
of the town of Republic in Ferry County, northeastern
Washington state. Although fossils of this formation
are generally referred to as “from Republic,” this out-
crop is a little-known exposure, not from other, well-
documented outcrops in and near Republic proper
(e.g., Wolfe and Wehr 1987). The Tom Thumb Tuff
has been assigned a late Ypresian age of 49.42 � 0.54
Ma by 40Ar-39Ar decay (Wolfe et al. 2003).

Mo-clay (Denmark)

The Mo-clay consists of the marine Fur and Ølst
Formations in the northern Jutland region of Den-
mark. The 101 specimens of Y. rebekkae reported by
Rust and Andersen (1999), which include those ex-
amined by us, were all found on the Island of Fur,
almost all from exposures of the Stolleklint Clay. The
Stolleklint Clay is an informal unit of Þne-grained
laminated, olive-black, silty clay, in the lowest portion
of the Haslund Member at the base of the Ølst For-
mation (Beyer et al. 2001). A few specimens were
recovered from Fur Formation sediments lying strati-
graphically above the Ølst. Fur Formation insects typ-
ically are recovered from calcareous cementstones
found within the diatom-rich varved sediment (Lars-
son 1975, Rust 1999).

Mo-clay volcanic ash layers are numbered from
�140 (highest) to �39 (lowest), with the lower
boundary of the Fur Formation at or close to ash layer
�33; ash layers �34 to �39 occur in the Stollenklint
Clay (Heilmann-Clausen et al. 1985, Knox 1997). Over
20,000 insect fossils have been collected from the
Mo-clay, primarily from two main beds of the insect-
rich Fur Formation: the “upper insect layer” between
ash layers �25 and �30 and the “lower insect layer”
between �21 and �29 (Larsson 1975, Rust 1999). The
Stolleklint Clay ant specimens were found at the
level of ash layer �33, immediately below the Fur
Formation boundary; the few Fur Formation speci-
mens were found in the lower insect layer between
ash beds �24 and �28 (Rust and Andersen 1999). All
specimens examined by us were from the Stolleklint
Clay. The Stollenklint Clay is generally megafossil-
poor (Beyer et al. 2001, Willumsen 2004).

An Ypresian age of 54.04 � 0.14 Ma has been de-
termined for layer �19 and 54.52 � 0.05 Ma for layer
�17 by the Ar40-Ar39 method (Chambers et al. 2003).
The PaleoceneÐEocene boundary is now deÞned as
coincident with the beginning of the carbon isotope
(�13C) excursion at 55.8 � 0.2 Ma, found in the basal
�15 m of the Ølst Formation (Aubry et al. 2003;
Schmitz et al. 2004). Therefore, these ants are earliest
Ypresian.

The marine Mo-clay insect assemblage seems to be
composed of insects imported by both active trans-
port, i.e., migration or individual ßight, and through
passive transport by offshore winds (Larsson 1975;
Ansorge 1993; Rust 1998, 1999, 2000). Rust (1998)
discussed taphonomy of ant specimens and inferred
that the ants were probably imported by active ßight
in mating swarms (Rust 1999). Archibald and Makar-
kin (2006) suggested that portions of the insect fauna

could have been transported an undetermined dis-
tance from the north by diatom mats moving south-
ward along the Scandinavian coast.

Ventana Formation (Argentina)

Petrulevicius (1999) assumed that the Patagonian
Rio Pichileufú locality where Viana and Haedo Rossi
(1957) found A. piatnitzkyi belongs to the Ventana
Formation, which also bears A. smekali (Rossi de Gar-
cia 1983). Wilf et al. (2005) provide an early Lutetian
age for a nearby exposure at Rio Pichileufú of 47.46 �
0.05 Ma from 40Ar-39Ar analysis.

Green River Formation (United States)

The lacustrine oil shales of the Green River For-
mation occur in large areas of southwestern Wyoming,
northwestern Colorado, and northeastern Utah. A.
rostratus fossils have been found in the Piceance
Creek member of Colorado. Recent 40Ar-39Ar geo-
chronology shows the Green River Formation to
have been deposited over roughly 5 Ma, from �53.5 to
48.5 Ma, or mid-Ypresian into (barely) the earliest
Lutetian (Smith et al. 2003, 2004). Within this range,
the precise ages of the localities bearing these ants
have not been determined (Fig. 19: gray line); as the
ages of McAbee, Falkland, Republic, and apparently
Horseßy River lie within Green River Formation time,
we consider the Green RiverA. rostratus to be roughly
contemporaneous with the Okanagan Highlands ants,
pending further analysis.

Baltic Amber

The majority of Baltic amber is found in the Blaue
Erde (“Blue Earth”), dated 44.1 � 1.1 Ma (middle
Lutetian) by K-Ar dating (Ritzkowski 1997). Some,
but not as much amber comes from the “Wilde Earth,”
a member below the Blue Earth. A sample from the
upper Wilde Earth was dated at 47.0 � 1.5 Ma (earliest
Lutetian) (Ritzkowski 1997). Although a Lutetian es-
timate for the age of Baltic amber insects is currently
most conservative, there are difÞculties with this age
determination, which remains under debate.

These radiometric ages were determined from glau-
conites, at times problematic (Aubry et al. 1989,
Obradovich 1989). Further uncertainty is added by
possible redeposition of Baltic amber from older sed-
iments, because it has a low speciÞc gravity and ßoats
in salt water (Weitschat and Wichard 2002). The am-
ber-producing forest may have persisted for an ex-
tended period, perhaps as long as 10 Ma (Weitschat
and Wichard 2002, Keyser and Weitschat 2005). A
younger, Priabonian determination of the Blue and
Wilde Earths is supported by marine microfossil bio-
stratigraphy (Kosmowska-Ceranowicz and Müller
1985, Kosmowska-Ceranowicz 1987).
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