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Theodore Botinelly, and Thelma F. Harms

U.S. Geological Survey

ABSTRACT

Results of major-element analyses of a group of Precambrian granitoid
rocks exposed around Rida' and Al Bayda, Yemen Arab Republic (YAR), are
compared with data on Precambrian granitoid rocks in the Kingdom of Saudi
Arabia. The comparison shows that the rocks at Rida' and Al Bayda comprise
a posttectonic suite of latest Precambrian age, probably between 620 Ma and
560 Ma years, making them among the youngest Precambrian rocks in the YAR,
Some are so shown on the geologic map of the YAR. However, the most strongly
gneissic of these rocks were mapped with the oldest Precambrian gneissic
granite. The chemical data indicate that the difference between the gneissic
and the massive rocks reflects syntectonic and posttectonic emplacement with
reference to the end of the Precambrian orogeny and final cratonization of
the Shield. For strict classification of the Precambrian granitoid rocks of
the YAR, definition of the stratigraphic succession of the Precambrian meta-
volcanic and metasedimentary rocks, major-element geochemistry, and geochro-
nology are required.

The Sn-bearing granitic pluton to the east of Sa‘'dah in the northern
YAR is a posttectonic alkali granite similar to late Precambrian stanniferous
granite plutons in the eastern and southern Shield of Saudi Arabia.

The major-element composition of rhyolite tuff in the Yemen Volcanics in
the YAR affords convincing evidence that the tuff is correlative with rhyolite
in the Liyyah Formation in Saudi Arabia which is part of the Jizan Group of
late Oligocene and early Miocene age. The age assigned to the Yemen Volcanics
on the geologic map may be too great. The probable age is Oligocene and
early Miocene.

Two new K-Ar ages of the olivine basalt of the Aden Volcanic Series (?)
of 1.54+0.12 million years and 2.21+0.13 million years indicate that the base
of this Series in the YAR is probably Pliocene instead of Pleistocene. The
disastrous earthquake of 13 December 1982, reportedly was caused by movement
of magma beneath the Dhamar-Rida' volcanic field showing that these youthful )
flood-basalt fields are still active. The need to study and evaluate earthquake
risk is critical particularly in connection with the new dam of Ma'rib.

Similarities of Quaternary alluvial stratigraphy in the YAR with sections
reported for gold placers in Saudi Arabia, including particularly a gradient
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spike related to sand choke in wadis, suggest that traditional views of mean
bed scour and fill during floods in ephemeral streams in semiarid climate are
not fully applicable in the arid part of the YAR. Therefore, the possibility
for proximate eluvial and alluvial gold placers must not be dismissed on
theoretical grounds alone.

Exploration by inclined diamond-drill holes under the gossan at Jabal
Al Maidan and Jabal Al Ma'aden in the Sa'dah area is urged to determine the
metal contents of unweathered sulfide minerals. Concentrations as high as
550 ppm As, 1,000 ppm Ni, 60 ppm Cu, 300 ppm Co, and 6,000 ppm Zn reported by
the German Geological Advisory Group in the YAR may reflect co-precipitation
and concentration in secondary iron minerals during weathering, but across the
border in Saudi Arabia surface gossan similar to that at Sa'dah was shown to
be depleted by factors of 5-10 relative to the unoxidized sulfides below the
gossan for the metals Cu, Pb, Zn, Ni, and Co.

