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INTRODUCTION 

 

The authors and their associates performed investigations in 2018 at a swale within the area near 
the west city line of Casper, WY that is generally thought to include the location of the Battle of 
Red Buttes.  Artifacts, interpretations of historical records and indications by historical human 
remains detection dogs indicated that the swale was likely important in the Battle of Red Buttes.     
 

Following the Battle of Platte Bridge Station on the morning of July 26, 1865, an inbound empty 
supply train of four wagons escorted by 25 men under the command of Sergeant Amos Custard, 
11th Kansas Volunteer Cavalry, crested a rise approximately four miles west southwest of the 
Station.  Congregated on bluffs above the Station, a large force of Native Americans immediately 
spotted the wagons and dashed westward to intercept them (Haack, S. C., 2011).  The ensuing fight 
has come to be known as the “Battle of Red Buttes,” though far removed from the Red Buttes 
topographic feature.  Three of five men in Custard’s advance party escaped the attack, the other 
two having fallen by the wayside.  The remaining 20, fighting from barricaded wagons, managed 
to hold out for three to four hours.  There were no survivors.  On July 29 a burial party from Platte 
Bridge Station placed the 20 bodies in a shallow trench, covered them with pieces of rubberized 
canvas, and filled the trench with sand (Hubbard, J.M., 1907, p.45 and Pennock, J., 1951, p. 21).   
 
VETERANS’ ACCOUNTS 

 

Over the past 100 years, attempts to pinpoint locations of the Battle of Red Buttes, a.k.a. Custard 
Wagon Fight, and the burial have proven unsuccessful, or at the most, not definitive (Walker, D. 
N., 2013).  The red A on Figure 1 marks the region in which the wagon train was first visible from 
the Station, according to nearly all accounts.  Efforts to understand the flow of events thereafter 
have relied heavily on recollections of veterans stationed at Platte Bridge at the time of the battle, 
especially three of them.  In July 1926 Corporal James Shrader visited Casper and in September 
1927 John Crumb and James Buchanan arrived under the auspices of Robert S. Ellison, a Midwest 
Oil Company executive long involved in the search for the battle site and grave.  The veterans did 
not agree.  Shrader placed the battle about a quarter mile north of the North Platte River whereas 
Crumb and Buchanan placed the location a little more than a mile north of the river (Figure 2).  
Depending on acceptance of one or the other opposing narratives, and the extent to which 
contemporary sources corroborated them, investigators have long been divided on where to 
concentrate their efforts in locating the battle and burial.  
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Corporal James Shrader: Custard Wagon Fight Took Place Near the North Platte River 

 

In a paper entitled “The Red Buttes Indian Fight,” read at a meeting of the Casper Literary Club 
in December 1924, Ellison discussed letters received from Shrader in June 1923, March 1924, and 
September 1924, concluding that: “Necessarily the actual participation and definite recollections 
of the latter [Shrader] must be controlling unless clearly shown to be in error” (Ellison, R.S. [1]).  
In two of the letters Shrader described the area where he recalled that the battle took place.  

 
“I told Custard to corral the wagons on a slight elevation just past the head of a gully or depression 
in the ground” (letter from Shrader to Ellison, dated June 14, 1923 [ibid]).  Continuing in the same 
letter: “Second day after [the battle], we went out and buried the men; one South of the river, 18 
at the head of this wash or ravine, where the last stand was made.” Most accounts attribute 20 to 
the group burial, a number later quoted by Shrader in a newspaper article (Casper Star-Tribune, 
July 18, 1926, p.6). 

 
“Now the wash or gully began within a few rods of the road and ran almost due south to the river, 
getting deeper as it neared the river.”  “The draw was possibly 80 to 100 rods [1320-1650 ft.] in 
length” (letter from Shrader to Ellison, dated September,1924 [ibid]).  There is only one major 
north-south drainage that fits this description (Figure 3, ravine segment C-D). The wagon road to 
which Shrader may have referred was also called the “River Road,” the nearest part being 
approximately 500 ft. to the north northeast of the head of the gully.  The distance from the head 
of the gully south to the present bank of the North Platte River measures about a quarter mile (1320 
ft.), consistent with Shrader’s description in his letter to Ellison.  
 

 
CUSTARD’S ROUTE ACCORDING SHRADER AND CRUMB      Figure 3 
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During his visit to Casper in July 1926, Shrader, Ellison and others searched an area to the north 
of the North Platte River in an attempt to locate the wash/gully/ravine which Shrader had described 
in his letters.  A draw which Ellison thought might fit this description did not appear familiar to 
Shrader.  The next day the party explored an area on the McFarland farm south of the river where 
a rancher recalled hearing that part of a human body had been unearthed.   
 
When Native Americans closed in on July 26, 1865, Shrader and four others had separated from 
the wagon party and rode southward, one being cut down while fording the river and a second, 
Edwin Summers, killed south of the river.  Referring to the events of July 1865, Shrader recalled, 
at a gathering in Casper 61 years later : “When I returned to direct the burial of my comrade 
[Summers] on the south side of the Platte, I could look across the river directly north where I 
observed the other party interring the 20 men who gave their lives at the wagon train” (article in 
Casper Star-Tribune, July 18, 1926, page 6).  Shrader was spelled “Schroeder” in the foregoing 
article. 
 
In a manuscript entitled:  “Locating the Red Buttes Indian Fight Site with Corporal James W. 
Shrader July 15 and 16, 1926, dictated July 20, 1926,” p.4 (Ellison, R. S. [2]),  Ellison reported 
that: “Mr. Shrader stated that as he was digging the three foot grave [for Summers] in a rather 
gravelly place sloping to the North he could look directly North across the river and see the burial 
party at work near where the fight took place on July 26, 1865.”  
 
Satisfied that the reported remains on the McFarland farm were likely those of Summers, the 

Ellison party then headed to the river which lay about a mile north. “As we approached the river, 
it became apparent that the draw which had been so unfamiliar the afternoon previous was directly 
north of where we believed that Summers was killed, and buried, and being the only draw now 
discernible this side of the old Platte Bridge site we were all of the opinion that it must have been 
the one mentioned in Mr. Shrader’s narrative of the Red Butte fight and near the head of which 
Sergeant Custard and eighteen men were killed and later buried on July 28, 1866 (ibid).  The fight 
actually occurred on July 26, 1865, and burial was on July 29.  
 
After photographing Shrader looking northward across the river toward the draw, Ellison’s party 
drove to the north side of the river and took a photograph looking southward down the draw, the 
head of which was identified by Shrader as the battle site. Shrader said: “I must confess that the 
site where the fight occurred seems a little strange because shifting sands and the rains and 
elements of 61 years have wrought some changes but there is little doubt but what we are standing 
very near the exact spot” (Casper Star-Tribune, July 18, 1926).   
 
Topographic and cultural features analyzed by Steven Haack along the line of sight of the 
southward-directed 1926 photo places the position of the camera in an area corresponding to 
descriptions of the battle site (Haack, 2011, Appendix 1).  Similar position placements were not 
only by Shrader, but also by others in written accounts prior to his visit, namely near or at the head 
of a draw, ravine, gully, gulch, depression, or washout.  The validity of the photo alignment 
technique was questioned (Walker, 2013, p19-20).  The validity of the technique has subsequently 
been authenticated (Fraser, A., 2015, Appendix 2), and this study uses the alignment.   In a letter 
to William Henry Jackson in May1927, Ellison wrote: “In the picture numbered 1, you will see a 
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dry gulch with a sandy bottom starting up the hill near the left of the bushes on the river bank.  
Near the top of the hill, or upland, in the left central part of the picture is a light spot, showing 
where the sand has blown out into quite a depression.  Somewhere in that immediate locality the 
fight must have taken place, as nearly I can determine from information available” (R. S. Ellison 
[3]).  
 
The letter to Jackson affirms that for nearly a year Ellison endorsed Shrader’s identification of the 
battle site.  The picture to which Ellison referred was one of many taken during Shrader’s visit 
(Haack and Bjorklund, 2008, p.12-13).  Figure 4 is the historic photograph.  The color insert on 
the Figure is the view of the blowout as imaged in Google Earth from near the north side of the 
North Platte River, about half as far as the position of the camera in the historic photograph.  The 
“dry gulch” is a prominent feature on topographic maps (Figure 3, ravine segment C-D). 

 
 
John Crumb and John Buchanan: Custard Wagon Fight Took Place Near the North Prong 

of the Oregon Trail  

 

During their visit to Casper in September 1927, Crumb, Buchanan, Ellison, D. W. Greenburg and 
others drove through the countryside north of the North Platte River in search of landmarks that 
might prove familiar to the veterans.  Recalling events of July 26, 1865, Crumb stated: "We saw 
at that time the Custard wagons coming over the hill on the trail North of the Buttes [north prong], 
about 4 or 5 miles from camp" (Crumb, J., 1927).  By automobile, following the route of the 
wagons recalled by Crumb, they stopped at a place that looked promising.  Crumb: "I kept poking 
along until I could find something and finally I did.  Of course some of the gulches have filled in.  
The left side does not look quite natural, but everything on the other side looks just as natural as 
it can.  Now where the wagons were burned there was a rise of about 1 foot or 16 inches, but that 
mound does not show at all now.” Buchanan agreed with Crumb’s identification, adding 
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(September 12, 1927) that he had visited the nearby grave site on more than one occasion. The 
location of the battle and grave site identified by Crumb and Buchanan is 0.8 miles north of the 
site identified by Shrader in 1926 (Figure 2).   

 
In a letter to Ellison (date unknown), Crumb voiced skepticism of Shrader’s claims that he led a 
party in advance of the wagons: “Shrader with four others formed a rear guard, when they came 
in sight of the wagons they stopped, heads only in view. Now this is what I have been told by one 
of the men that died here” (BYU Library, Special Collections). “Here” likely refers to the National 
Military Home in Leavenworth County, Kansas, from whence Crumb came when he visited Casper 
in 1927. Continuing: “They saw it was a gone case, they wahed [sic] a few minutes and then took 
of [sic] S.E. thru that lower pass.  Shrader had one man killed just as they crossed the river and 
another farther back.  Shrader and the other two got into a plum bush and lay there til after dark 
and that is as near as Shrader ever came to seeing Red Buttes Battle ground.”   
 
A similar statement appears in Crumb’s account of September 12, 1927: “Our impression was that 
Shrader with 4 men was constituting a rear guard to the Custard train coming over that hill and 
when the train  was surrounded they made their escape across the river, two men being killed of 
the five.”  
 
Ellison had “planned to bring Corporal Shrader to Casper once more in an effort to confirm the 
statements of Crumb and Buchanan” (Greenberg, D. W., 1931).  Clearly, Ellison had doubts about 
Shrader’s identification of the battle site following the Crumb/Buchanan visit.  Greenburg affirmed 
that the spot identified by Crumb and Buchanan was near the “north prong” of the Oregon Trail 
and that: “… it has been agreed by all those who have followed the research into the fight that the 
best evidence available has been obtained” (Casper Star-Tribune, July 26, 1931, p. 8).   
 
