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Karst in Northeastern Saudi Arabia 

H.S. EDGELL 

King Fahd University of Petroleum and Minerals, 
Dhahran, Saudi Arabia 

AIlSTRACT. Exposed carbonate strat,a of the Paleogene Umm er Radhuma Formation (UER) 
are karstified in northeastern Saudi Arabia, Detailed studies around Ma'aqala, 280 km west of 
Dhahran, have been conducted by a joint team from King Fahd University of Petroleum and 
Minerals and the Austrian Academy of Sciences. An area of 500 km2 containing 58 dahls or 
dolines has heen mapped, These are mostly vertical sinkholes, 10 to 30 m deep, leading to sub­
horizontal cave systems. In the subsurface, all caves examined in the UER limestones are dry 
and were developed long ago, as the present ground water table is at depths of 130 to 210 m, 
Karstification was possibly initiated during Middle to Late Eocene and Oligocene, when the 
UER may have been exposed to weathering, although most karstification is Quaternary. 
Miocene calcareous sandy sediments were disconformably deposited on the eroded UER 
limestones. Later erosion removed these Neogene strata over the very gentle Ma'aqala Arch 
and UER limestones were predominantly karstified during Quaternary pluvial phases. Well­
developed karst features are unusual in hyperarid areas, Here, they are primarily relict fea­
tures. Typical karst features found near Ma'aqala include karren, sinkholes, dolines, uvalas. 
poljes, blind valleys, vertical and horizontal caves, stalactites and stalagmites. Caves are struc­
turally controlled by major vertical joint trends ofN30° E, N40° W, a less well-developed trend 
of N75° E, and minor N-S and E-W joints, as shown very clearly by the UPM Cave and Dahl 
Abu Hashemi. 4 and 8 km NNE of Shawyah, respectively. Stratigraphic control of cave de­
velopment is seen in the UPM Cave with three levels of galleries caused by more soluble cal­
careous strata. The longest cave mapped in the UER is 1,1 km. 

Dolines are also found in adjacent Neogene calcareous sandy strata, e.g., Dahl Aha Jirfan. 
Some of these dolines contain locally used perched water. 

Introduction 

The solutional landforms of limestone regions are 
known by the German word karst, derived from the 
Siovenian term kars and of Sanskrit origin. The classi­
cal area for karst lies in Yugoslavian province of 
Slovenia (Sweeting 1973), 

Solution features have long been known to exist in 
carbonate and evaporite formations of northeastern 
Saudi Arabia (Felber et al. 1978, Pint and Peters 
1985), A good example is Dahl Hit, which occurs some 
35 km southeast of Riyadh where the soluble anhyd­
rite of the uppermost Jurassic Hith Formation has· 
been dissolved into a prominent sinkhole, The most 
widespread occurrence of these sinkholes, or dahls, is 
in the Umm er Radhuma Formation limestones, 
which crop out extensively from the Saudi-Iraq, border 
along the Interior Homocline (Fig, 1) to the latitude of 
AI Layla (approx, 22° 20'N), These sinkholes, or 

HI 

dahls, are well-known by the bedouins and the major 
ones are named and represented on the 1:500,000 
geographic and geologic maps of the Kingdom (Bram­
kamp and Ramirez 1958) and, in considerably greater 
detail, on the 1 :50,000 topographic maps prepared by 
the Ministry of Petroleum and Minerals Resources 
(1982). ' 

I t is only in recent years tlnrt it has been realized that 
these sinkholes are quite unusual in the hyperarid area 
of northeastern Saudi Arabia, where karstification has 
continued through the dry intervals of the Quaternary 
and is probably still continuing to a limited extent. To­
gether with many other solution features, such as 
poljes, uvalas, dolines, ponor and karren, the sin­
kholes are part of a set of geomorphological features 
known as karst, which are formed by solution in carbo­
nate and evaporite rocks, Clearly, these karst fea­
tures, in a presently quite arid area bordering the 
Dahna, were mainly formed in pluvial phases of the 
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FJ(;. I. Umm er Radhuma limestone outcrops along the Interior 
Homocline of northeastern Saudi Arabia. 

Pleistocene, when the rainfall was much greater 
(Hatzl and Zatl 1976) and when the ground water 
table was at a much higher level, Karstification con­
tinued above the regional ground water table to a les­
ser extent, when stalactites and stalagmites were 
formed. 

