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RECONAISSANCE GEOLOGY OF THE HARRAT HUTAYMAH QUADRANGLE,
SHEET 26/42A,
KINGDOM OF SAUDI ARABIA

by
1/
John S. Pallister

ABSTRACT

The Harrat Hutaymah quadrangle 1is underlain mostly by
Proterozoic rocks that are intruded and partly covered in the
north by the Quaternary extrusive products of the Harrat Hutaymah
basalt field. The Proterozoic basement of the quadrangle may be
broadly divided into the older (circa 650 Ma and older) Laban
dioritic complex in the east and the younger (to possibly coeval)
Kilab monzogranite batholith in the west. The dioritic complex is
overlain by a monoclinal section of mostly intermediate composi-
tion volcanic and sedimentary rocks in the southeast (the Hibshi
formation - dated at circa 632 Ma). The source plutons for the
Hibshi volcanic rocks are not well constrained; the volcanics may
be comagmatic with late phases of the Kilab batholith. All of
these rocks are intruded by a younger (post-orogenic and circa
600 Ma) suite of more evolved granitic plutons and dikes. Several
of these evolved granites may represent the root-zones of vol-
canic caldera complexes.

The Hibshi formation is divided into several members that are
described in detail based on data from measured sections at the
type section (Jibal Hibshi). There is considerable variation in
composition and facies within the formation; individual members
thicken and thin laterally, and some pinch out entirely over
distances of only a few kilometers. Volcanic members at Jabal
Hibshi are mostly andesitic to dacitic pyroclastic rocks, but at
Jabal Aba al Ligah, basaltic and rhyolitic flow rocks predomi-
nate. The Hibshi formation consists of clastic sediments of
volcanic and plutonic provenance intertonguing with the varied
products of multiple subaerial volcanic centers. For these
reasons, regional correlation based only on 1lithology is
discouraged.

The Harrat Hutaymah basalt field contains abundant basaltic
tephra as well as alkali olivine basalt flows. Tuff rings formed
by explosive eruptions above mantle diatremes. Peridotite nodules
are common in the basaltic tuff and in some flow rocks. Basaltic
volcanism in the region began at a later time (circa 1.8 Ma) than
at the other Saudi Arabian harrats; probably due to progressive
mantle underflow related to Red Sea rifting.

1/ U.S. Geological Survey, Denver, CO



Areas having mineral resource potential include the ancient
Samirah gold mine, a quartz-vein deposit in Laban complex
dioritic rocks, and areas with tin-tungsten potential in the
evolved plutons. Aggregate and pozzolan deposits occur in the
basaltic tephra of the Harrat Hutaymah volcanic field and
unusually deep groundwater reservoirs are present in the filled
tuff-ring craters of the volcanic field.

INTRODUCTION

The Harrat Hutaymah quadrangle, sheet 26/42 A, encompasses an
area of 2780 km2 between lat 26930' and 27°00' N. and long 42°00'
and 42°930' E. (fig. 1) in the northeastern Najd province (Brown,
1960) . The quadrangle is underlain mostly by Proterozoic rocks
that are intruded and partly covered in the north by the
Quaternary basaltic extrusive products of Harrat Hutaymah. The
Proterozoic basement of the quadrangle may be broadly divided
into the older Laban dioritic complex in the east and the younger
to possibly coeval Kilab monzogranite batholith in the west. The
dioritic complex is overlain to the southeast by the Hibshi for-
mation that forms a monoclinal succession of mostly intermediate
composition volcanic and sedimentary rocks in the southeast. The
Hibshi formation and Laban complex are intruded by a younger
(post-orogenic) suite of more evolved granitic plutons and dikes.

The dioritic and monzogranite basement forms an extensive
high pediplane (average elevation about 1000 m) that is
punctuated by inselbergs within the evolved granitic plutons and
by the Jabal Salma and Jibal Hibshi mountain ranges, which reach
about 1370 and 1300 m., respectively. The central area of the
quadrangle, extending from Jibal Hibshi through Jabal Shurmah to
Harrat Hutaymah, forms a broad gentle divide between the south-
westerly drainages of Wadi Samirah, Wadi al Gusal, and Wadi al
Khillah, and the northeasterly drainages of Wadi Hibshi and Wadi
Aba al Kurush.