Observations from Platte Bridge Station, however, did not support Crumb’s assertion that Corporal 
Shrader was at the rear when the Native Americans arrived.   
 
“Custard had sent five of his escort about one-fourth of a mile ahead of the rest as an advance 
guard. Quite a body of Indians came suddenly up a ravine between the advance and main party.  
The Corporal in charge of the advance at first attempted to get back to the train, but seeing the 
large force he had to contend with and men coming every second ordered his men to turn to the 
right and gallop as fast as possible to the river which was about one-fourth of a mile south of them 
" (Drew, W.Y., 1882).    
 
“With field glasses we saw the men cut off and watched them ride toward the river, followed by 
nearly one hundred Indians, and could see enough of the wagon covers to show the position of the 
train” (Walker, G. M., p. 338). 
 
Notwithstanding validation of Shrader’s account by observers at the Station, observations that may 
not have been available to Ellison in 1927, Ellison accepted Crumb and Buchanan’s identification 
of the battle and grave site (Figure 2), although it was more than a mile from the river.  In 1931 
Ellison put affairs in motion to memorialize the spot by erecting headstones.  In a letter to Bretney 
in 1938, Ellison commented: “….when Crumb and Buchanan came out and fixed the location 
where government headstones are now erected.  Following their visits there was nothing for me 
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to do other than abandon my first opinion, so that on that point the chances are very little, if any, 
new evidence will ever be secured unless the grave itself is found later on” (Ellison, Robert S. [4]).  
Ellison’s “first opinion” was likely his endorsement of Shrader’s identification of the battle site in 
1926. 
 
During a motor trip on September 9, 1930, of which Greenburg was a part, Ellison and former 
Governor B. B. Brooks pledged an open reward of $100 to the person or persons who first locate 
the 20 soldiers buried at the battle site and affirmed that: “The site of the fight is on the school 
section [16] for many years under lease to Charles P. Johnson, though Mr. Trevett retains the 
mineral rights” (Casper Star-Tribune, September 10, 1930, p.3).  
 

Greenburg wrote: “Since that time [in reference to the Crumb/Buchanan visit of September 1927], 
while no actual program of digging for the grave site has been carried on, frequently the writer 
[Greenburg], Mr. Ellison, G. R. Hagens, Thomas Cooper, J. B. Cleary  and others including W.R. 
Jackson and Dr. Geo. Bird Grinnell, have combed the site and occasionally burned and charred 
bits of wagon debris, old iron, spindle, and other evidences of the ill-fated wagon have been picked 
up at this point”  (Casper Star-Tribune, July 26, 1931, p.1). “This point” refers to the spot identified 
by Crumb and Buchanan as the grave site, where photos of Crumb and Buchanan were taken in 
1927.  One of those photos appears in the column adjoining the “this point” quote. 
 
Greenburg wrote: “On July 10 [1931] the Natrona County Historical Society, through its officers, 
purchased from the State of Wyoming a 30-acre tract [in Section 16], surveyed by metes and 
bounds, covering a moderate area which unquestionably represents the site of the Red Buttes 
fight” (Casper Star-Tribune, July 26, 1931, p. 8). On July 26, 1931, seven hundred people attended 
the dedication of the 20 headstones “in a swail [sic] along the Old Oregon Trail” on the 30-acre 
tract, commemorating those that died in the Custard wagon fight, a.k.a. Battle of Red Buttes 
(Casper Star-Tribune, July 27, 1931, p. 1).  The plot of land where the headstones are located has 
often been referred to as “the false cemetery.” 
 
It should be noted that owing to topography, the spot identified by Crumb and Buchanan as the 
location of the burial trench, subsequently marked by the headstones, would not have been visible 
to Shrader while he was interring Summers on the south side of the river.   Nor would any part of 
the 30-acre tract “…. covering a moderate area which unquestionably represents the site of the 
Red Buttes fight” (Casper Star-Tribune, July 26, 1931, p. 8) have been visible to observers at Platte 
Bridge Station, many of whom attested that at least some part of the battle could be seen. 
 
Support of Shrader’s Recollection that Battle Took Place Near the North Platte River 

 
Historical accounts, which may not have been available to Ellison when he opted for the 
Crumb/Buchanan location, support Shrader’s recollection that the wagon fight took place near the 
river. 
 
As quoted previously: "The Corporal in charge of the advance at first attempted to get back to the 
train, but seeing the large force he had to contend with and more coming every second, ordered 
his men to turn to the right [south] and gallop as fast as possible to the river which was about one-
fourth of a mile south of them" (Drew, W.Y., 1882).    
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“When the Sergeant [Custard] first saw the Indians, he was near the river, and at first felt confident 
he could make the station in spite of them” (Adjutant General of the State of Kansas, 1896).  
 
“Sergt. [sic] Custard had, in the meantime, nearly gained the river, and saw the Indians for the 
first time, when the whole host rushed upon him, after their encounter with Lieut. Collins party” 
(Cutler, William G., 1883). 

 
George Bent, who fought with the Native Americans, reported “…..train corralled in sand hills 
next to the river” (Bent, 1906 and Haack, 2010).   He included a map (Figure 5a) placing the 
battle at a spot labeled “where soldiers killed” next to the river south of a line labeled “trail.”  We 
have traced Bent’s map for legibility (Figure 5b). 
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        BENT’S MAP TRACED FOR LEGIBILITY                                  Figure 5b           
 

In his biography of George Bent, George Hyde quotes Bent.  Bent: “Many Indians were already 
on the ground and had the soldiers surrounded in a little hollow near the river bank.”  (Hyde, 
1968) 
 
Corroborating Bent’s observation that the battle was near the river is an account given by Dr. Geo. 
Bird Grinnell from Cheyenne Native American sources (Ellison, R.S., 1926 [2]):  “Soon after all 
this happened (Platte Bridge fight) people on the hills began to signal that soldiers were coming 
down the north side of the river, and soon the white-covered wagons were seen coming.  Quite a 
long distance before the troops reached the bridge [Platte Bridge] they halted, corralled their 
wagons and unharnessed their teams.  As the drivers were taking their animals down to the river 
bank the Indians charged them and they all at once left their mules and rushed back to the 
wagons.”   
 
The Ravine, aka Gully, Gulch or Washout. 

 

In a letter dated July 24, 1904, sent to a fellow member of the Kansas 11th, Shrader wrote: "I went 
ahead and told the drivers to follow, but at that instant almost, the Indians from the north charged 
in such force as [to threaten?] to throw the wagons, men and mules into that deep ditch to the right.  
At this time I was some one hundred to one hundred fifty yards in advance and the Indians rushed 
between me and the wagons. Now if you remember, that washout runs almost due south until it 
empties into the river.”  
 
Inasmuch as the wagons were headed eastward in the general direction of the Station and that the 
Native Americans were charging from the north, Shrader's recollection indicates that the “deep 
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ditch to the right” was to the south of the wagons and therefore must have trended generally west 
to east. The only feature fitting this description is the ravine extending from B to C in Figure 3.  
In places more than 40 ft. deep, the ravine would have been impassable to the wagons until it 
opened and curved abruptly into the washout that… “runs almost due south until it empties into 
the river” (C to D in Figure 3). 

 
According to Shrader, the Indians separated him not only from the wagons, but also from the other 
members of his advance party:  “…I saw three or four men going South on the West side of the 
draw.  I started South on the East side but before I gained the river, some 12 or 15 Indians were 
ahead of me.  I was surrounded on all sides except the West, and there was that wash. I took a 
long chance 50 yard start and my horse cleared it.  I entered the river about where the other four 
boys had made a successful landing” (Ellison, Robert S.,1926 [2]). 
 
Shrader’s account requires that the draw or wash ran north to south. 
 
The swale or bowl in which the battle occurred 

 
Veteran and Native American accounts put the battle in a shallow sandy depression – a bowl, 
swale, hollow, ravine or blowout.  The first two accounts, below, were written within a few weeks 
of the battle. 
 
“… but they unfortunately became blocked in a little hollow, and ere they could do anything else 
the demons were upon them in all their savage fury” (Wilson, Jean, 1865). 
 
A firsthand account by a “writer stationed at Platte Bridge” in an article entitled “The Indian 
Butcheries” said: “….they [the wagons] made an attempt to get to the river, but too late, and then 
an effort to corral the train; but they unfortunately became blocked in a little hollow…” (The Daily 
Kansas Tribune, 1865). 
 

A firsthand account by an unknown author said: “There he [Custard] hauled his wagons up in line, 
down in the bottom of the sandy ravine, and there he and his brave boys made a stand.”  (The 
Milan Exchange, 1876). 
   
 Steven Fairfield wrote to George Martin to rebut an article dated May 30, 1911, in the Topeka 
Capital.  Fairfield wrote: “We found the body of sergeant Custard with 18 of his men in a washout 
in the hills near the telegraph line” (A copy of Fairfield’s letter appeared in the Alma [Kansas] 
Enterprise, June 2, 1911.) 
 
“The Indians forced the wagons into a shallow ravine….” (Walker, G. M., 1918,  p. 338). 
 
Josiah Hubbard, who led the burial party on July 29, 1865: “It was easy to read the story of the 
encounter.  The party, twenty in number, had taken up a position where broken ground afforded 
them a little shelter, and behind this and what barrier they could make of their wagons, they had 
played the game to its inevitable end” (Hubbard, Josiah M., 1907 p. 45).   
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George Bent: “The soldiers had dug rifle pits around the corralled wagons and had also piled up 
their mess chests, bedding, etc. under the wagons” and “The little bare basin in which the wagons 
were corralled was surrounded by hillocks of sand.  The warriors crawled up behind these knolls 
and fired on the wagons from all sides…”  (Hyde, G. E. 1968). 
 
“They [Custard’s men] selected good place to fight from. It was kind of basin.  This basin was 
about 100 yards each way as I took a good look at it after the soldiers were all killed” (Bent, G., 
1906).         
 
Fairfield, S. H. wrote: “Several miles from the bridge we came to a washout, where the boys had 
made their stand.  On three sides the embankment was three or four feet high, but on the west there 
was only slight protection” (Alma [Kansas] Enterprise, 1911).  
 
“A short distance southwest of the wagons was a small branch ravine with bluff banks.  We saw 
where places had been scooped out large enough to aim a rifle through, and had evidently been 
used by Indians for that purpose” (Walker, G. M., 1918, p.339). 
 
These reports reasonably match the swale that we studied.  That place is a shallow depression in 
sand that is approximately 130 by 30m.  There is higher land surrounding it on all sides but to the 
southwest.  That higher land is about 2m higher to the east, 1m higher to the south, and up to 8m 
higher to the west.  To the southwest there is a drainage that feeds the large gulch in the area, 
matching Walker’s description of a “small branch ravine with bluff banks.” 
 