INTRODUCTION

Purpose of report

The present report has as its purpose the release of previously unpublished
results of chemical analyses made on specimens of rocks, ores, and slags col-
lected in 1975, 1976, and 1979 by personnel of the U.S. Geological Survey
(USGS) in connection with various cooperative activities with agencies of the
Government of the Yemen Arab Republic (YAR). Also included are new K-Ar ages
on Pleistocene basalt and a new radiocarbon age for charcoal from the bank of
Wadi Adhanah at the south edge of Ma'rib (15°25'30" N.; 45°20'18" E.). The
results supplement and extend geochemical, geochronological, and economic
geological data for the YAR previously issued by the USGS (Overstreet and
others, 1976; Grolier and others, 1977; Overstreet and Grolier, 1980;
and Overstreet and others, 1980). The report provides the opportunity to
compare the ancient open-pit iron-ore mine at Jabal Al Maidan near Sa'dah
in the northern part of the YAR with essentially identical deposits that
have been extensively investigated in the southwestern part of the Kingdom
of Saudi Arabia. Geological similarities between the deposits in the YAR
and in Saudi Arabia are so considerable that some emphasis is given to
insure that an adequate evaluation of the mineralization from the vicinity
of Sa'dah northward to the border with Saudi Arabia is undertaken as part
of the national program of minerals assessment.

Source of samples

Samples in the 75-0T series and in the MJG-76 series of field numbers
discussed below in the section of text on Major elements in igneous rocks
were collected respectively in 1975 by W. C. Overstreet and in 1976 by
M. J. Grolier. The geographic locations, stratigraphic positions, petro-
graphic descriptions, and minor-elements composition of these samples have
been described in preceding reports (Overstreet and others, 1976; Grolier and
others, 1977; Overstreet and others, 1980) where index maps show the localities
sampled. Figure 1 in the present text is also a geographic index to the
sources of these samples.







EXPLANATION
75-0T series: samples of igneous rocks numbered 75-0T-1, 75-0T-2,.

75-0T7-7, 75-0T-8, 75-0T-9, 75-0T-26, 75-0T-27, 75-0T-28.

MJG-76 series: samples of igneous rocks numbered MJG-76-1A, MJG-76-1B,
MJG-76-6, MJG-76-15, MJG-76-16, MJG-76-21, MJG-76-25, MJG-76-26B,
MJG-76-28A, MJG-76-39A, MJIG-76-39B, MJG-76-41A, MJG-76-50, MJG-76-54A,

MJG-76-56A, MJG-76-72A.

79-TK series and 79-0T series: samples of rocks, ores, and slags for

spectrographic analysis.

Sa‘'dah area

A. Slag pile at Al Shatt, samples of slag numbered 79-0T-38 through
79-0T-44.

B. Jabal.Al Maidan open-pit iron-ore mine, samples of rocks and ore
numbered 79-0T-1 through 79-0T-13.

C. Jabal Ayub circular shaft mine, samples of rock numbered 79-TK-6
and 79-0T-14 through 79-0T-23.

D. Vicinity of Ath Therwa in Wadi Agnam, samples of rock numbered
79-TK-2 and 79-0T-24.

E. Jabal Al Ma'aden open-pit iron-ore mine, samples of rock and

ore numbered 79-TK-7 and 79-0T-25 through 79-0T-35.

Mahakhah area

F. Samples of rock numbered 79-TK-3 through 79-TK-5 and 79-0T-45
through 79-0T-51.
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Samples in the 79-TK series and in the 79-0T series of field numbers,
discussed below in the section of text on Minor elements in rocks, ores, and
slags, were collected in 1979 respectively by T. H. Kiilsgaard and W. C.
Overstreet. The general distribution of these samples is shown on figure 1.
Specific localities sampled and descriptions of the 55 specimens used for
semiquantitative spectrographic analyses for minor elements are listed in
table 1.

Field sample Ma'rib 758 (laboratory number W-3457) was collected in 1975
by Dwight L. Schmidt from exposures in the bank of Wadi Adhanah at Ma'rib
(fig. 1).
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exploration to desert regions in the context of institution-to-institution
investigations with the Yemen 0i1 and Mineral Corporation (YOMINCO), Ministry
of Petroleum and Mineral Affairs.

