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Wadi Al-Hitan is a UNESCO World Heritage 
site in the Western Desert of Egypt, famous for 
fossil whales and excellent exposures of middle 
and upper Eocene strata (Gingerich, 1992). Un-
derwood et al. (2012) question our evidence 
for a major fall in relative and eustatic sea level 
during Priabonian late Eocene time (Peters et 
al., 2009; 2010). The Priabonian stage has a se-
quence boundary at the base (Pr-1), two within 
(Pr-2 and Pr-3), and another at the top (Pr-4; 
Haq et al., 1987; Hardenbol et al., 1998).

Three marine formations, Gehannam, Birket 
Qarun, and Qasr el-Sagha, span the Priabonian 
here. GPS mapping and three-dimensional pro-
jection of formation boundaries show strata to 
strike N 42.8°E and dip 0.69°NW. Down-dip 
projection of bed traces (Fig. 1) indicates ero-
sional relief on the underlying carbonate-rich 
Bartonian-stage Gharaq Formation, consis-
tent with Pr-1 separating the Bartonian and 
Priabonian. Overlying formations are clastic. 

The Gehannam is thin and glauconite-rich, as 
expected for an initial stage of transgression. 
The Birket Qarun is thicker, with bioturbated 
sandstones thinning and shales thickening off-
shore to the north. The Qasr el-Sagha Formation 
is thickest, with stacked parasequences having 
mollusk-rich tops resistant to erosion.

Qasr el-Sagha parasequences are laterally 
extensive, but incised and fi lled with conspicu-
ously different cross-bedded strata at two levels. 
Sequence boundary Pr-2, mapped continuously 
for 12 km, is near the base and cuts through into 
the underlying Birket Qarun Formation in places 
(Fig. 1). This incised valley fi ll (IVF) unit has 
well-preserved bedding, unidirectional current 
features, and land-mammal remains at many 
places, making it conspicuously different from 
enclosing bioturbated shoreface parasequences. 
The IVF includes inclined heterolithic strata with 
remnant imbricated clast conglomerates on val-
ley fl anks. These amalgamate into a single lower 
bounding interval, indicating multiple phases of 
fi lling, cutting, and reworking characteristic of 
incised valley sequences (Zaitlin et al., 1994).

Abdel-Fattah et al. (2010) constructed a com-
posite section of the Priabonian from two places: 
Wadi Al-Hitan and Qasr el-Sagha. Their section 
at Wadi Al-Hitan did not extend high enough to 
intersect Pr-2, and their section at Qasr el-Sagha 
did not extend low enough (Abdel-Fattah et al., 
2010, their fi gure 12). They put Pr-2 at what we 
agree is a maximum fl ooding surface, but this 
cannot be Pr-2.

A second, higher Qasr el-Sagha incision, 
Pr-3, is at the base of the Dir Abu Lifa Member 

(Bown and Kraus, 1988). This can be traced for 
more than 80 km and the IVF is very similar to 
that of Pr-2. Depth of the Pr-3 incision, like that 
of Pr-4 at the Priabonian-Rupelian boundary, is 
not yet well constrained.

ACKNOWLEDGMENT

Field research was supported by National 
Science Foundation grant EAR-0920972.

REFERENCES CITED
Abdel-Fattah, Z.A., Gingras, M.K., Caldwell, M.W., 

and Pemberton, S.G., 2010, Sedimentary en-
vironments and depositional characteristics of 
the Middle to Upper Eocene whale-bearing 
succession in the Fayum Depression, Egypt: 
Sedimentology, v. 57, p. 446–476, doi:10.1111/j
.1365-3091.2009.01091.x.

Bown, T.M., and Kraus, M.J., 1988, Geology and 
paleoenvironment of the Oligocene Jebel 
Qatrani Formation and adjacent rocks, Fayum 
Depression, Egypt: U.S. Geological Survey 
Professional Paper 1452, p. 1–60.

Gingerich, P.D., 1992, Marine mammals (Cetacea and 
Sirenia) from the Eocene of Gebel Mokattam 
and Fayum, Egypt: Stratigraphy, age, and paleo-
environments: University of Michigan Papers 
on Paleontology, v. 30, p. 1–84, http://hdl.handle
.net/2027.42/48630.

Haq, B.U., Hardenbol, J.A., and Vail, P.R., 1987, 
Chronology of fl uctuating sea levels since 
the Triassic: Science, v. 235, p. 1156–1167, 
doi:10.1126/science.235.4793.1156.

Hardenbol, J.A., Thierry, J., Farley, M.B., Jacquin, 
T., Graciansky, P.-C.d., and Vail, P.R., 1998, 
Mesozoic and Cenozoic sequence chronostrati-
graphic framework of European basins, in 
Graciansky, P.-C. d., et al., eds., Mesozoic and 
Cenozoic Sequence Stratigraphy of European 
Basins: Society for Sedimentary Geology 
Special Publication 60, p. 3–13 (eight charts), 
doi:10.2110/pec.98.02.0003.

Peters, S.E., Antar, M.S., Zalmout, I.S., and Gingerich, 
P.D., 2009, Sequence stratigraphic control on 
preservation of late Eocene whales and other 
vertebrates at Wadi al-Hitan, Egypt: Palaios, 
v. 24, p. 290–302, doi:10.2110/palo.2008.p08
-080r.

Peters, S.E., Carlson, A.E., Kelly, D.C., and 
Gingerich, P.D., 2010, Large-scale glacia-
tion and deglaciation of Antarctica during 
the late Eocene: Geology, v. 38, p. 723–726, 
doi:10.1130/G31068.1.

Underwood, C.J., King, C., and Steurbaut, E., 2012, 
Large-scale glaciation and deglaciation of 
Antarctica during the Late Eocene: Comment: 
Geology, doi:10.1130/G31820C.1.

Zaitlin, B.A., Dalrymple, R.W., and Boyd, R., 1994, 
The stratigraphic organization of incised-val-
ley systems associated with relative sea-level 
change, in Dalrymple, R.W., Boyd, R., and 
Zaitlin, B.A., eds., Incised-Valley Systems: 
Origin and Sedimentary Sequences: Society 
for Sedimentary Geology Special Publication 
51, p. 45–62, http://sp.sepmonline.org/content/
sepspecpub/sepspinc/1/SEC4.body.pdf.

Large-scale glaciation and deglaciation of Antarctica during the late Eocene

© 2012 Geological Society of America. For permission to copy, contact Copyright Permissions, GSA, or editing@geosociety.org.

doi:10.1130/G33046Y.1

Figure 1. True-scale computed cross section of Wadi Al-Hitan stratigraphy projected from 
three-dimensional GPS mapping of bed traces (view down-dip, vertical exaggeration 20x). 
Elevation traces are 3-point running averages. Priabonian disconformities Pr-1 through 
Pr-4 correspond to global low sea stands. Incised valley fi ll (IVF) deposits are hatched to 
represent cross-bedding. Pr-2 is documented in Peters et al. (2009). Abbreviations: Fm.—
Formation; sh.—shale; ss.—sandstone.
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