 
HISTORY OF ACHAEOLOGICAL INVESTIGATIONS 

 

In the years following the dedication of the headstones in 1931, many investigators have combed 
the area between Fort Caspar (formerly Platte Bridge Station) and the high ground where the 
approaching wagons were first seen by the Native Americans and by the soldiers posted at the 
Station.  There are two versions of where the wagons were sighted. 
 
Ellison, in  his account of a reconnaissance by auto with Shrader in July 1926 wrote: “….we turned 
East and after passing between the high bald mounds or hills just north of the river, we began the 
descent along the Trail nearest the river, and where, in my opinion, the observers of Platte Bridge 
station first saw [the wagons] about eleven o’clock on the morning of July 26, 1865….”  Ellison 
continued: “The latter [Shrader] expressed himself as satisfied that we were on the same trail 
traveled by his party at that time…” (Ellison, R. S., 1926 [2]).  “Between the high bald mounds” 
is Location “A” on Figure 3. 

 
John Crumb had a different recollection, as was mentioned above: "We saw at that time the Custard 
wagons coming over the hill on the trail north of the buttes [Ellison’s “high bald mounds”], about 
4 or 5 miles from camp" (Crumb, J., 1927).  
 
The buttes (mounds) are located near the center of the northwest quarter of Sec. 21, T33N R80W, 
summit 5522 ft., and in the northeast quarter of the southwest quarter of Sec. 21, summit 5460-
5480 ft., a distance of four miles from the Platte Bridge Station (now Fort Caspar).  First sighting 
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of the wagons from the Station would be near the saddle between the “high bald mounds” (Figure 

3, Location “A”) or “North of the Buttes” (Figure 3, Location “A prime”), depending on whether 
Shrader or Crumb were correct in their recollections.  Most searches for the battlefield have 
commenced at the eastern base of the saddle between the “high bald mounds” (Location A) cited 
by Ellison/Shrader, as opposed to Crumb’s account that the wagons passed north of the mounds. 
 
Danny Walker (2013), formerly with the Wyoming State Archaeologist’s Office and now retired, 
provided an excellent summary of major attempts to locate the battlefield, including those of 
Robert Ellison and Alfred J. Mokler during the 1920s and 1930s; Robert Vaughn in the 1960s; 
John Maxon in the 1960s, 1970s and 1980s; and Steven Haack and Danny Walker in the 21st 
century.  
 
Their knowledge of geography combined with their interpretations of period accounts of the battle 
and burial site have necessarily guided their conclusions as to the location of battle and burial 
(Figures 6 and 7) as follow: Ellison to the north (area identified by Crumb and Buchanan); Mokler 
and Maxon near the base of the saddle; Haack in a swale at the elbow where the east trending 
ravine turns southward before intersecting the river, the south segment being the draw identified 
by Shrader as the vicinity of the wagon fight; Walker (currently) in an area between the 
Mokler/Maxon location and Haack’s location; and Vaughan (1963) far to the east, a mile and a 
half west of Platte Bridge Station, now Fort Caspar. 
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Since 2005, D. Walker has been involved in several surveys covering a broad west-east trending 
swath in the area thought by most people to include the site of the Battle of Red Buttes.  The swath 
is bordered on the west by the base of “the high bald mounds,” on the south by a deep ravine 
(Shrader’s “deep ditch”), on the east by a housing subdivision in the City of Casper and on the 
north by the limits of the flat lands north of  the northeastward trending ranch road more or less 
coincident with the trace of part of the Oregon Trail called the Military Trail.  The swale that we 
intensively studied and the area that Haack identified by image analysis are within this area.  Two 
or more of the authors have participated in all of the surveys done in 2008, 2012, 2016, and 2019. 
 
Upon the recommendation of Steven Haack in 2005, Walker (2013, p.215) surveyed by fluxgate 
magnetometer a “sand blowout,” a bowl-like depression at the head of the south facing washout 
interpreted by Haack and Bjorklund (2008) to be the area identified by Shrader as the location of 
battle and burial (location “SH” on Figure 6). This blowout is the swale in which we concentrated 
out efforts.  Walker referred to this magnetometer grid as the “2005 East Survey Area.” No 
anomalies definitive of battle or burial trench were found.  Using many of the same archival 
materials accessed by Haack, Maxon (1989) concluded that the battle took place in a south facing 
blowout 700 meters to the west.  Walker (2013, p. 219) traversed Maxon’s area (location “M” on 
Figure 6) with the fluxgate magnetometer (“2005 West Survey Area”), which likewise revealed 
no evidence of a battle or burial. 
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In 2008, under the guidance of Mark Miller, Wyoming State Archaeologist, the search for the 
Custard battle site and grave resumed, starting just below the saddle and progressing eastward.  
The survey (mostly by metal detector with some magnetometer work) yielded wagon parts and 
Civil War period projectiles (Walker, 2013, Chapter 4), but neither concentration, quantity nor 
composition indicated that a battle site had been found.  Having completed work in the west, and 
with time and resources available, Miller moved to the east and surveyed 20,000 square meters, 
which included the site of the 2005 east magnetometer survey and the  swale at the head of the 
ravine’s elbow interpreted by Haack and Bjorklund to be the battle site.   
 
Here, in the swale, 19th century wagon parts and three period Civil War period projectiles revealed 
by the metal detectors proved promising (Walker, 2013, Chapter 4, “East Project Area”).  Two of 
us (Brown and Rea) participated in the excavation of two wagon bow staples and a wagon box 
tightener (Figure 8, part A, items a, b and h), the latter encased in a charcoal rim about a quarter 
of an inch thick.  Two others (Haack and Fraser) recovered a large cluster of square cut nails on 
the last day of the 2008 project and noted burned wood fragments in association with them Figure 

8, part C).  Contemporary accounts mentioned that the Indians burned the wagons at the conclusion 
of the battle.  This study does not accept item d on Figure 8 B, as likely of Civil War era.  

 

 
 METAL ARTIFACTS FOUND IN 2008 SURVEY AT AND NEAR SWALE             Figure 8            
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Starting from west and trending east, Danny Walker, as the principal investigator funded by grants, 
conducted surveys in 2012 (mostly magnetometer), 2016 (magnetometer and metal detector) and 
2019 (metal detector), with the latter two producing wagon parts and Civil War period projectiles.  
The 2012 magnetometer survey area included the 2008 “East Project Area” where the burned 
wagon part and burned wood fragments were recovered. 
 
FOCUS OF THIS STUDY 
 
In our opinion the location of artifacts unearthed in the 2008 “East Project Area” fit terrain 
described by Shrader and most other accounts as the location of the Custard wagon fight. Also, we 
easily found metal artifacts in the East area that had been overlooked by metal detector surveys 
prior to the last day of the 2008 Survey.  We concluded that the bowl merited a more detailed 
study, starting with how the location might comport with wagon mobility and with what could be 
seen by observers at Platte Bridge Station. 
 
Mobility 

 
According to Shrader, the wagons: “Not being loaded, we had made good time that morning until 
attacked, possibly making 3 ½ or 4 miles per hour” (Ellison, Robert S, 1924, [1]).  Assuming that 
the Custard wagons were at or near Location “A” (the saddle, Figure  3) when the Native 
Americans were spotted and vice versa, and that the wagons speeded up to 5 mph in a dash for the 
river, no more than six minutes would have been required for the wagons to travel the half mile 
between the saddle and the battle site identified by Shrader.  The wagons would presumably have 
taken the “River Road” to get into the vicinity.  That road left the Military Trail at about 400 m 
east of the saddle between the “high bald mounds” (Shrader’s term).  They could have remained 
on the River Road until leaving it some 150 m from the swale, but more likely started angling for 
the river further back where, according to Shrader, they were in peril of being forced into the “deep 
ditch to the right” (Figure 3).  The high point on the River Road is a likely place where the wagons 
could have left the road, veered slightly to the south, and proceeded east on smooth terrain.  If, at 
that high point, Custard had stayed on the River Road, he would have entered a very deep trail 
swale where they would have been trapped. 
 
View of Wagon Fight from Platte Bridge Station 

 

The historic Army observations of the battle were reported from Platte Bridge Station.  Present-
day Fort Caspar is a replica of the Platte Bridge Station and is built at or very near its location. 
Contemporary accounts vary as to the extent to which the Custard wagon fight could be viewed 
from Platte Bridge Station, but none indicated that the battle was clearly visible.  Veterans’ 
accounts of the view of the battle include the following:  
 
 “About an hour after the return of the Collins party the white covers of the wagons were seen 
coming over the hill.  Their appearance was the signal for the Indians’ attack, and at the first 
volley the mules became unmanageable and ran down the side of the hill into a ravine, where they 
were hidden from the view of the fort. Here they evidently succeeded in corralling the wagons…” 
(Weller, Francis, 1895). 
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“As for the remaining portion of the escort [the wagons], the story of its fate was told by the sound 
of firing distinctly heard at the post, steadily diminishing in volume and at length followed by 
silence” (Hubbard, J.M., 1907,  p.44).  Hubbard headed a relief party that arrived at Platte Bridge 
Station the day after the battle, so his remark would have been based on conversation(s) with 
individuals present at the Station during the battle. 
 
“From the roof of the station and the aid of a large spy glass, we had a pretty good view of what 
was going on at the train” (Drew, W.Y., 1882). 
 
“We….could see enough of the wagon covers to show the position of the train.  We saw the smoke 
of the men’s carbines as the Indians charged on them, and after the volley the Indians scattered 
like a flock of birds shot into” (Walker, G. M., 1918). 
 
"After this for a long time there did not seem to be much action going on; and every once in a 
while we would see a puff of smoke from the wagons or from the side hill below the wagons which 
showed that the fight was still going on, but we could not tell with what result, though we noticed 
that the puffs of smoke from the hillside on the south were getting closer and closer, and we felt 
that the end could not be far off" (Drew, W. Y., 1882). 
 
“Before the Indians closed around the wagons, five of the soldiers were seen by Capt. Green (who 
witnessed the whole affair by means of a good field glass) to make for the river, pursued by many 
of the Indians.  The foe charged, time again, upon the wagons, and as often seemed to be repulsed.  
They met with a desperate resistance, could be seen by their repeated charges and movement at a 
considerable distance from the wagons.…..then soon the wagons were seen on fire” (“writer 
stationed at Platte Bridge” in The Daily Kansas Tribune, 1865). 
 
“We could see the Indians in swarms charge down on our boys when they would roll volley after 
volley into them, it seemed as though the boys were in strong position, twenty in all being their 
number.  About 4 o’clock the firing ceased and a smoke that of burning wagons commenced 
ascending” (Pennock, J., 1951). 
 
“The fighting could be seen from the station, but only its outlines could be determined.  Details 
were gathered from the three men who escaped, from the evidences left on the ground, and from 
the Indians themselves…” (Adjutant General of the State of Kansas, 1896,  p. 213). 

