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Stop 1 - The Cheyenne Table and the Gangplank 

Cheyenne is situated on the High Plains about 1000 feet higher in elevation than the 
South Platte and Cache la Poudre rivers. The Cheyenne Table is part of the High Plains and is 
bounded by the valleys of the South Platte and Cache la Poudre rivers on the south and the valley 
of Horse Creek on the north. Two streams flow west to east on the table, one is Crow Creek that 
flows through Cheyenne and the other is Lodgepole Creek that eventually joins the South Platte 
at Julesburg. As one travels to the west, Crow Creek and Lodgepole Creek have cut 
progressively deeper into the Tertiary fill until they expose Cretaceous and older rocks next to 
the Laramie Mountains. However between Crow Creek and the Colorado line, the Tertiary rocks 
are not eroded and overlap onto the Proterozoic rocks of the core of the Laramie Mountains. 
This ramp of Tertiary rocks is called the Gangplank (Fig. 1). The Union Pacific Railroad was 
built on this feature in 1868, for on this surface there is a gradual rise of about 73 feet for every 
horizontal mile, or an incline of 0.8° (grade of 1 .4% ). Interstate 80 was also built on the 
Gangplank and the highest elevations on both 1-80 and the railroad are where they cross the 
Sherman Mountains on the west side of the Laramie Mountain block. 

Figure 1. The Cheyenne Table, Gangplank, and other features in southeast Wyoming. Cross section H
H' refers to Figure 3. From Google Earth, image 19 June 2014. 
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The rocks in the Cheyenne Table include the Eocene/Oligocene White River Formation 
at the base and the Miocene Ogallala Formation at the top. The White River Formation is 
composed of tan to near white mudstone and siltstone beds with scattered coarse conglomerate 
and sandstone ribbons derived from the Laramie Mountains. The Ogallala is composed of sands 
and coarse gravels with clasts derived primarily from the northern Front Range. North of 
Cheyenne in the valley of Horse Creek, the late Oligocene Arikaree Formation occurs between 
the White River and Ogallala formations. The Arikaree is composed of light gray, fine-grained 
sandstone beds. The Arikaree Formation pinches out to the south and is not exposed in the 
southern rim of the Cheyenne Table. The surface at the top of the Tertiary rocks is continuous 
with the Sherman Surface cut on the Sherman Granite of the Laramie Mountains (Fig. 2). The 
Sherman Surface merges with the subsummit surface in the Northern Front Range. The Tertiary 
rocks bury Laramide structures developed in older rocks, and thicken into upper Eocene 
paleovalley fills (Fig. 3). 

Figure 2. View to the west of the Gangplank merging with the Sherman Surface of the Laramie 
Mountains. The Proterozoic metamorphic (Mm) rocks extend above the surface, but the 
Pennsylvanian/Permian Casper Formation hogbacks were buried and beveled to the level of the 
surface. Location is just south of Interstate 80 near Granite Canyon. 

Figure 3. West to east cross section through the Gangplank. From Blackstone, 1996. Figure 7. 
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Stop 2 - The East Flank of the Laramie Mountains 

The western rim of the High Plains above the valley of Lodgepole Creek is an excellent 
place to see the relations between several erosional surfaces and the Tertiary deposits, and to 
discuss the geomorphic history of the area. At Stop 2, you are standing on conglomerate and 
coarse sandstone beds of the Miocene Ogallala Formation. The clasts in the Ogallala were 
derived mostly from the Proterozoic Sherman Granite. Rarer fossiliferous limestone and chert 
clasts from the Mississippian Madison Limestone and Pennsylvanian-Permian Casper Formation 
also occur in the Ogallala. Darton et al. (1910, see Plate 1) mapped these rocks as the Arikaree 
Formation, but the conglomerates and gravelly sandstone beds contain abundant clasts derived 
from the crystalline rocks to the west, a characteristic of the Ogallala Formation. No fossils 
occur in these upper conglomerate beds along the western High Plains escarpment, but fossils in 

these upper Tertiary beds farther to the east indicate a Barstovian, or middle Miocene age. 
The high hogbacks you see to the west and north are capped by the Casper Formation. 

Mesa Mountain, the flat-topped mountain west of this stop, is capped by the Casper Formation 

that overlies a remnant of the Madison Limestone. The thin Madison Limestone remnant escaped 
the pre-Pennsylvanian erosion of the region prior to Pennsylvanian deposition. The valley you 

see below you between the Laramie Mountains and the High Plains escarpment is covered by the 
upper Eocene-lower Oligocene White River Formation. The lateral tributaries of Crow, 
Lodgepole, and Horse creeks have not removed all of the White River rocks from the mountain 
front, but along the major creeks Cretaceous rocks are exposed. 

