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THE HIJINAH UPLIFT AND REGIONAL GRAVITY SLIDING IN
THE WAJID SANDSTONE, KINGDOM OF SAUDI ARABIA

by
1/ 2/
Douglas B, Stoeser and William R. Greenwood

ABSTRACT

The chief conclusion of this report is that a felsic
pluton was emplaced at shallow depths beneath the
epicontinental 1lower Wajid Sandstone while it was being
deposited on the Precambrian basement of the southern
Arabian Shield. The initial effect of this intrusion was to
generate a circular uplift, the Hijinah uplift, about 20 km
in diameter in the basement and Wajid sediments. At least
one phreatic eruption associated with the intrusion caused
basement blocks as much as 50 m in diameter to be blown
upward into and mixed with the Wajid sediments. Seismic
activity related to the intrusion and uplift, and probably
to the phreatic event in particular, caused regional gravity
slides to develop in the Wajid sediments. These slides
developed on a sedimentary shelf south of the Hijinah uplift
and flowed northward around the uplift into a shallow marine
basin. The regional slumping occurred at a time when about
100 m of Wajid sediment had been deposited in the study

-area. The initial phase of activity was followed by a period
~of quiescence during which a minimum of an additional 150 m
.of Wajid sand was deposited unconformably over the
-extensively slumped lower Wajid sediments. The upper Wajid
"sediments were domed and deformed by a resurgence of the

Hijinah uplift, the effects of which, except for minor local
slumping within the upper Wajid, appear to have been
confined to the area of the uplift. These events probably
occurred during either very latest Proterozoic or during
Cambro-Ordovician time.

INTRODUCTION

This report 1is the result of a reconnaissance
helicopter excursion on February 29, 1976, to field check an
apparent circular feature within the Wajid Sandstone which
was observed on Landsat imagery. Although-no field evidence
for this feature was f&und, the Wajid Sandﬁtone (fig. 1) in
the vicinity of lat 19°07' N. and long 44°05' E. longitude
was seen to be unconformably underlain by highly deformed
poorly indurated clastic sediments that clearly were not .

part of the crystalline basement of the Arabian Shield,

which normally underlies the Wajid Sandstone. Although at
first interpreted by us to be a pre-Wajid Eocambrian or
early Proterozoic sedimentary unit, subsequent field work
established that the deformed sediments also belonged to the
Wajid Sandstone. Mapping further established that the
disturbed 1lower Wajid unit, in fact, consists of several

1/ USGS, Denver, CO X 1
g/ USGS, Reston, VA
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Figure 1.— Index map of western Saudi Arabia showing the location of the study area,
the Hijinah uplift, and the Bir Idimah 30-minute guadrangle.
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sandstone. It was these gabbro blocks that were first
observed, and at that time interpreted to be shallow
intrusions into the lower Wajid (Greenwood, cx pr<v). This
discovery was of considerable interest because it offered
direct evidence for intrusive activity at the time of Wajid
sedimentation.and presented an opportunity to date the basal
Wajid by dating the gabbro.

‘ Unlike the metamorphic blocks, which tend to weather
either £flush or slightly negative relative to the
surrounding Wajid Sandstone, the gabbro is resistant to
weathering and stands out in positive relief, The gabbro
from both bodies is essentially identical and has a
coarse-grained texture, which consists of plagioclase set in
strongly poikilitic hornblende (in patches as much as 5 or 6
cm in diameter). In addition, the rock contains several
-percent of late interstitial biotite and accessory apatite.

Tectonic rather than intrusive emplacement of the
gabbro is is indicated by very fine grained seams of green
mylonite that criss-cross the gabbro. Although the gabbro
is thus a megabreccia, the mylonitic seams probably
constititute only about 5 percent of the gabbro outcrop.
The mylonitic matrix, however, is rather unusual in that the
microclasts within it are very fresh and angular and appear
to have been sintered together. There is essentially no
sign of hydrothermal or other hydrous alteration of the
matrix materials.

