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The Green River Formation: a large post-

Flood lake system
John H. Whitmore

Evidence from lithology, sedimentology, paleontology, ecology, taphonomy, geochemistry and structural geology
suggests the Green River Formation (GRF) was a large lake system. Certain features—such as multiple horizons
of exploded fish, disarticulated fish and stromatolites—suggest the passage of more than the one year of time
allowed for by the Genesis Flood. Since these deposits have multiple lacustrine characteristics, are relatively
undeformed compared to the underlying basins on which they rest and since the GRF is near the top of the

geologic rock record, it is argued that the GRF represents a post-Flood lacustrine deposit.

Introduction

t is apparent that the floodwaters did not retreat from

the earth as fast as they had covered it (Genesis 8).
Noah watched the water gradually retreat over a period of
months. As the floodwaters returned to the ocean basins
(Psalm 104:7-9), it is likely that large lakes formed in
enclosed continental basins, worldwide. Some of these
lakes may have been relatively short lived due to tectonic
readjustments and drainage basin development, but some
have likely remained until today (the Great Salt Lake in
Utah, for example). The idea of immediate and large post-
Flood lakes is not a new one. Whitcomb and Morris' and
Morris? suggested this possibility, although they did not
cite the Eocene GRF as an example. Rather, they believed
it was formed during the Flood.!

The question as to where the Flood/post-Flood boundary
occurs has been a difficult question for creationists to
answer. Because of the geologically catastrophic beginning
of the Flood (Genesis 7:11), its location in the geologic
record is easier to recognize than its end (Genesis 8:19).
Consequently, geologic criteria for recognition of its
beginning are easier to make.® Since the publication of the
Genesis Flood, many creationists have taken Whitcomb
and Morris’s approach to include all of the Cenozoic
rock record in the Flood, except for Pleistocene and later
deposits. In this paper, I argue that the Eocene GRF is a
post-Flood lake deposit—one that formed and persisted as
the floodwaters retreated. The Eocene is the second epoch
of the Cenozoic in the standard geologic time column. /¢
is important to recognize that I don't believe all Eocene
and later deposits are post-Flood! Likewise, I am not
arguing that all pre-Eocene deposits are Flood deposits.
I am arguing something much different. Flood geologists
need to use sedimentological criteria to recognize when
the Flood ended in a particular part of the world. These
criteria should probably be independent (at least initially)
of the paleontological criteria (index fossils) that are often
used to place a particular formation within the geologic
time column.
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In this paper, I argue that the lithology, sedimentology,
paleontology, ecology, taphonomy, geochemistry and
structural geology of the GRF, when considered as a whole,
forces the inescapable conclusion that these rocks represent
lacustrine deposits. As stated in the introduction to this
forum, I don’t believe that millions of years are represented
by the sediments of the GRF, but that they have accumulated
since the time of the Flood, only a few thousands of years
ago.

Lithology and sedimentology

The stratigraphy of Fossil Basin is well known.
Buchheim has developed a lithofacies map* showing
concentric relationships between various laminated micrites
and siliciclastics (figure 12*, table 1). This map could
be developed because of vertical relationships within
numerous measured sections and lateral relationships
within ash-bounded beds, like the ‘Lower Sandwich Bed’
near the base of the Fossil Butte Member (figure 13). In
general, siliciclastics occur around the margin of Fossil
Basin. These are followed by bioturbated micrites (figure
14), partly bioturbated micrites, kerogen-poor laminated
micrites and kerogen rich laminated micrites (sometimes
called ‘oil shales’) in the very centre of the basin (figure
6). At some stratigraphic levels, kerogen-rich to kerogen-
poor dolomicrite replaces the calcimicrites. Stratigraphic
cross-sections and lithofacies analyses of other Green River
basins have shown similar concentric patterns.>!!

Cross-bedded sandstones (figure 15) occur around the
margins of the Green River basins. Current directions are
roughly perpendicular to basin margins and dip toward
basin centres. I have observed deposits like this along the
south-eastern side of Fossil Basin,'? along the north central
end of the Greater Green River Basin,” within the Washakie
Basin, near the Kinney Rim'® and near Soldier Summit,
Utah'* Many other examples of these types of deposits can

* Figures are numbered continuously through all the articles in
this forum.
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Table 1. Summary of lithofacies patterns in Fossil Basin.
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The lithofacies in this table match those in figure 12.
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be found in the literature.>%!>!¢ These sandy facies often
contain fossil leaves and occasional loading structures.

Where sandy or conglomerate facies do not occur
along the basin margins, carbonate mudstone facies often
abound. These facies contain features interpreted as mud
cracks,'*!"1® nesting sites of birds and other animals,!*?
ripples (figure 16),?! flat pebble conglomerates,'* animal
tracks,”>? stromatolites,** caddisfly mounds,” fish fossils
(often disarticulated),? crocodiles and lizards,* birds?” and
many other features.?