The writers are indebted to many persons in the YAR who provided the
support and assistance needed to carry out the work leading to this report.
Special mention should be made of the help in 1975-76 of Dr. Abdul Karim
El-Eryani, then Chairman of the Central Planning Organization, YAR;

Mr. Hamoud Ahmid Daif Allah, then President of the Mineral and Petroleum
Authority (predecessor organization of the Yemen 0il and Mineral Corporation)
in the Ministry of Economy; Mr. Aldelmo Ruiz, then Director, USAID Mission

to the Yemen Arab Republic; and Mr. Gordon C. Tibbitts, Jr., USGS, then
Chief, Water and Mineral Survey Project of North Yemen. Geological field
work at that time was aided by Mohammad Mukred Ibrahim, Assistant Chief
Minerals Geologist, Mineral and Petroleum Authority; Mohammad Lutf Al-Eryani,
Kuwait University; and James W. Aubel, U.S. Peace Corps. In 1979, Kiilsgaard
and Overstreet had the opportunity of visiting several sites of special
geologic interest in the YAR through the assistance of H., E. Ahmad Qaid
Barakat, Minister of State for Petroleum Affairs and Natural Resources, YAR;
Mr. Ali Jaber Alawi, Director General, YOMINCO, and Mr. Robert G. Huesmann,
Director, USAID Mission to the YAR. Engineer-geologists Hazam Baker and
Abdullah Al Thary, YOMINCO, were helpful associates on a field trip to the
abandoned iron mines in the Sa'dah area in the northern part of the YAR.
Geologist Abdul Wasse of YOMINCO and Abdullah Al Thary gave operational
assistance during a trip to the Manakhah area in the west-central part of
the YAR. Miss Zohra Merabet, engineer, Department of Hydrology, YOMINCO,
assisted in many supportive ways in San'a'. It is indeed a pleasure to
acknowledge the help received from these many people.



Table 1.

List showing field sample numbers, descriptions, latitudes, and longitudes of rocks,

ores, and slags collected during January 1979 in the Yemen Arab Republic

[79-0T series collectéd by‘W. C. Overstreet; 79-TK series collected by T. H. Kiilsgaard.]