An outcrop area of the Umm er Radhuma Forma­
tion of the Paleocene-Early Eocene age, covering 
about 500 km2 around Ma'aqala, some 280 km west of 

Dhahran, was selected for a detailed joint study of 
karst phenomena by scientists from King Fahd Uni­
versity of Petroleum and Minerals and from the Aust­
rian Academy of Sciences, largely because of the 
numerous sinkholes and caves in this area of well-ex­
posed outcrops of this formation. This lithostratig­
raphic unit consists of some 250 m of limestone and 
dolomitic limestone, with some marl interbeds and 
calcareous shales towards the base. Due to its rela­
tively pure carbonate lithology, prominent jointing 
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and widespread exposure, the Umm er Radhuma For­
mation is the most widely karstified rock-unit in Saudi 
Arabia. 

In this paper, the author will only discuss karst in the 
relatively small area between Ma'aqala. Shawyah and 
Al 'Aytaliyah. 

Karst Geomorphology 
in 

Northeastern Saudi Arabia 

In the Summan Plateau of northeastern Saudi 
Arabia, a large area of Lower Tertiary limestones 
crops out, bordered by the Upper Cretaceous Aruma 
Formation on the southwest and by Neogene calcare­
ous sandstone, sandy limestone and marl towards the 
northeast. The Lower Tertiary limestones of the U mm 
er Radhuma Formation are especially well-exposed in 
an area of about 500 km2 around the town of Ma'aqala 
with a generally low dip from 112° to lOin a northeast 
direction. They form a northward prologation of 
Lower Tertiray outcrops. due to the very gently north 

Tsm 

plunging Ma'aqala Arch (Edgell 1987a). The sands of 
the Dahna ('Urayq al Khufaysah, 'Urayq ad Duhul 
and 'Irq al Hizwah) lie to the south, and Upper Ter­
tiary (Miocene) calcareous sandstones, marls and 
thin-bedded limestones lie on the east and west flanks 
of the Ma'aqala Arch, as well as on its northern plunge 
(Fig. 2). Gentle folding of the competent Umm er 
Radhuma limestones on the Ma'aqala anticline has 
caused a network of vertical and horizontal diaclases, 
which has favoured the development of karst features. 

Karstification is well-developed in the exposed 
Umm er Radhuma Formation due to its favourable 
carbonate lithology, consisting of thick-bedded cal­
carenitic and slightly dolomitic, non-porous limes­
tones, minor dolomite and some marl interbeds. The 
outcrops of this formation are also strongly jointed 
along north-northeast, northwest and nearly east-west 
trends. with minor northerly and northeasterly joint 
sets (Fig. 3). Combined with the dominantly limestone 
lithology, the weB-developed jointing has permitted 
the formation of numerous karst features. 
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FIG. 3, Major joint trends in the Umm er Radhuma Formation 
limestones of the Ma'aqala area (shown by Rose Diag­
ram). 

The exposures of the Umm er Radhuma limestones 
in the Ma'aqala area mostly form bare karst, or 
holokarst, with many similarities to the Mediterra­
nean Dinaric karst. In some shallow depressions (raw­
dat), such as Rawdat Khufaysah, shallow clay-sand 
sediment covers the Umm er Radhuma limestones, so 
that these areas can be considered covered karst. 
These alluvial depressions in the Lower Tertiary 
limestones of the Ma'aqala area are clearly seen on an 
enlarged satellite image of the studied area and repre­
sent poorly developed poljes (Fig. 4). The longitudinal 
sand dunes of the Dahna blanket the Umm er 
Radhuma just north of Shawyah, forming a type of co­
vered karst. Neogene strata rest unconformably on 
the Paleogene Umm er Radhuma on the flanks and 
plunge of the Ma'aqala Arch, so that the old karst 
landscape, possibly initiated during the Middle to Late 
Eocene and Oligocene, may be obscured completely 
to form buried karst, although there is no evidence of 
buried karst features in many Y -holes and structure 
holes drilled in the area by Saudi Aramco. 