Carbonate spring mounds (tufa and travertine) with
silica-rich cores are known to occur at several locations
within the Green River Basin.?**° All of these mounds occur
stratigraphically within the Green River Basin sediments (i.e.
they interfinger with them) and are similar in morphology to
modern mounds that currently exist elsewhere (in Searles
and Mono Lakes, California, for example). I have observed
other mounds at the extreme southern part of the Green
River Basin, near Manila, Utah. Four mounds are present,
about 10-15 m in height, parallel to the Henry’s Fork
Fault3! These particular mounds surfaced after the GRF
was already in place, because they lie stratigraphically and
unconformably on top of it.

Paleontology

The GRF is well-known for its exquisite fossils.
Included are fish, birds, snakes, bats, crocodiles, lizards,
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Figure 12. Fossil Basin lithofacies map developed by Buch-
heim and Eugster.* The map represents lithofacies during
the time of the ‘Lower Sandwich Bed’, an isochronous (ash
bounded) layer near the base of the Fossil Butte Member,
Green River Formation, Wyoming.

turtles, sting rays, mammals, insects, sponges, snails, clams,
various arachnids, various crustaceans including ostracods
and many kinds of plants and microfossils. Numerous
commercial fossil quarries are located in the GRF, especially
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Figure 13. The Lower Sandwich Bed of Fossil Basin, Fossil Butte
Member, Green River Formation, Wyoming. The bed is ‘sandwiched’
between two volcanic ash beds (indicated by arrows) and can be
traced throughout Fossil Basin, giving excellent stratigraphic con-
trol. Several other prominent ash beds also occur throughout the
vertical section. This location is Whitmore’s?® FBQ site (marked
on figure 2) at Fossil Butte National Monument, Wyoming. Scale
baris 10 cm.

Figure 15. Supposed delta facies of the Farson Sandstone Member
of the Green River Formation, Whitehorse Creek, near Oregon
Buttes, Wyoming.” This location is near the north central edge of
the Greater Green River Basin. A- Tipton Shale Member, Green
River Formation. The Niland Tongue of the Wasatch Formation is on
the slope directly below the photograph. B— A marker bed of thin,
parallel bedded sandstone containing the gastropod Viviparus, base
of Farson Sandstone. C— Planar cross bedded sandstone contain-
ing large, south dipping, foresets, Farson Sandstone. D- Trough
cross bedded sandstone, Farson Sandstone. The Cathedral Bluffs
Member of the Wasatch Formation lies stratigraphically above the
Farson Sandstone.

in Fossil Basin. They occur in both marginal and mid-
basin areas. Ten years ago, it was estimated that well over
500,000 complete fossil fishes have been excavated from
Fossil Basin.?? Patterns of fish preservation have been
noted.”!8263234 In general, these studies have found that
better preserved fish tend to occur away from the immediate
edges of the basins, although occasional well-preserved
fish can occur in these areas as well (figures 17 and 18). 1
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Figure 14. Bioturbated micrites of Fossil Basin, Fossil Butte
Member, Green River Formation, Wyoming, at a location about
1.5 km west of Whitmore's?® FBQ site (see figure 2), Fossil Butte
National Monument, Wyoming. The coin in the picture is a U.S.
penny, 1.9 cm in diameter.

Figure 16. Current ripples within a marginal facies on the De-
lany Rim, Washakie Basin. Bird tracks can also be found in this
facies.

Figure 17. A fish (Knightia) collected near the margin of Fossil
Basin at the Warfield Springs Quarry (Whitmore's?¢ WSQ site on
figure 2). Note that it is well-preserved, but some of the scales
came loose and were scattered before the fish was completely
buried and preserved. The specimen was exposed on the bottom
long enough for the scales to come loose, but then was buried,
preventing further disarticulation. The scale bar is 1.0 cm long.
Specimen WSQ 21-7. Warfield Springs is a private quarry.
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Figure 18. Afish (Knightia) collected from near the centre of Fos-
sil Basin from the Clear Creek Quarry (Whitmore's?® CCQ site on
figure 2). Note that it is fairly well-preserved. The scale baris 1.0
cm long. Specimen CCQ 1.5-1. This quarry is on BLM property
and a permit was obtained to collect it.

Figure 19. Stromatolites on the Delany Rim, Washakie Basin.
Multiple layers of stromatolites can be found at this location and
many others within the Green River Formation. The pen is 14
cm long.

have argued that fish taphonomy can be a good indicator of
water depth and depositional rates.?**3 Multiple horizons of
exploded and disarticulated fish were found in my study.
Fish fossils only occur in the calcimicrite facies and are
absent from the dolomicrite facies.** Dolomicrites become
more common near the top of the section (Angelo Member)
in Fossil Basin. Grande and Buchheim?®? noted that,
compared with mid-basin localities, marginal localities have
a proportionally larger number of land dwelling animals
(amphibians, lizards, birds and non-flying mammals), benthic
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organisms (shrimp, snails, crayfish), stingrays, juvenile fish,
paddlefishes and mooneyes. Because of the widespread
nature of freshwater species throughout Fossil Basin and
the Green River Basin, Grande®® argues that the water in
which the organisms lived must have been fresh. However,
he recognizes that dolomicrites and salt casts probably point
to occasional saline phases of the basin, explaining why fish
are absent in these facies.’** Paleoecological studies have
been completed in several marginal areas of the Green River
Basins.”!823323539 These have concluded that the fauna, flora
and sedimentary structures are characteristic of shallow,
near shore environments.

