: Nickel and cobalt are present in base-metal sulfide
vein deposits in the Hayfdn area (see locality 4 under Base
metals). Cadmium is present in base-metal sulfide replacement
deposit in the Ma'rib area (see locality 6 under Base metals).
Cassiterite (an ore of tin) has been reported (oral commun.,
1975, Dr. Joachim Thiele, Bundesanstalt fur Geowissenschaften und
Rohstoffe) in Precambrian granite immediately northeast of Jabal
Abbelle and adjacent to iron deposits near Sa'dah (see locality
1 under Iron).

Economic interpretation

The sparsity of precious metals in the rocks from the YAR, as

shown from the atomic absorption analyses and in table 3, seemingly

sustains the observation made 2,000 years ago by the Greek geographer

Strabo, that the great quantity of articles wrought from gold and silver

possessed by the Sabaeans was acquired through trade in incense rather

than from mining (Hamilton and Falconer, 1889, p. 207-208). However,

most of the analyses represent unmineralized rocks, and the 14 altered

rocks and veins checked for low abundances of gold are not necessarily

representative of the kinds of geologic materials in which gold would
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be found. 1Indeed, the later literature mentions a gold placer near
Sirwah (fig. 5) that was being worked in a small way about 100 years
ago (Halevy, 1872, p. 53-54), and a gold deposit near Ma'bar (fig. 5)
that is frequently mentioned but not described (Altmann and Delfour,
1971, p. 13; Miclea, 1973, p. 66; Minerals Department, 1974, p. 65).
Thus, gold is present in the nation, but surface deposits such as would
be found and exploited in the past are evidently small because the
historical record accords little prominence to the metal. The same
must be said also for silver. However, the possibility for silver
being associated with base-metal sulfide ores increases the potential
for its future discovery in deposits where it might be recovered as a
co-product with copper, lead, and zinc. 1In this connection, Ssample
MJG-76~63 is discussed on pages 43, and 50-51.

Seven areas of base-metal sulfide deposits are reported for the
Yemen Arab Republic (fig. 5). Probably many more areas have been
exploited in the past, and the geologic and geochemical data acquired
in 1976 afford reason to expect that modern methods of exploration have
an acceptable chance to reveal other deposits of copper, lead and zinc.

Data acquired in the present investigation reflect on three base-
metal localities shown on figure 5 (sites 1, 5, and 6) as well as
a locality near Ya'arah, which is the source of the 75-~JA series of
samples on figure 1 and in tables 1 and 2, but not located on figure 5.
Two of these localities, sites 5 and 6 on figure 5, yielded geochemical
data that require follow-up in the interest of economic development of

the Yemen Arab Republic. Before discussing sites 5 and 6, a few comments
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will Be made to describe the apparently unimportant localities near
Qaryat on Nagil and Ya'arah.

Base-metal locality 1 (fig. 5) is a prospect pit or cistern that
discloses a trace of chrysacolla in sheared andesite of the Yemen Volcanics
of Tertiary and/or Cretaceous age. This may be an ancient prospect trench
now adapted to irrigation, but no waste or ore is piled near the trench,
and the chrysocolla is too sparse to suggest that copper was mined here.

About 45 meters farther south along the hillside is a broad, shallow
trench opened on a spheroidally weathering diabase dike in the Yemen
Volcanics. This trench extends N. 75° E., and its walls dip 80° N., thus
it is subparallel to the shear zone to the north., Its length is about
25 meters. The trench is 1.5-4 meters wide, and it steps downward on
shallow benches to a maximum depth of 3 meters. Off the west end of this
trench, about 10 meters, and across a trail, is a circular pit 12-14
meters in diameter and 6~8 meters deep. On the west, the wall of the
pit is in alluvium resting on weatnered amygdaloidal basalt. The circu-
lar opening appears to have been dug more recently then the trench,
possibly within the last 20 years. These structures may also have had
some other use than test pits for possible copper, but the circular
opening more closely resembles a test pit than a cistern. However, no
evidence of mineralization was seen, and the area seems to be unmineralized.