Small scale karst features seen include subparallel 
channels up to 2 em deep, which are known as rillen­
karren (Bogli 1980, White 1988), formed on inclined 
surfaces of purer limestones by solution caused by 
small amounts of precipitation, including dew conden­
sation in humid weather (Fig. 5). 

FIG. 4, Numerous poljes seen as dark areas on a Landsat TM 
image of the Ma'aqala area, 

FIG. 5, Rillenkarren solution channels. fOf).:ed on inclined sur­
faces of purer limestones in the eXpJsed Umm er 
Radhuma Formation. 
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In some places, very small meandering runnels are 
formed on low sloping limestone surfaces, being only a 
few millimeters deep, probably as a result of the low 
annual precipitation. These may be referred to as 
mini-meanderkarren. 

Solution along mainly vertical joints in the Lower 
Tertiary limestones causes the frequent development 
of kluftkarren, which are clefts from a few centimeters 
to several meters wide (Fig. 6). In horizontal plan, 
these are seen as grikes separated by small, ridge-like 
dints (Jennings 1971, 1985). 

more conspicuous and of much larger diameter in the 
Ma'aqala area, in keeping with karst of the hot arid ex­
treme (Ford and Williams 1989). They are caused by 
collapse of the roof~ of enlarged caverns, resulting in a 
jumbled pile of broken limestone blocks at the bottom 
of the doline. Alluvial do lines are not readily seen. but 
are believed to exist in the limestones underlying the 
alluvial-filled depressions, or rawdat. Clearly, water 
does not accumulate in these enclosed alluvial depres­
sions. such as Rawdat Ma'aqala (Fig. 8), and the dried. 
clay-sand alluvium forms desiccation cracks in the 
summer, so that sand can be seen to run endlessly into 

1"1(,. 6. Kluftkarren developed as clefts by solution along vertical 
joints in Lower Tertiary limestone. 

Among the larger scale karst features, those most 
commonly encountered are dolines, which form the 
numerous dahls in the Ma'aqala area, such as Dahl al 
Hashemi, Dahl Abu Sudayrah and Dahl Abu Tuqqah, 
plus a great many others which are unnamed. These 
dolines are of at least three distinct kinds, namely sol­
ution dolines. collapse dolines and alluvial dolines 
(Williams 1969). 

Solution dolines are due to dissolution of limestones 
along intersecting joints so as to form suh-vertical 
shafts (Fig. 7) and are the most frequent type encoun­
tered. Collapse dolines are also quite common heing 

the polygonal cracks. Failure to accumulate water and 
loss of sand, down cracks in the alluvium, both imply 
dolines in the underlying limestones of these alluvial 
depressions. Dolines developed in the Umm er 
Radhuma limestones of the Ma'aqala area ale usually 
only 10 to 30 m deep (maximum 42 m) and have a 
diameter of a few meters to some 40 m. Dahl Ahu 
Marwah is one of the larger diameter collapse dolines 
(Fig. 9). 

Some of the .narrow vertical shafts. which are less 
than a few meters in diameter, are hetter rderred to as 
sinkholes, swallow holes or ponor (Sweeting 1973), 
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karst cycle on the exposed Umm er Radhuma surface 
has not progressed past an early stage; another indica­
tion of the absence of significant karstification in 
Eoeene and Oligocene. 

Poljes are large, flat-floored, enclosed basins sev­
eral square kilometers in area (Ford and Williams 
1989), which are drained by underground channels. 
They are quite common in the Cmm er Radhuma 
limestones of northeastern Saudi Arabia and are seen 
in the Ma'aqala area as numerous, subcircular to ir­
regularly ovaL alluvium-filled depressions, generally 
less than 1 km long, and exceptionally up to 2 km long. 
They appear on enlarged Landsat Thematic Mapper 
imagery as dark patches and many show a clear orien­
tation along major trends. A good example is seen 
about 3V2 km south southwest of Ma'aqala with a 
sandy alluvial floor and several sinkholes draining it 
on the northern side. It is very probable that some of 
the larger depressions, or rawdat, such as Rawdat 
Ma'aqala and Rawdat Umm es Suruj, are also poljes 
and they certainly have internal drainage and alluvial 
fill, while several residual hills, or hums, of Umm er 
Radhuma limestone poke out through the alluvium of 
these larger poljes (Fig. 11). Since they occur in an arid 
region, these poJjes do not have the same landscape 
appearence as seen in the higher rainfall karst areas of 
Europe, but they are undoubtedly poljes, formed in 
Arabia during more pluvial periods and probably 
slightly enlarged by periodic rainfall even during pre­
sent arid conditions. 