Not only are there distinct paleontological differences
from the margin to the centre in Fossil Basin, there are
distinct differences between the Green River Basins.
Grande has published several excellent tables comparing
the differences in fish species and abundance between the
Green River basins.?*? Many species of fish are unique
to each basin, not occurring in the others. Even though
Fossil Basin has the smallest surface area (by far), it has
the greatest richness and abundance of fossil fish species,
indicating major ecological differences between the Green
River basins.

Stromatolites (figure 19), which are sometimes referred
to as algal bioherms (along with oncolites, pisolites, ooids,
tufa and other related laminated carbonates) are common in
multiple horizons along the margins of the basins.5**4# In
the Greater Green River Basin, single stromatolite horizons
can be traced laterally over great distances, up to 70 km 25443
Tufa encrusted logs*** (figure20) and caddisfly mounds
surrounded by stromatolites and tufa (figure 21) have also
been found near the margins of the basins. >34

Structural geology

Bradley*” describes the sediments at the centre of
the Green River Basin as essentially flat lying with very
little structural dip, unlike the steep dips and deformation
present in the underlying pre-Tertiary rocks of the region.*?
Essentially the pre-Tertiary rocks were uplifted to make the
structural depression in which the Eocene Green River rocks
were deposited. Some uplift continued during and after the
deposition of the Green River Basin because the sediments
along the margins are often folded (figure 22), faulted,
show steeper dips or are thicker.*® Structural highs like the
Rock Springs uplift were present before the Green River
sediments were deposited, but continued to be ‘accentuated’
after the Eocene.*’

Fossil Basin is a structural basin that is contained within
a series of north-south trending, steeply dipping, thrust
faulted ridges.*** The underlying structure is complex, but
well-known, because of extensive petroleum exploration in
the Paleozoic and Mesozoic rocks below.* It is bounded on
the west by Oyster Ridge, consisting of Cretaceous strata
with rich coal reserves.®® In the west, it is bounded by the
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Figure 20. Tufa encrusted logs in the Wasatch Formation,
Washakie Basin at base of Delany Rim. Rock hammer is 28 cm
long.
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Figure 21. Structures interpreted to be caddisfly cases? (centre)
surrounded by digitate stromatolites (perimeter). The hollow cases
are tube-like structures several mm in diameter and about 10 mm
long. Northern Green River Basin, near LaBarge, Wyoming. The
penny is 1.9 cm in diameter.

Tunp Range. The strata in the centre of the basin form a
north-south trending syncline with very gentle dips.*

Geochemistry

The Green River Basin is economically important
because of its thick deposits of trona (Na,(CO,)(HCO,)-2H,0)
and other associated minerals found in the central part of the
basin, near Green River, Wyoming. Trona is known to be
currently precipitating in several lakes worldwide, including
Lake Magadi, Kenya.*’! These so-called ‘saline facies’
are isolated to the Wilkins Peak Member of the GRF.*
Eugster and Hardie report there are at least 42 individual
trona beds, 25 of which are greater than one metre thick,
with the most massive being 11 m thick.!” They also report
a close association with halite (some beds up to 6 m thick)
and oil shales (one under every trona bed).

In Fossil Basin, vertical and lateral changes in carbonate
mineralogy (calcimicrite vs dolomicrite) have been well-
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documented.**%5253 The dolomicrite lithologies include
salt casts, mud cracks, flat pebble conglomerates and other
evidences of desiccation.!” The ‘K-spar Tuff” mineralogy
grades from feldspar to analcime to clay, from basin centre
to basin edge.*

Discussion

Studies of modern lake sediments have revealed that
they generally have a concentric or ‘bull’s-eye’ pattern of
sedimentary facies.!'">%* The pattern may vary according
to topography, river input, wind direction, transgressive and
regressive events, etc.; but, in general, coarse sediments
surround a lake basin, and they progressively become finer
toward the centre. Walther’s Law predicts these lateral
changes will also occur vertically. Various ecological
zones are coincident with the sedimentary facies. For
example, animal tracks, bird nests, ripples and mud cracks
would be expected around the perimeter of a lake, not in
the middle.

Careful field investigations have revealed a concentric
pattern of sedimentary facies for Fossil Basin (figure 12).
Each concentric sedimentary facies contains a specific suite
of features which gives clues as to water depth, chemistry,
ecology and sedimentary environment of deposition
(table 1).* A clear distinction exists between sedimentary
features and fossils found near the margin of Fossil Basin
(ripples, mud cracks, flat pebble conglomerates, burrows,
animal tracks, fish taphonomy, cross beds, sandstones
and various shallow water organisms) and those features
found near the middle of the basin (laminated kerogen rich
micrites, well-preserved fish and higher amounts of organic
carbon). This dichotomy can be documented by the study
of the sediments between isochronous ash beds, like the
Lower Sandwich Bed.””*® I know of no other depositional
model that can explain the coincidence of these concentric
sedimentological and paleontological features, other than
a lacustrine one.