The quadrangle is accessible via the new paved highway that
extends south from Hail to the Al Madinah - Al Qasim highway and
traverses the western part of the quadrangle. Most areas of the
quadrangle are easily accessible via the paved highway, major
dirt roads that parallel new power lines between Al Uzaym and the
west and north quadrangle boundaries, and via numerous desert
tracks that criss-cross the pediplane surface. A network of
desert tracks parallel the ancient Darb Zubaydah that traverses
the quadrangle from southwest to northeast. The remains of a
pilgram rest stop are preserved at the village of Al Birka.

The principal settlement and commercial center is the small
village of Samirah, located astride the southern quadrangle
boundary. Other small villages include Al Birka, Uglat al Laban,
Al Ghumrah, and Al Uzaym in the south, and Uglat bin Klab,
Murayyah, As Safrah, and Ubdah in the north. In addition,
numerous settlements of a few houses each, and many Bedouin camps
are scattered throughout the quadrangle, but both are more
densely clustered in the western half.

2
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Figure 1l.—Index map of western Saudi Arabia showing location of the Harrat Hutaymah
quadrangle (shaded) and other quadrangles referred to in this report: A, Wadi Ar
Northeastern Hijaz
1963); C, Samirah (Williams, 1983); D, Rak (Kellogg, 1983); E, Al Makhul (du

Rima

(Bramkamp and others,

1963);

B,

Bray, /7%4); F, Al ,Awshaziyah (Leo, 1984).

(Brown and others,



The geology of the Harrat Hutaymah quadrangle was first
mapped in broad reconnaissance scale by Bramkamp and others
(1963) . These authors mapped a basement complex of gray granite
intruded by several small bodies of diorite and by red (locally
peralkaline) granite at Jabal Salma and Al Hudub. They also
defined the Hibshi formation for the rocks at Jibal Hibshi and
Jabal Aba al Ligah and they mapped the Quaternary basaltic rocks
of Harrat Hutaymah. They did not recognize the distinction
between the Laban dioritic complex and the Kilab monzogranite
batholith, nor did they recognize several of the evolved granite
plutons.

The Harrat Hutaymah 1:100,000-scale map shows additional map
units in far more detail than is possible at 1:500,000 scale. It
is, however, also a reconnaissance-scale map, based on a rapid,
albeit relatively intensive survey of the area. Detailed mapping
might result in the definition of individual plutons and subunits
within both the dioritic complex and the monzogranite batholith;
however, the relatively poor exposure of these two units and the
internal complexity of the dioritic unit made such a project
impossible during the present study.

This report is the result of geologic mapping during 12-26
March and 16 April-l May, 1983; including 5 days of helicopter
support. Petrographic and geochemical results reported herein
are based on approximately 500 thin sections, modal analyses of
approximately 250 stained slabs, 27 major element X-ray
flourescence (XRF) analyses, 7 rare—earth element (REE) analyses,
and 8 atomic absorption (AA) and semi-quantitative spectrographic
analyses. A mobile lab was constructed and used in the field for
the preparation and modal analysis of stained slabs.

Plutonic and volcanic rocks are classified according to the
recommendations of the International Union of Geological Sciences
(Streckeisen, 1973, 1976, 1978; Schmid, 1981).

Geologic mapping of the adjacent Samirah (Williams, 1983),
Rak (Kellogg, 1984a), Al Makhul (du Bray, 1984a), and Al
'Awshazyah (Leo, 1984) quadrangles were underway during 1982-
1983. Work was also underway during 1983-1984 on geologic
compilation (Johnson and Williams, 1984) and mineral resource
assessment (Richter and others,.9s+ ) of the Jabal Habashi
1:250,000-scale quadrangle of which the Harrat Hutaymah
quadrangle forms the northwest one-sixth. Discussions with the
various investigators involved in these projects were very useful
in making correlations and in establishing areas of mineral
resource potential. Discussions and collaboration with C. R.
Thornber form the basis for an ongoing study of the basalts and
mantle nodules from Harrat Hutaymah, and discussions with J. C.
Cole, D. B. Stoeser, C. E. Hedge, and R. T. Gregory have aided
in regional correlations and petrologic interpretations.
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PROTEROZOIC SEDIMENTARY AND VOLCANIC ROCKS AND
METAMORPHIC EQUIVALENTS

The Proterozoic sedimentary, volcanic, metasedimentary, and
metavolcanic rocks of the Harrat Hutaymah quadrangle occur in one
of two settings and age groups: 1) amphibolite-grade metamorphic
rocks forming highly deformed roof-rock septa in the Laban
dioritic complex, 2) slightly deformed and lower greenschist or
zeolite-facies metamorphosed volcanic and sedimentary rocks
overlying the dioritic complex and probably partly coeval with
granitic bodies in the quadrangle. The former class of rocks
make up the Ghumrah amphibolite unit, the latter comprise the
Hibshi formation and the Samirah dacite and rhyolite units.