There are four erosional surfaces in this area. The first erosional surface is at the base of 
the White River Formation. After Laramide deformation and syntectonic erosion of Mesozoic 
and Paleozoic rocks in the core of the Laramie Mountains, erosion continued until the late 
Eocene. This erosional episode ended when streams became overloaded with fine-grained 
volcanic sediments derived from volcanic sources far to the west. The claystones, mudstones, 
and siltstones of the White River are all derived from these volcanic sources. Where ancient 

paleovalleys in the Laramie Mountains emptied into the plains, radiating swarms of coarse
grained stream deposits occur next to the mountain front within the White River Formation 
(mapped as Chadron sandstones on Plate 1). While most of this older surface is buried under the 
White River Formation and the higher parts of this old surface has been modified by post White 
River erosion, the topography along the mountain front was last exposed during the late Eocene. 
Late Eocene topography is also being exhumed at the bottom of the stream valleys. 

The second surface can be seen in the Laramie Mountains beyond Mesa Mountain and 
the high hogbacks of the Casper Formation. This surface is cut on the Proterozoic Sherman 
Granite, and is called the Sherman surface. It slopes eastward across the core of the Laramie 

Mountains, and projects to the base of the Ogallala Formation. The few exposures of White 

River rocks that occur within the core of the Laramie Mountains occur within paleovalleys below 

this surface. During the long interval of stasis between the deposition of the White River and the 
final deposition of the Ogallala Formation (between 30 Ma and 14 Ma, possibly younger, 
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totaling at least 16 my), the Sherman Granite was beveled. Gravel from this beveling event 
accumulated as part of the Ogallala Formation. 

The third erosion event resulted the beveling of the flanking Paleozoic hogbacks. 
Looking across the valley, you will see that the tops of the Casper Formation hogbacks (and the 
top of Mesa Mountain) only extend to a certain level above the surrounding country. The tops of 
these hogbacks are at the same level as the High Plains surface that is the depositional top of the 
Ogallala Formation. When you stand on the High Plains Surface east of here, only the tips of the 
hogbacks can be seen off to the west. This beveling is also seen in the Gangplank (see Fig. 2), 
where the Ogallala Formation still surrounds all but the tips of the Paleozoic hogbacks. To the 
northwest in the Horse Creek area, the tops of the Casper Formation hogbacks occur at the 
projected level of the High Plains (Fig. 4). Regionally the Ogallala Formation ended its 
deposition roughly 5 Ma. Thus, the tops of the hogbacks reflect at least 40 myrs of erosion 
between the end of the Laramide uplift and the beginning of the Pliocene, when the modem 
streams started to erode their modem valleys. 
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Figure 4. A cross section from the crystalline core of the Laramie Mountains to the High Plains. 
The contact between the White River (Twr) and Ogallala (To) formations project to the Sherman 
surface, while the top of the High Plains project to the tops of the Casper Formation hogbacks. 
Mz and Pz on the diagram refer to Mesozoic and Paleozoic rocks, respectively. 

As mentioned above, the modem streams started to erode about 5 Ma and are continuing 
to erode today. The modem erosion surface is formed by the down cutting of the three primary 
streams, Crow, Lodgepole, and Horse creeks, and the north south erosion of the rocks along the 
mountain front by lateral tributaries to these streams. The end result is that the High Plains 
escarpment is retreating eastward away from the resistant rocks of the Laramie Mountain front. 
This is probably the same situation when streams started to erode the Tertiary fill along the Front 
Range that eventually resulted in the excavation of the Colorado Piedmont. 
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Stop 3 - The Sherman Surface 

Driving onto the Sherman surface at Stop 3, one can see the relatively flat surface extending to 
the southwest, west, and northwest. Sherman Granite weathers and is easily eroded into a relatively flat 
surface, but the Sherman surface also extends northward onto the Proterozoic Laramie Anorthosite. 
Anorthosite is a plutonic, coarse crystalline igneous rock composed almost entirely of plagioclase 
feldspar, typically blue-gray labradorite (Ab SO/ An50 to Ab30/ An70). To the west are isolated mountains 
such as Ragged Top Mountain on the right (north) that is cored by Proterozoic granitic gneiss and Powell 
Mountain on the left (south) that is cored by anorthosite. Both mountains are inselbergs, or mountain 
remnants that extend above the relatively flat erosional surface. You can see the Sherman surface slope 
upward to the base of these two mountains, and the slope nick-line is the farthest extent of the 
pedimentation that cut the mountains and formed the Sherman surface. . Along the mountain front to the 
south and extending to the northeast of this stop, the Casper Formation hogbacks rise above the level of 

the Sherman surface. The tops of these hogbacks do not extend above a certain elevation, which is the 
same height of the projected High Plains surface. 