 
One report indicates that they could “pretty well see” some aspects of the battle with binoculars 
from the roof of the Station.  Many reports indicate that visibility to the soldiers at the Station was 
marginal.  Most of the reports are not specific about the location from which the battle area was 
observed.  
 
We analyzed the visibility situation using LIDAR terrain profiles and Global Mapper line-of-sight 
software by Blue Marble Geographics.  Figure 9 illustrates the visibilities from the Station area 
of a broad region from past the saddle gap to slightly nearer than the swale.  The swale is labeled 
on all parts of the figure.  Given the location parameters with each panel, shades of green indicate 
that the region is not visible, and shades of brown and orange imply that the region is visible.  
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Different shades of brown at the far left of the panels indicate that visibility is blocked locally.   
The Platte River Station is located about 5km off the right of the images. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 9A  Visibility of terrain from 5m above ground (2m above roof) at southern stable at Station 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Fig. 9B  Visibility of object 3.5m above terrain from 5m above ground (2m above roof) at southern stable 

at Station 
 
COMPUTED VIEWS FROM AREA OF PLATTE BRIDGE STATION      Figure 9 A and B 

Green to yellow indicate not visible, and orange indicates visible 
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Fig. 9C  Visibility of terrain from 3m above ground at waterworks (280m south of stable) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9D Visibility of object 3.5m high from 3m above ground at 280m south of stable 
 
COMPUTED VIEWS FROM AREA OF PLATTE BRIDGE STATION      Figure 9 C and D 

Green to yellow indicate not visible, and orange indicates visible 
 
Figure 9A shows the visibility of the ground near Casper’s west city line from a point 5m above 
the ground at the southern stable of Fort Caspar.  That place approximately corresponds to the 
origin of lines of sight of a soldier standing on the roof of the stable.  None of the ground anywhere 
near the swale was found to be visible.  In fact, the ground is not visible until near the saddle point 
through which the wagon train is believed to have passed. 
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Figure 9B uses the same location at Fort Caspar, but it assumes that an object extends 3.5m above 
the ground in the battlefield area.  That height approximately corresponds to the top of the fabric 
cover over a wagon.  There is again nothing visible at this height in the region of the swale. 
Visibility to the battlefield region from this point is limited by a hill in present-day Dempsey Acres.  
If the observer moves slightly south of Fort Caspar, then there is good visibility of the general area 
of the battle from the balance of the peninsula, and, in fact, as far south as the beginning of present-
day Morad Park.      
 
Figure 9C uses the assumption that the observer is behind the modern waterworks at a height of 
3m, which approximates the altitude of the eye of a person on a horse.  The results would not be 
much different if the modeled observer were only 100m south of Fort Caspar or 800m south of it 
(both lines of sight have been computed to the hill east of the swale).  Visibility of the ground is 
shown.  The inside of the swale is obscured, consistent with most veterans’ reports.  However, the 
rise to the east of the swale is visible, and part of the ground in Shrader’s dash to the river is visible.  
Also, the high ground to the west of the swale is visible.  Most of the ground at the 2016 survey 
area, atop a hill to the west of the swale, is visible. 
 
Figure 9D uses the same 3m height above ground at the waterworks, and again the same maximum 
vehicle height, 3.5m.  Nearly all areas of interest are visible, but 3.5m-high objects at the bottom 
of the swale are not. 
 
We conclude that the wagons, while near the saddle gap, would have been visible from the roof of 
the Platte Bridge Station, if the Station and Fort Caspar are nearly collocated.  None of the 
proposed battle locations, except Maxon’s, would have been visible from the roofs.  If some of the 
reported visibility was based on observations from slightly south of the present location of Fort 
Caspar, then the reported partial visibility of wagon tops and rising smoke would fit the swale 
region well, while most of the 2019 survey area would be in plain sight. 
 
Owing to intervention of hills, the battle site identified by Crumb and Buchanan would not have 
been visible from the Station, but wagons descending to that region on the North Prong would 
have been visible, as they reported.  In this regard, Buchanan and Crumb’s story corresponds to 
other accounts that the wagons were visible and then were at least partly obscured at the time of 
the final battle.  “They [the wagons] dropped down out of our sight on to lower ground and the 
Indians were all rushing that way.  It did not take only a few minutes until the outside ones could 
reach them and we did not know the result of that any farther until we saw the smoke of the burning 
wagons and then it was all over, undoubtedly” (Crumb, J., 1927).  Of course, Buchanan and Crumb 
are the only veterans who reported that the battle was approximately one mile north of the North 
Platte River. 
 
Previous investigators have used line-of-sight arguments to link their study areas with the veterans’ 
visibility reports.  John Maxon, 1989, (in Walker, D.N., 2013, p.174-178) concluded that the battle 
took place within  a south-facing blowout (depression) located 800 meters to the west of the swale 
favored by Haack and Bjorklund (2008).  Maxon stated “Standing on the roof of the Fort [present 
day Fort Caspar, approximate location of Platte Bridge Station] with a 1000mm and 3000mm lens, 
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looking at the battle site, I could see where one would see the white tops of wagons without seeing 
the persons on the ground.”  His assertion is supported by Figures 9A and 9B. 

 
The Burial Trench. 

 

Being satisfied that the location of the artifacts recovered in 2008, historic accounts, wagon 
mobility and view from Platte Bridge Station were consistent with Shrader’s and Bent’s versions 
and most other accounts of events, we addressed means of locating the spot where bodies of the 
Custard party might have been buried.  Accounts follow. 
 
"The soldiers of the Custard party had lain on the hot burning sands for three days under the 
scorching sun.  Imagine if you will the condition they were in.  A ditch was dug some three feet 
deep” (Fairfield, S. H., 1904).  In a diary entry, Jake Pennock affirmed that the bodies were interred 
on July 29 (Annals of Wyoming, v.23, n. 2, p. 21). 
 
Fairfield wrote: “The next day [July 29] a detail of 25 men under command of 1st Lieut. J. M. 
Hubbard Co. K 11th Kan. went out and buried the bodies.  A long ditch was dug some three feet 
deep and the naked bodies and parts of bodies were laid side by side in the trench.  Army blankets 
were laid on the bottom and rubber blankets laid over them and the sand of the desert shoveled 
over them and thus we left them” (Alma [Kansas] Enterprise, 1911). 
 
“Mr. Buchanan was in the detail that went up and buried the party.” and “There were 20 men 
killed there all right. I did not hear anything about how deep they were buried.  I don’t remember 
ever hearing this mentioned.  Buck [Buchanan] says ‘about 3-1/2 feet, I guess’” (Crumb, J. 1927). 
 
“The party, twenty in number, had taken up a position where the broken ground afforded them a 
little shelter, and behind this and what barrier they could make of their wagons, they had played 
the game to its inevitable issue.  Not one of them was missing, and all lay in a space not larger 
than the floor area of an average house.”  “And there they had lain for nearly three days under 
the pitiless sun.”  “….we carefully laid the charred and mutilated forms side by side in a shallow 
grave, covered them over with some pieces of canvas we had brought along, filled in the earth 
above them, and came away…” (Hubbard, J.M., 1907,  p.45). 
 
Transport of decomposing bodies any great distance from where they lay would likely have been 
repugnant to the burial party.  Further, as will be discussed below, cadaver dogs had indicated 
human remains in a small area near the wagon parts found in 2008.  Therefore, we decided to 
confine our search for the burial trench to the area where the 2008 wagon parts were recovered, a 
shallow bowl or swale spilling southward to the head of the washout identified by Shrader as the 
proximity of the wagon fight.  
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OUR FIELD INVESTIGATIONS 
 
Historical Human Remains Detection Dogs 

 

Detection of historic human remains by specially trained dogs has an established record.  A 
quantitative experiment using dog searches for historic and prehistoric human remains is described 
by Grebenkemper et al, 2021.  That paper also has a bibliography documenting the state and 
development of the field.  
 

On May 30, 2015, two dogs, Rocco and Kessa, from Idaho Search and Rescue Dogs, Inc. 
independently searched the swale where artifacts had been found in 2008.  Both dogs alerted to 
the same spot in the bowl within approximately 16 meters of the locations of the key wagon parts 
found by Rea and Brown in 2008.  These two dogs also alerted in a small area on the slope to the 
ravine below the swale. The dogs also searched surrounding areas away from the swale, including 
some that had been of interest in previous investigations, and did not alert in those areas. The 
handlers did not know beforehand that artifacts had been recovered in the bowl (Christensen, A. 
L., 2015, Appendix 3).  
 
On October 2, 2015, an historical remains detection dog, Kayle, handled by John Grebenkemper 
from the Institute for Canine Forensics, California, searched six acres and alerted to five places 
within a circle of radius of 12 meters.   Grebenkemper’s dog is specifically trained to detect the 
scent of ancient human remains.  Kayle “alerts” when she discovers the scent of human remains.   
The “alert” is either to sit or lie down at the strongest source of the scent located (Grebenkemper, 
2015, Appendix 4).   Grebenkemper did not know the location of the alerts by the Idaho Search 
and Rescue Dogs, and Kayle had searched many acres prior to alerting in this area.  Two of Kayle’s 
alerts were within two meters of the spot where both Rocco and Kessa had indicated remains on 
May 30. 
 
On October 12, 2018, John Grebenkemper brought Kayle back to Casper to search the swale area, 
as well as high ground to the east, north and west, covering a total of seven acres (Appendix 5).  
Decomposition odors may have been stronger at that time because of the more than 100 deeply 
augered holes (see below).  Kayle alerted seven times in the area of her 2015 alerts, and nowhere 
else. The alerts were scattered over 1/3 of an acre and the dog’s behavior was not as intense as 
would be expected with a mass burial.  If 20 soldiers were buried in a single grave, we would 
expect the alerts to be within a few meters of the grave.  In this case, the alerts could be where 
soldiers died, and decomposition had started.  Figure 10 is a composite of all dog alerts in the 
area;  Kayle’s in 2015 and 2018 and Rocco and Kessa’s in 2015.  The orange circles indicate areas 
outside the swale that were both augered.  In 2015 Kayle also searched a large area to the north by 
the Military Trail, and alerted nowhere. 
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                                ALL CADAVER DOG ALERTS                                             Figure 10 

 
There are two possible explanations for the canine alert patterns.  The soldiers were killed and then 
left where they died for 3 days in summer.  During this time significant decomposition would have 
taken place and the decomposition fluids would have flowed into the upper layers of the soil.  The 
dog detects volatile organic compounds from human decomposition.  Key compounds will still be 
present today, and the dog may detect where one or more soldiers decayed after the battle. 
 