The GRF consists of a series of enclosed basins. Cross
bedded marginal sediments are often interpreted as deltas
because of their three dimensional shape, clastic sediments,
paleontology (mix of terrestrial and lacustrine), sedimentary
structures (top set, foreset and bottom set beds, loading
structures, dewatering structures, climbing ripples, wave
ripples) and their association with the edge of a basin. I
know of no other depositional model that can explain the
coincidence of these features with the edge of these basins,
other than a lacustrine delta.

Clear depth patterns can be established in Fossil Basin.
Surrounding the basin are shallow water indicators (wave
ripples, mud cracks, footprints, nests, etc.); towards the
centre of the basin these features disappear. This same
general pattern exists in the other Green River basins
too. In Fossil Basin, I have shown that one can use
fish taphonomy to estimate water depth.?¢* From my
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Figure 22. Red’s Cabin Monocline, Green River Formation at Whitehorse Creek near Oregon Buttes,
Wyoming. The picture was taken looking south-east, down the axis of the monocline, which is near
the centre of the photo. The near-horizontal beds on the right, dip steeply towards the left, and plunge
into the valley below. The structure was formed as result of movement of faults along the base of the

Wind River Mountains.

taphonomy experiments, I was able to demonstrate fish
carcasses disarticulate faster in shallow water than in
deep water, probably due to explosive eruption of decay
gases in shallow water. In deeper water, decay gases are
compressed, not allowing carcasses to explode. Fish are
better preserved in the centre of the basin, because the water
was deeper. There are very few ‘exploded’ carcasses in the
basin centre, where there are many at the basin margins. A
lake appears to be the best explanation for the dichotomy
of taphonomic features.

Fish taphonomy can not only be an indicator of water
depth, but of time. To better interpret the depositional
environment and taphonomy of the Fossil Basin fishes,
I performed nearly 400 experiments using various fish
species under conditions of temperature, salinity, oxygen
and water depth.*® Scales and flesh can begin falling off
a carcass within days of death. Based on my taphonomy
experiments, the fish in figure 17, must have been on the
basin bottom for several days (in order for the scales to be
scattered) before it was buried. Note that this is the longest
time it could have been there before burial! If it was on the
bottom any longer, it would have likely decomposed further
and completely disarticulated (based on my experiments). It
usually takes several days for a dead fish to build-up decay
gases and explode (depending on water temperature, depth
and fish species).

In my study, I found many examples of exploded fish in
Fossil Basin (figure 23), most occurring around the margin
of the basin.?® A fish cannot explode and scatter its scales
if it is already buried in sediment. Burial must occur after
the explosion. Fish taphonomy is additional evidence
that suggests the laminations of Fossil Basin cannot be
annual varves.” Sedimentation at these rates is much too
slow to explain exceptional fish preservation. Based on
fish taphonomy, the laminations must represent shorter
periods of time. Some have suggested the sediments of
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Fossil Basin were deposited
catastrophically,®® but
fish taphonomy suggests
depositional rates
somewhere in between
annual varves and
catastrophic accumulation
of the entire section.

Fossil assemblages,
especially of fish, vary
greatly between the Green
River basins.?* Fish
occurring by the millions
in one basin, are altogether
lacking in the others. Ifall
of the basins were formed
catastrophically, at about
the same time during the
Flood, it might be reasonable to expect more similarities
instead of differences between the basins. Instead,
differences in fish species among the basins might be better
explained by unique physical and chemical characteristics
of each lake, and changes in these factors over hundreds
of years or more.

Stromatolites (including algal mats and microbial
mats) are known from many diverse modern environments
including under frozen lakes in Antarctica® to harsh desert
conditions in Southern California.®? Leggitt and Cushman
have found rich concentrations of organized caddisfly cases
at the core of complex stromatolitic bioherms (figure 21) in
the Green River Basin (up to 9 m tall and 40 m in diameter).”
It is unknown how fast these large biogenic mounds could
grow, but it seems likely that more than a few months would
be required. Growth rates of modern stromatolites have

Figure 23. An exploded fish (Knightia) collected from near the
margin of Fossil Basin (Whitmore’s?¢ HCCRT site on figure 2). This
quarry is on BLM property and a permit was obtained to collect it.
Specimen HCCRT 5-7. Scale in cm.
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been reported of up to 1.1 mm per day (a daily couplet of a
sediment-rich layer and an algal rich layer).5® Stromatolites
from the elevated shoreline of Lake Turkana in Kenya
have nearly identical embedment cavities as those from
the Washakie Basin in Wyoming.*> Embedment cavities
are holes in the surface of a living stromatolite that form
when an infesting organism uses and maintains the hole
as a domicile. These structures appear to be evidence that
ancient stromatolites were living communities of algae
and other micro-organisms that did require some time to
grow, perhaps adding laminae as quickly as once a day.
Multiple horizons of stromatolites in the GRF appear to be
problematic for a Flood model.