Samples 75-JA-1 and 75-JA-2 (tables 2 and 3) at locality 50
on figure 1 were collected by James W. Aubel, geologist with the U. S.
Peace Corps, from debris from a water well being dug at the village
of Ya'arah between WadI Kharhla and Wadi Kh3niq, about 35 km south-

southwest of Ma'rib. The well is in a fault in Precambrian meta-shale
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that strikes to the northeast and dips 400 SE. in an area of metamorphic
rocks and granite. Rocks in the fault zone are impregnated with a light-
colored sulfide mineral that was determined through X-ray diffraction
analysis by Roy 0.»Jackson, U. S. Geological Survey, to be pyrrhotite.
The residents of Ya'arah were hopeful that the pyrrhotite-bearing rock
was auriferous, and gave the material to Aubel for testing. Results of
the semiquantitative spectographic analyses show that the material lacks
precious and base metals at their respective lower limits of determina-
tion (table 3), excepf that 75-JA-2 contains a trifle (10 ppm) of lead.
Further tests were made by James A. Domenico, Donald G. Murrey, and
James Turner, U. S. Geological Survey, on December 4, 1975, using atomic
absorption procedures for gold, mercury, and selenium. These results

confirmed the absence of gold at this locality:

Field sample number Element (ppm)
Au Hg e
75-JA-1 ‘<0.05 <0.02 0.2
75-JA-2 <0.05 <0.02 0.2

Thus, the Ya'arah occurrence is neither a precious-metal nor a base-
metal deposits.

Base-metal locality 5 on figure 5 consists of occurrences of chal-
copyrite and native copper reported in the Yemen Volcanics in the vicinity

of Jabal Haraz in the Manakhah area (Ansaldi, 1933, p. 193). This report

of copper increases the interest that attaches to the anomalous and weakly
anomalous values reported above for As, Cu, Hg, Mo, and Pb in samples
MIG-76-73 and 74 collected from crystal tuff and felsite of the Yemen
Volcanics exposed along the highway west of Mandakhah and near the eastern

end of Jibal Hufash (table and footnote).
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Field sample number Element (ppm)

st o mY w o

MJG-76-73A 200 5 0.08 10 70
-73B 1,500 5 .02 30 100

-74A N 5 .06 20 20

L 7 .16 30 50

-74B
1/ See footnote, table 3.
Samples in the MJG-76-73 and 74 series were collected about 1,5 km

east of the eastern contact of the Miocene (?) alkalic granite that makes
up the Jibal Hufash pluton. The pluton is intrusive into the Yemen Vol-
canics, but where the highway crosses the contact at the locality of
samples MJG-76-72A-72D (table 2), the granite of the pluton is thrust

over felsic lavas of the Yemen Volcanics. Both at this locality and at
the localities represented by the MJIG-76~73 and-74 series of samples, the
lavas are extensively altered. The most evident alteration has been
caused by the secular weathering of the lava in Holocene time. Zones

of yellow, brown, maroon, purple, and black stain are present in the
lavas, films of hematite coat some joints, small masses of hematite replace
parts of the lava near fractures; elsewhere the lava is replaced by
kaolinite, and incrustations of jarosite (see section on Radiometric
analyses for uranium) are on the lava. The iron oxides and jarosite are
products of the weathering of iron sulfide minerals, probably pyrite. The
kaolinite may have formed from the weathering of the lava, or it may pre-
date the weathering and be a product of hydrothermal alteration, possibly
connected with the formation of the iron oxides. These relations need
considerable further study, because the outcrop gives the impression

that the felsic lavas of the Yemen Volcanics in this area have been
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hydrothermally altered, and subsequent to that alteration, they have
been chemically weathered, which has caused the pyrite to oxidize and
yield iron oxides and iron sulfates to stain the rocks.