The Sherman Granite has weathered into gravelly grus, but there are isolated outcrops of this 
granite near the road. Notice the large feldspar, quartz, and biotite crystals in these outcrops. The 
hydration of the biotite in these rocks causes the biotite to expand, breaking out the crystals around it to 
form a grus (Eggler et al., 1969). This grus is easily eroded and the level of erosion is controlled by the 
adjacent basin fill, which at the time was the White River Formation. Pediments became extensive along 
the flanks of the Laramie Mountains, and these eventually coalesced to form the Sherman surface. 
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Figure 5. Detailed west-east and south-north cross sections through the rock units in the Horse Creek 
area. The upper diagram shows the details of the relations between the Sherman surface and the Tertiary 
rock units of the High Plains. The lower diagram extends through the Casper Formation hogbacks and 
shows the projected Sherman and High Plains surfaces. The dip in the Sherman surface in the South Fork 
of Horse Creek reflects the topography on a late Eocene paleovalley. 
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Stop 4- Late Eocene Topography along Chugwater Creek 
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Images of Buttes along the Valley of Chugwater Creek from the Hayden Expedition of 1870 

The Ferdinand V. Hayden expedition of 1870 passed through what is now Chugwater, 
Wyoming, on August 9, 1870. The New York artist, Sanford Robinson Gifford accompanied the 
expedition from Cheyenne to Fort Bridger, and made a painting of two castellated buttes on the 
north side of Chugwater valley. The photographer William Henry Jackson accompanied the 
1870 expedition and this was the first time that Jackson worked for Hayden. He took a photo of 
Gifford working on his painting the Valley of the Chugwater. The man standing next to Gifford 
is the expedition's mineralogist Arthur L. Ford. The commentary on the photograph in the 
USGS Archives, abstracted from Hayden in his Annual Report for 1870, is as follows: 

"Castellated rocks on the Chugwater. A very conspicuous feature which we notice in descending 
the valley of the Chugwater is the high bluff of Lower Cretaceous [sic] sandstone, which 
stretches away toward the northeast like a huge wall. The jointage is so regular that it presents 
the appearance of massive mason work gradually falling to decay. The sides of these sandstone 
walls are 40 to 60 feet perpendicular, sometimes overhanging, large masses of which have 
broken off and fallen to the base. Their most striking feature, however, is to weather into most 
picturesque castellated forms. The valley of the Chugwater is 100 miles long, and is a favorite 
place to winter stock." 

After taking the photographs one of Jackson' s camera lenses went missing. He and 
Gifford rode five miles back to the site later on August 9 but could not find the lens. The lens 
had fallen into one of the compartments of his photographic box. When they returned Hayden 
was not pleased. In Jackson's words: "Dr. Hayden used the occasion for a serious talk, quite 
properly, about the need of greater care in the future. To lose essential articles in the wilds 
would defeat the purpose of the expedition. The trouble gave us all a needed lesson at the outset 
of our trip." (Jackson, 2005, p. 57). 

We now know that the rocks that Gifford was sitting on are tan siltstone beds of the 
Oligocene upper White River Formation, and the buttes are capped by thick gray conglomerate 
beds that merge farther to the east into the Oligocene Arikaree Formation. The conglomerate is 
filled with pebbles, cobbles, and boulders of gray anorthosite derived from the west in the 
Laramie Mountains. The two buttes of the painting and photograph are obvious on the north side 
of Interstate 25, just below the Chugwater communication towers. 

Sources of Information: 

Hayden, F. V., 1872, Part 1, Report of F. V. Hayden, Chapter 1, From Cheyenne to Fort 
Fetterman: U.S. Geological and Geographical Survey of the Territories, Hayden Survey, 
4th Annual Report for the 1870 Expedition, p. 11-24. 

Jackson, W.H., 2005, The pioneer photographer: Santa Fe, New Mexico, Museum of New 
Mexico Press, 210 p. A reprint of Jackson's 1929 book of the same name, editied by Bob 
Blair. 

