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The history of drainages associated with the track of the Yellowstone
hotspot is complex. We attempted to outline the evolving directions
of drainages associated with the track of the Yellowstone hotspot at
four time intervals along the 16-to-0-Ma track (Pierce and Morgan,
2009, Fig. 16). In our paper, we briefly cited two contrasting
interpretations of drainage on the north side of the upper Snake
River Plain in the 6- to 3-Ma interval.

The biogeography described by Hershler et al. (2008) is a valuable
contribution to this history of drainage changes. The authors
document the southward drainage from the present upper Missouri
River Basin across the present Continental Divide into the Great Basin.
Their research is based upon two species (not one, as we listed) of
gastropods now found north of the Continental Divide but closely
related to a Great Basin species. Using molecular clock age estimation,
they dated this southward drainage across the present Continental
Divide at 3 Ma.

We cited geological evidence that drainage was to the northeast
about 6 Ma based on both detrital zircon ages and a diagnostic chert in
Ruby Graben sediments of the upper Missouri Basin (Stroup et al.,
2008a,b; Sears et al., 2009). This northeast direction was dated as
somewhat older than 6 Ma based on inferred down-valley flow to the
northeast of the 6-Ma Timber Hill Basalt (Fritz and Sears, 1993). Fritz
and Sears (1993) attributed this to northward tilting associated with
passage of the Yellowstone hotspot.

We accept that molecular phylogenetic studies show that drainage
across the present Continental Divide was to the south at about 3 Ma
(Hershler et al., 2008 and references therein). Hershler et al. (2008)
conclude this drainage had its headwaters at least 200 km north of the
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present Continental Divide at about 3 Ma. In also suggesting a
connection across the present Continental Divide, we might better
have cited the two papers on the worm (Rhynchelmis gustafsoni)
rather than a personal communication. We agree with the qualifica-
tions (only organismal distribution, species may require taxonomic
revision) noted in the Comment by Hershler and Lui (2011-this issue).

We welcome this timely discussion between geologists and
biogeographers who are pursuing very similar questions on topics of
mutual interest using different techniques/approaches, methods, and
vocabulary. How the results from one set of data (for example,
geologic) may translate to another data set (for example, biologic) has
yet to be fully resolved; the disciplines are ripe for cross-pollination
which may result in more complete answers. In a dynamic landscape
like that along the track of the Yellowstone hotspot, multiple reversals
in drainage may have occurred. Current geologic data indicate
northeastward drainage into the Ruby Graben at ~6 Ma; molecular
clock data indicate the next drainage to the east (the Madison River)
flowed south at ~3 Ma.

The area under discussion is north and northeast of the Heise
volcanic field and may have been influenced by Heise's four large-
caldera-forming events beginning 6.62 Ma and ending 4.45 Ma
(Morgan and McIntosh, 2005). The volcanism, faulting, and uplift
associated with the 0- to 2-Ma hotspot beneath the Yellowstone
Plateau probably also occurred when the hotspot was beneath the
Heise volcanic field (Pierce and Morgan, 1992). Large-scale changes in
the topography of the upper Snake River Plain in late Cenozoic time
also include: (1) the northern Teton Range whose rapid uplift mostly
post-dates emplacement of the 4.45-Ma Kilgore Tuff from the
Heise volcanic field (Pierce and Morgan, 1992; Morgan and McIntosh,
2005) and (2) uplift of the youthful Centennial Range (also cited by
Hershler et al., 2008) which mostly post-dates emplacement of the
2.05-Ma Huckleberry Ridge Tuff from the Yellowstone Plateau
volcanic field.
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