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Fossil tree 
casts in the 
Columbia 
River Gorge
Edward A. Isaacs

R anging from volcanism to mass 
extinctions, flood basalts have 

stirred much geologic debate, but 
none as much as the Columbia River 
Basalts (CRB). Found across four 
states in northwest United States, the 
CRB extends across 210,000 km2. It 
comprises over 350 individual flows 
with an estimated volume exceeding 
210,000 km3,1 over nine times the 
volume of the US Great Lakes.2 
Though the smallest of all known 
continental flood basalt provinces, 
its preservation and relatively easy 
accessibility has led to intense study 
of the CRB for over a century. Critics 
have used the CRB to challenge the 
Genesis Flood based on a supposed 
subaerial origin of the flows. This 
has led creation researchers to debate 
the meaning of the CRB to diluvial 
geology.3 Though controversy con-
tinues, tree casts in a flow of the CRB 
in the Columbia River Gorge indicate 
that not all may be as it seems.

Columbia River Basalts: 
stratigraphy, petrology, and 

paleoenvironment

Primarily tholeiitic (subalkaline), 
the CRB is a series of over 350 basalt 
flows originating from feeder dikes 
along the borders of Washington, Ore-
gon, and Idaho and extends south into 
Nevada and west to the Pacific Ocean. 
Secular ages for the CRB are between 
16.7 and 5.5 Ma.1 Eruptions began in 
south-eastern Oregon with the Steens 
Basalt (16.8–16.6 Ma) that flowed into 

Nevada. However, the later eruptions 
of Grande Ronde, Wanapum, and Sad-
dle Mountains basalts spread across 
eastern Washington and Oregon and 
flowed to the Pacific Ocean. Though 
occurring over an alleged 11 Ma span, 
over 95% of the flows are believed to 
have erupted within a single million 
years.4

As one of the best-defined strati-
graphic units in the region, the CRB 
holds important keys to unlocking 
the geologic history of the Northwest 
United States. However, the paleoen-
vironmental setting remains hotly 
debated, partially due to the contro-
versial relationship between the CRB 
and Cascade Range. Early research-
ers such as Bretz5 argued that con-
glomerate interbeds of the CRB were 
upwarped during the Cascade Orogeny 
about 3 Ma ago. This was followed 
by Newcomb,6 who supported Bretz’s 
hypothesis based on mapping of the 
east–west “Dalles-Umatilla Syncline”, 
south of the Columbia River Gorge. In 
contrast, Tolan and Beeson hypoth-
esized that, rather than predating the 
Cascade Range, the CRB reached the 
Pacific Ocean by flowing along the 
ancestral Columbia River through the 
Columbia transarc lowland. They con-
cluded:

“The Priest Rapids Member (Wana-
pum Basalt) and the Pomona 

Member (Saddle Mountains Basalt) 
of the Columbia River Basalt 
Group both crossed the Miocene 
Cascade Range into western Ore-
gon and Washington via ancestral 
Columbia River channels … . Our 
work tentatively suggests that the 
onset of Cascadian uplift in north-
ern Oregon and southern Washing-
ton and the incision of the [modern] 
Columbia River Gorge may have 
begun as late as 2 m.y. ago.”7

Radioisotope dating of intrusives 
near Mount St Helens by Evarts et al.8 
supported folding between 20–15 Ma. 
However, Cheney contended that fold-
ing did not commence until after the 
CRB eruptions had ceased (4 Ma). This 
produced a series of anticlinoria com-
prising current mountain belts including 
the Cascade Range.9 Instead, Cheney 
argued that the slight non-horizontality 
of flows along the alleged paleocan-
yon was a “structural accident” that 
“defines a westerly striking syncline 
between anticlinal uplifts of the CRBG 
[Columbia River Basalt Group] in the 
Washington Cascades to the north and 
the Oregon Cascades to the south.”10

Mitchell and Montgomery pro-
posed a compromise between these 
warring hypotheses. They postulated 
the Northern Washington Cascades 
were uplifted before the CRB, while 
the Southern Washington Cascades 

Figure 1. A. Exterior of fossil tree cast exposed in a lower Frenchman Springs (Wanapum) basalt 
flow at Coyote Wall, Washington, west of Rowena Gap. Note hackly texture of flow except along 
the periphery of the cast, which is composed of a veneer of pillow basalts. B. Interior view of 
pillow basalt veneer within the tree cast. Prominent pillow in foreground is nearly 10 cm across.
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were uplifted following the CRB.11 
However, this does not resolve the 
conflicting radioisotope dates. Indeed, 
Mitchell and Montgomery

“… did not address the anomalous 
features that reside wholly within 
the Southern Washington Cas-
cade Range, which cumulatively 
necessitate uplift either between 
20–15 Ma or approximately 4 Ma. 
Such a multi-million-year dispar-
ity is unusual, considering that 
naturalistic geologists opine to be 
capable of dating geologic events 
with a resolution of one hundred-
thousand years!”12

Subaerial or subaqueous?

Due to the continental origin of the 
CRB, secular geologists claim that 
the flows were emplaced subaerially 
except where flows entered isolated 
shallow lakes, ancestral Columbia 
River, or finally the Pacific Ocean. 
As such, some have criticized the 
notion of a global Flood because of 
the alleged lack of evidence support-
ing a subaqueous emplacement of the 
CRB. This has led to debate among 
creation researchers on its significance 

to diluvial geology. Early work by 
Austin interpreted the John Day volca-
niclastics, and thus the younger CRB, 
as post-Flood.13 Garner advocated this 
in his summary of the secular litera-
ture on a subaerial origin of the CRB 
and similar continental flood basalts.14 
This was contested by Coffin’s study 
cataloguing features compatible with 
a subaqueous origin during the Gen-
esis Flood.15 Subsequent research by 
Woodmorappe and Oard challenged 
the secular criteria for determining 
a subaerial, rather than subaqueous, 
origin.16 Since these early studies, 
the placement of the CRB outpour-
ings has largely depended upon the 
author’s view of the Geologic Column 
and the Genesis Flood. This has led to 
a deductive, rather than field-based, 
approach to the CRB’s history.