Field sample North " East
number Description of material sampled Latitude |Longitude
Sa'dah area, Jabal Al Maidan open-pit iron mine
79-07-1 Weathered, gray, foliated metatuff 17°01'30" | 43°46'40"
-2 Weathered, gray-green, massive metatuff Do. Do.
-3 Non-graphitic carbonaceous schist Do. Do.
-4 White chert Do. Do.
-5 Collapse breccia Do. Do.
-6 Ferruginous chert Do. Do.
-7 Maroon to brown gossan, tuff relicts, east side of pit Do. Do.
-8 Gossan, central part of pit ‘ Do. Do.
-9 Maroon to dark brown gossan, west side of pit Do. Do.
-10 Gray, foliated metatuff Do. Do.
-11 Massive meta-andesite Do.. Do.
-12 Dark maroon gossan, boxwork structure after pyrite Do. Do.
79-07-13 Brown, gray, and white marble Do. Do.
~Sa'dah area, Jabal AT Ma'aden open-pit iron mine
79-0T-25 Septum of clay and carbonate, south end of gossan 16°53'00" | 43°49°'05"
-26 | Greenish-brown, massive gossan, south end of pit .Do. Do.
=27 White to yellowish brown clayey septum in gossan Do. Do.
-28- Goethitic gossan from central part of outcrop Do. Do.
-29 Yellowish-brown ferruginous chert, central part of gossan Do. Do.
-30 Hematite, north-central part of gossan Do. Do.
-31 Goethite, north end of gossan Do. Do.
-32 Goethite, north-central part of gassan Do. Do.
-33 Black goethite from north end of gossan Do. Do.
-34 Fresh magnesite and calcite from north end of gossan Do. Do.
79-0T7-35 Weathered magnesite and calcite from north end of gossan_ Do. Do.
79-TK-7 Black goethite, north end of gossan Do. Do.
R Sa'dah area, Jabal Ayub circular shaft mine
79-0T7-14 White magnesite and calcite 17°01'00" | 43°48'00"
-15 White and pink magnesite Do. Do.
-16 O0livine-rich mafic dike Do. Do.
-17 0livine-rich mafic dike Do. Do.
-18 Phlogopite (?)-magnesite rock . Do. Do.
-19 Dike of hornblende granite Do. Do.
-20 Marble Do. Do.
-21 Marble with magnesite Do. Do.
-22 Gabbro dike Do. Do.
79-0T-23 Pink biotite granite intrusive into gabbro dike Do. Do.
79-TK-6 Pink biotite granite intrusive into gabbro dike Do. Do.
Sa'dah area, vicinity of Ath Therwa in Wadi Agnam
79-0T7-38 Andesine gabbro with pyrite-coated joints 16°59'00" | 43°48'00"
79-TK-1 Andesine gabbro with pyrite-coated joints Do. Do.
79-TK-2 Quartz syenite dike in gabbro Do. Do.
Sa'dah area, slag pile at Ath Shatt ’
/9-07-38 Black, smooth, ropy slag with large gas bubbles 17°01745" | 43°46715"
-39 Gray to brown agglomeratic, scoriaceous slag Do. Do.
-40 Dark-brown, scoriaceous slag, many gas bubbles Do. Do.
-41 Brown, scoriaceous slag Do. Do.
- =43 Black, massive slag with metallic sheen; small gas bubbles Do. Do.
79-0T-44 | Black, massive slag with rare small gas bubbles Do. Do.
Manakhah area, Yemen Volcanics
79-0T-45 Purplish-gray, flow-banded, crystal lithic tuff 15°03'50" | 43°42'45"
~-46 Ash-flow tuff, purple, with perlitic cracks 15°03'30" | 43°41'40"
-47 Saprolite of andesite porphyry 15°03'37" | 43°42'30"
-48° Saprolite of dacite porphyry 15°03'25™ | 43°43'25"
-49 Saprolite of andesite tuff 15°04°'10" | "43°44'10"
-50 Green bedded tuff : 15°04'25" | -43°44° 25"
79-0T-51 Green lithic crystal tuff 15°07'00" { 43°55'30"
79-TK-3 Purple volcanic tuff with perlitic cracks 15°03'15" | 43°41'25"
-4 Reddish lithic tuff, grading to purple 15°03'50" | 43°42'45"
=5 Green volcanic tuff 43°5513Q"

15°07'00"




Qur appreciation is also expressed to associates in the laboratories
of the USGS who performed the chemical analyses and geochronological
determinations presented here: S. R. Morgan, P. R. Klock, B. M. Myers,
S. E. Sims, and Meyer Rubin. The major-element data were processed by
George Van Trump, Jr., using standard USGS computer programs for the presen-
tation of petrologic parameters.

GEOCHEMISTRY

The geochemical data presented here include the results of major-element
analyses of 24 samples of igneous rocks and the results of minor-element
spectrographic analyses of 55 samples of rocks, ores, and slags from the YAR.
The results of the major-element analyses are interpreted in terms of possible
ages and tectonic settings of the igneous rocks. These interpretations suggest
a re-definition of the stratigraphic succession employed by Grolier and
Overstreet (1978) for the Precambrian rocks of the YAR. The trace-element
data on the rocks, ores, and slags from the old iron mines in the vicinity of
Sa'dah extend geochemical data already released on the southern part of these
deposits (Overstreet and others, 1976) and tend to confirm that they are
gossan on massive sulfide deposits essentially barren of base and precious
metals. The possibility that northern extensions of these deposits may not
be entirely barren makes them attractive targets for future mineral exploration.
Trace-element data from rocks in the Manakhah area add to the information on the
composition of the Yemen Volcanics.