The Gifford painting is figured in: 

Trenton, P. and Hassrick, P. H., 1983, The Rocky Mountains, a vision for artists in the nineteenth 
century: Norman, Oklahoma, University of Oklahoma Press, Color Plate 34, p. 231 . 
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Painting by Sanford R. Gifford, Valley of the Chugwater, Wyoming Terr., August 9th 1870. 
Original is now in the Amon Carter Museum, Fort Worth, Texas. 

Castellated Rocks on the Chugwater, USGS photo Jackson, W.H. 250. William Henry Jackson' s 
photo of S. R. Gifford working on his painting on August 9, 1870. The man at the left is 
Arthur L. Ford, mineralogist for the Hayden expedition. 
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Stop 5 - Wheatland Fault Zone 

A major series of parallel Neogene normal faults cross 1-25 near the junction with 
Wyoming Highway 34. These faults are part of the Wheatland Fault zone that extends southwest 
of here to the north side of the high Richeau Hills, to the North Platte River northwest of this 
stop (Fig. 6). In the area near the junction of 1-25 and State Highway 34, the fault zone is about a 
mile across and includes a series of blocks separated by normal faults. The blocks stair-step 
downward toward the northwest, with rocks of the younger Arikaree Formation faulted against 
rocks of the older White River Formation. Most of the normal faults have the down-dropped 
side on the northwest side. The total amount of displacement across the fault zone is not 
precisely known, but it is in the range of 500 to 700 feet (152 to 213 m; McGrew, 1963, 
Blackstone, 1996). To the northeast, the Wheatland Fault Zone is paralleled by the Whalen Fault 
Zone that flanks the southeast side of the Hartville Uplift and extends into Nebraska. The 
movement on the Whalen Fault zone is opposite of the Wheatland fault zone, or down to the 
southeast. Both fault systems postdate the Oligocene rocks (White River and Arikaree 
formations) and cut Ogallala Formation rocks. The Wheatland fault zone is the edge of a 
northeast-trending graben located southwest of the Laramide Hartville Uplift. This graben 
preserves the Oligocene and Miocene rock cover over the Precambrian rocks of the east flank of 
the Laramie Mountains. The edge of the Precambrian rocks on the eastern edge of the Laramie 
Mountains is only about a mile and a half west of this stop ( dashed line on Fig. 6; Blackstone, 
1996), but these rocks are all buried under Oligocene to recent fill. 
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Figure 6. Detail of the geologic map of Wyoming (Love and Christiansen, 1985) showing the 
Wheatland and Whalen fault zones. Oligocene and Miocene rocks (Tmo and Tmu) that cover 
the east flank of Laramie Mountains are preserved northwest of the Wheatland fault zone. The 
dashed line marks the approximate position of the eastern edge of Precambrian rocks under the 
Tertiary rocks. 
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Stop 6 - The Cooney Hills 

North of the Wheatland fault zone, the Precambrian rocks include granodiorites and high 

grade gneisses of Archean age. These rocks weather into high rugged mountains not seen in the 

Proterozoic rocks farther to the south. The hills and small mountain mass to the west of this stop 
are known as the Cooney Hills. These hills are completely surrounded by Oligocene and 

Miocene rocks of the Arikaree and Ogallala formations. The uppermost rocks contain mammal 
fossils that occur in the lower Miocene Sheep Creek Formation (basal Ogallala Group) of 

western Nebraska (McGrew, 1967a, 1967b). These rocks cover a surface of unknown relief, but 

thin toward the mountains becoming a thin deposit that covers pediments. The topography that 

you see was probably present in the mountains of Colorado during the Miocene, prior to the 

Pliocene to Recent canyon cutting event and Pleistocene glaciations that has stripped most of the 

Miocene and older deposits in the Front Range. The present drainages have started to cut into 

these Tertiary deposits, and some of the small drainages flow through narrow notches in the 
Precambrian exposures. 

Figure 7. Aerial view of the Cooney Hills. The hills are supported by Archean granite gneiss 
and are surrounded by gravelly sandstones of the lower Ogallala Formation. 
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Stop 7 - Tertiary Cover of the Hartville Uplift. 

The Hartville Uplift is a Laramide uplift that extends northeast of the Laramie Mountains. 
It includes three north-northeast trending faulted anticlines separated by synclines. Rocks as old 

as Archean are exposed in the eastern anticline, but the western anticlines expose rocks no older 
than Pennsylvanian. At the beginning of White River deposition (late Eocene), the Hartville 

uplift was an upland with over 500 m of relief and river drainages radiated outward to river 

systems surrounding the uplift. With the start of White River deposition, the streams started to 

aggrade and the margins of the uplift became buried. 
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Figure 8. Elevations at the base of the White River Formation around the Hartville Uplift (after 
Love et. al, 1980, and Macke and Denson, 1982) The contours show drainages radiating and 
surrounding the Hartville Uplift at the start of White River deposition in the late Eocene. 

