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Abstract

Ghar Al Hibashi is a lava tube situated in a field of vasicular basaltic lava
flows located 245 km east of Makkah
(Mecca) Saudi Arabia. The cave has
581 m of mainly rectilinear passages
containing a bed of loess up to 1.5 m
deep, OSL-dated at 5.8±0.5 ka bp at its
lowest level, as well as many bones and
the desiccated scat of hyenas, wolves,
foxes, bats, etc., well preserved due to a
temperature of C 20-21° and humidity of
48%. Phytoliths have been found inside
plant material preserved in samples of
this scat. A human skull, 425 years old
and the remains of an old wall indicate a
potential for historical or archaeological
studies. The loess bed is under study for
testing microrobotic designs to navigate
inside lava tubes on Mars.
Two large bat guano deposits in this
cave caught fire in the past, possibly
affecting “bio-stalactites” : soft, yellowish, accretions, c. 4 cm long by 1
cm wide, thought to be formed of bat
urine. Nineteen minerals were detected
in samples collected, mostly related to
the biogenic mineralization of bones and
guano deposits. Three of them, pyrocoproite, pyrophosphite and arnhemite
are extremely rare organic compounds
strictly related to the guano combustion,
observed until now only in a few caves
in Africa. Hibashi Cave may be one
of the richest mineralogical shelters of
the Arabian Peninsula, and has been
included in the list of the ten minerologically most important lava caves in
the world.

Introduction

In the year 2001, the Saudi Geological
Survey initiated subproject 4.1.3 “Mapping of underground cavities (caves) in
Phanerozoic rocks.” Studies of caves

located in the Phanerozoic limestone
belts of the country demonstrated that
some contained artifacts, bones, etc. of
historic, environmental and archeological value (Pint, 2003), while others were
judged aesthetically and structurally
suitable for purposes of tourism (Forti
et al, 2003, Cigna, 2004). In light of
these studies, the investigation of cavities in Saudi Arabia was broadened to
include lava caves in order to determine
their possible value for scientific and
touristic purposes.
Saudi Arabia has approximately
80,000 kms² of lava fields, known as
Harrats (Fig.1). In late 2001 and early
2002, a preliminary survey for lavatube caves was carried out in Harrat
Kishb, a young basaltic lava field with
an area of 5, 892 kms² centered circa
270 km northeast of Jeddah. Six lava
caves were located, three of which were
mapped. These three caves were found
to contain items of historical, geological and archeological interest (Roobol
et al, 2002).
From November 2002 to the present
writing, other lava caves were located
in Harrats Ithnayn, Buqum-Nawasif and
northern, central and southern areas of
Harrat Khaybar. Two of these caves,
Dahl Romahah and Kahf Al Shuwaymis,
are briefly described in Pint, 2004 and
are still under study.
Hibashi Cave appears to be deserving
of special attention due to the wealth of
mineralogical data which has come to
light from the analyses of speleothems
found in it. It has, in fact, recently been
included in the list of the ten mineralogically most important lava caves in
the world (Forti, 2004). In addition,
the floor of Ghar Al Hibashi is covered
with a layer of loess or fine silt, up to
1.5 m in depth, of considerable interest
to sedimentologists as well as scientists

studying the lava tubes of Mars, whose
surface is covered with a similarly fine
sediment, according to NASA, 2004.
Hibashi Cave is also the site of two
extensive guano fires, which have rarely
been described in speleological publications (Martini, 1994b) and whose effect
on secondary cave minerals is of interest
to speleo-mineralogists.
The casual discovery of a human skull
and a man-made wall inside Hibashi
Cave give hope that archeologists and
historians could carry out fruitful studies
in this cave. In addition, the considerable
quantities of bones, guano and animal
scat inside the cave may shed light on
the past flora and fauna of the Arabian
Peninsula. In particular, phytoliths found
in plant fibers inside wolf and hyena scat
from Hibashi Cave may be of value in
studying the desertification of Saudi
Arabia.
It is hoped that this publication will
confirm the importance of Hibashi Cave
and will be of use to government authorities in protecting the cave from
vandalism and intrusions.