Arsenic and mercury are volatile elements that may form distant
aureoles around sulfide ore deposits. This group of four samples con-
tains the most As and Hg detected in specimens analyzed and listed in
table 3. During supergene weathering of sulfide deposits in siliceous
rocks, "'As, Cu, Mo, and Pb tend to follow a pattern of decreasing mobility
Mo>Cu>As>Pb. The 1ea§t mobile elements of the group, As and Pb, reach
their highest values in the most weathered parts of these rocks. Mobility
relations during weathering may account for the abundances reported for
these elements in the four samples, because As, Cu, Mo, and Pb are less
abundant on average (table 4) in the Yemen Volcanics and Miocene (?)
alkalic granite than they are in these altered rocks, thus leaving room

for some concentration during alteration:

Average for rock (tables 3 Element (ppm)
and 4, table 3 footnote)

As  Cu M Pb
Miocene (?) granite N L L 20
Tuff of Yemen Volcanics N L L 50
Yemen Volcanics undivided N L 10 30
MJIG-76-73A 200 5 10 70
-73B 1,500 5 30 100
-74A N 5 20 20
-74B L 7 30 50

None of these values except the larger of the two for arsenic represents

a major increase over the normal abundance in the source rocks, and they
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all may be attributable to concentration during weathering, but the
small amount of data is insufficient to dismiss the possibility that

the trace element content of these altered felsic volcanic rocks signals
the outer edge of an alteration halo around otherwise hidden sulfide
deposits. The combination of anomalous As and Hg and weakly anomalous
Cu, Mo, and Pb taken together with the report of chalcopyrite and native
copper in the Yemen Volcanics to the east means that a reconnaissance
geochemical survey covering several hundred square kilometers in the
Manakhah area is required to determine the possibility for base-metal
sulfides in blind deposits of large size and low grade.

Base-metal locality 6 (fig. 5) is uncertainly sited both geographic-
ally and geologically. It is represented by sample MJG-76-63 (tables
2 and 3) that was given to the writers by Dr. Hamed M. El Shatoury of
San'a' University, who stated that the specimen was from the vicinity of
Ma'rib. The rock is a hydrothermally altered dolomitic siltstone of
possible Precambrian age having the texture of an intraformational
breccia--possibly a turbidite. The matrix is extensively replaced by
pyrite, chalcopyrite, galena, and sphalerite. It is unfortunate that
the source of this rock is not better known, because the specimen is a
high-grade base-metal and silver ore.

The spectrographic results (table 3) confirm the megascopic des-
cription of the sample. The high value for Fe is caused by the abundant
pyrite. High values for Mg and Ca, combined with the extremely low
value for Ti, indicate a sedimentary rock with scant mafic volcanic

detritus. In the field, the rock may form a layer in a more dolomitic
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or more calcareous sequence than can be inferred from the specimen, or
it may be in a shaly or calcareous bed in a dominant volcanic-sedimentary
sequence.

The distribution of the minor elements is quite interesting
economically, because the analyst noted that where the values were flagged
with the letter "G" signifying 'greater than'" the indicated quantity
(table 4), those elements so shown were vastly more abundant than the
upper limits of spectrographic determination, particularly Cu, Pb, and
Zn, but also Ba, Cd, and Mn. Zinc is the most abundant of the three base
metals, which is supported by the high value for Cd, an element typically
associated with zinc in sphalerite, and brown sphalerite forms prominent
bands in the sample. Silver, equal to 700 grams per ton, is probably
associated with the lead in the galena. High values for Ba, Bi, and
Sb indicate that the ore mineralogy is complex, although they may be
associated with the Mn. If the Co and Ni are mainly in the pyrite, as
is possible, then the actual abundances of the two elements, the value
of the Co/Ni ratio, and the fact that the Co is more abundant than Ni,
shows the hydrothermal origin of this ore (Overstreet, Hubert, and
others, 1976, p. 40-48). Absence of Mo, W, Y, and Zr suggests a moder-
ate temperature of hydrothermal deposition, but the Sm is high. It may
be associated with the Cu.

Thus, the spectrographic analyses can be interpreted to show a
moderate~temperature hydrothermal replacement deposit in a sedimentary
rock. The ores are sulfides of Cu, Pb, and Zn, with accessory Ag and
Cd. The sample shows that the area and the specific locality from which
the specimen came should be examined thoroughly until the area can
be dismissed or drilled. If there is much material like
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sample MJG-76-63 present, an extensive program of geologic mapping, geo-
physical surveying, geochemical exploration, diamond drilling, and
assaying would be needed to appraise the deposit. The locality must

be revisited, and a plan for study worked out after the locality has been
seen. We have not observed base-metal ore of this type and grade else-
where in the YAR.

