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GEOLOGY OF THE WABAR METEORITE CRATERS, SAUDI ARABIA; E. M. Shoemakérand J.C.
Wynr?, *U.S. Geological Survey and Lowell Observatory, Flagstaff, AZ 8600.5. Geological Survey, Reston,
VA 20192.

In March of 1995, we were privileged to accompany an expedition sponsored by the Zahid Corporation
of SaudiArabiato the Wabar Craters in the Rub' Al-Khali desert (The Empty Quarter) of the southern Arabian
peninsula (at 21°30.2" N latitude and 50°28.40/gitude). Transportacrosshe sandsheetof the northernRub'
Al-Khali wasby Humveesanda 4 x 4 Volvo truck, which carried dackhoe for the purpose of exposing the
structureof the craterrims. Although numerousvisitors have examined the Wabar meteorite craters over the 62
years since St. John Philby's first report, no detailed investigation of the geology of the cratéeehad
undertakerprior to our expedition. We spent5 days during the week of March 1P the craters carrying out a
systematic survey of the craters themselves and the surrowstdewgnfield of impactglassandimpact-formed
"instant rock."

Partsof threecraters were exposed the time of our visit (Fig. 1).Their diameters are estimatedl4,

64, and 116 m. We refer to these as the 11-m, Philby A, and Philby B cr@mrsaryto inferencesn a number

of previous reports (e.g. [1], [2], [3]), the craters have been formed entirely in loose sheactive Rub'Al-

Khali sand sheetNo bedrock is exposed in the near vicinity of the craters and no bedrock fragments dleeur in
ejecta from the cratersThe lower walls of the craters are lined wittbeeccia composed of clasts of shock-
compressedand,muchof whichis shock metamorphosed tdian rock (instant rock). The exposed rims of the

two largestcraters are mantled with bombs and lapilli of black and white slaggy impactite glass and with large
and small clasts of instant rock. At the 11-m crater, the ejecta rim has been entirelyagragieshly the breccia

lining the lower craterwalls is exposed. Survival of the craters in the shifting sands of the Rub' Al-Khali is due
solelyto the presencef the impactiteglass and instant rock that mantles the crater rims and resists transport by
the wind and to the resistant breccia lenses lining the crater walls.

The 11-m crater was discovered by Wynn on a visit to the craters in1/d8%, No previousvisitorshad
reportedthis small crater; evidentlyt ihad been uncovered by deflation only shortly before Wynn's 1994
observations.Pre-crater sand has been fairly deeply eroded around the 11-m cratel, afritie rim andupper
crater walls have been lost by eolian scolihe breccia of the lower walls is about 2@ thick and dips about
30°inwardatthelevel of exposure.Clasts in the breccia range in strength from weakly compressed sand that can
be easily crushed between the fingers to hard blocks exhibitprgreouncedslatey cleavage. Abundantsmall
oxidized fragments of meteorites are dispersed in the breccia.

Only the southeastern part of Philby A was exposed in 199% northwestern half was covered by a
prominent seif dune. When seen by Philby in1932, the cratevaimcompletelyexposedl1]. Whenthe site was
photographed from the air by Holm in 1961, the crater apparently was completely coithreand[2]. In 1995,
the sand-filled floor of the crater wasn3 below the level of thsoutheastermim. The impactite-mantledim
depositwas exposed over an area about 50y 30 m(Fig. 1). A fallout deposit of glass bombs and clasts of
instant rocks with scattered oxidized and metallic meteorite fragments rests on an ejecta blankethat sand
aboutl m thick at the craterrim. The rim has been eroded back abo6tm from the preserved 0.5-m thick
breccia lining the crater wall, leaving tapographic bench where deformed pre-crater sand is exposé.
excavateda trenchin the southern rim to study the deformation and obtain samples for thermoluminescence
dating of the pre-crater sand depogtovidentially, t had rained the night before our arrival, ahddampsand
held the walls of the trench long enough for us to obtastriectural cross-section (Fig. 2Beddingin the pre-
cratersandis upturned in the southern wall; outward dips become progressively steeper toward the center of the
crater,reachingan observed maximum of 50Hence the structure of this crater in sand resembles that of Meteor
Craterand of several other meteorite craters in bedrock mapped by the Shoemakers in AuSmadith.thrust
faults dipping both toward and away from the crater were observed outside the zone of sharp uptdineing of
beds.

Just the crest and a small part of the breccia-lined wall of Philby B, the largest craterxpasedt the
time of our expedition. The crater was well exposed in 1932 and may have been about 12 im teép.Holm
[2] estimatedhe depthof the crater fabout 5m; James Mandeville (written communication, 1994) estimated the
depthat 8 min 1965. Jens Munthe (written communication, 1990) described the crater as bidiley@/er 1 m
deepin 1990. The depth was about &h when visited by Wynn in 1994 but had increased by wind-scouring to
about 3.5 min 1995. A fallout deposit of impactite bombs and instant rock cap the southern exposed rim, much of
which was barely emergent above the post-crater sand in I985eastern rim had been eroded, and orga
depositof glass and instant rock was preservédlr attempt fiobtaining across-section of the rim of Philby B
was unsuccessful, as the sand continually collapsed during backhoe excavation of the trench.

A strewn field of impactites and instant rocks, expadseplatches betweeyoungersanddunes,extends
about 500 m northwest of Philby A and about 300 m southwest and south of PfHlny 8).Thepatcheof glass
andinstantrock essentially mark the surface of the sand shiettteatime of impact.Material in the southern part
of the strewn field is chiefly ejecta from Philby B0% or more of which consistsof instantrock. Curiously,the
materialthrown farthestfrom Philby Bto the south is entirely instant rockn contrast, the strongly shocked
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ejecta from Philby A is dominated by black impact glasbe mostdistant,northwesterrpatchesof the strewn

field consist chiefly of scattered spheres and teardrops of glesg eim in diameter. We suggest that mostf

the glass was carried up in a hot, buoyant, turbulent plume that wasleendownwindroughlyin the direction

of the wind we observed in March, 1995. Iron meteorites and oxidized meteorite shale balls are dispersed over the
exposed strewn field but are most abundant near the cratdesge, aerodynamically shaped iron, the "Camel's
Hump", was recovered by ARAMCO about 200 m southwest of Philby B.

A fission-trackage of 6400 £2600 was reported for the impactite glass by Storzer [5], but we think that

this ageprobablyis anorderof magnitude too highlt is unlikely that the craters and the glass strewn field have
survived for several thousand years in the active sand siéeanticipatethat samplesof instantrock and pre-
crater sand submitted to John Prescott of the Univeo$idelaidefor thermoluminescencdatingwill yield a
much better estimate of the age.
REFERENCES[1] Philby, H. St. J. B., 1933, The Empty QuartétenryHolt, N.Y. [2] Chao, E.C.Fahey,J.J.,
andLittler, J.,1961,Sciencey. 133,p. 882-883. [3] Murali, A.V., See, T.H., Blanchard, D.P., 1988, LP8K,
p. 815-816.[4] Holm, D.A., 1962,Am. Jour.Sci., v. 260, p 303-309. [5] Storzer, D., 1971, Meteoritics,6y p.
319.
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Figure 1 Geologic map ofthe Wabar Craters.
Geology by E.M. Shoemaker, 1995.
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Figure 2 Cross-section through southern rim of Figure 3 Map of strewnfield ofimpactite glassand
Philby A crater. Geology by E.M.Shoemaker, 1995. instant rock. Geology by J.C. Wynn, 1994 and 1995.