Supporting evidence for the intrusive interpretation
was that the gabbro bodies appeared to have a reddened baked
zone several centimeters thick against the enclosing Wajid
Sandstone. Subsequent examination, however, suggests that
these zones are largely discolored by iron that migrated
into the Wajid during diagenesis after emplacement of the
gabbro.

Potassium—-argon dating of hornblende and plagioclase
separates was done by R. J. Fleck, of the U.S. Geological
Survey, on a sample taken from the southern gabbro body
(table 1). The hornblende data yield ages in the range
478+9 to 628+8 Ma, whereas the two plagioclase separates
gave 403+7 and 483+7 Ma. If the 628+8 Ma age is a minimum
age for the gabbro, then ‘it is similar to other late
Proterozoic gabbros distributed throughout the southeastern
Arabian Shield. This group of gabbros was emplaced during
the period 620-660 Ma (Coleman and others, 1972; Cooper and
others, 1979). Although the Hijinah gabbro is lithologically
atypical in that most of these other gabbros are pyroxene
gabbros, we assume that it belongs to the suite of 1late
Proterozoic gabbros of the Arabian Shield and that it was
tectonically emplaced into the Wajid Sandstone.

Twenty-six metamorphic basement blocks, up to about 20
m in diameter, are shown on figure 9. Within the mapped
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Table l.--Potassium-argon and argon-argon mineral ages for
biotite-hornblende gabbro sample 771-22A. Sample taken
from the larger of the two biotite-hornblende gaQBro ggb)
bodies shown in figure 9. Conventional K-Ar and Ar/°°“Ar
techniques are the same as those described by Fleck and
others (1976).

e

Mineral Technique %40Ar* Age (Ma)
Hornblende K-Ar 94.3 587+9
Hornblende K-Ar 93.0 478+9
Hornblende 40ar/3%r 93.1 628+8
Plégioclase K-Ar 85.7 403+7
Plagioclase 40Ar/39Ar 57.3 483+7

area, there is a particularly dense concentration of these
blocks in the vicinity of the two biotite-hornblende gabbro
bodies. Numerous smaller blocks a meter or less in size are
also present, but these were too small to map. No detailed
petrographic study of the metamorphic blocks was done. They
consist primarily of mafic schist and hornblende metagabbro
with sparse blocks of metadiorite, metadiabase, metabasalt,
and metatonalite. A few blocks are composite and, in
particular,, it can be seen that the meta-igneous rocks form
the protolith for the schists. The blocks also contain
metabasalt dikes, thin seams of pegmatite and quartz, and
injections of sandstone along fractures.

The xenolithic blocks occur at all levels in the lower
Wajid, although the larger blocks tend to lie deeper in the
section. During the preparation of figure 9, which was in
part done by photointerpretation, one problematical aspect
of the mapping was distinguishing mildly deformed upper
Wajid from mildly deformed lower Wajid. 1In the field, the
disturbed lower Wajid is seen to be unconformably capped by
less deformed sections of Wajid -Sandstone. Although all of
these caps were initially interpreted to be upper Wajid,
they now thought to be both upper and upper lower Wajid and
are subdivided on figure 9 into two units, upper Wajid (Wu)
and upper lower Wajid (Wdu). Although the two units appear -
rather similar on the ground and on aerial photographs, the
Wdu unit appears to be lighter in color and considerably
more deformed both internally and relative to the basal
contact, which is undulatory rather than planar as with the
upper Wajid.

15



This subdivision of the cap sandstones into these two
units is significant with regard to the interpretation of
the tectonic history of the Wajid Sandstone, because at
least two of the basement blocks occur within the Wdu unit.
The Wdu units are interpreted to be rafts or slabs of the
upper part of the lower Wajid which, although deformed,
remained cohe€rent during the deformation of the lower Wajid.
If this interpretation is correct, then the tectonic blocks
must have been incorporated prior to or during the
deformation of the lower Wajid. If these cap sandstones all
belong to the upper Wajid, then the tectonic event that
ripped up the basement and distributed the blocks postdates
the deformation of the lower Wajid and is not directly
related to the event that caused the regional slumping.