Ghumrah amphibolite

The Ghumrah amphibolite (am) consists mostly of dark-green-
gray to black plagioclase-hornblende porphyroblastic amphibolite
and hornfels. Other rock types include interlayered epidote
quartzite, epidote-amphibole hornfels or quartzite. The amphi-
bolites and quartzites are typically very fine to fine grained,
and weakly to moderately foliated. Relict porphyritic and
diabasic textures in some of the amphibolites indicate basalt and
diabase protoliths. The quartzites were probably derived from
interbedded sandstones.

A northerly plunging lineation was observed in the foliation
plane at the easternmost exposure near Jibal Hibshi. At this
outcrop, the amphibolite has a foliation produced by the super-
position of cm- to mm-scale isoclinal folds. The lineation is
parallel to these fold axes.

The Ghumrah amphibolite forms three prominent north-trending
ridges within Laban dioritic complex host rocks northwest of
Jibal Hibshi. Foliation attitudes and an apparent vergence of
the ridges to the north toward Al Ghumrah suggest an antiformal
structure of the roof rock septum. However, a central ridge of
amphibolite, and vergence of the central and eastern belts near



relict diabasic texture, and may represent a metadiabase dike
keel to the structure. The unit is cut by and extended along the
left lateral northwest-trending fault that also offsets the
Hibshi formation.

Rocks of the Ghumrah amphibolite unit are probably among the
oldes® rocks exposed in the quadrangle. They are interlayered
with rocks of the dioritic complex and are intruded by prominent
granodiorite dikes that are probably coeval with the Kilab monzo-
granite batholith. Apparent diabase-dike protoliths for some of
the amphibolite and hornfels suggests that parts of the unit may
be younger than, and intrusive into, the dioritic complex.
However, the Ghumrah amphibolite unit may also be roughly coeval
with parts of the dioritic complex and may represent the volcanic
products of mafic plutons in the dioritic complex. Interlayered
quartzose rocks may represent sediments interbedded with the
volcanics. Subsequent deformation of the dioritic complex and
its volcanic and sedimentary roof rocks could have 1lead to
infolding of the roof rocks to produce the observed complex
structures.

Hibshi formation

The Hibshi formation was defined by Bramkamp and others
(1963) as:

Conglomerate of pebbles and boulders of gray granite,
fine-grained igneous rocks, red ripple-marked slate or
shale, wacke, and arkose; welded agglomerate at top;
possible equivalent of Fatimah and Abla formations of
Southern Hijaz quadrangle. Type locality at Jabal
Hibshi where exposure is 750 meters thick.

Bramkamp and others (1963) considered the Hibshi to be
younger than the Halaban and Murdama formations. The strike
ridge of Hibshi formation extends southeast from Jibal Hibshi
across 420 E. lat. into the Northeastern Hijaz 1:500,000-scale
quadrangle (Brown and others, 1963). During 1:100,000-scale
mapping of the area west of 420 by BRGM in the late 1960's and
early 1970's, the Murdama was elevated to group status and the
Hibshi was assigned as its basal formation (see 1:250,000-scale
compilation by Delfour (1977)). This led to use of the term
Hibshi for conglomerates and related sedimentary and volcanic
rocks exposed at the base or at the margins of sequences of rocks
assigned to the Murdama in widely separated parts of the north-
eastern and east-central Arabian Shield (see compilations by
Delfour, 1977, 1979; and Delfour and others, 1982).

The description of the Hibshi formation in this report is
based mostly on data from the type locality. Jibal Hibshi is a
monoclinal succession of southeast-dipping sedimentary and
volcanic rocks. Measured sections through the Hibshi at several
localities along the Jibal Hibshi strike-ridge are presented in
figure 2, and the lower part of the section at the northeast end
of Jibal Hibshi is shown in figure 3. There is considerable
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