Tree casts west of Rowena Gap

Opening along Rowena Gap near 
Hood River, Oregon, the Colum-
bia River Gorge reveals a sequence 
of Grande Ronde, Wanapum, and 
Pomona flows exposed along a series 
of folds. Many have been incised to 
reveal the internal structure.17 One 

such place is Coyote Wall, which is 
a sheer cliff exposing upper Grande 
Ronde and lower Frenchman Springs 
(Wanapum) flows along the Bingen 
Anticline. This lower Frenchman 
Springs flow is largely columnar and 
“commonly hackly jointed, which 
gives it the outward appearance of 
a Grande Ronde flow”.18 Unlike the 
Grande Ronde in this area, however, 
the lowest Frenchman Springs flow 
contains a number of linear casts (fig-
ure 1). Up to a few metres tall and 2 
m in diameter, these voids are lined 
by rectangular positive impressions 
common in tree casts, such as those 
of Mount St Helens’ Cave Basalt (fig-
ure 2). The interior of the casts con-
sists of palagonite and pillow basalts, 
which surround the casts as much as 
1 m beyond. The casts themselves are 
often several metres above the base 
of the flow.

The occurrence of pillow basalts 
indicates that the flow interacted with 
water, but such pillows are unexpected 
by the secular framework. The Grande 
Ronde, Wanapum, and Pomona flows 
have been interpreted as intra-canyon. 
However, only isolated shallow lakes 
would have existed during the repeat-
ed Grande Ronde and Frenchman 
Springs (Wanapum) eruptions until 
the Columbia River was re-established 
during the later Pomona flows.1 This 
leaves little water, in the secular inter-
pretation, for the flows to interact with.

Though unexpected within the sec-
ular paradigm, the association of pil-
low basalts and palagonites with the 
tree casts indicate that the flow inter-
acted with water. However, neither a 
shallow lake nor the ancestral Colum-
bia River may be invoked because the 
pillow basalts are restricted to within 
1 m of the casts. After all, they are 
found several metres above the base 
of the flow. If the flow had entered a 
small body of water and encased trees, 
the flow would have locally been dom-
inated by pillow basalts around tree 
casts along the flow’s base. Instead, 
the hackly jointing of the flow is 

Figure 2. A. The rectangular positive impressions visible in the pillow basalt veneer of the 
interior fossil tree casts resemble those found in documented tree casts of Mount St Helens’ 
Cave Basalt (B).
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remarkably consistent for many kilo-
metres along the flow. Furthermore, 
the contact is remarkably flat, which 
would leave no place for a small, iso-
lated pool. This indicates that, rather 
than locally entering a small body of 
water, the entire flow must have been 
submerged, resulting in such consis-
tency of jointing except within 1 m of 
the tree casts. This begs the question: 
if such consistency can be produced 
subaqueously with the only exception 
being around tree casts, how many 
similar flows have yet to be recog-
nized for subaqueous emplacement? 
As experiments continue to demon-
strate that subaerial and subaqueous 
environments can produce many fea-
tures in common,19,20 a re-evaluation of 
CRB stratigraphy is required.

Explainable only by 
the Genesis Flood

The presence of tree casts associ-
ated with pillow basalts and palag-
onite offers insight into the biblical 
history of the CRB. Since Garner,13 
advocates of a post-Flood subaerial 
CRB have largely adopted the secular 
model within a compressed timeline, 
leading a post-Flood interpretation 
to predict similar paleoenvironmen-
tal conditions. Because the CRB was 
produced before any glaciations, the 
post-Flood CRB model would have 
only a few centuries before the post-
Flood Ice Age. This would leave little 
time between successive eruptions to 
establish isolated pools or shallow 
rivers along flat contacts over such 
a broad area for the flows to interact 
with. Instead, what is required is sub-
mergence of the CRB, which could 
only have been accomplished during 
the Genesis Flood.

Conclusions

Though the most well-studied 
continental flood basalt province on 
Earth, the Columbia River Basalts 
(CRB) continue to stir controversy. 

Despite heated disagreement on the 
CRB’s tectonic relation to the Cas-
cade Range, secular geologists remain 
committed to a subaerial origin, alleg-
edly refuting the Genesis Flood. Faced 
with this challenge, diluvial geolo-
gists have grappled with Flood and 
post-Flood arguments based on the 
occasional pillow basalt horizon or 
extensive jointing characteristic of 
subaerial emplacement, respective-
ly. However, tree casts in the lowest 
Frenchman Springs member in the 
Columbia River Gorge show not all 
is as it seems. Though unexpected by 
the secular model, the tree casts reveal 
a veneer of pillow basalts and palago-
nites extending as much as 1 m from 
the interior rim of the casts. Because 
pillow basalts are associated only with 
the casts, which themselves are found 
several metres above the flow’s base, a 
shallow water body environment can-
not explain the otherwise consistent 
hackly jointing. Rather than entering a 
lake or river, the flow must have been 
completely submerged beneath water 
for many kilometres. This is consistent 
with a Genesis Flood origin but chal-
lenges both secular and post-Flood 
subaerial paleoenvironments.
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