The uplift continued to be buried by the aeolian and river sands of the Arikaree 
Formation. These deposits covered all but the highest ridges in the Hartville Uplift and are 
found in paleovalleys within the Precambrian and Paleozoic ridges. These ridges finally became 
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buried by gravelly river deposits of the Ogallala Formation. The Ogallala deposits are preserved 
in high buttes on the west center side of the uplift. The height of the Ogallala rocks indicate that 
essentially all of the Hartville Uplift was buried by the end of the Miocene. At the highest 
elevations, including the top of the linear buttes near Stop 7, a very coarse gravel with boulders 
as big as small cars was deposited. Mammals associated with these boulder deposits indicate a 
Pliocene age for these gravels. These high-level giant boulder gravel beds are equivalent to the 
Pliocene Broadwater Formation of Nebraska that contains some of the coarsest gravel of any of 
the Tertiary deposits in Nebraska. J. Harlan Bretz and his student studied these deposits and felt 
they were deposited in massive mudflows out of the Laramie Mountains (Bretz and Horgerg, 
1952). However, such boulder deposits can also be generated by repeated extreme flows in 
rivers during repeated high magnitude flood events. Sometime after the deposition of these 
Pliocene deposits, the North Platte River developed its course across the Hartville Uplift, 
independent of the underlying structures. The river has incised into the underlying rocks and cut 
deep canyons into the Paleozoic rocks. Current stream erosion is now removing the older 
Tertiary rock cover, but most of the uplift is still buried under Oligocene and Miocene deposits. 
Of all the Laramide uplifts in Wyoming, the Hartville Uplift is the one most covered by middle 
to late Tertiary deposits. 

Stop 8 - The Orin Junction - Shawnee Monoclines and Fault Zones 

The northwest flank of the Hartville Uplift is bounded by a faulted monocline, the Orin 
Junction - Shawnee monocline (Fig. 9). The monocline is inclined to the southeast and the faults 
are normal with most movement showing down to the southeast. The fault zone is typically a 
series of parallel faults ranging from a half mile to a mile wide. The Orin Junction monocline 
and fault zone extends to the southwest across the North Platte River into the Laramie 
Mountains. The Shawnee monocline extends toward the northeast north the town of Shawnee. 
Where the two monoclines converge, the fault zone flares into a series of parallel faults over two 
miles wide. The rocks that are cut by the fault include the White River and Arikaree formations, 
and may also cut Ogallala rocks to the southwest (Fig. 9). Fifty meters of offset occurs across 
the fault zone north of the town of Shawnee. The normal faults along this monocline have not 
been completely mapped, making this one of the least well known but extensive Neogene fault 
systems in Wyoming. 

The features of the Orin - Shawnee monocline are similar to those of the Wheatland fault 
zone, except the displacements are in opposite directions. The Hartville Uplift now occurs in a 
shallow graben bounded by two parallel Neogene normal fault zones. This graben has protected 
the Tertiary rocks that cover the uplift from erosion. 

The Shawnee monocline is above the Laramide thrust fault that bounds the northwest 
side of the Hartville Uplift (Blackstone, 1996). The Shawnee fault zone merges with an east
west trending normal fault zone that extends toward Douglas (Fig. 9). The Douglas fault zone 
occurs above the thurst fault that is the northern boundary of the Laramie Mountains 
(Blackstone, 1996). The monocline and fault zones may have formed from Neogene relaxation 
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of compressive forces that uplifted the Hartville Uplift and Northern Laramie Mountains. Both 
uplifts have dropped down relative to the Powder River Basin in the late Neogene. 

-

Figure 9. Features of the Orin Junction - Shawnee monoclines. Detail from the geologic map 

of Wyoming (Love and Christiansen, 1985). The rocks involved include the White River 
Formation (Twr), the Arikaree Formation (Tmo), and the Ogallala Formation (Tmu). 
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Figure 10. Google Earth image of the northern Laramie Mountains. Blue numbered circles 
indicate stop locations for Day 2. 
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Figure 11. Depositional model for the White River Formation. 
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Figure 12. Geologic map of the northern Laramie Mountains. From the geologic map of 
Wyoming (Love and Christiansen, 1985). Blue numbered circles indicate stop locations for Day 

2. 
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Figure 13. Block diagram showing the relation of the various rock units in the northern Laramie 

Mountain paleovalleys. 
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