Calcimicrite is the predominant carbonate in Fossil
Basin, but at times it is replaced with dolomicrite and
other saline derivatives, especially in the Angelo Member.
Coincident with the change to dolomicrite are sedimentary
structures (flat pebble conglomerates, salt casts, mud
cracks, etc.) and paleontological changes (i.e. no fish). It
has been proposed that a desiccating lake basin, with saline
water in the centre, is the best explanation for the various
changes.*!”*73 T concur. The changes in the ‘K-spar Tuff
Bed’ mineralogy appear to prove some kind of lateral
changes in lake chemistry,**? although the patterns are not
as clear as in Pleistocene Lake Tecopa or other modern
saline lakes.*

Trona and other saline minerals are present in the
Wilkins Peak Member in Green River Basin, while Gypsum
is conspicuously absent. Trona must form from calcium and
magnesium poor solutions,* and thus cannot be precipitated
from standard seawater, which instead precipitates gypsum
and halite. Trona and other saline minerals are currently
precipitating out of a Na-CO,-SO,-Cl rich brine in Lake
Magadi, Kenya, where the waters are chemically enriched,
partly because of thermal alkaline springs.”? Bradley and
Eugster cite springs as a possible source for the trona and
halite in the Green River Basin, which concurs with the
evidence for several spring mounds in the Green River
Basin. Thus the presence of the trona and absence of
gypsum, argues for a non-marine origin for the trona-halite
beds of the Green River Basin.

The Flood was certainly marked by tremendous tectonic
activity, beginning with its first day (Genesis 7:11). Tectonic
activity must have occurred at the end of the Flood as the
mountains and continents were raised out of the ocean (Psalm
104:8). I propose that the tectonic upheaval mentioned in
Psalm 104:8, was responsible for the uplift of mountain
ranges surrounding the Green River basins and the cause
of numerous large thrust faults that enclose Fossil Basin.
These upheavals likely would have caused the tremendous
folding of the Paleozoic and Mesozoic basement strata that
we find below the Green River basins. The Green River
basins consist of primarily flat lying strata, which suggest the
greatest mountain upheavals must have occurred before the
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strata accumulated in the basins. As discussed earlier, some
of the edges of the basins do contain some minor folding
and faulting, but it is local in extent and can be explained
by minor readjustments along already existing mountain
fronts during and after the Green River deposition. The fact
that the strata of the GRF are primarily flat lying, and the
strata below are severely deformed, suggests the GRF was
deposited after major tectonic events in the area.

Conclusion

The GRF consists of a series of large post-Flood lake
deposits that began to form as continents and mountains
were uplifted, forming basins, at the end of the Flood.
These basins began to fill with sediments from local rivers.
Coarse sediments on the basin margins interfingered with
fine grained lacustrine deposits at the basin centres. Over
time, the lakes established normal lacustrine ecologies
with plants, animals and other organisms that repopulated
the earth following the Flood. Some volcanic and tectonic
activity continued in the area as evidenced by ash beds and
occasional folding and faulting of basin margins. Features
such as multiple horizons of stromatolites, exploded fish
and disarticulated fish suggest the passage of time, making
it unlikely these features could have formed during the one
year global Flood. For the most part, the GRF sediments are
flat lying, indicating they were deposited following major
tectonic upheavals near the end of the Flood. Although the
deposits contain some unusual features (exquisite fossils,
trona, stromatolites, tufa coated logs, etc.), evidence from
lithology, sedimentology, ecology, paleontology, taphonomy
and geochemistry all clearly indicate lacustrine patterns.
The lakes ceased to exist, probably because they became
filled with sediments. When this happened, rivers could
flow across former basin divides and exhume the basins.

References

1. Whitcomb, J.C. and Morris, H.M., The Genesis Flood: The Biblical
Record and Its Scientific Implications, Presbyterian and Reformed,
Phillipsburg, NJ, 1961. On page 315 the possibility of large, post-Flood
lakes is discussed. On page 424 the Green River Formation is cited as
an example of a flood deposit.

2. Morris, HM., The Genesis Record, Baker Book House, Grand Rapids,
MI, 1976. On page 208 and 212 the possibility of large, post-Flood lakes
is discussed.

3. Austin, S.A. and Wise, K.P., The pre-Flood/Flood boundary: as defined
in Grand Canyon, Arizona and eastern Mojave Desert, California; in:
Walsh, R.E. (Ed.), Proceedings of the 3" International Conference
of Creationism, Creation Science Fellowship, Pittsburgh, pp. 3747,
1994.