Known iron deposits of the Yemen Arab Republic are shown on
figure 3 as plotted from the literature. Field work in February 1976
added the interesting, but economically not significant, information
that ferruginous cap rock on salt domes in the Tihamah at Al Luhayyah
and Guma (localities 15 and 16, fig. 1) is locally sufficiently rich
in iron to have been smelted in a small way. Scattered fragments of
slag in the vicinity of the caprock showed the existance of this
cottage industry, but examples of the furnaces were not observed.

Sample MJG-76~71 (tables 2 and 3) is from a low-~grade ferruginous
rock capping the Guma salt dome. This rock is dominantly dolomite with
some calcite, hematite, and geothite(?) as determined by X-ray diffrac-
tion analysis (Theodore Botinelly, written commun., Dec. 10, 1976). Tar
more ferruginous material was observed. Some consists of mixture of
siderite (FeCo3) and iron oxides. Other ferruginous rock is mainly
secondary iron oxides, which may have formed from the weathering of

pyrite (FeSy), a mineral commonly present in the rocks that make the cap

of salt domes. Seemingly, the highest grade ferruginous rock was hand-
picked to yield a charge of iron ore for a small furnace, which may
have been situated to take advantage of the sea breeze to force a

draft for smelting.
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The distribution of reported ferro-alloy elements and cassiterite
(tin ore) are shown on figure 3 from available data. The results of the
analyses given in table 3 show that tin is present in small amounts--
generally geochemically expectable amounts--in 15 samples from Miocene(?)
alkalic granite, Tertiary and/or Cretaceous felsic lavas of the Yemen
Volcanics, and Precambrian pegmatites, where the tin tends to be
associated with Nb and Y. However, B, Be, Cu, Mo, Th, and W are all quite
sparse in the stanniferous samples, which appears to indicate that
none of the samples is an indicator of possible tin deposits. Tung-
sten and Be are lacking in the calc-silicate rocks, which elsewhere
locally have proven to be hosts for ores of both metals. However, Be,
exceeds crustal abundance (2-3.5 ppm) in enough samples to raise the
question whether felsic lavas of the Yemen Volcanics and Miocene (?)
and Late Precambrian granites may not locally be enriched in this
element. The same can probably be said for Mo, Nb, and Ti. H%wever,
Bi, Co, Cr, and Ni are notably lean in the specimens of rocks thus
far analyzed.

PALEONTOLOGIC SAMPLES

The geographic and stratigraphic distributions of samples of
rocks collected by the authors in June-~July 1975 and February
1976, in the YAR for use in paleontolog8ic examinations are
shown in figure 6. These samples range in probable stratigraphic posi-
tion from Upper Jurassic to Holocene. A brief description of them and
corresponding localities is given below. Localities are keyed to

site numbers on figure 6.
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Upper Jurassic fossil localities in the Amran Series

Locality 1.--Sample MIG-1 collected 9 km southeast of Amran in a
shallow borrow pit on the southwest side of the highway; mollusks.

Locality 2.--Samples MJG-75~2a and MJIG-75-2b collected 12 km
north-northwest of Raydah in the Amran Series exposed in the west side
of a gully halfway up the valley wall on the northeast side of the
highway and north of a cistern; mollusks.

Locality 3.--Samples MJG-75-4a and MJG-75-4b, collected June 28,
1975, in a spoil heap from a dug well on the west side of the road
2.5 km south~southeast of Khabshah, a village 6.5 km due north of Al
Ghiras; mollusks.

Included in locality 3on figure 6, sample MJIG-75-5, collected
June 28, 1975, from a locality 1 km south-southeast of Khabshah on
a stripped structural surface, is a gastropod-rich fossiliferous layer in
limestone of Amran Series; sample MJG-75-6, from windblown silt on the strip-
ped structural surface 5 meters above the richly fossiliferous layer, con-
sists of echinoderm spines that are residual on the surface from the
solution of the limestone.

Locality 4.--Sample MJG-76-61 from the Al Janndt area northeast of
Amr3n about 3 km; collected by Korosaki in 1976; echinoids and ostracodes.

Locality 5.--Sample MJG-76~75, from top of Red Sea escarpment about
7 km southeast of Kuhldan; gastropods in limestone correlated with the
Amran Series.