The second possibility is that the grave was dug up by scavengers and the body parts were scattered 
around the burial area. This would leave a pattern of scattered alerts over a wide area.  Many of 
the scent areas would be weak since they are created by only decomposing body parts.  The areas 
of weaker scent would have been difficult for the dog to detect in the strong wind.  Dogs have 
made scattered alerts in the Mormon Handcart mass burials west of Casper where diaries note the 
graves were disturbed by wolves  (Grebenkemper, 2018, Appendix 5, p. 62 of this report). 
 
It is important to note that the dogs do not necessarily alert directly over a burial.  Disturbance of 
the land, be it man-made, rodent and/or insect activity or the natural movement of the earth, 
including floods or landslides, can spread scent over the area.  The soil in which the body has 
decomposed retains the human signature that the dogs are trained to recognize.  Disturbed burials 
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often create larger scent pools, making pinpointing by the dogs more difficult.  However, even 
after years of disturbance and movement, the dogs can still detect, and alert, in reasonably close 
proximity to a burial (Grebenkemper, 2018, Appendix 5, p.20). 
                                                
Excavation by Hand Auger 

 
In June and July of 2018, with consent of landowners and under the supervision of participant Dr. 
Rick Weathermon, University of Wyoming, we hand augered 124 holes in the region of the 2008 
wagon part finds and the K-9 alerts.  The holes had 3.5- or 4.0-inch diameters and depths of six 
feet.  They were on ten-foot centers within and peripheral to a 100 X 100 ft. grid centered on the 
multiple collocated 2015 dog alerts.  The northwest corner of the grid was located at  
UTM 13 T  E 382806  N 4741218, and the grid ran north-south and east-west.  We extended 
several holes to nine feet.  All holes penetrated only dune sand, which we sieved and described, 
recording size, grade and consistency in increments varying from six to twelve inches.  If samples 
from a hole appeared anomalous for any reason, we offset that hole with four new six-foot holes 
spaced three feet away from the original.  Six shards of mammalian bone were identified.  
Weathermon determined that none was human. 
 
We similarly augered three other zones of interest.  First, there is a zone northeast of the River 
Road with a variety of small boulders that came from at least several kilometers away.  We augered 
six holes in the area, and nothing was found.  No cadaver dog showed interest here.  The small 
circle at the upper right of Figure 10 shows the area.  
 
Second, there is a larger area of disturbed sand, also northeast of the River Road, that was of some 
interest in the 2012 Survey.  It is conceivable, based on ambiguities of what “road” or “trail” was 
being discussed by Civil War veterans, that the graves could be there.  We augered 26 six-foot 
holes on the northeast side of the trace of the River Road within and peripheral to an area where 
someone had scraped about five feet off the top of a sand dune many years ago.  We found no bone 
and no artifacts.  Also, no cadaver dog showed interest in this area.  
 
Finally, we augered about 10 holes on the slope south of the swale where the two Idaho Search 
and Rescue dogs alerted in 2015.  None of these holes produced bone or any artifacts. 
   
We did not have permission to auger on the two properties west of W 106.43550 (UTM easting 
13 T 382802).  Kayle alerted mildly in these areas in 2018.   
 
Metal Detecting Within and Peripheral to the 2018 Auger Grid. 

 

We swept a two-hectare (five acre) polygon focused on the area of dog alerts with a White’s V3i 
metal detector operated in “Relic” mode.  The metal detector sweeps were made in an overlapping 
manner with two sweeps in 10 ft. lanes marked with pin flags.  Find locations were marked with 
flags, located with GPS dug up.  Their depths and positions were recorded.  All finds were 5 to 14 
centimeters deep, and useful finds extended only to 10 cm.  The artifacts were placed in transparent 
plastic bags, numbered, and labeled with depth and GPS coordinates.  
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Recovered items were photographed, some from multiple angles.  Dr. Weathermon examined the 
finds and Dr. Douglas Scott, an archeologist at the University of Nebraska-Lincoln specializing in 
Civil War period artifacts, studied the photographs. Within the 2-hectare polygon, 0.8 hectare (2 
acres) yielded nine Civil War period projectiles, two likely period projectiles and two possible 
period projectiles (Figure 11).  Walker, 2013, (Table 4.2 and Figure 4.24, and Figure 8 here) 
shows three period and four possible period projectiles recovered in 2008.   
 
Our study discounts the likelihood that the four lead buckshot-sized balls found in 2008 (Catalog 
Number 48NA293-275-21, in Walker, D.N.) are of the Civil War Era.  There were also two musket 
balls found in the search zone in 2005.  Combining 2005, accepted 2008 and 2018 finds there are 
a total of eighteen projectiles that are reasonably from the Civil War Era.  The borders of our search 
polygon were defined by absence of possible Civil War era artifacts, except at the property 
boundary at the west Casper City line, beyond which we did not have permission to work. 
 

 
METAL FINDS SWALE REGION FROM 2018 AND 2005                                                        Figure 11 

 
Non-projectile metal objects or sets of metal objects recovered in 2008 and 2018 that were 
reasonably related to the Civil War Era totaled 42 square nails, two wagon bow staples, one wagon 
box tightener encased in charcoal, a hook, an O-ring, a knapsack or saber strap stud, and part of a 
wagon brake rigging (Figures 8 and 11).  The location of a cluster of nails recovered by Haack in 
2008, and plotted on a map by Walker (2013), coincides with the location of more nails excavated 
by Haack in 2018.  However, recollections of  Brown and Rea, who excavated the two wagon bow 
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staples and wagon box tightener in 2008 (observed by Haack from nearby) place these artifacts 
well within the swale and some 73m south and 35m west of positions plotted by Walker, 2013 
(Figure 4.23 and Table 4.2, p.232-233).  The new locations for these key 2008 finds (Figure 13) 

are closer to the cadaver dog alerts and closer to many other artifacts than was reported in Walker, 
2013.  Fraser (Appendix 6) explained the rationale for repositioning. 
 
Table 1 specifies and locates all of the metal finds of the 2018 survey that are reasonably from the 
date of the Battle of Red Buttes.  Positions are expressed in WGS 84 coordinates. 
 
Table 1:  2018 metal artifacts 

Artifact 
Number 

Latitude Longitude Description 

3 42.81432 -106.43362 Bullet, ~44 cal pistol 
23 42.81452 -106.43357 Bullet, smashed, possibly of era 
32 42.81432 -106.43305 Wagon wheel lock chain 
33 42.81432 -106.43342 Bullet, smashed, possibly of era 
52 42.81482 -106.43377 Bullet, ~52 cal, Sharps? 
55 42.81492 -106.43385 Bullet, ~31 cal, pistol 
65 42.81447 -106.43398 Nail, cut 
76 42.81420 -106.43362 Bullet, ~36 cal, revolver, Sage? 
85 42.81413 -106.43405 Stud, fabric fastener 
87 42.81413 -106.42262 Nail, cut 
90 42.81410 -106.43372 Nails, cut, 5 pcs, from 2008 site 48NA293-275-1 to -4        
94 42.81410 -106.43398 Bullet, ~52 cal, Sharps? 
106 42.81402 -106.43383 Tack 
120 42.81395 -106.43388 Bullet, ~36 cal, revolver, Sage? 
124 42.81390 -106.43387 Bullet, ~36 cal, revolver, Sage? 
134 42.81488 -106.43347 Ball, musket, ~55 cal, smooth barrel 
137 42.81393 -106.43418 Bullet, pistol, ~36 cal, likely Trantner, likely of era 
138 42.81377 -106.43407 Bullet, pistol, ~36 cal, likely Trantner, likely of era 
146 42.81348 -106.43397 Bullet, ~52 cal, Sharps? 

 
Table 2 specifies and locates metal artifacts from the swale region from the 2005 and 2008 
surveys.  The locations of the 2005 musket balls are estimates.  Our analysis of the locations of 
artifacts in Walker, 2013 indicates that some are in places that we have confirmed, and some are 
incorrectly placed by a few tens of meters.  Where we can neither confirm nor deny the 2008 
locations, we use them as stated in Walker, 2013.  
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Table 2:  2005 and 2008 metal artifacts in or near 2018 metal detecting zone 

Italics indicates artifact in 2008 East Survey but outside 2018 metal detection zones 
year Latitude Longitude Description 
2005 42.81388 -106.4336 Musket ball, position estimated 
2005 42.81389 -106.4337 Musket ball, position estimated 
2008 42.81410 -106.43372 Flat nails, 24, 2008 site 48NA293-275-1 to -4, same as 

location 90, above        
2008 42.81436 -106.43344 Staples, wagon bow, 2, relocated  
2008 42.81436 -106.43342 Tightener, wagon box, relocated 
2008 42.81415 -106.43374 O-ring 
2008 42.81475 -106.43318 Nail, square, 2 
2008 42.81462 -106.43337 Nail, square 
2008 42.81475 -106.43318 Nail, square, 2 
2008 42.81450 -106.43250 Hook 
2008 42.81412 -106.43370 Nail, square, fragment, 3 
2008 42.81409 -106.43371 Nail, square, fragment 
2008 42.81505 -106.43270 Nail, horseshoe, long 
2008 42.81507 -106.43373 Rivet, square        
2008 42.81496 -106.43361 Bullet, .52 cal, Smith Carbine 
2008 42.81361 -106.43331 Bullet, .38 cal, grease ring 
2008 42.81539 -106.43286 Bullet, .45-.50 cal, 2 grease rings 

 
Figure 12 shows the positions of all of the non-projectile metal that was reasonably of Civil War 
Era found in 2005, 2008 and 2018.  The swale is indicated in yellow, and the boundary of the metal 
detecting in this study is indicated by the red line.  White circles show 2008 finds, white squares 
show the locations of the bow staples and the wagon box tightener from 2008 as approximately 
relocated in this study, and the red circles show the non-projectile metal found in this study.  The 
numbers beside the red symbols are the artifact number in this study, and they correspond to entries 
in Table 1 and items illustrated in Figure 11.  The numbers on the white circles and squares are 
the last digits of the catalog numbers shown on Table 4.2 of Walker, 2013.  Item 32 is the wagon 
brake mechanism. 
 



 28 

 
                                NON-PROJECTILE METAL IN THE SWALE REGION    Figure 12 

 

Figure 13 is similar to the previous figure, except it shows projectiles that have been found and 
that are reasonably of Civil War Era.  The two yellow circles without sample numbers show the 
estimated positions of two musket balls found in 2005.  White circles show 2008 finds.  Red circles 
show locations of projectiles of Civil War Era found in this study, and orange circles show the 
same that are probably or possibly of the Civil War Era. 
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PROJECTILE METAL IN THE SWALE REGION    Figure 13 

 

The density of finds in these two acres that could reasonably be related to an 1865 battle is by far 
the highest that we know of in the regions of the 2005-2019 surveys.  One could argue that it is 
still a relatively small amount of material for the battle.  The numbers of bullets from the battle 
that landed far away and the number that have been recovered previously by investigators and 
collectors are unknown. 
 