4. Buchheim, H.P. and Eugster, H.P., Eocene Fossil Lake: the Green River
Formation of Fossil Basin, southwestern Wyoming, in modern and ancient
lake systems; in Pitman, J.K. and Carroll, A.R. (Eds.), Utah Geological
Association Guidebook 26, Salt Lake City, pp. 191-208, 1998.

5. Roehler, H.W., Correlation, composition, areal distribution, and thickness
of Eocene stratigraphic units, Greater Green River Basin, Wyoming, Utah,
Colorado, U.S. Geological Survey Professional Paper 1506-E:1-49,
1992.



10.

11.

13.

15.

16.

18.

19.

20.

21.

22.

23.

62

HORUM!

Remy, R.R., Stratigraphy of the Eocene part of the Green River Formation
in the south-central part of the Uinta Basin, Utah, U.S. Geological Survey
Bulletin 1787-BB:1-79, 1992.

Roehler, H.-W., Revised stratigraphic nomenclature for the Wasatch and
Green River Formations of Eocene age, Wyoming, Utah, and Colorado,
U.S. Geological Survey Professional Paper 1506-B:1-38, 1991.

Ferber, C.T., Environmental interpretation of fish deposits in the Eocene
Green River Formation of Utah and Wyoming, Masters Thesis, Kent State
University, Kent, OH, 1987.

Ferber, C.T. and Wells, N.A., Paleolimnology and taphonomy of some
fish deposits in ‘Fossil’ and ‘Uinta’ Lakes of the Eocene Green River
Formation, Utah and Wyoming, Palaeogeography, Palaeoclimatology,
Palaeoecology 117:185-210, 1995.

Eugster, H.P. and Hardie, L.A., Sedimentation in an ancient playa-lake
complex: the Wilkins Peak Member of the Green River Formation,
Geological Society of America Bulletin 86:319-334, 1975.

Picard, M.D. and High Jr, L.R., Criteria for recognizing lacustrine rocks,
in recognition of ancient sedimentary environments; in: Rigby J.K.
and Hamblin, W.K (Eds.), Society of Economic Paleontologists and
Mineralogists Special Publication No. 16, pp. 108—145, 1972.

. Petersen, F.S., Lacustrine deltaic deposits of the Sandstone Tongue of the

Wasatch Formation, Fossil Basin, Wyoming, Masters Thesis, Loma Linda
University, Loma Linda, CA, 1987.

Scott, D.J. and Cushman Jr, R.A., Comparison of plant macro- and
microfossil assemblages from the Middle Eocene Bitter Creek Delta,
Wyoming, Geological Society of America Abstracts with Programs
34(6):556, 2002.

. Moussa, M.T., Green River Formation (Eocene) in the Soldier Summit

area, Utah, Geological Society of America Bulletin 80:1737—-1748,
1969.

Roehler, H.W., Hanley, J.H. and Honey, J.G., Geology and paleoecology
of the Cottonwood Creek Delta in the Eocene Tipton Tongue of the Green
River Formation and mammalian fauna from the Eocene Cathedral Bluffs
Tongue of the Wasatch Formation, Southeast Washakie Basin, Wyoming,
U.S. Geological Survey Bulletin 1669:A1-C14, 1988.

Calkin, W.S., Lacustrine delta, Sunnyside Tar Sands, northeastern Utah,
AAPG Bulletin 81(7):1220, 1997.

. Loewen, M.A. and Buchheim, H.P., Lithofacies and paleoenvironments

during the culminating phases of Eocene Fossil Lake (Green River
Formation), Geological Society of America Abstracts with Programs
30(7):334, 1998.

Buchheim, H.P. and Surdam, R.C., Paleoenvironments and fossil fishes
of the Laney Member, Green River Formation, Wyoming; in: Gray,
J., Boucot, A.J. and Berry W.B.N. (Eds.), Communities of the Past,
Hutchinson Ross Publishing Co., Stroudsburg, PA, pp. 415-452, 1981.

Leggitt, V.L. and Cushman Jr, R.A., Flamingo nest mounds from a
crocodilian nesting site in the Eocene Wasatch Formation: Lincoln County,
Wyoming, Journal of Vertebrate Paleontology 23(supplement no. 3):71,
2003.

Leggitt, V.L., Lake margin avian and crocodilian nesting sites from the
Eocene Green River, Wasatch and Debeque Formations: Wyoming,
Colorado and Utah, Geological Society of America Abstracts with
Programs 34(6):557, 2002.

Rhodes, M.K. and Carroll, A.R., Nonmarine sequence stratigraphic
interpretation of the Laney Member, Eocene Green River Formation,
Washakie Basin, Wyoming, American Association of Petroleum
Geologists Annual Meeting Expanded Abstracts 2001:167, 2001.

Moussa, M.T., Fossil tracks from the Green River Formation (Eocene) near
Soldier Summit, Utah, Journal of Paleontology 42:1433—1438, 1968.

Grande, L., Paleontology of the Green River Formation, with a review of
the fish fauna, 2" ed., The Geological Survey of Wyoming, Bulletin 63,
Laramie, WY, 1984.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Surdam, R.C. and Stanley, K.O., Lacustrine sedimentation during the
culminating phase of Eocene Lake Gosiute, Wyoming (Green River
Formation), Geological Society of America Bulletin 90:93-110, 1979.