Locality 6.--Sample JA-75-1, collected in April (?) 1975 by James
Aubel at a locality about 15 km south-southeast of Ma'rib in float below

a limestone escarpment in the Amran Series; corals.
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Locality 7.--Unnumbered sample collected by students of San'a'
University near the top of the escarpment at an altitude of
2,000 meters east of a tributary to Wadi Warazan at Najd Thujahat;
brachipod in limestone of Amran Series (?).

Tertiary and/or Cretaceous fossil localities in the Yemen Volcanics

Locality 1l.--Sample MJG-76-3 collected in February 1976 about 25 km
southeast of Yarim on the trail to Damt at a point about 3.2 km northwest
of Adh Dharrah; material may be charcoal; from carbonaceous and silty
layers a few centimenters thick in felsic tuff and basalt of Yemen Vol-
canics; collected for microfossils.

Locality 2.--Sample MJG-76-5 collected in February 1976 at a point
8.8 km along Shibam gravel road from its junction with the Wadi Dahr
road about 20 km northwest of San'a'; material may be charcoal; from
carbonaceous and silty layers a few centimeters thick in felsic tuff
and basalt of the Yemen Volcanics; collected for microfossils.

Eocene and/or Paleocene (?) fossil localities in the Medj-Zir Series

Locality 1.--Sample MJG-75-14a through MJG-75-14c (float) collected
July 11, 1975, about 30 km northeast of San'a', on the north valley slope
of Wadi as Sirr and about 0.5 km north of As Salahi village in a gullied
terrace slope; opalized-silicified coquina of fresh-water gastropods;
stratigraphic position is near the base of the Yemen Volcanics. This
is an important locality that could lead to more accurate dating of the
Yemen Volcanics and Tawilah Group.

Samples MJG-75-15 and MJG-75-16 are from the same locality as MJG-75-
l4a through MJG 75-14c; samples MIG-75-15 and -16 are fish vertebrae,
fish scales, and possible pollen; the two samples are a few meters apart
stratigraphically and are interlayered with the gastropod coquina repre-
sented by MIG-75-14a through -l4c.
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Locality 2.--Sample MJIG-76-69c collected in February 1976 from silt-
stone on top of a small diapir about 300 meters northwest of the Guma
salt dome; sample MIG-76-70b collected in February 1976 from marine tuf-
faceous beds exposed in the diapir around the Guma salt quarry; fossil
spores and pollen have been reported (Heybroek, 1975, p. 17-40), and ostra-
cods have been reported from nearby diapirs (Goerlich, 1956, p. 213-214.

Holocene and Pleistocene fossil localities

Locality 1.--Sample MJG-75-3 collected June 27, 1975, at a locality
17 km north-northwest of Ma'bar and 6.5 km west of highway in a structural
valley between fault blocks on north rim of caldera 10 km wide: Holocene
gastropods in angular colluvium, and one live gastropod from nearby
well for comparison.

Locality 2.--Samples JJG-75-7a~-MIG-75-7d collected June 29, 1975, in
a low pass about 9 km south of Ibb on the highway leading from Ibb to
Ta'izz; four samples of fossiliferous loess collected in a 5-10 meter
section, upward as follows: MIG-75-7a, 7b, kc, and 7d; black paleosols
separate 7a from 7b, and separate 7b from 7c; 7d was taken a few tens
of centimeters below the present soil surface.

Locality 3.--Samples MJG~75-8a and MIG-75-8b collected July 8, 1975,

about 7 km east of At Turbah and just northeast of Al Akamah village,
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near Jabal al Qalah and overlooking the escarpment; a most spectacular
section of loess; sample MJG-75-8a from bottom of exposure and 8b from
upper part of section about 15 meters above 8a; collected by James

W. Aubel, U. S. Peace Corps.

Locality 4.--Sample MJG-75-9 collected July 6, 1975, about 53 km
east gf Mocha in the north valley slope west of Jabal 'Akamah; fossili-
ferous tufa. Remnants of tufa indicate ponding of many streams debouching
on the Red Sea coastal plain in late Pleistocene or early Holocene time.