Geologic background

The geologic literature dealing with the petrology, chemical composition,
and isotopic ages of igneous rocks in the YAR tends to focus more on the
Tertiary extrusive rocks of the Yemen Volcanics, the Miocene(?) alkali gran-
ites, and the Quaternary Aden Volcanic Series than on the crystalline rocks
of Precambrian age (Roman, 1926; Comucci, 1929; Lipparini, 1954; Shukri and
Basta, 1955a; 1955b; Karrenberg, 1956; 1959; Miclea, 1973; Kabash and Ghoweba,
1976; Civetta and others, 1978). This emphasis is also evident in reports
comparing the rocks of the YAR with those of Ethiopia (E1 Hinnawi 1964; Gass,
1970; Clifford and Gass, 1970; Mohr, 1971; Pilzer and Rosler, 1975). In the
present report, 12 new analyses of the major elements in plutonic rocks of
Precambrian age are given as well as further new determinations of major
elements and K-Ar ages of the younger intrusive and extrusive rocks.

The descriptions of the analyzed rocks given below are related to the
stratigraphic succession shown on the geologic map of the YAR (Grolier and
Overstreet, 1978), where five major successions of rocks are separated by
unconformities (table 2). Although the major-element data are presented
according to these stratigraphic positions, interpretation of the chemical
data for the plutonic rocks of Precambrian age suggests that they may not
represent older and younger suites. Instead, they may all be Late Precambrian,
possibly less than~ 650 Ma in age, through comparison with compositionally
similar rocks in Saudi Arabia. The differences in age were assigned during the
compilation of the geologic map of the YAR on a basis of apparent differences be--
tween gneissic and massive rocks (Grolier and Overstreet, 1978). These differences
may be the result of syntectonic and posttectonic emplacement with perhaps
little more than#50 Ma difference in age between the oldest and the youngest
of these Precambrian intrusive rocks.
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This inference of age on the basis of chemical composition of the plutonic
rocks requires further geochemical and geochronological data based on detailed
field work before it can replace the previous concept of stratigraphic succes-
sion. Therefore, in the descriptive presentation of the geochemical observa-
tions, the previously established succession is used. The implications of the
major-element geochemistry, however, in terms of possible ages and tectonic
settings of the plutonic rocks are addressed in a section on interpretation
following presentation of the results of the analyses.

The results of the major-element analyses of the Yemen Volcanics appear
to identify the material chosen for analysis as of probable late Oligocene and
early Miocene age on a basis of comparison with other analyses. Age deter-
minations by Civetta and others (1978) agree with this age assignment. The
age of the Yemen Volcanics was imprecisely known and was given on the geologic
map (Grolier and Overstreet, 1978) as Tertiary and/or Cretaceous.

Throughout this report, the Yemen Volcanics will be referred to in general as
Tertiary in age.

Major elements in igneous rocks

Following a description of the method used for analysis, the results of
the analyses for major elements are discussed below under older Precambrian
rocks, younger Precambrian rocks, Tertiary extrusive rocks (the Yemen Volcanics),
Miocene(?) intrusive alkali granite, and Pleistocene and Holocene extrusive
rocks (the Aden Volcanic Series(?)).

Method of analysis
Major elements were determined by the rapid rock analysis procedure of

USGS (Shapiro, 1975) whereby x-ray spectrography is used for 15 oxides, and
chemical procedures are used for Fe0, Ho0+, Ho0-, and COp. The 15 oxides are:

Si02 P20s5
A1203 1/ MnO
FeTO5 Zr‘OB
Mg0 Cro03
Ca0 NiO
Na20 Ba0
K20 Sr0
Ti09

1/ Total iron oxide.

The difference between the percentage of total iron oxide given by x-ray
spectroscopy and the percentage of Fe0 determined chemically represents the
value reported as Fep03. However, the method of dissolution used for the
chemical determination of iron does not bring pyrite or chromite into solution.