Leggitt, V.L. and Cushman Jr, R.A., Complex caddisfly-dominated
bioherms from the Eocene Green River Formation, Sedimentary Geology
145:377-396, 2001.

Whitmore, J.H., Experimental fish taphonomy with a comparison to fossil

fishes, Ph.D. Dissertation, Loma Linda University, Loma Linda, CA,

2003.

Leggitt, V.L. and Buchheim, H.P., Bird bone taphonomic data from recent
lake margin strandlines compared with an Eocene Presbyornis (Aves:
Anseriformes) bone strandline, Geological Society of America Abstracts
with Programs 29(6):105, 1997.

Lundell, L.L. and Surdam, R.C., Playa-lake deposition: Green River
Formation, Piceance Creek Basin, Colorado, Geology 3:493-497,
1975.

Bradley, W.H. and Eugster, H.P., Geochemistry and paleolimnology of
the trona deposits and associated authigenic minerals of the Green River
Formation of Wyoming, U.S. Geological Society Professional Paper
496-B:1-71, 1969.

Mayry, M.S. and Buchheim, H.P., Spring mounds within the Tipton
and Wilkins Peak Members of the Eocene Green River Formation:
geochemical and sedimentological influences on Lake Gosiute, Geological
Society of America Abstracts with Programs 36(5):288, 2004.

Wiegman, R.W., Spring deposits: surface expressions of the Henry’s
Fork Fault, Sweetwater County, Wyoming, in Sedimentation of Late
Cretaceous and Tertiary Outcrops, Rock Springs Uplift, DeVoto, R.H.
and Bitter, R.K. (Eds.), Wyoming Geological Association Guidebook,
19" Field Conference, pp. 156158, 1965.

Grande, L. and Buchheim, H.P., Paleontological and sedimentological
variation in early Eocene Fossil Lake, Contributions to Geology,
University of Wyoming 30(1):33-56, 1994.

Whitmore, J.H. and Brand, L., A novel method to determine relative
lake depth using vertical and lateral trends in fish taphonomy (Green
River Formation, Fossil Butte Member, Wyoming), Geological Society
of America Abstracts with Programs 35(6):105, 2003.

Whitmore, J.H., Brand, L. and Buchheim, H.P., Implications of modern
fish taphonomy for the preservation states and depositional environments
of fossil fish, Fossil Butte Member, Green River Formation, southwestern
Wyoming, Geological Society of America Abstracts with Programs
34(6):556, 2002.

Grande, L., Studies of paleoenvironments and historical biogeography
in the Fossil Butte and Laney Members of the Green River Formation,
Contributions to Geology, University of Wyoming 30(1):15-32, 1994.

Buchheim, H.P., Eocene Fossil Lake, Green River Formation, Wyoming:
A history of fluctuation salinity, in Sedimentology and Geochemistry of
Modern and Ancient Saline Lakes, Special Publication No. 50; in: Renaut,
R.W. and Last, W.M. (Eds.), Society for Sedimentary Geology, Tulsa, OK,
pp. 239-247, 1994.

Buchheim, H.P., Salinity gradients in Eocene Fossil Lake (Green River
Formation), American Association of Petroleum Geologists and Society
of Economic Paleontologists and Mineralogists Annual Meeting Abstracts
5:19-20, 1996.

Loewen, M.A. and Buchheim, H.P., Lithofacies and paleoenvironments
of the Angelo Member of the Green River Formation in Fossil Basin,
SW Wyoming: an underfilled Fossil Lake, Geological Society of America
Abstracts with Programs 34(6):479, 2002.

Biaggi, R.E., Paleoecology, taphonomy and paleoenvironments of a unique
littoral ecosystem with the Eocene Green River Formation of Wyoming,
Ph.D. Dissertation, Loma Linda University, Loma Linda, CA, 2001.

JOURNAL OF CREATION 20(1) 2006



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

Lamond, R.E. and Tapanila, L., Embedment cavities in lacustrine
stromatolites; evidence of animal interactions from Cenozoic carbonates
in U.S.A. and Kenya, Palaios 18:445-453, 2003.

Bradley, W.H., Algae reefs and oolites of the Green River Formation, U.S.
Geological Survey Professional Paper 154:203-223, 1929.

Roehler, H.W., Eocene climates, depositional environments, and
geography, Greater Green River Basin, Wyoming, Utah, and Colorado,
U.S. Geological Society Professional Paper 1506-F:1-74, 1993.

Schultz, C., A high resolution archive of lake dynamics preserved in
the stromatolites of the Laney Member of the Green River Formation,
Geological Society of America Abstracts with Programs 36(5):285,
2004.

Oriel, S.S. and Tracey Jr, J.I., Uppermost Cretaceous and Tertiary
stratigraphy of Fossil Basin, southwestern Wyoming, U.S. Geological
Survey Professional Paper 635:1-53, 1970.