Locality 5.--Sample MJG-76-64 collected in February 1976 from a
marine terrace 1-2 meters above mean sea level at a point on the coast
2.5 km north of Al Luhayyah; the site is a few hundred meters from a
large salt diapir and several smaller piercement domes bringing upper
Pliocene rocks close to the surface. Quaternary marine terraces are
developed at various levels on the slopes of the diapir; these ter-
races are strewn with marine mollusks not collected on this trip. This
sample will be useful for future comparison with samples from the
higher and older terraces.

Locality 6.--Samples MJG-76-70c, and MJG-76-70c, (fig. 8) collected
in February 1976 from a layer of silt and clay 0.3 meter thick uncon-
formably overlying salt in the Guma salt dome and fluviatile in origin;
collected for possible microfossils (spores, pollen, and other material).

NOTE: Locality 6 is at the same site as Pliocene fossil locality

number 2; thus, it is not separately numbered on figure 6.

60







"The pelecypods from Jurassic beds in Yemen are too poorly pre-
served and represented by too few genera to be of much age value. How-
ever, the presence of Exogyra cf. E. mgna (Sowerby) suggests a Late
Jurassic age on the basis that the species in nearby Saudi Arabia has
been recorded only from Tuwayq Mountain Limestone and the overlying
Hanifa Formation. These formations are respectively of Oxfordian and
early Kimmeridgian age. By contrast, in England that species is recorded
from beds of Bajocian to Tithonian (Portlandian) age.

"Pelecypods from Yemen Arab Republic:MJG-75-1 - ..., 9 km south-
east of Amran, Amran series, in shallow borrow pit, southwest side of
highway:

Gryphaea or Exogyra

"MJG-75~-2a - ... 12 km north-northwest of Raydah, Amran series, west
side of gully, northeast side of highway, halfway up valley wall, north
of cistern:

Exogyra cf. E. nana (Sowerby), Echinoid spine (Pseudocidaris)

"MJG-75-2b - Locality same as 2a above-
Oyster fragments

"MJG~75-4a - ... 2.5 km south-southeast of Khabshah, ... in spoil
heap of dug well...:

Exogyra cf. E. nana (Sowerby)
"MJG-75-4b - Locality same as 4a above:
Oyster fragments

"MJG~75~5 - 1 km south-southeast of Khabshah, fossiliferous surfaces
both sides of trail:

Protocarida

Pteropera

Trigonia
Thracia (?)

Pseudisocardia (?)"

Another report from Imlay (written commun., January 1, 1977) des-
cribes the Jurassic material from locality 5, figure 4:
"Loc. MIG-76-75 contains one large gastropod and fragments of the

following bivalves (locality, top edge of Red Sea escarpment, about
7 km southeast of Kuhl3n):
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Modiolus cf. M. Subangustissima Dacque
Orca?

Chlamys?

Camptonectes?

Ostrea or Gryphaea?

"The pelecypods are poorly preserved and of no value for close
age determinations. Previous collections from the Amran Series at locs.
MJG-75-2a and -4a contain Exogyra cf. E. nana (Sowerby). That species,
if correctly identified, indicates an early Late Jurassic age
(0xfordian to early Kimmeridgian)."

Eocene and/or Paleocene (?) fossil localities in the Medj-Zir

series.--The fossil materials from the important locality in the Medj-
Zir series (Eocene and/or Paleocene (?) locality 1, fig. 4) have been
examined for palynomorphs by Norman Frederiksen who reported (written
commun., March 3, 1976):

"...the samples labelled MJG-75-15 and MJG-75-16...were both
barren of palynomorphs. Several objects were seen that looked vaguely
like pollen, but they could not be identified. There was a great deal
of organic material in both samples, but it was strongly carbonized.
Whether this was due to metamorphism or to action of bacteria during
diagenesis under a slow rate of deposition could not be determined."

On the basis of these results, Frederiksen was unable to assign

an age to the material.

Pliocene fossil localities in the Baid Formation.--Charles C.

Smith (USGS, written commun., December 14, 1976) examined two samples
from Pliocene localityl, figure 4, for calcareous nannoplankton. Both
samples were barren, thus a stratigraphic range could not be assigned:

"MJG-76-65g collected from the west tip of small diapir..... south
of Al Luhayyah. Carbonate sinter at top of section: approximately same
stratigraphic position as MJG-76-66, unconformable over older marine
sediments. Field stratigraphic assignment: Pliocene or Pleistocene.