Geology of
Harrat Nawasif-Buqum

Ghar Al Hibashi is located in Harrat
Nawasif-Buqum, a group of lava flows
encompassing about 11,000 km² and
roughly situated between the towns of
Turubah and Ranyah, E of Makkah,
Saudi Arabia. The origin of the basalts
in Harrat Nawasif-Buqum is attributable
to the period of magmatic eruptions that
began in the Miocene and continued
until historic times. These basalts can
be classified as Upper Tertiary and Quaternary. They are primarily titaniferous
olivine basalts, including alkali basalts,
basanites and nepheline-basanites, occasionally interlayered with pyroclastics.
Hotzl et al (1978) took two samples
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Figure 1. Map of Saudi Arabia showing all major laval fields. Hibashi Cave is located in Harrat Nawasif-Boqum.
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of Harrat Nawasif-Buqum basalts for
potassium-argon age-dating, yielding
ages of 3.5±0.3 million years for the
older basalts and 1.1±0.3 million years
for the younger. Because of the relatively
unweathered condition of the basalt in
which it is found, it can be assumed that
Ghar Al Hibashi lies within one of the
younger flows, However, it should be
noted that the younger sample dated by
Hotzl et al (1978) was taken from the
area of Sha’ib Hathag, some 63 kms NE
of Ghar Al Hibashi. Arno et al (1980)
report ages of 22.8, 15.8, 7.3, 4.4 and
2.8 million years for samples taken from
the flows of this harrat, leaving the exact
age of the basalt in which Hibashi was
formed, very much in question.
Ziab and Ramsay, 1986, state that
the Buqum basalt is between 20 and 25
m thick in the Turubah area but much
thinner farther north. The depth of Ghar
Al Hibashi (about 22 meters from the
surface to the cave floor) suggests that
the cave may lie within the basalt studied by Ziab and Ramsay, which they
describe as gray to dark gray, vesicular,
medium grained and prophyritic, containing phenocrysts of olivine, titanaugite, plagioclase and opaque minerals.
They further state that it has an SiO2
content ranging from 42 to 47 percent,
high TiO2 (1.42-2.79 percent), and high
P2O5 (0.32-0.67 percent). Almost all the
rocks they studied were undersaturated,
with 0.3 to 7.8 percent nepheline, 8-21
percent olivine and no quartz in the
norm. All the rocks were highly sodic
and normative alibite exceeded normative orthoclase, typically by a factor of
approximately five.
Figure 2 is an aerial photograph
showing the flat-lying undeformed, unmetamorphosed basaltic lava flows and
cinder cones in the vicinity of Ghar Al
Hibashi. Lava flows from what appear
to be at least four different events can
be seen within one km distance from
the cave entrance. While steep-walled
scoria cones less than 200,000 years old
lie less than two kms from the cave, the
entrance to Ghar Al Hibashi appears to
be located in an older flow.

Figure 2. Aerial photograph of the flat-lying undeformed, unmetamorphosed basaltic
lava flows and cinder cones in the vicinity of Ghar al Hibashi. located in the circle.

basaltic area, in a slightly raised portion of a major basaltic flow emanating
from a large crater to the southeast. The
cave lies approximately 22 m below the
surface and contains 581 m of passages.
The main passage is mainly flat and
runs east and west, intersected by a side

passage running NW-SE, downsloping
from an entrance collapse to the floor of
the main passage. Plan and Profile maps
of the cave are shown in Figure 3 and
the cave entrance in Figure 4.
Secondary Minerals of the Cave.
During three different expeditions

Description of Ghar al Hibashi

The exact location of Hibashi Cave is
given in Pint, 2001, where it is registered
as Cave number 180. The cave is located
approximately in the center of Harrat
Nawasif-Buqum inside a vasicular
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Figure 4. The entrance to Ghar al Hibashi. No rigging is required to visit the cave.