In 2018 we used a metal detector on half or less of the 2008 East Survey Area.  The whole 2008 
East Survey Area produced 3 bullets that were consistent with the Civil War Era in 2008.  In 2018, 
our survey on the reduced area produced 13 relevant bullets, and most of those were from half of 
it. 
 
Soil Gas Sampling and Analysis 

 

As a complement to the dog searches, we tested for presence of soil gases that might be related to 
decomposition of buried human remains.  Another potential source of anomalous gases might be 
chemical breakdown of rubber compound commonly used to coat Civil War era canvas for use as 
ground cloths (“gum blankets”).  S. H. Fairfield, a member of the burial detail, commented that 
“rubber blankets” were laid over the bodies (Alma Enterprise, June 2, 1911).  Walter Merschat, 
President of Scientific Geochemical Services offered to collect samples at no cost.  The technique 
involved inserting a ½ inch diameter metal probe to a maximum depth of four feet at 30 locations 
in the area of dog alerts and drawing soil gasses into a vacuum chamber for laboratory analysis.   
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Scientific Geochemical Services collected soil gas data on July 19, 2019.  There were samples 
where the dogs had alerted and about equally many samples in regions where they had not.  Neither 
the data collectors nor the analyst knew which samples were in each set.  All the samples and 
blanks were found to be of good quality.  Victor Jones, of Exploration Technologies, Inc., analyzed 
the samples for several short alkanes and alkenes.  He found no evidence of excess gasses in the 
samples from the areas where the dogs had alerted (Fraser, 2019, Appendix 7).  
 
CONCLUSIONS and SUGGESTED FURTHER INVESTIGATIONS 

 

Our effort to reconstruct the sequence of events leading to arrival of the Custard wagon party to a 
specific battle locality required sifting through not only “the fog of war”, but the fog of memories 
as well.  Discrepancies in recollections are obvious in the quotations already presented.  There are 
many more.  For example, contemporary accounts do not agree on the configuration of wagons 
when the party made its stand.  “The train had stopped on a side hill and with the three wagons 
they had formed three sides of a square with one front facing up the hill to the north, one facing 
east and one south” (Drew, W.Y., 1882).  “The Cheyenne warrior Crazy Head stated in a 1911 
interview that ‘American Horse says ….they tried to corral the wagons but there was not time and 
they halted the wagons in line’” (Haack, 2009, p. 38).  
 
Further, the significance of the grouping of wagon parts and projectiles within the area we 
interpreted to be the probable battle site must be weighed in light of “Wagon parts are a dime a 
dozen along the Oregon Trail, including army wagon parts” (Judge, W., 1964).  Civil War Era 
wagon parts and bullets have been found in many places within the areas studied in 2005, 2008, 
2016 and 2018 searches for the Battle of Red Buttes (as well as at the location of the 2019 survey 
led by Danny Walker, in which three of our group participated).   
 
Notwithstanding, we conclude that there is strong evidence that the swale surveyed herein is a 
good candidate for the location of the final Custard Wagon Fight.  First, the preponderance of 
accounts by Shrader, Bent and many others place the battle in a sandy depression about a quarter 
mile from the North Platte River.  That depression is east of the saddle point on the Military Trail.  
The depression has sand hills or smaller rises in every direction but the west.  It is at the head of a 
gully that runs south to the river.  Second, the behavior of the historical human remains detection 
dogs in 2015 and 2018 gave a remarkably consistent set of indications of human remains in the 
swale, and nowhere else.   Third, the high concentration of Civil War Era projectiles and other 
metal parts (Figures 12 and 13) in a place that is not in a pioneer trail travel corridor indicate that 
there was an event at the location. 
 
The attendant burial trench was likely nearby.  We did not find it.  It may be breached by erosion 
or scavenging.   Grading that will be associated with a housing development already platted to 
cover this area may exhume the bodies, if still present, or bury them more deeply depending upon 
how the land is contoured. 
 
Whereas we think that the terminal phase Battle of Red Buttes likely occurred in the swale which 
matches historic reports, alerts by historic human remains detection dogs and a high concentration 
of Civil War Era bullets, there remain several means to refine the story.  A critical zone in  Section 
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21 abutting the west boundary of the City of Casper (Figure 3) has not been subject to rigorous 
metal detection.  There would likely be bullets there, if the soldiers were shooting at Native 
Americans to the west.  Most areas to the south of the swale have not been investigated with metal 
detectors.  Those areas have been somewhat disturbed in the twentieth century, but a search may 
be fruitful.  Analysis of the orientations of Civil War era bullets found in the 2019 survey on higher 
ground to the west may show that many of them could have come from shots at Native Americans 
who were above the swale to its west or northwest.  Finally, whereas we found fewer relevant 
artifacts at the periphery of the 2018 study area, it may be useful to survey the whole 2008 East 
Survey Area again with metal detectors.  
 
ACKNOWLEDGEMENTS 

 

The authors especially thank three additional members of the ad hoc group that studied the history, 
arranged access, planned the research and performed the field work for this research.  They are:  
Randy Bjorklund, Randall Brown and Bayard Rea.  Each made key contributions. 
 
We thank Ann Christensen, Idaho Search and Rescue Dogs, Inc., who contributed her time and 
the services of K-9s “Rocco” and “Kessa,” both dogs having been certified in Land Cadaver with 
the North American Police Work Dog Association.   
 
Walter and Reed Merschat, Scientific Geochemical Services, acquired soil gas samples and 
arranged analysis by Victor Jones, Exploration Technologies, Inc. at no cost to us.  
 
Douglas D. Scott, a specialist in Civil War period archaeology, volunteered his time and expertise 
in identifying and assigning ages to projectiles and other artifacts recovered from our metal 
detecting work.   
 
Danny N. Walker included us in other work to find the battlefield.   
 
The authors gratefully acknowledge the cooperation of Castle Springs Land Company LLC, 
FirsTier Bank, Red Butte LLC, and the TW Foundation in granting permission to conduct surveys 
on their properties.   
 
 
APPENDICES 
 
1. Robert S. Ellison Photographs Pertaining to the Battle of Red Buttes, by Steven C. Haack, 
2011 (p. 35) 
 
2. Validation of Means to Locate an Historic Camera Position, by Allan Fraser, 2015 (p. 44) 
 
3. Cadaver Search Report, Idaho Search and Rescue Dogs, Inc., by Ann L. Christensen, 2015 (p. 
53) 
 
4. Custard Massacre Burial Search, by John Grebenkemper, 2015 (p. 57) 
 



 32 

5. Client Report, Custard Massacre Site, Institute for Canine Forensics, by John Grebenkemper, 
2018, revised 2022. (p. 60) 
 
6. Relocation of Artifacts in East Survey Area of 2008, by Allan Fraser, 2020. (p. 71) 
 
7. Soil Gas Analysis at a Red Buttes Battlefield Site, by Allan Fraser, 2019 (p.73) 
 
 
REFERENCES CITED 
 
Adjutant General of the State of Kansas, Report of, 1861-1865. V. 1, “Military History of the 
Eleventh Kansas Volunteer Cavalry”, Report of the (Topeka: reprint edition, 1896.)  
 
Alma [Kansas] Enterprise, June 2, 1911 
 
Bent, George, letter to Hyde, May 22, 1906, Coe Collection, Beinecke Rare Book and 
Manuscript Collection, Yale University. 
 
BYU Library, Special Collections, Robert Spurrier Ellison Papers, MSS-782, L. Tom Perry 
Collection, Harold B. Lee Library, Brigham Young University Library, Provo, Utah  
 
Casper Star-Tribune, July 18, 1926, p. 6 
 
Casper Star-Tribune, September 10, 1930, p. 3 
 
Casper Star-Tribune, July 26, 1931, p. 8 
 
Casper Star-Tribune, July 27, 1931, p. 1   
 
Casper Star Tribune, April 12, 1964, p. 20 
 
Crumb, John, 1927, “Statement regarding the fight at Platte Bridge and Red Buttes on July 26, 
1865, and other events of interest in connection with the same made by John H. Crumb, 
Company I, Eleventh Kansas Volunteer Cavalry, in company with John B. Buchanan, Private in 
Company I, Eleventh Kansas Cavalry, in the office of R. S. Ellison at Caspar, Wyoming,”, 12 
September 1927, Maxon Collection, Fort Caspar Museum. 
 
Cutler, William G., 1883, History of the State of Kansas, A. T. Andreas, Chicago, IL 
 
Drew, William Y., 1882, Platte Bridge Fight, by One Who Was There; Osage County Chronicle 
(Burlingame, KS), Serialized April 20 & 27, May 11, 18, 25 
 
Ellison, Robert S. [1], The Red Buttes Indian Fight (Fort Caspar Files 89.9.1, Box 5, File 5) 
 
Ellison, Robert. S. [2], “Locating the Red Buttes Indian Fight Site with Corporal James W. 
Shrader, July 15 and 16, 1926”, Maxon Collection, Fort Caspar Museum.  



 33 

 
Ellison, Robert S. [3], Letter to W. H. Jackson dated May 4, 1927, Robert S. Ellison, Walter M. 
Camp Papers, Western History Collection, Denver Public Library. 
 
Ellison, Robert S., [4], Letter to H. C. Bretney, dated September 21, 1936, Howard C. Griswold 
Papers, Henry Clay Bretney, 1863-1949, Archives and Special Collections, University of 
Louisville, Louisville, KY.  
 
Fairfield, S. H., in letter to George Martin, Military History of the 11th Kansas Collection, 
Kansas State Historical society, Topeka, 1904.  
 
Grebenkemper, J., Morris, A., Byrd, B.F., and Engbring, L.; Applying Canine Detection in 
Support of Collaborative Archaeology; Advances in Archaeological Pactices, Vol. 9, No. 3, 
pp226-237, August 2021 
 
32 Haack, S. C., 2009, The Lost Men of the 11th Kansas Calvary in On Point, The Journal of 
Army History, v. 15, n. 1 
     
Haack, S.C., 2010, “This Must Have Been a Grand Sight: “George Bent and the Battle of Platte 
Bridge; Great Plains Quarterly, Winter, 2010, pp 3-20 
 
Haack, S.C., and Bjorklund, R., 2008, The Battle Remembered: Veterans Return Six Decades 
After the Battle of Red Buttes; Annals of Wyoming: The Wyoming History Journal - Autumn 
2008 
 
Haack, Steven C., 2011, Peace Be to Their Ashes: The 11th Kansas Cavalry and the Battle of Red 
Buttes; Army History PB 20-11-3 (No. 80), pp. 6-21. 
 
Hubbard, Josiah M., 1907, Report of Twenty-Ninth Annual Meeting; The Army and Navy Club 
of Connecticut, p.44-45 
 
Hyde, George E., Life of George Bent Written from His Letters, (Norman: University of 
Oklahoma Press, 1968. 
 
Judge, W., Casper Star Tribune, April 12, 1964. 
 
Maxon, John, 1898, Summary notes of research conducted between 1963 and 1989, Maxon 
Collection, Fort Caspar Museum. 
 