Examination of the 1:50,000-scale aerial photographs of
the region surrounding the area of figure 9 suggests that,
relative to the upper Wajid, the area included in figure 9
forms the core reg%on of an antiform whose axis strikes
approximately N. 75" E. and plunges gentlely west (plate 1;
figure 6). Whether this antiform originated from regional
deformation associated with the formation of the Hijinah
uplift or was formed by uplift related directly to the
emplacement of the tectonic blocks is not clear.

Upper Wajid

As has already been noted, the development of the
Hijinah wuplift appears to involve two main phases of
deformation of the Wajid Sandstone. These two phases are
separated by the period of time required to deposit at least
150 m of upper Wajid sediment, before resurgent activity
associated with the uplift began. Deformation of the upper
Wajid, however, is only significant in the vicinity of the
uplift. On the east flank of the uplift, this deformation
produced a broad, arcuate, monoclinal flexure of the upper
Wajid that is one of the most pronounced features of the
Hijinah doming (figure 7). The monocline is absent elsewhere
around the southern, western and northern flanks of the
uplift, possibly due to removal of the upper Wajid from
these areas. In the core region of the uplift, the upper
Wajid has been deformed into an irregular series of open
folds. A detailed study of the deformation of the upper
Wajid was not done.

Beyond the immediate area of the Hijinah uplift, there
appear to be little deformation of the upper Wajid.
Pallister (mpnsy reports local slumping in the basal upper
Wajid (Ilman member) in the southern part of the Jabal al
Ilman guadrangle (plate 1; figure 6). On plate 1, we show
slumping in the upper Wajid that radiates northward from the
rim of the uplift. Because this slumping was identified
only on aerial photographs, it is not clear whether @t is in
the upper part of the lower Wajid or in the upper Wajid. We
suggest that it is _in the upper Wajid, but this

16



interpretation requires field checking. We therefore
conclude that slumping occurred at least locally in the
Wajid sediments in response to the second phase of activity
of the Hijinah uplift.

. DISCUSSION
The events described above suggest four stages in the
history of the Wajid in the study area:

(1) Deposition of the lower Wajid;

(2) deformation of the lower Wajid and early development of
the Hijinah uplift;

(3) planation of the deformed lower Wajid and deposition of
the upper Wajid; and

(4) deformation of the upper Wajid during the final phase of
development of the Hijinah uplift.

Such a history requires a model that can explain the
formation in two stages of a circular uplift 20 km in
diameter, regional gravity sliding within the lower Wajid
sediments, and a local event within the core of the uplift
that was violent enough to shatter the basement and emplace
blocks of basement into the overlying Wajid sediments.

We have considered three mechanisms to explain the
" observed structures: meteor impact, emplacement of a
diatreme, and intrusion of a pluton. The first two
mechanisms are rejected, because although they would explain
the features observed for the lower Wajid, they would not
allow for a period of quiescence during which the upper
Wajid could be deposited followed by a second phase of
deformation; nor would they adequately account for a broad
uplift, Instead we propose that the Hijinah uplift and
associated deformation were caused by an intrusion at a
shallow depth beneath the uplift, and the tectonic blocks
were emplaced by a phreatic or steam eruption associated
with the intrusion. Seismic activity related to the
emplacement of the pluton, and in particular the phreatic
eruption, triggered gravity - sliding within the
unconsolidated lower Wajid sediments. Following the initial
phase of activity, at least 150 m of upper Wajid sediments
was deposited during a period of tectonic quiescence. The
upper Wajid was then deformed and domed during a resurgence
of the intrusion to complete the Hijinah uplift.