Figure 3. Map of Ghar al Hibashi. A larger version of this map is included in the supplementary material on the CD.
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carried out in 2003, a few samples
of secondary chemical deposits were
collected inside Ghar Al Hibashi to be
analysed from the mineralogical point
of view. This research was carried out
as part of the MIUR 2002 Project “Morphological and Mineralogical Study
of speleothems to reconstruct peculiar
karst environments” under the direction
of Prof. Paolo Forti and is described in
detail in Forti et al, 2004. The minerals
detected in samples from Hibashi cave
are listed in table 1.
Mineralogical importance of Ghar
Al Hibashi. A great variety of minerals
developed within the cave environment
thanks to the peculiar conditions which
in time made it possible for different
minerogenetic mechanisms to become
active. Among these the one related
to guano combustion is quite unusual
and allows a better description of some
very rare cave minerals, which were

observed until now only in a few caves
of Namibia.
Thanks to these findings, Hibashi
lava tube has been referred to as the
most important volcanic cave of Saudi
Arabia and the richest mineralogical
shelter of the country (Forti et al, 2004).
For this reason, Hibashi cave has been
inserted in the “top ten volcanic caves”
for hosted minerals (Forti, 2004). This
research is a further confirmation of the
recently advanced opinion that amongst
the different cavern environments, the
volcanic one is the most favourable
for the development of minerogenetic
mechanisms and consequently of cave
minerals.
Loess Floor Cover. To date, six volcanic caves located in Saudi Arabia
have been studied and mapped by speleologists. In each of these, sediment
covers most, if not all of the original
basalt floors. Mud and a phosphate-rich
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compound were found in lava caves on
Harrat Kishb (Roobol et al, 2002) while
sand, mud and dust cover the floor of
Kahf al Shuwaymis in Harrat Ithnayn
and wet and dry mud lies on the floor
of Dahl Romahah in Harrat Khaybar.
In addition, eight lava caves surveyed
in Jordan show similar characteristics
(Kempe, 2004). The sediment in Saudi
Arabia’s Ghar Al Hibashi, however,
seems to consist mainly of a thick (up
to 1.5 m deep) layer of powdery silt. In
order to better understand the nature of
the Hibashi sediment, researchers participating in the SGS Loessic Silt Project
were invited to visit the cave.
Collection of samples. Two samples
of silt were taken on August 31, 2003,
in each case from the very lowest level
possible, immediately above the original
cave floor. Holes were dug by shovel in
order to access the bottom of the sediment layer. A pressurized water sprayer

Table 1. Identified cave minerals and their distribution within the cavity: Hi2: burnt wolf scat; Hi6b: ash from burnt zone; Hi7: bone
from burnt zone; Hi8: volcanic rock from burnt zone; Hi9: dirt sample from –70 cm below floor; Hi10: nest of insect larvae; Hi12:
content of lava channels; Hi13: lower extreme content of lava channel; Hi14: burnt coating on ceiling; Hi15: sticky stalactite between
stations 18w-19w; HiZZ: sticky stalactites near station 12w. The following, detrital and/or not cave-related, minerals have been also
detected: calcite (Hi2), dolomite (Hi2), feldspar (Hi2, Hi7, Hi8, Hi9, HiZZ), illite (Hi9) and pyroxene (Hi8); no minerals at all have
been detected in Hi10.
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Figure 5. Measuring the depth of the loess
bed at the second sampling point.

