The next area that was surveyed was in the southeast portion of the image. A
highly productive locality was located, named ‘Broke Duck SS’, however, this locality
was not predicted by the GEOBIA method. This locality contained a massive quantity of
mammalian fossils, including primate jaws and teeth. This locality was within a line of
sandstone outcrops running east-west approximately due north of a road (see figure 35)
and was composed of dark red sandstone. This area of the image was excluded from the
classification because of the dark red color of the sandstone.

The next area that was surveyed was to the east and north of ‘Broke Duck SS’, in
the area of SP-9 (see figure 35). We surveyed the image objects to the south of SP-9,
then moved along the western edge of the survey point and continued to the north.

We discovered a productive locality at point 920, named ‘Cactus’, which contained a
large number of reptilian and mammalian fossils. From this location there was a visible
sandstone outcrop to the east. We moved to that location and discovered more fossils at
point 931. This locality was named ‘Balls’ after the ball shaped stone formations
covering the area. Fewer fossils were recovered from this location; however, a
mammalian femur was uncovered here. This locality was just east of a predicted image
object.

From the location of point 931 more sandstone outcrops were visible to the north
east. We moved to that outcrop and found more fossils at point 932. This location,
named ‘Afternoon Spot’, yielded a large number of turtle shell, gar spines, and some
mammalian fossils. This locality was approximately 100 meters to the south of

predicted image objects around survey point 10. More sandstone outcrops were visible to
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Figure 3.innac|es and Freighter Gap, SP-9, 10, 33.

the east from this location. We moved in that direction and discovered another locality at
point 933, which corresponded precisely with the predicted image objects at SP-33. This
locality yielded several mammal teeth and was named ‘Saving Private Bryan’. Figure
A32 in the Appendix details the vicinity of localities 931, 932, and 933.

The next area that was surveyed was south of the previous area surveyed, i.e. SP-
9, 10, and 33 (see figure 36). The predicted image objects around survey point 30 were
examined. A path was surveyed due south from the road and covered the predicted areas
around SP-30, as well as the predicted ridgeline to the east. The survey team continued
to the east and discovered a series of large sandstone bowls that corresponded with
predicted image objects to the east. Fossils were recovered from points 934, 935, and
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Figure 36. Pinnacles and Freighter Gap, SP-30.

936. The points recorded at 934 and 935 were both contained within a single sandstone
bowl and yielded reptilian and mammalian fossils. This locality was collectively named
‘Eagle Bowl’. The survey continued to the east to another sandstone bowl formation that
did not correspond with a predicted image object. At point 936 more fossils were
recovered from an area of anthills, including a large number of mammal teeth.

The survey team then moved to the northeast from point 936 and continued to SP-
32 (see figure 37). The predicted image objects at SP-32 and to the south east to SP-31
were extensively surveyed. Fossils were recovered from point 940, ‘Fish Hill’, in the
vicinity of SP-32 and included a large number of turtle fossils as well as some

mammalian fossils. Near SP-31 there were four recorded points where fossils were
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Figure 37. Pinnacles and Freighter Gap, SP-31 and 32.

recovered: 941, 942, 943, and 944. At point 941 a single mammal jaw was recovered. At
point 942 more mammal fossils were found. Continuing to the south east, more
mammalian fossils were recovered from points 943 and 944. The team continued to the
north and east to SP-34 (see figure 38) and surveyed the predicted image objects to the
south of that point. A single mammal jaw was recovered from point 945.

After heavily surveying in the south east portion of the area, the team moved to
the north-west area of the RS image in an area known as Alkali Draw (see figure 39).
Several predicted image objects were surveyed to the west of SP-16. These locations
consisted of primarily claystone and mudstone, no sandstone, and did not contain any

fossils.
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Figure 39. Pinnacles and Freighter Gap, SP-16 and 18.
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The team moved to the south and surveyed several predicted image objects south of the
road and continuing to the west toward SP-18. Similar geology was found here and no
fossils were recovered. A prominent sandstone feature was visible to the south and the
team moved there and found mammal fossils at point 950, named ‘Pyramid’. The
sandstone outcrop here corresponded with the small predicted image objects due south of
point 950, however, the bulk of the fossils were recovered from the northern slope of this
outcrop, where the GPS coordinates were recorded. On the trip back to the road, another
fossil locality was discovered in a relatively flat area marked as point 951. Mammal
fossils were recovered from this location, which is interesting because the locality is in a

completely flat area.

Summary of Results

In summation, a total of 31 survey points in five different satellite images were
surveyed during the course of the field season (see table 7). In the 1-80 area, ten survey
points were covered and three of these locations yielded fossils. Two were primarily
reptile scatters while the third contained mammal fossils. The Tipton North and South
images were not very productive. Tipton North had three survey points examined with
no success. The Tipton South area had eight locations surveyed with only one location
yielding a small reptile scatter. The Bitter Creek Road area had two locations surveyed
with one yielding fossils. Finally, the Pinnacles and Freighter Gap area had eight survey
points covered with all eight yielding fossils. Some of the survey points in the Pinnacles

and Freighter Gap area yielded more than one new fossil locality (i.e. discrete GPS
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coordinates of where fossils were recovered). A total of thirteen of the survey points

yielded fossils giving a success rate of approximately 42%. A total of 22 new fossil

localities were documented.