Subsurface Karstification 

Manv of the sinkholes and dolines in the Umm er 
Radhu~a limestones lead into extensive and quite 
complicated cave systems, first described by Pint and 
Peters (1985) and later, in more detail, by Benischke et 
at. (1987). Caves up to 1.1 km long have been mapped 
(Benischke et at. 1987), although most can be followed 
for only a few hundred meters. These caves are gener- . 
ally entered by shafts, or dolines, and are usually from 
10 to 30 m below ground surface. They have obviously 
developed into cave passages by solution along open 
joints and bedding planes under lower vadose condi­
tions related to base level drainage. This implies that 
the ground water table was once quite near the sur­
face, whereas it now lies a depths of 130 to 210 m 
below the ground surface. 

The cave galleries are often at several levels and ap­
pear to have selected more soluble strata as the ground 
water table lowered, probably during the Early cmd 
Middle Quaternary. This is dearly shown in the so-cal­
led UPM Cave (Lat. 26° 24' 08.40': N; Long. 47° 15' 
53.40" E). 

All the caves examined in the Umm er Radhuma 
. limestones of the Ma'aqala area are now dry and aban­
doned, except for a few small pools trapped during 
years with heavy winter rains. Precipitation records 
show that every HI or 15 years, there is unusually 
heavy and intense rainfall during short periods of 
winter and spring, when considerable amounts of 

FlO. 11. A hum, or fc·,Jduai Iim.:,t,,",: hilL in tiH: large poIJt:-lyp.: 
depression of Rawdat rVla·<Iqala. 
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water enter the old dry karst system, 

Otherwise, the features developed in the caves of 
northeastern Saudi Arabia are those typical of cave 
systems everywhere. There are stalactites and stalag­
mites within the caves, as well as sinter shawls, and 
potholes in the floor of the cave passages. There are 
evidently fewer speleothems here than found in caves 
in areas of higher rainfall. After the initial cave shaft, 
most caves consist of several passages running in diffe­
rent directions, of branching passages which, on closer 
examination, show a systematic relation to the major 
joint trends of the region and to selective stratigraphic 
horizons (Edgell 1987b). 

Stratigraphic Control 
of 

Karst Development 

The most obvious stratigraphic control of karst de­
velopment is the occurrence of the thick, tabular, 
dense, partly non-porous limestone body of the Umm 
er Radhuma Formation. Adjacent formations, such as 
the underlying, intercalated calcareous sandstones, 
marls and sandy limestone of the Neogene, do not 
show karstificatiOli. to anywhere near the same ext~nt 
as the Umm er Radhuma limestones. These Pale­
ocene-Lower Eocene limestones may also have been 
exposed during the Middle to Late Eocene and 
Oligocene, before the Neogene clastics were depo­
sited. The Pre-Neogene unconformity may have al­
lowed some initial karstification of the Dmm er 
Radhuma Formation, although' many drill holes·in the 
Ma'aqala area fail to show any paleosol horizon or lost 
circulation at this unconformity. 

Cave galleries have developed at several different 
levels in many cases, due to the more favourable solu­
bility of certain strata and the gradual drop in the 
ground water table. This is clearly seen in the UPM 
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Cave (Fig. 12), where stacked galleries are developed 
at about 7, 17 and 23 m below ground surface (Benis­
chke et al. 1987). Detailed examination of the 
lithologic sequences in several caves by lrtem and 
Ahmed (1987) shows that chalky marl layers seem to 
have been preferentially dissolved, rather than the 
slightly dolomitized limestones. 

Structural Control 
. of 

Karst Development 

The influence of the regional stress field on the brit­
tle and thick-bedded limestones of the Umm er 
Radhuma Formation has created well-developed joint 
sets which have a clear effect on the direction and de­
velopment of both surface and subsurface karstifica­
tion (Edgell 1987b). Together with favourable carbo­
nate lithology, a low regional ground water table and 
previous pluvial intervals, the influence of well-de­
veloped, near vertical joints has played a major role in 
karst development in northeastern Saudi Arabia, 

In areas where the Umm er Radhuma carbonates 
are well exposed near some dahls, or just west of 
Ma'aqala, there is a surface pattern of elints and grikes 
which reflects the major joint trends. 