Pennock, J., 1951, Diary of Jack Pennock; Annals of Wyoming, v. 23, n.2, p. 19 
 
Shrader, James, letter (probably to S. H. Fairfield), dated July 24, 1904. Military History of the 
Eleventh Kansas, MSS #617, Kansas State Historical Society, Topeka. 
 
The Daily Kansas Tribune [Lawrence, Kansas] in an article entitled “The Indian Butcheries”, 
September 3, 1865. 



 34 

 

The Milan Exchange [Milan, Tennessee], “Horrors of the Indian Warfare”, November 2, 1876, 
(attributed to Kansas City Times). 
 
The Topeka Capital, May 30, 1911, p. 4 
 
Vaughan, J. W., 1963, The Battle of Platte Bridge; University of Oklahoma Press 
 
Walker, D. N., 2013, 2008 Investigations at the Battle of Red Buttes, Natrona County, 
Wyoming; Department of Anthropology, University of Wyoming, and Wyoming State 
Archaeologist’s Office, Laramie, Wyoming 
 
Walker, G. M., 1918, Eleventh Kansas Cavalry, 1865, and Battle of Platte Bridge; Kansas State 
Historical Collections, publ. by Kansas State Historical Society, v. 14, 1915-1918, p.332-340 
 
Weller, Francis, Co. L, 11th Ohio Volunteer Cavalry, in The News Herald [Hillsboro, Ohio], 
December 5, 1895). 
 
Wilson, Jean, 1865, Letter in 30 August 1865 edition of The Daily Times of Leavenworth 
Kansas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 35 

Appendix 1 
 

Robert S. Ellison Photographs Pertaining to the Battle of Red Buttes 
Steven C. Haack, 2011 

 
 In our attempts to locate the site of the Battle of Red Buttes and the associated burial 
trench, the eyewitness accounts of the events of July 26, 1865 have directed our attention on a 
particular area.  Consistent testimony indicates that the battle and burial trench lie 
approximately a quarter of a mile north of the North Platte River at the head of a ravine.  The 
same sources also describe the men at the station seeing the wagon train as it crossed the high 
ground between two buttes to the west, not long after the Battle of Platte Bridge had revealed 
the strength of the opposing forces. The dire circumstances at the station and the realization 
that their comrades with the wagon train had blundered into a terrible situation left clear and 
enduring memories that were later committed to writing.  

 In particular, the account of soldier William Drew 1, written in 1882, was extremely long 
and detailed and the accounts of Jake Pennock2 and Jean Wilson3, while less detailed, were 
recorded immediately.   Pennock recorded his impressions in a diary and Wilson, a mysterious 
civilian about whom we find no other information, managed to transmit his story to a Kansas 
newspaper where it appeared a little over a month after the battle.  These accounts combine to 
form a consistent and coherent narrative that involves the wagon train coming over the saddle-
gap, the men with the train becoming aware of the peril ahead and fleeing towards the river, 
presumably to use the river as an element of a defensive position. They failed to achieve this, 
being overrun a quarter mile north of their objective, where they were forced to create what 
defensive perimeter they could within the confines of a hollow which was located near the 
head of a ravine. Here, they held out for several hours, but were eventually overrun and all 
were killed. 

To the above accounts, we should probably add that of George Bent4. He also places the 
battle in a hollow and both his narrative and a hand-drawn map place it near the river.  His 
account is compelling as it provides a richly detailed narrative from the Native American 
perspective. His descriptions of the plans for attacking Platte Bridge Station and destroying the 
bridge which facilitated incursions into their lands, the two-day journey of the procession which 
stretched for miles and consisted of thousands of warriors on horseback, many leading an 
additional horse for the battle ahead, the ritual preparations for battle and the aftermath of the 
events of July 26 are fascinating.  Although frustratingly brief on the subject of the battle at the 
wagon train, it is consistent with the testimony mentioned above. This is important in piecing 
together the events of the day because, though holding its own prejudices, it is free of the 
prejudices that may burden the other accounts.     

While other accounts are certainly of value, they are often troublesome. A few were 
written by men who were stationed at Deer Creek and arrived two days later as part of a relief 
force and are therefore largely second-hand.  Some accounts have neither the virtue of 
immediacy nor thoroughness.  One account, written in 19185, is quite informative, but using a 
detailed topographic map, the author places the battle to the west of the high formation over 
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which the train was sighted as it approached the station.  Nobody at the station would have 
had any awareness of the train or the battle had this been the case. There are also 
inconsistencies regarding the sequence of events, such as whether the battle at the train 
commenced before or after the courageous but failed attempt to repair the telegraph line east 
of the station. Conflicting reports concerning just how much of the wagon train and its 
surroundings were visible from the station are troubling as well. Some of this inconsistency 
would undoubtedly be resolved if we knew details of the various perspectives. Sightings from 
ground-level near the bridge, atop the buildings and from horseback from the area south of the 
stockade would all provide differing views.  Underscoring the problems of inconsistent 
testimony, even the simple question of the number of wagons in the train has differing 
answers.   

The exegesis of all the available accounts is challenging and the results will 
understandably differ from one researcher to the next. However, our consideration led us to 
depend upon the sources cited above and we subsequently settled upon a particular swale 
positioned a quarter-mile north of the river near the head of a ravine. Concerned about the 
extent to which the terrain may have changed over time, we consulted archaeogeologist John 
Albanese, who assured us of the stability of the area in question. Subsequent comparisons of 
survey maps also satisfied us that, while the course of the river has gone through a number of 
changes in the region, the stretch running past the area of interest has been constrained in 
such a manner as to be essentially unchanged.  

Although fairly confident in our choice for the site of the battlefield and burial trench, 
real certainty was elusive. The area features a number of long swales, running in parallel, and 
possible alternatives could not be eliminated. Thus, it was of great interest when we learned of 
the existence of a number of photographs that were taken in 1926 documenting the visit of a 
participant in the events of July 26, 1865 and his efforts to locate the battlefield.  The visit was 
the result of the efforts of Robert Ellison to document the era of emigrant trails and military 
activity in the Casper area. 

Robert Spurrier Ellison was an executive with Midwest Refining and had a strong 
interest in the history of the west, particularly the Oregon Trail through Wyoming.  This interest 
led him to serve as the regional director of the Oregon Trail Memorial Association and a 
founding member of Wyoming’s Historical Landmark Commission.  He authored two books; 
Fort Bridger: A Brief History and Independence Rock: The Great Record of the Desert.  Ellison 
maintained correspondence with many authors and researchers as well as several elderly 
individuals who had actually participated in events of historical interest in the region. Among 
the latter was James Shrader, a veteran of the 11th Kansas Cavalry who had been stationed at 
Platte Bridge in 1865.  
 In July of 1926, Shrader traveled to Casper at Ellison’s behest and spent several days 
conferring with Ellison and searching for the site of the Battle of Red Buttes and the associated 
burial trench. We have long had Ellison’s account of Shrader’s visit6, but not the photographs 
taken at that time. These were discovered in 2006 in the L. Tom Perry Special Collections in the 
archives of Brigham Young University7.  
 Before inspecting these photographs, it may be interesting to digress for a moment to 
discuss the path that they took from Casper to BYU8. This is interesting in itself and also serves 
as a case study in the often-idiosyncratic way that the raw material of the researcher’s efforts 
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can travel about after his death. This, in turn, underscores the importance of casting a broad 
net when conducting independent research.  Ellison was born and raised in Indiana, graduating 
from Indiana University in 1900. He then pursued a law degree and was admitted to the 
Colorado bar in 1903. He worked in mining litigation in Colorado Springs, married in 1907 to 
Vida Gregory and served a term in the Colorado House of Representatives. He and Vida moved 
to Casper in 1919. Over the next ten years, Ellison worked for Midwest Refining, ending up 
serving as its vice-president. In 1929, Standard Oil purchased Midwest Refining and transferred 
Ellison to Tulsa, Oklahoma. He retired in 1940 and he and Vida then moved to Colorado Springs, 
Vida’s home town. He remained quite busy in retirement, serving a term as mayor of Manitou 
Springs, a small resort community just outside Colorado Springs.  Robert Ellison suffered a heart 
attack on August 19, 1945. Sensing the seriousness of the matter, he discussed the disposition 
of his library with Vida in the ambulance on the way to the hospital. He wanted his library and 
extensive files of research to be donated to his alma mater, Indiana University.  He died soon 
after this conversation took place.  
 Vida donated a large portion of his library to Indiana University, but retained most of 
the books and research involving the west. Her motivation is unclear, but she was herself 
engaged in research, eventually amassing an enormous collection of Southwest Indian basketry 
and, with Robert involved in correspondence with a number of researchers up until his death, 
she may have felt that she was in the best position to accommodate their needs when it came 
to accessing Robert’s research material. Vida outlived Robert by more than twenty years, dying 
in 1967.  No children had issued from their marriage and Vida’s estate went to her sister who 
lived in the small town of Florrisant, Colorado, some thirty miles west of Colorado Springs.  
Large wooden crates containing Robert Ellison’s books and research files were delivered to 
Florrisant.  Unfortunately, Vida’s sister died just a few months later. She, too, died without heirs 
and her estate, now including the contents of the crates, was willed to her neighbors, a kind 
couple who had watched over her in her declining years. And so, the remnants of Robert 
Ellison’s library and research collection were relegated to a barn on their property, where it 
remained for two years. The collection may have been a mere barn cleanup away from 
destruction had it not been for a visit from the couple’s adult son. Rummaging through the 
crates of books during his visit, he pulled out some volumes that he thought may have some 
value. On his next visit to Denver, he took them to the used and rare bookstore of Fred 
Rosenstock. The books were, indeed, quite valuable and Rosenstock inquired as to their origin. 
He listened to the story with great surprise.  Rosenstock had known Ellison well, having sold 
him many rare books on the west. In fact, after Robert’s death, he had gone to Colorado 
Springs to appraise the library and help Vida select what material she would retain and what 
she would ship to Indiana University. Twenty years later, he had heard of her death, but 
assumed that the remaining material had also gone to Indiana.  He now learned that it was all 
in a barn in Florrisant and the owners were interested in selling it.  Rosenstock spent the next 
eight Sundays (his only day off) going through the collection in the barn. It was winter, the barn 
was unheated and the lighting was poor. Such is the life of the rare book dealer.  
 Rosenstock negotiated a price for the entire collection. The books entered the inventory 
at his store and the research collection was sold to Brigham Young University. Rosenstock had 
established a relationship with BYU over the years by selling them whatever rare Mormon 
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material he came upon.  Brigham Young University placed Ellison’s research material in the L. 
Tom Perry Special Collections. 
 The L. Tom Perry Special Collections has nineteen photographs taken during Shrader’s 
1926 visit. They were all taken by D. W. Greenberg and they were all taken on the second day 
of the visit. According to the Ellison’s written narrative of the event, their initial explorations 
involved traveling to the west of Fort Caspar to the high point from which the members of the 
wagon train initially viewed the environs of the fort on July 26, 1865.  From this point, it was 
hoped that Shrader could replicate their path to the site of the battle. However, the impact 
sixty years both upon the terrain and Shrader’s memory, rendered the task impossible.  Shrader 
could not orient himself and they returned to town. That evening, Shrader told Ellison that he 
wanted to try another strategy. A few days after the battle, he had located the remains of 
Edwin Summers about a mile south of the river and buried them where he had fallen. If he 
could locate the grave, he felt that he could locate the place where he had crossed the river and 
thus the battlefield. This, of course, would be quite a task as the grave was not marked and the 
terrain south of the river is a monotonous stretch of sand and sagebrush with no obvious 
landmarks. 
 Pursuing this plan, they began exploring south of the river the next morning, alternately 
driving and walking.  At one point, they came across two local men at work and asked them if 
they were aware of a grave in the area. One of these men was the son of the landowner and he 
stated that his father had recalled finding human skeletal remains some years previously and 
offered to take them to the site. Arriving there, Shrader was satisfied that it was the site of the 
grave he had dug for Edwin Summer’s remains. Thus oriented, he struck out north to the 
riverbank. There, he pointed across the river to a ravine that ran into the river from the north 
and stated with confidence that it had to be the ravine down which he and three others 
escaped on the day of the battle.  The photographs Greenberg took at this point and later that 
day are quite illuminating. (Each photograph is identified by the number assigned to it within 
the cited collection.) 
 Photographs 1 and 2 were taken on the south bank of the river looking north. 
Photograph 1 (#599) shows Shrader (L) and Ellison sitting on the riverbank. Directly across the 
river from them the mouth of the ravine can be seen. Photograph 2 (#598) is a closer shot of 
the area of interest. One can follow the course of the ravine as it flows southward, first veering 
to the north (left in the photograph) and then to the south, entering the river just left of a stand 
of vegetation.  The site selected as the probable location of the battlefield lies to the right of 
and just beyond the blowout feature seen left of center.  
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Traveling back to the north side of the river, Ellison, Shrader and Greenberg located the 
ravine. It is here that Greenberg took the most revealing photograph of the day. Photograph 3 
(#605) is taken from a point “near Red Buttes Indian fight site” looking south.  The ravine is 
seen along the right side of the photograph as is the stand of vegetation near its mouth that is 
also visible from the south side of the river in photographs 1 and 2. Centered at the left edge of 
the photograph is a building with a tall, narrow structure that appears to be either behind or 
atop the structure.  The site Shrader identified as the grave of Edwin Summers lies quite close 
to this structure.  The building is no longer there, but the tall, narrow structure is a silo that 
stood behind this building and, surprisingly and helpfully, it still stands.  Note that directly 
above and just to the right of the silo, one can see a prominent notch in the silhouette of 
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Casper Mountain. These two features, the notch and the silo, can be used to determine a line 
upon which the camera stood when the picture was taken. The line, indeed, runs just to the 
south of the ravine identified in the previous photographs. We will now attempt to find how far 
the camera stood from the riverbank.  With the aid of a topographic map, one can draw one 
line from the silo to the area from which the photograph was taken and another line from the 
northern tip of Casper Mountain (seen at the right edge of the photograph) to the same point. 
(The distances involved are large enough that the exact placement of the camera is not 
important; any error introduced by the misplacement of the camera by a hundred feet will be 
insignificant since the landmarks defining the far points of the lines are miles away.)  It is now a 
simple matter to measure the angle between the two lines and determine that the width of the 
cameras field in this photograph is quite close to 45 degrees.    
 