Direct evidence for the existence of such a pluton is
present in the aeromagnetic anomaly map of the region (area
4, sheet 162, 1:100,000 scale), which includes the western
part of the Hijinah uplift. Figure 10 shows that the mapped
outer perimeter of the dome is coincident with a larger
circular magnetic pattern on the aeromagnetic map. The
pattern consists of three parts: (1) an inner quiet =zone
enclosed by the Hijinah core zone, (2) a ring of mild
positive magnetic highs, which match well with the outer

17
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zone, and (3) an outer annular quiet zone with a radius of
approximately 10 to 15 km. The pattern suggests a felsic
intrusion with an approximate diameter of the overall
circular feature and a possible system of ring fractures.
In addition to the broad pattern, the interior quiet 2zone
contains a local sharp magnetic high that is centered over
the area where the tectonic blocks occur. This magnetic
anomaly is assumed to be caused by the gabbros and other
basic rocks exposed at and lying immediately beneath the
surface.

Following the proposal of Dabbagh and Rogers (1983)
that the Wajid is fluvial in the south and shallow marine in
the north, we propose that the slumping within the lower
Wajid originated on and within the sedimentary (deltaic?)
shelf between these two depositional regimes. Pallister

(mpws) notes that the his Shum (basal Wajid) member wedges

& to the south and is only about 10 m thick at about lat

8°30' N. This thickness suggests that this area was
approximately the location of the south edge of the
sedimentary wedge and the position of the marine onlap onto
the southern highlands at the time of slumping. The wedging
may also reflect thinning of the section to the south due to
mass transport of sediment to the north by gravity sliding.

Our reconnaissance field work indicates that only a
single regional unconformity separates the lower and upper
Wajid units. If so the bulk of the gravity sliding within
the lower Wajid occurred during one major event. Pallister
(uma) interprets this unconformity as representing .a
significant erosional hiatus. On the basis of our
interpretation, however, we would assume that the
unconformity represents only the interval of time required
to plane off the upper part of the deformed lower Wajid and
renew deposition on that surface. As was mentioned earlier,
Pallister also suggests that there is a 1lithologic
distinction between the Shum (lower) and Ilman (upper)
members, the lower Wajid being more arkosic and therefore
somewhat less mature. By our interpretation, a fundamental
change in 1lithology across the unconformity between the
upper and lower Wajid units seems unlikely. Perhaps, the
observed 1lithologic changes simply reflect gradational
maturity of the sediments up-section or a change in the
depositional regime in the study area following slumping.
This question clearly requires further study.

The age of the basal Wajid Sandstone is still very much
an open question. As already noted, the 628 Ma minimum age -
of the biotite-hornblende gabbro is too old to allow it to
be related to the proposed contemporaneous intrusive
activity. Regionally, 680 to 625 Ma was a time when the
shield in the vicinity of the study area was undergoing
intense orogenesis, probably related to plate collision
(Stoeser and others, 198§). Thus, it is wunlikely that
deposition of the Wajid Sandstone, which represents an

19



episode of epicontinental sedimentation on a regional
peneplain, could have begun at that time. Available
geochronology, however, indicates that the last major phase
of plutonism in the southern Arabian Shield terminated by
about 625 Ma (Aleinikoff and others, 1984), and it is
therefore possible that deposition of the Wajid after
subsidence bégan by the latest Proterozoic (Eocambrian).
Although, it apparently did not affect the southern shield,
a well-documented, widespread episode of felsic plutonism
took place during the period 600-570 Ma throughout the
central and northern Arabian Shield (Baubron and others,
1976; Calvez and others, 1983; Aleinikoff and others, 1984).
If a felsic intrusion produced the Hijinah uplift, this
pluton may be related to this later episode of intrusive
activity within the shield and the lower part of the Wajid
Sandstone could be as old as the latest Precambrian.
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