These major joint trends are clearly shown on Land~ 
sat Thematic Mapper images of the Ma'aqala area by 
the alignment of successive poljes (Fig. 13). Large 
Format Camera images of the area also show promi­
nent jointing along a major trend about N 30° E. A sec­
ond major joint set trends N 40° W, with a third joint 
set trending N 75° E. Less important joints trend al­
most north-south and east-west. 

Since these joints, seen in outcrop and in caves, are 
almost vertical and expanded by solution, they pro­
vide major avenues for access of surface water to 
karstify the Umm er Radhuma limestones in the sub-

LEVEL 

.LEVEL", II .,! 

FIG. 12. Longitudinal efms section ofthe UPM cave. showing suc­
cessively abandoned galleries. (Benisehke el at. 1987) 
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FIG, 13, Major joint trends and alignment of poljes in the Ma'aqala 
area. as seen on Landsat TM imagery. 

surface. Where major joints belonging to different 
joints sets intersect, solution often favours the de­
velopment of sinkholes, or larger collapse and solu­
tion dolines. 

HP 

The influence of fractures on jointing is very clearly 
seen in the subsurface in the UPM Cave, whose main 
gallery has a length of 668 m and follows a zig-zag 
path. This long eave passage proceeds downdip to­
wards the north, probably in response to an old base 
level, but, in detail, it alternates between the predo­
minant N 30° E joint trend and the other major joint 
trend of N 37° W. The UPM Cave represents a classi­
cal case of struetural control of cavern development by 
major joint systems and by bedding plane diaclases 
(Fig. 14). 

Evolution of Karst 
in 

Northeastern Saudi Arabia 

There are several stages in the development of karst 
in northeastern Saudi Arabia, as seen by the example 
of karstification of the Umm er Radhuma limestones. 

These shallow water, marine limestones accumu­
lated during the Paleocene and Early Eocene over 
most of the Arabian Shelf. At the end of the Early 
Eocene there was possibly a widespread regression, 
since the anhydritic Rus Formation, as well as the 
Dammam Formation, are missing from most of the 
Sum man Plateau. Alternatively, the Rus and Dam­
mam Formations may have been removed by erosion 
prior to deposition of the Neogene sediments. The 
Umm er Radhuma limestones may have been exposed 
to weathering during the Middle and Late Eocene, 
and the Oligocene. During this interval of approxi­
mately 26 million years, the Umm er Radhuma carbo­
nates may possibly have undergone initial karstifica­
tion. Their upper suface is now weathered so that a 
brown, ferruginous, chert duricrust has formed. This 
duricrust can still be seen on many parts of the Umm er 
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FIG. 14. Plan of the UPM Cave system, showing joint control of the 
main cave passage by N 30° E and N 37° W joint sets. 



Kurs! in l\/or{heaslern Saudi Arahia 91 

Radhuma surface, particularly towards the tlanks of 
the Ma'aqala Arch where there has been least erosion 
(Fig. 15). The reasons why the Umm er Radhuma 
limestones were not more karstified during Middle 
Eocene to Oligocene times may be due to their low re­
lief, with the sea only about IO km to the northeast, or 
because they were once covered by later Eocene sedi­
ments. 

south central part ofthe Ma'aqala Arch, the upwarped 
Umm er Radhuma was also slightly eroded, so that its 
protective duricrust coating was removed. As a result, 
the most frequent caves have been found in this south­
central area between Ma'aqala and Shawyah. 

In the Middle Pleistocene, arid conditions began 
and continued until the present, with a few minor plu-

FIG. 15. Duricrust of brown, ferruginous chert on the uppermost 
surface of the Umm er Radhuma Formation; 12 km ESE 
of Ma·aqala. 

In the Early Miocene, the eroded surface of the 
Umm er Radhuma was buried beneath up to 250 m of 
transgressive marls, thinly-bedded sandy limestones 
and calcareous sandstones of Late Tertiary age. 