""MIG-76-66 collected from the Al Luhayyah diapir..... Field
stratigraphic assignment: Pliocene or Pleistocene.

"Sample MJG-76-65g is barren of calcareous nannoplankton and
thus no biostratigraphic determination can be assigned this sample
based on nannoplankton. The sample consists of light gray to tan
indurated and well cemented, slightly ferruginous dolomite containing
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authigenic (often doubly terminated) quartz crystals along both
weathered as well as in freshly fractured surfaces. This sample con-
tains common to abundant fragments of what appears to be algally lamina-
ted sediment, although preservation is very poor and structures oblitera-
ted due to recrystallization. Along fresh surfaces, algal(?) laminae
appear as very uniform, thin (1 mm thick), pale gray to milky colored
dolomite lenses interlaminated with 0.5 mm thick lenses consisting of
tan to light brown dolomite. Individual irregular pieces of algally(?)
laminated sediment vary from one-half inch to about 3 inches in

length. These fragments are randomly oriented, indicating the possi-
bility that this section consists of recemented, torn and broken frag-
ments of a pre-existing algally(?) laminated limestone.

"Sample MJIG-76-66 is barren of calcareous nannoplankton and thus
no biostratigraphic determination can be assigned this sample based
on the nannoplankton. This sample consists of light brown to tan,
indurated, case hardened, well cemented, thinly and irregularly
laminated dolomitic (?) limestone. Freshly fractured surfaces show
thin lenses of pale gray dolomite (?) one-half to 1 mm in thickness
interlaminated with 1-3 mm thick lenses of ferruginous, clayey, very
finely divided dolomite or limestone. The origin of these structures
is unknown to the present investigator. They could represent algally
laminated sediment, or nonbiologic interlaminated clean and more clayey
carbonate., Details of microstructure are obscured by recrystallization
of these samples.”

Another report from Dr. Smith (written commun., February 4, 1977)
describes one sample from Pliocene (?) locality 2 (fig. 6) examined
for foraminifers and ostracods. The sample was barren, thus a strati-

graphic range could not be assigned:

"Field loc. numberoMJG—76-70b, salt quarry at Guma, 7.5 km.
east of Al Luhayyah; 15 41' N., 42949' E. approx.

"The sample was washed and concentrated by flotation, but no
calcareous fossils, either Foraminifera or Ostracoda were found.
Therefore, no date is possible."

Pleistocene mollusks.--The sample MIG-76-64 from Holocene and

Pleistocene locality 5 (fig. 6) was referred by Blake Blackwelder,
USGS, to Dr. H. E. Rehder of the U. S. National Museum for study.
The following mollusks were identified, and the stratigraphic range

was given as Pleistocene (Blackwelder, written commun., January 18, 1977):
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Pleuroploca trapezium (Linne, 1758)

Anadara sp cf. A. crebricostata (Reeve, 1844)
Anadara Ehrenbergi (Dunker, 1868)

Anadara antiquata (Linne, 1758)

Polinices mamilla (Linne, 1758)

Volema pyrum (Gmelin, 1791)

Chicoreus Virgineus (Roding, 1798)

Strombus (Tricornis) tricornis Lightfoot, 1786
Terebralia palustris (Linne, 1758)

These mollusks inhabit shallow marine environments and lagoons.

In connection with this report, reference was made to R. B.
Newtén's article on Pleistocene shells and raised beach deposits of
the Red Sea (Newton, 1900).

AERTAL PHOTOGRAPHY AND SATELLITE IMAGERY

Aerial photography covering the territory of the YAR was obtained
in 1973 by the United Kingdom Royal Air Force. It was used by the
United Kingdom Mapping and Charting Establishment to compile the 8
topographic sheets of the country at 1:250,000 scale. This photographic
coverage is available from the appropriate British agency, after
special authorization from the Government of the YAR has been secured.