The x-ray spectrographic analyses were made by S. R. Morgan and the
chemical analyses were done by P. R. Klock. These data were processed by
George Van Trump, Jr., to give various petrologic indices, normalized oxide
values, normative minerals, and petrologic diagrams derived by computer
through standard programs used by USGS.



Composition of older Precambrian rocks

The term older Precambrian rocks is derived from the distinctions shown
on the geologic map of the YAR (Grolier and Overstreet, 1978) and the discus-
sions of the petrography of diabase, granodiorite gneiss, and granite gneiss
exposed along the road between Rida'and Al Bayda, and on the road extending
northeastward from Al Bayda in the extreme southeastern part of the YAR
(Grolier and others, 1977, figs. 1 and 2; Overstreet and others, 1980,

p. 21-27). On that map and in those sources the older Precambrian igneous
rocks are reported to be mainly of ages associated with the second episode

of the Hejaz tectonic cycle identified in Saudi Arabia by Greenwood and
others (1976, table 1); that is, between about 800 and 600 Ma old. The six
samples of older Precambrian rocks are described by Grolier and others (1977,
table 2) and by Overstreet and others (1980, p. 21-27). The sample numbers
and localities are given as:

Rock Field Location (see fig. 1)

type number North latitude East longitude
Diabase MJG-76-41A 14° 03' 11" 45° 43' 32"
Granodiorite gneiss MJG-76-54A 14° 03' 07" 45° 31' 23"
Granite gneiss MJG-76-16 14° 21°*' 25" 45° 01' 30"

Do. MJG-76-21 14° 20' 06" 45° 06' 45"

Do. MJG-76-25 14° 18' 08" 45° 13' 07"

Do. MJG-76-28A 14° 15' 36" 45° 20' 03"

Djabase.--Specimen MJG-76-41A (fig. 1) is massive, medium-grained diabase
with Typically diabasic texture. The rock is seen by microscopic examination
to consist of (in percent): plagioclase (>Angs) 40; clinopyroxene, 35; opaque
minerals, 10; serpentine or talc after olivine (?), 10; and actinolite (?);
after clinopyroxene,~5 (Overstreet and others, 1980, p. 26). Slight alteration
is shown by the replacement of olivine (?) with opaque minerals and serpentine.

The major-element composition of this diabase is given in table 3, and
the normalized oxide values recalculated to 100 percent are listed in
Appendix 1 together with other petrologic parameters based on the chemical
composition of the rock.

The results of the analysis (table 3) confirm the alteration noted by
microscopic examination. This diabase has somewhat less Nay0 and considerably
less Ko0 than the world averages for diabase (Johannsen, 1937, table 93), and
the normative plagioclase (Appendix 1) has a somewhat higher anorthite content
(Angg) than that determined in the thin section (>Angg). Carbon dioxide is
more abundant in sample MJG-76-41A than in typical diabase (Johannsen, 1937,
table 93), but Hp0+ and Hp0- are about average. The alteration possibly was
produced by Tow-grade regional metamorphism during the cratonization of the
Arabian Shield between 650 and 560 Ma as recognized in southwestern Saudi
Arabia (Greenwood and others, 1976, table 1).

Granodiorite gneiss.--The granodiorite gneiss (MJG-76-54A, fig. 1) shows
in thin section a preferred orientation of hornblende, biotite, and plagioclase
(Overstreet and others, 1980, p. 26). The quartz and feldspar have been granu-
lated followed by incipient recrystallization of both minerals. Modal mineral
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composition of the granodiorite gneiss is (in percent): plagioclase, 40p
orthoclase perthite, 20; quartz, 15; biotite, 10; hornblende, = 8; sphene,~2;
epidote,+2; allanite and apatite, <1.

The composition of the granodiorite gneiss is shown in table 3, and the
normalized oxide values recalculated to 100 percent are given in Appendix 1
where other petrologic parameters based on chemical composition are presented.
This specimen of granodiorite gneiss has somewhat less Si02 and more A1,03 and
Nap0 than the average granodiorite cited by Johannsen (1932, table 176), but
the values are well within the ranges of percentages given for these oxides.