was used to strengthen the side walls as
the holes were dug and also to minimize
the amount of dust in the air. Sample
number one was taken from a point 4
m SE of station 11W, in the middle of
the passage. The sediment was 40 cm
deep at this point. The sample was forced
into a heavy-duty PVC tube which was
then sealed with tight-fitting end caps.
Desiccated hyena scat, twigs and fragments of basalt were found lying on the
original floor of the cave. The second
sample was taken from the bottom of a
hole dug halfway between stations 8W
and 9W, equidistant from the walls of
the passage. At this location, 60 meters
closer to the cave entrance than the first
sampling point, the sediment was found
to be 1.5 m deep (Fig. 5).
Analyses of loess content. The results of analyses carried out on these
samples will be reported in Vincent
and Kattan, 2005. Below we briefly
summarize comments on the Hibashi
sediment communicated to the chief
author by Dr. Peter Vincent.
A laser granulometer indicates that
this sediment is loess with a mean particle size of about 10 microns. It is a fine
silt dominated by quartz, feldspar and
kaoline, as determined by XRD analysis.
The kaoline indicates that it was derived
from deep weathering because it is an
end-product clay mineral that now only

forms in humid tropical conditions. The quartz is almost certainly derived from the deeply
weathering laterites which are
filled with eroded quartz grains.
There is abundant evidence that
deep weathering of the Shield
took place in Miocene times
after the uplift, releasing the
quartz silt. Because the silt could
not have come from the basalt
in the area (which is a basic
rock and quartz poor), it is not
a local fluvial deposit, but must
be related to the weathering underneath the local basalt or must
come from further afield. It was
almost certainly carried into the
cave by air (Vincent, 2004).
Age dating of Hibashi loess.
Optically Stimulated Luminescence (OSL) was used to date the
two samples from Ghar Al Hibashi. The procedures were carried
out during a six-month period
in 2003 at Oxford University,
U.K., using a Danish instrument from
Riso. The age of sample 1 (depth: 40
cm, circa 150 m from the cave entrance)
was found to be 4.5±0.2 ka while the age
of sample 2 (depth: 150 cm, circa 90 m
from the entrance) is 5.8±0.5 ka. Both
of these dates are post-Holocene wetphase (7 ka bp) and presumably relate
to the onset of aridity and more frequent
windstorms (Vincent, 2004).
Role of Hibashi loess for design of
microrobots for Mars. A joint project by
the Field and Space Robotics Laboratory of MIT (Massachusetts Institute
of Technology) and the Cave and Karst
Studies Program at New Mexico Tech.
(NM Institute of Mining and Technology) is using Hibashi Cave as a model
for lava tubes on Mars. This project,
funded by the NASA Institute for Advanced Concepts (NIAC) is looking at
microrobotic technology for accessing
such systems in extraterrestrial locations
(Dubowsky et al., 2003).
Interest in lava tubes on other bodies
including Mars and the Moon for future
space missions has been suggested by a
number of investigators (Boston, 2003,
Frederick, 1999, Horz, 1985). A detailed
NIAC study over four years has produced
a set of enabling technologies that will
allow robotic and ultimately human use
of Martian lava-tube caves. One of those
identified technologies, i.e. the need for

highly capable miniature robotics for
ground-based detection, reconnaissance,
and mapping of lava-tube structures, has
led to the most recent project.
Mars has many lava tubes of great
size that are quite conspicuous on orbital imaging data from various Mars
mission instruments. The NMT team
has identified numerous instances of
these. Because of the large amount of
very fine surface material that is globally distributed on Mars by planet-scale
dust storms occurring at fairly regular
intervals, the NMT workers have hypothesized (Boston, 2004) that such
materials would sift into lava tubes and
create a flat floor of such unconsolidated
deposits. The Hibashi system is filled
with such material and presents a perfect
analog for such a situation. According
to Boston, 2004, the detailed map of
the system, shown in Figure 3, has been
invaluable in producing robotic motion
simulations created by the MIT team
to test the capabilities of the candidate
microrobotic designs to navigate into and
around such a challenging environment.
The project is continuing with a Phase
II proposal to be submitted to NASA in
the near future.