In addition to conventional photographs, a growing amount of image
data about the atmosphere and the earth's surface has been accumula-
ting in the last 15 years, particularly since the advent of U. S.
weather and land-resources satellites. All these data are archived in
the United States and may be purchased upon request. Some of these data
cover the YAR, The weather data gathered by the National Aeronautical
and Space Administration (NASA), and National Oceanic and Atmospheric
Administration (NOAA) satellites provide a small-scale synoptic view

.

of the weather over the YAR at regular time intervals.
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The land resources data, available since July 1972 when the
first Land Resources Imaging Satellite (Landsat-1) was launched by
NASA, have proven to be a useful addition to existing medium-scale topo-
graphic maps in many countries. In the YAR, Landsat data have
been used in preparing a nine-image mosaic of the country, and in com-
piling a reconnaissance geologic map at 1:500,000 scale. Ultimately,
the potential usefulness of Landsat data will be revealed, when
repetitive coverage is fully exploited for study of the changes brought
about on the earth;s surface by fluctuating climatic and other natural
processes, or by the activities of man.

In the YAR, a first attempt at using repetitive Landsat coverage
was made in determining changes in the regional pattern of vegetation
and streamflow at irregular time intervals between the years 1972
and 1976 (Grolier and others, unpub, data).

Because of their potential usefulness to scientists and regional
planners as well, the Landsat-l and Landsat-2 data available for the
YAR as of January 28, 1977, are presented in table 5. 1In table 5,
Landsat images are listed scene by scene. As explained in the index
for figure 2, a Landsat scene, identified by orbital path and row num-
bers, uniquely defines each square area of 100 by 100 nautical miles
covered by a Landsat image. A total number of nine Landsat scenes covers.
the Yemen Arab Republic; from north to south, and from east to west,
they are: 177/049, 177/050, 178/048, 178/049, 178/050, 178/051,

179/048, 179/049, and 179/050.

.

Decoding sheets listing instructions to interpret the data on

the computer printout list of Landsat images (table 5), and to
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interpret the annotation block at the bottom of each Landsat im;ge
after it has been purchased by the analyst, are presented in tables
1 and 5. 1Identified Landsat images can be ordered and purchased
from: EROS Data Center, Sioux Falls, South Dakota, USA.
RECOMMENDATIONS

Three specific recommendations arise from the geochemical and
paleontological data presented above: 1) Find and appraise the unknown
locaiity purported to be in the Ma'rib region and from which sample
MJG-76~-63 is said to have come. The specimen is high-grade ore for Cu,
Pb, Zn, Ag, and Cd. If it is from the YAR, then the deposit must "be evalu-
ated early in the program of national economic development. 2) Conduct
a geologic and geochemical reconnaissance investigation at 1:100,000
scale for Cu, Pb, and Zn in the Yemen Volcanics in a region approximately
centered at Manikhah and extending from 14°30' N. to 15°30'N.by 43°15' E.
to 44°00' E. 3) Begin a broad stratigraphic, structural, and geophysical
investigation of the Amran Series in Wadi Jawf and eastward and southward
in the desert to the national boundary; determine the extent of the
series and what sedimentary rocks lie above the limestone in the Amran
Series now that biostratigraphic evidence, available from the paleonto-
logical examinations,‘shows this unit to be correlative with thé Tuwayq
Mountain Limestone of Saudi Arabia. This limestone is reported in the
Ramlat Dahm (U. S. Geological Survey-Arabian American 0il Company, 1963).
The éxtent of the Amran Series or Tuwayq Mountain Limestone and assoc-
iated sedimentary rocks in the Ramlat Dahm area and Ramlat as Sab'atayn
area within the borders of the YAR is important for possible sources

of water and of petroleum.
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Planning for economic developmént in the YAR would be aided by a
census of known or reported mineral deposits, mineral occurrences,
and ancient mines. Preliminary to any sustained exploration program
for base metals, as well as for gold, silver, and other ores that were
used historically in the region, a search of national archives, libraries,
and local records should be made to recover and plot the localities
said to have been prospected or mined for metals or minerals (for example,
eariy comment on the presence of turquoise could become evidence for
copper). Complementing the search of records should be an active field
program to locate on the ground all ancient prospects and mines known
to local residents throughout the country. Obviously, a national
effort involving many reporters would be required for the field search,

but it could be undertaken as part of a census of population and agriculture.
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