The normative distribution of the feldspars (Appendix 1) shows more
plagioclase than the single modal analysis, even when allowance is made for
plagioclase in the orthoclase perthite, but the difference is expectable where
only one modal analysis was made.

Granite gneiss.--The four samples of granite gneiss identified on figure 1
(MJG=76-16, MIG-76-21, MJG-76-25, MIF-76-28A) are rather similar in their con-
tents of modal quartz, but the amounts of modal potassium feldspar and plagio-
clase are variable owing to common perthitic intergrowths (Overstreet and others,
1980, p. 22-23):

Minerals Sample numbers in MJG-76 series
16 21 25 28
Quartz 30 35 35 35
Microcline perthite 35 40 50 --
Microcline~orthoclase perthite - -- - 45
Plagioclase 25 15 10 15
Biotite 10 -- 5 3
Hornblende - 5 -- -
Accessory minerals 1/ <1 12 <1 A1

1/ Includes, variously, opaque minerals, apatite, epidote, zircon, garnet,
muscovite, and chlorite: see Overstreet and others (1980, p. 22-23) for
individual mineralogical components.

The chemical composition of these samples of granite gneiss is shown in
table 3. Most components are remarkably similar in abundance except Ca0,
Nap0, and K20 which vary rather widely. This variation may in part be caused
by secondary alteration. These rocks resemble the alkali-lime granites of
Johannsen (1932, table 94), which similarity is more marked in the normalized
oxide values given in Appendix 1.

The normative minerals calculated from the chemical analyses (Appendix 1)
afford confirmation of the modal quartz and also show the role of perthite in
lowering the estimates of the abundance of modal plagioclase,

Composition of the younger
Precambrian rocks

The younger Precambrian igneous rocks shown on the geologic map of the YAR
(Grolier and Overstreet, 1978), and for which the results of chemical analyses
are reported here, were thought to be similar to Late Precambrian granites in
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the Kingdom of Saudi Arabia (U.S. Geological Survey and the Arabian American
0i1 Company, 1963). These rocks are possibly 560-650 Ma in age and are
associated with the second and third episodes of the Hijaz tectonic cycle

as described by Greenwood and others (1976, table 1). Six samples of these
younger Precambrian rocks were analyzed:

Rock Field Location (see fig. 1)

type number North latitude East longitude
Granodiorite MJG-76-56A 14° 04' 01" 45° 29' 46"
Granite gneiss MJG-76-15 14° 21' 36" 44° 59' 43"
Biotite granite MJG-76-26B 14° 16' 30" 45° 15' 17"
Alkali feldspar granite MJG-76-39A 14° 02' 43" 45° 42' 48"

Do. MJG-76-39B Do. Do.
Riebeckite granite MJG-76-50 13° 58' 50" 45° 34' 43"

These samples are also from exposures along the road between Rida' and
Al Bayda, and on the road extending northeastward from Al Bayda (Grolier and
others, 1977, figs. 1 and 2). Their geographic association in the same part
of the YAR as the older Precambrian igneous rocks lends some support to the
interpretation given in another section of text (below) that both the younger
and the older Precambrian igneous rocks are parts of one suite.

The compositions of these younger Precambrian igneous rocks are given in
table 4, and the normalized oxide values recalculated to 100 percent are
included in Appendix 2 along with several petrologic ratios and numbers cal-
culated from the chemical compositions of the rocks.

Granodiorite.--Sample MJG-76-56A of granodiorite consists of (in percent):
antiperthite, 45; microcline, 20; quartz, 5; hornblende, 10; biotite, 15;
opaque minerals and sphene, 5 (Overstreet and others, 1980, p. 20). Its
chemical composition (table 4) is well within the range of compositions
reported for granodiorite (Johannsen, 1932, table 176). More importantly
for interpretative consideration