Animal and avian excreta in
Ghar al Hibashi

The arid climate of Saudi Arabia results
in relatively low humidity within most
of the country’s caves and, therefore,
the preservation of much of the caves’
contents which, under wetter conditions,
would be destroyed by decomposition
or water movement. The humidity of
Hibashi Cave, for example, is typically
48%.
Animal and avian excreta introduced
into the cave environment have been remarkably well preserved in Hibashi Cave
and merit study, as will be explained
below. In contrast, so little evidence of
the presence of fauna has been found
inside most of the world’s caves, that
the official List of Cave Symbols of
the International Union of Speleology
(UIS) has only one symbol for excreta, a
v-shaped drawing which represents the
guano of bats or birds. Hibashi Cave,
however, contains the desiccated excreta
of at least six species in such quantity
that they are useful not only as landmarks, but also for understanding the
history, climate, flora and fauna of the
area, both inside and outside the cave.
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and Hibashi Cave in particular, may
provide a sufficient source of phytoliths
for the study of climate change and desertification on the Arabian peninsula.

Observations on a human skull
found in Ghar al Hibashi

Figure 6. The three types of animal feces most frequently found in Saudi caves. From
left: hyena, fox, and wolf.

Unlike typical coprolites, this dry scat
can easily be broken apart and its contents examined.
By far the most frequently found
type of scat is tan, sometimes white,
in color, less than 4 cm long and less
than 2 cms wide, sometimes tapered at
one end. Benischke found large quantities of similar scat in B7 (or Murubbeh) Cave, located on Saudi Arabia’s
Summan Plateau. Toothmarks on bones
found near these droppings led experts
in Austria to identify them as hyena
scat (Benischke et al, 1988). Although
hyenas are not normally found in most
parts of Saudi Arabia today, they can
still be seen in the southwestern part of
the kingdom where they are considered
unwelcome predators. In 1998, speleologists observed the body of a recently
killed hyena hanging in the air near Al
Jawah village, approximately 103 kms
SSW of Hibashi Cave. The great amount
of hyena scat found in caves all over
Saudi Arabia (Pint and Pint, 2004; Pint,
2000; Roobol et al., 2002; Al-Shanti et
al., 2003) indicates that these animals
were more prevalent in the past than
they are today. Larger, cylindrically
shaped scat, brownish in color, is less
frequently found in Hibashi Cave. This
is thought to be wolf scat, based on the
opinions of local people regarding scat
of similar size, shape and color found
in other Saudi limestone and lava caves
(Al-Shanti et al., 2003). Figure 6 shows
the three types of animal feces most
frequently found in Saudi caves. Hyena
scat is seen on the left and wolf scat on

Parts of a human skull were found in
Ghar Al Hibashi by SGS geologist Abdulrahman Al-Jouid on January 7, 2003.
The two pieces were lying at the edge
of a patch of sand 8 m NE of station
26 near the far eastern end of the cave.
Because human skulls previously had
been stolen from Murubbeh-B7 cave
(see Forti et al, 2003, pp 18-19) and
because Hibashi Cave has no gate and
is occasionally visited by the general
public, as indicated by graffiti at the
cave entrance and inside, it was decided
to remove the skull parts from the cave
for safekeeping.
Photographs of the skull parts (Fig.
8) were shown to Donald A. McFarlane,
Associate Professor at the W. M. Keck
Science Center, Claremont Colleges,
California. He stated (McFarlane, 2003)
that both pieces were obviously human and appeared to be in quite good
condition, even though the parietal and
occipitals of the cranium were missing.
He identified the smaller fragment as
the back of the cranium, the hole being the magnum foramen into which
the spinal column connects. McFarlane
noted the cranium had apparently split
off along the coronal and squamosal
sutures, possibly suggesting a relatively
young (adult) individual, since these
sutures increasingly fuse with age. He
also noted that the skull appeared to
have only seven teeth per quadrate. The
3 molar which typically develops between 15 -21 years of age appeared to
be un-erupted. Since the second molar