Table 7

Overall results of field work in GDB

Image Area Points Surveyed | Successes | New Localities
1-80 10 3 3
Tipton South 8 1 1
Tipton North 3 0 0
Bitter Creek Road 2 1 1
Pinnacles and Freighter Gap 8 8 17
Totals 31 13 22
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CHAPTER VI

CONCLUSIONS

Interpretation of Results

The primary goal of the survey work performed in the Great Divide Basin was the
recovery of Eocene vertebrate fossils. Of particular interest were mammalian fossils,
specifically primates (such as adapids and omomyids). Over the past twenty years of
field work in this area, it has been recognized that sandstone outcrops are highly likely
locations to contain mammalian and primate fossils (Emerson & Anemone, 2012). The
goal of this predictive model is to recognize these potentially fossiliferous locations
remotely and pinpoint them within the landscape. Survey teams can then be guided to
locations in the landscape that possibly have been overlooked during previous field
seasons. The overall success rate of this method, approximately 42%, is a moderate
success. The location of 22 new fossil localities (17 of which were found near the 8
survey points in the Pinnacles and Freighter Gap area) is a success for this method. The
classification scheme of this method is rather simplistic but refinement of this will
increase the accuracy, and subsequent success, of this methodology.

Previous methods of survey relied on visual inspection of topographic and
geologic maps to locate areas of interest. The survey team would then travel to these
areas and physically search for visible sandstone outcrops, which were relatively close to
roads. By using a RS method, locations that are further away from the road network, or

possibly not visible from the road, can be located and survey teams can navigate to them.

104



By focusing survey work to areas that have been analyzed by this methodology and found
to be probable of being fossiliferous, time can be used more efficiently in the field. The
survey results of this research have shown that this methodology is capable of locating
sandstone outcrops in the landscape, and is adept at locating locations that are not visible
from nearby roads. The survey work done in the northern portion of the Bitter Creek
Road area (vicinity of SP-5, see figure 21) located a string of sandstone outcrops which
were, unfortunately, non-fossiliferous. The southern portion of Bitter Creek Road (see
figure 20) is on the border between Paleocene and Eocene geology and is therefore less
likely to be productively prospected due to uncertainties in the geologic maps. Work done
in the Pinnacles and Freighter Gap area (see figures 22 through 27) located several
locations of sandstone outcrops that were fossiliferous. The most important aspect of
these successes is that these outcrops were not visible from the road, and using typical
survey techniques, would be overlooked.

Another aspect of this methodology that can be considered a success is the
location of fossils in areas of geology in which fossils are rarely found. Survey work was
performed in the Cathedral Bluffs tongue of the Wasatch formation in the 1-80 area (see
figures 4, 25, 26) and fossils were recovered. Past paleontological work has found this
tongue to be particularly non-fossiliferous (Pipiringos, 1962); therefore, survey may not
have otherwise been performed in this area. Another example of this is the survey
performed in the southern portion of the Bitter Creek Road area (see figure 31). This
area consists of Fort Union formation geology (late Paleocene) and fossils are rarely
found in this geology. Fossils were recovered from the Fort Union formation while

surveying this area. This methodology led the survey team to areas of geology that are
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not considered to be productive for fossil recovery, and fossils were recovered from these

locations.

Potential Issues

There are some issues that have come to light in the execution of this research.
The first of these is that the classification method relies solely on the mean brightness of
the image objects to classify the sandstone outcrops. This is a rather simplistic method
that doesn’t take full advantage of the spectral signature of the image. The result of this
is that there were quite a few ‘false positives’ in the classification. Many areas that were
surveyed were found to consist primarily of claystones and mudstone, as opposed to
sandstones. Also, there was some over-prediction of sandstone outcrops in the image.
Incorporating other aspects of the spectral signature of the image objects may decrease
the over-prediction and subsequent false positives in the classification.

The second issue with this methodology is the appropriateness of the landscape
characteristics, and the particular parameters used, in the classification method. Survey
work has resulted in particular aspects of the classification coming into question. Roads
were classified in the image for the purpose of exclusion. While surveying the southern
portion of the Bitter Creek Road area (see figure 31), a highly productive fossil locality
(Roadside Reststop) was found directly next to a dirt road. The second example of road
proximity is Tim’s Confession, the highly productive fossil locality used to determine
parameters for classification, has a dirt road that runs directly into the fossiliferous

sandstone outcrops there. While the road classification was intended to extract only the
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road itself, there is a possibility that potentially fossiliferous locations next to roads may
be inadvertently excluded.