Renewed structural uplift along the north-trending 
Ma'aqala Axis occurred during the Pliocene and the 
overlying Neogene sediments were eroded. By the 
end of Pliocene, the Umm er Radhuma Formation it­
self was exposed to erosion along the northerly trend­
ing axis of the Ma'aqala Arch. 

During the Early and Middle Pleistocene, from ap­
proximately 1.6 million to 700,000 years ago, a warm 
pluvial period prevailed as indicated by oxygen 
isotope ratios. It was probably during this time that the 
greatest amount of karstification of the Umm er 
Radhuma limestones took place with poljes, dolines 
and sinkholes (or ponor) being widely formed. In the 

vial exceptions, such as in the Late Pleistocene from 
17,000 to 36,000 years BP and in the 'Neolithic Wet 
Phase' from 6,000 to 10,000 years BP, when it was 
more rainy and additional karstification took place. In 
Saudi Arabia, cold intervals of the Quaternary coin­
cide with pluvial phases and warm intervals with arid 
phases as at present. 

During the last 6,000 years, all of northeastern 
Saudi Arabia has been hyperarid and the caves and 
dahls in the U mm er Radhuma limestones have mostly 
remained dry, while the ground water table has fallen 
progressively. High intensity rain occurs very rarely. 
In this hyperarid interval, which continues to the pre­
sent day (Hatzl and Zatl 1976), the main influences 
have been eolian with the formation of longitudinal 
sand dunes ('uruq) of the Dahna, as well as thin sand 
sheets over parts of the U mm er Radhuma Formation. 
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Karstification and Paleoclimate 

The most significant evidence of the age of most of 
the karstification in the Sum man Plateau of northeast­
ern Saudi Arabia is provided by radioactive isotope 
datings carried out recently on cave stalactites, stalag­
mites and sinter drapery. These datings based on Car­
bon 14 (l4C) and Uraniumffhorium (Uffh) were car­
ried out by W. Rauert et al .. (1988). 

Amongst the 14C datings of cave materials, the 
majority exceeded 40,000 years, and, thus;could not 
be determined because of the short half-life to this 
isotope. 

Some sinter on a bat specimen was dated by 14C as 
1740 ± 140 years old. This corresponds to the moister 
period when Thaj (orPhigea), Gerrh'a and Qaryat al 
Fa~ all flourished and the radiocarbon date fits 'weU 
with the ancient. historical record. Anything dated 
younger than this was either camel bone, of antelope 
horn (from 810-955 years BP) and already indicative 
of a desert climate, 

Dating of bat guano at 7090 ± 75 years ago (Rauert 
et aT. 1988) is significant, since bats no longer inhabit 
these dry caves as the area is now too arid. Also, a 
sinter tube was dated at 9400 ± 300 years BP, It is im­
portant that these two datings fall in the pluvial 
'Neolithic Wet Phase' from 6,000 to 10,000 years ago, 

The next group of 14C dates are those made on 
stalactites and range from 29,000 (± 22(0) to 36,6(X) 
(± 1500) years ago, This was a major wet phase in 
Saudi Arabia, corresponding to the last glacial 
maximum (Wiirm Glaciation in Europe), and evi­
dently sufficient water s~eped into the caves to form 
stalactites; a process which is not taking place today. 

There is one definite Uffh age date, of 72.000 
(± 1700)·BP., on sinter drapery from.one ofthe caves. 
It also indicates a 'moister phase in Arabia and falls 
within an early phase of the Wiirm Glacial (Nilsson 
1983, and Martinson et ai, 1987). 

The most important fact is that most Uffh isotope 
datings on cave stalactites are greater than 270.000 to 
350,000 years BP. Thus, the major karstification and 
cave formation in the Summan Plateau of northeast­
ern Saudi Arabia is quite old and took place in Early 
and Middle Pleistocene. Additional karstification 
took place in the Late Pleistocene (11,000-36,000 
years BP) and in the Early Holocene. From the obser­
vation of stalactites cemented into the land surface 
near Dahl Abu Marwah, it is clear that there have 
been repeated cycles of karstification (Felber et 
al.1978). 

It is not considered likely that the major cave sys­
tems. dolines and poljes date back to the Middle 
Eocene to Oligocene. If this were the case, then the 
poljes and rawdah type depressions would have to 
contain remnant Neogene sediments. 
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