the right. It seems likely that the scat in
the middle is from a fox. Similar scat
was found in Black Scorpion cave where
foxes were observed outside the cave,
at night. Live foxes were also seen near
and inside Murubbeh/B7 cave where
the desiccated body of an Arabian Red
Fox (Vulpes vulpes arabica) was found.
Carbon dating indicated the remains to
be 1890±45 years old, suggesting that
foxes have long lived deep inside caves
in Saudi Arabia.
Mounds of rock-dove guano are found
between stations 3 and 4 and probably
once covered a much larger part of the
sun-lit portion of the cave, but have been
destroyed, probably by human traffic.
Researchers at Oxford University,
U.K. have discovered phytoliths in plant
fibers found in hyena scat from Hibashi
cave. According to Mulder and Ellis
(2000), plant opal-phytoliths are of great
value for the study of aridification, desertification, wind patterns, etc. Phytoliths
are microscopic bodies that occur in the leaves, roots, etc. of
plants. They are composed of
opaline silica or calcium oxalates and have unique shapes
that act as signatures for the
plants that produced them.
In Ghar Al Hibashi, the age
of phytoliths may be determined
from the vertical position of
the scat in the bed of loess or
by carbon-dating scat samples.
Since plant fibers are commonly
found in hyena and wolf scat
(Fig. 7), caves in Saudi Arabia Figure 7. Broken scat showing plant fibers.

96

AMCS Bulletin 19 / SMES Boletín 7 — 2004

Figure 8. The skull found in Ghar al Hibashi. It is approximately
425 years old.

comes through at about 11-12 years,
McFarlane was of the opinion that the
individual had been about 14-18 years
old at the time of death.
Photographs of the teeth were also
shown to Dr. Erik Bjurström, dental
consultant, who noted (Bjurström, 2003)
that in this skull the canines were not
fully erupted and baby tooth 5 was still
in place. Bjurström estimated that the
skull belonged to a person 12 to 14
years old, using norms that apply to
modern man.
In 2003, samples were taken from the
larger skull piece and sent to the Gliwice
Radiocarbon Laboratory at the Institute
of Physics of the Silesian University of
Technology, Gilwice Poland. Collagen
was successfully extracted from the
sample and a radiocarbon age of 425±30
years BP was established.
As may be noted in Fig. 9, the upper
portion of the skull appears to have been
removed with the help of a flat blade,
such as from a sword or axe, suggesting
the possibility of foul play in the death
of this individual.

Figure 9. The upper portion of the skull appears to have been
removed with the help of a flat blade, such as from a sword or
axe, suggesting the possibility of foul play in the death of this
individual.

Conclusions and
recommendations

A number of rare and unusual secondary
cave minerals were found in Ghar Al
Hibashi in a small number of samples
taken mainly from one area of the cave.
It is recommended that similar studies be
carried out on samples from the extreme
western end of the cave. In like manner,
a thorough study could be made of the
cave silt and of the phytoliths contained
in fibers found in the animal scat.
To date, no attempts have been made
to dig for artifacts nor to study the bones,
horns and other primate remains scattered throughout the cave. The subsurface may yield further finds of possible
interest to historians, archeologists and
perhaps paleontologists.
Although Hibashi Cave as been declared of world-class importance, it is,
at present, not protected by a gate or
a fence and is occasionally visited by
the general public, as indicated by several layers of graffiti on its walls, both
near the entrance and deep inside. If the
cave cannot be preserved exclusively
for scientific studies, it would seem useful to control the spontaneous tourism
now going on there. Visitors might be

restricted to certain areas of the cave
and a walkway might be built (perhaps
of native basalt cobbles) to reduce the
dispersion of loess into the air. Such a
walkway might benefit both tourists
and scientists.
Ghar Al Hibashi appears to be an
unusual and important cave and it is
hoped that studies of this lava tube will
continue.
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