Another aspect of the classification scheme that has come into question is the
appropriateness of the slope parameter of greater than six percent slope. Areas of the I-
80 image, particularly in the Cathedral Bluffs tongue along Laney Rim, were predicted as
potentially fossiliferous, however, they were part of an extremely steep slope and high
elevation. These locations would be impractical to survey as a near vertical climb would
be involved. An upper threshold of slope would need to be incorporated to exclude these
kinds of areas. The second issue with slope is that areas of relative flat terrain were
pinpointed as potentially fossiliferous. The majority of the Tipton North and South
images were flat and only small areas were pinpointed based on slope values barely
above the six percent threshold. Adjusting the slope parameters slightly upward and
limiting the percent slope to an upper threshold would correct these two issues.

However, there was one fossil locality discovered that shows that flat areas and low slope
do not preclude the existence of fossils. While prospecting in the northern portion of the
Pinnacles and Freighter Gap area (see figure 39), a new fossil locality was discovered in a
completely flat area. This shows that, while steep slope is typically sought out in
surveying for fossils, it does not mean that areas of low slope do not contain fossils.

The geology of the landscape is one of the most important indicators for fossils.
Eocene fossils are only found in Eocene deposits and mammalian fossils are found
almost exclusively in Wasatch formation geology. Searching for these geologic
formations on the landscape can only be as accurate as the geologic maps that are

available. Inaccuracies in the geologic maps will result in inaccuracies in the model.
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This was found to be the case while surveying the Niland tongue, of the Wasatch
formation, found in the 1-80 area (see figures 25, 26, 27). It was found that this area was
most likely part of the Tipton tongue of the Green River formation. This was based on
the fact that the sedimentary deposits and fossils found here were more indicative of a
lacustrine depositional environment. A second aspect of inaccuracies in geologic maps is
the fact that Tim’s Confession is mapped as Quarternary sand. These younger sand
deposits were obviously deposited, probably by wind, over Eocene bedrock. The
geology underlying these sand deposits is impossible to ascertain, therefore, either all
Quarternary sand deposits should be included in the predictive model, which would

potentially increase over-prediction, or should be excluded, which also has its detriments.

Future Work

Several modifications and improvements to this methodology would greatly
enhance the accuracy and utility of this model. The first would be to use a supervised
classification algorithm, such as the Nearest Neighbor functionality of the eCognition
software, as opposed to the simple Boolean classifiers. Using a supervised method would
allow Tim’s Confession to be used as a training site to establish a more complex example
of the spectral characteristics of a fossil locality. Training sites for other aspects of the
landscape could be established and the images could be classified based on the entire
spectral response patterns of the image objects, as opposed to only the mean brightness of
the image objects. This would minimize the over-prediction of sandstone outcrops in the

images and would decrease the number of false positives in the classification.
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Incorporation of distinct spectral response patterns collected by a spectroradiometer for a
variety of land cover classes would also improve that accuracy of this model. Another
improvement that could be incorporated is a more robust ground truthing of the resulting
classification. In this research, only the areas of the landscape that were classified as
being potentially fossiliferous were surveyed due to time constraints. A better ground
truthing would examine areas of the landscape that were classified as other classes, such
as vegetation and roads, to determine the overall accuracy of the classification.

An updated and refined geologic survey of the GDB would greatly improve the
accuracy of this predictive model. Corrections to the complicated inter-tonguing portions
of the GDB would greatly increase the accuracy of any predictions made. A re-
evaluation of the slope parameters of the model would also refine the model. Areas of
extremely high slope or of relativly low slope (just above 6%) could be excluded to
decrease the sheer number of predicted image objects. Another improvement would be to
increase the spatial resolution of the imagery used. The Worldview 2 and Quickbird 2
imagery used here had a spatial resolution of 2 meters, however, a pan-sharpening
technique, such as Principle Components Analysis, could be used with the pan-chromatic
band for this imagery to refine the resolution down to 0.5 meters.

The visibility of sandstone outcrops is an important aspect of this research. In
order to assess visibility, a viewshed analysis could be incorporated in future work. This
would require a much more accurate road network to be developed as the majority of the
dirt roads in the area are not accurately mapped, or mapped at all. A series of viewshed
analyses from points on the road network could be accomplished in areas of the GDB to

determine potentially fossiliferous sandstone outcrops that are not visible from the road.
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This research has shown that the GEOBIA methodology of analyzing high
resolution RS imagery has great potential for guiding paleontological and
paleoanthropological survey in the field. The methodology developed here is a fairly
simple segmentation and classification scheme that was shown to have moderate success
in locating fossils in the field. With further refinement of this methodology, more
accurate predictive models can be developed and the success rate of fossil recovery can
be greatly increase. This will result in a saving of time and money while performing field

work and will ultimately lead to the recovery of more fossils.
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