Biaggi, R.E., Buchheim, H.P. and Leggitt, V.L., Caddisfly (/nsecta:
Trichoptera) larvae mounds from the Eocene Tipton Member, Green
River Formation, Wyoming, Geological Society of America Abstracts
with Programs 31(7):242, 1999.

Leggitt, V.L.and Cushman Jr, R.A., Massive caddisfly bioherms from the
Eocene Green River Formation, Geological Society of America Abstracts
with Programs 31(7):242, 1999.

Bradley, W.H., Geology of Green River Formation and associated Eocene
rocks in southwestern Wyoming and adjacent parts of Colorado and Utah,
U.S. Geological Survey Professional Paper 496-A:1-86, 1964.

Roehler, H.W., Introduction to Greater Green River Basin geology,
physiography, and history of investigations, U.S. Geological Survey
Professional Paper 1506-A:1-14, 1992.

Lamerson, P.R., The Fossil Basin and its relationship to the Absaroka
Thrust System, Wyoming and Utah; in: Powers, R.B. (Ed.), Geologic
Studies of the Cordilleran Thrust Belt, Vol. I, Rocky Mountain Association
of Geologists, Denver, CO, pp. 279-340, 1982.

M’Gonigle, J.W. and Dover, J.H., Geologic Map of the Kemmerer 30’
x 60’ Quadrangle, Lincoln, Uinta, and Sweetwater Counties, Wyoming,
Map 1-2079, Miscellaneous Investigations Series, U.S. Geological Survey,
Denver, CO, 1992.

Dean, W.E. and Fouch, T.D., Lacustrine environment; in: Scholle,
P.A., Bebout, D.G. and Moore, C.H. (Eds.), Carbonate Depositional
Environments, American Association of Petroleum Geologists, Tulsa,
OK, pp. 97-130, 1983.

Loewen, M.A., Lateral Salinity Gradients During Hypersaline Lake
Stages of Eocene Fossil Lake, Wyoming, Masters Thesis, Loma Linda
University, Loma Linda, CA, 1999.

Buchheim, H.P. and Loewen, M.A., The climate of Eocene Fossil Lake
(Green River Formation, Wyoming) as determined from vertical and lateral

facies trends, Geological Society of America Abstracts with Programs
33(3):69, 2001.

Buchheim, H.P., Paleoenvironments, lithofacies and varves of the Fossil
Butte Member of the Eocene Green River Formation, southwestern
Wyoming, Contributions to Geology, University of Wyoming 30(1):3—14,
1994.

Reineck, H.-E. and Singh, I.B., Depositional Sedimentary Environments
2" ed., Springer-Verlag Inc., New York, 1980.

Davis, R.A., Depositional Systems, Prentice-Hall, Englewood Cliffs, NJ,
1983.

Trivino, E.L., Freshwater inflow and carbonate depositional patterns in
Eocene Fossil Lake, Masters Thesis, Loma Linda University, Loma Linda,
CA, 1996.

Buchheim, H.P., Paleo-Historical Fluctuations in Paleogeography,
Depositional Environment, and Chemistry of Eocene Fossil Lake, Loma
Linda University, Loma Linda, CA. This is an unpublished report (111
pages) to the National Park Service, Rocky Mountain Region, contract
#CA-1463-5-0001, June 1993.

JOURNAL OF CREATION 20(1) 2006

59.

60.

61.

62.

63.

64.

65.

HORUM!

See comment 15 in our first article: Oard, M.J. and Whitmore, J.H., The
Green River Formation of the west-central United States: Flood or post-
Flood, Journal of Creation 20(1):46—49, 2006.

Woolley, D.A., Fish preservation, fish coprolites and the Green River
Formation, Journal of Creation 15:105-111, 2001.

Wharton Jr, R.A., Stromatolitic mats in Antarctic lakes: in: Bertrand-
Sarfati, J. and Monty, C., (Eds.), Phanerozoic Stromatolites II, Kluwer
Academic Publishers, Dordrecht, Netherlands, 1994.

Buchheim, H.P., Discovery of fresh water stromatolites in Carrizo Creek,
California, Geological Society of America Abstracts with Programs
22(7):358-359, 1990.

Gebelein, C.D., Distribution, morphology, and accretion rate of recent
subtidal algal stromatolites, Bermuda, Journal of Sedimentary Petrology
39:49-69, 1969.

Surdam, R.C. and Sheppard, R.A., Zeolites in saline, alkaline-lake
deposits; in: Sand, L.B. and Mumpton, F.A. (Eds.), Natural Zeolites,
Pergamon Press, Oxford, pp. 145-174, 1978.

Hardie, L.A., Smoot, J.P. and Eugster, H.P., Saline lakes and their deposits:
a sedimentological approach; in: Matter, A. and Tucker, M.E. (Eds.),
Modern and Ancient Lake Sediments, Blackwell Scientific Publications,
Oxford, pp. 7-41, 1978.

63