 
 
 
 We find no objects of known height near the river in this photograph, but we see fence 
posts on the far bank of the river in Photograph 2.  Can we assume that this photograph was 
also taken with a lens that resulted in a 45 degree horizontal field?  Let’s assume that to be the 
case and see if that results in a reasonable estimate for the river’s width. Taking a careful 
measurement of the height of the fence post located just to the right of the mouth of the 
ravine and left of the stand of vegetation and dividing it by the width of the photograph gives 
us a ratio of .019.  Assuming a 45 degree width of field for the photograph, this gives an angular 
height for the fencepost of 1.08 degrees.  The ratio of the height of the fence post to the 
distance from the camera is, therefore the sin of 1.08 degrees or .0188. Therefore,  
 
                          h/D = .0188 or D=h*53,  
 
where D is the distance to the fence post (or the width of the river, assuming that the camera 
was close to the south bank) and h is the physical height of the top of the fence post above the 
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ground. A very typical fence post height of 4 feet gives a distance of 212 feet which comports 
quite well with the width of the river. (Fence post heights of 3.5 feet and 4.5 feet give river 
widths of 185 feet and 238 feet respectively for extremes, as 3.5 feet is a very short fence post 
and 4.5 feet is taller than usual.  So, it is reasonable to assume that Greenberg did not change 
the optical setup of his camera between these two shots and the width of field in Photograph 2 
is 45 degrees.  
 Proceeding, we see that the stand of vegetation in Photograph 2 is about 9.6 degrees 
wide. (We are entering the realm of rough estimates and will not correct for the fact that the 
stand of vegetation is 10 or 12 degrees off from the central axis of the photograph and that the 
north bank of the river may not be running exactly perpendicular to the direction in which the 
camera points.)  At a distance of 212 feet, the physical width of the stand (W) will be such that: 
 
                                 sin (9.6) = .167 = W/212 or W=.167 X 212 or 35 feet.  
 

Returning to Photograph 3, we measure the same stand of vegetation as being very 
close to 5 degrees wide.  Thus: 

 
 sin(5.0) = .087 = 35/D,  
 

where D is now the distance from the camera to the stand of vegetation. This distance is 
35/.087 or 400 feet.  A rough correction for the fact that the stand is about 17 degrees off axis 
gives a distance to the river of 385 feet.  This is closer to the river than the swale identified as 
the likely site of the battle, however the caption simply places the photograph as being “near 
the Red Buttes Indian fight site” and the position may have been chosen more for a clear view 
of the river and ravine than a view from the battlefield proper.  The importance of this 
photograph lies in its accurately establishing a line of sight that constrains the position of the 
battlefield along an east-to-west axis. This position corresponds precisely with the location 
previously selected for the battlefield.  

One other photograph taken that day is of interest.  Photograph 4 (#610) shows Shrader 
standing “at or near” the site of the battle. The blowout behind him can likely be identified with 
the feature left of center in Photograph 2. It can also be seen in Photograph 1.  Assuming the 
photograph was taken sometime in the afternoon, which is reasonable considering the time 
spent south of the river, the shadow of Shrader’s hat falling across his face would suggest that 
he is standing on the east edge of the feature, facing to the east and maybe somewhat to the 
south.  The area selected as the site of the battle lies a few yards to his left. 
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A number of attempts have been made over the years to locate the site of the Battle of 

Red Buttes and the final resting place of the soldiers who were killed there. It seems odd that 
the locations investigated by various researchers are strewn over a large area.  Several factors 
have conspired to create this situation. The grave was not marked at the time of burial for fear 
that the enemy would disinter and further mutilate the corpses. Then, within a few days of the 
event, the Eleventh Kansas Cavalry headed home. Its replacement, the Sixth Michigan Cavalry, 
performed its assigned duties of patrolling the trail and maintaining the telegraph line, but its 
members had no personal investment in the tragedy experienced by their predecessors and no 
known reference to the battle of burial was made by any of them.  In other words, nobody with 
an attachment to the events of July 26, 1865 stayed there long enough to foster any 
institutional memory of those events. Within a few years, the railroad had rendered the wagon 
routes obsolete, further isolating the battle and its location from the ongoing march of history. 
Had military presence been sustained, it is likely that, with the abatement of hostilities in the 
area, the location of the battlefield would have been common knowledge and the site would 
have been commemorated with a monument.  As it is, the area was largely deserted for over a 
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decade and the founders of the town of Casper had but a broad-brushed picture of the area’s 
history.   

We believe we have identified the likely location of the Battle of Red Buttes and the 
resting place of the men of the Eleventh Kansas Cavalry. The fact that photographs 
subsequently discovered confirm that a veteran of the battle came to the same conclusion 
serves to support our confidence in this regard. 
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Appendix 2 
 

Validation of means to locate an historic camera position 
Allan Fraser 
27 February 2015 
 
Introduction 
 
A researcher (Haack 2008) used an historic photograph to infer the position of the camera at 
the time of the photograph.  Apparently aligned objects in the far field of the camera indicated 
a straight path to the camera.  The position of the camera was important.  It indicated the 
region where Shrader, a survivor of the Battle of Red Buttes, located the battleground, and, by 
inference, the approximate location of unfound graves of lost militiamen.  
 
The means of the location inference have been criticized (Walker 2013) on the grounds that 
comparing modern and historic photographs leads to errors if the optical parameters of the 
cameras are not equivalent. The references Walker used to support his contention do not 
support it (Fraser 2015).  Further, Haack’s technique relies on only one historic photo and not 
on a comparison between images.   
 
This note discusses the projection function of camera optics and some usual defects therein.  It 
analyzes the errors in Haack’s linear extrapolation to the position of the camera.  It also 
analyzes the effects of probable errors in the photographic technique.     
 
The Photo and the Alignment Technique 
 
Figure 1A shows the photo by D.W. Greenburg that was used in Haack’s 2008 analysis.  The 
photo was taken in an approximately SSW direction toward Casper Mountain from a rise very 
near the position that Schrader recalled as the battle scene (Ellison undated).  The North Platte 
River is in the foreground.  Figure 1B is an enlargement of the key part of the photo where the 
silo and notch in the mountain are approximately aligned. 
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A. 
 

 
B. 
 
Figure 1.  A. Greenburg’s photograph facing SSW from a rise near the position that Schrader 
remembered as the battleground.  B. Expanded view of the left side, showing the silo behind the barn 
and the notch in Casper Mountain.  
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Haack noticed that a vertical line could be drawn on the photo of Figure 1 from the notch in the 
mountain and though the silo that is behind the barn.  The extrapolation of that line to the 
foreground was used to estimate the position of the camera.   
 
Camera optics 
 
Camera optical principles are fundamental to understanding the capabilities and possible 
pitfalls of using an historic photograph to infer the position of its exposure.  Greenburg’s 
camera is unknown, so the analysis here starts with the worst-case simple camera.  A simple 
camera, such as pinhole or single-element lens camera, gathers light from every object in its 
field of view such that the angle, δ (in radians for mathematical simplicity), between the optic 
axis of the camera and the object is mapped as a distance, R, from the center of the image by: 
 
R =  - f�Tan(δ)                                                                                                       eq 1 
 
Tan is the tangent function, which arises because the spherical field in front of the lens is 
projected to a flat image plane in the camera.  The focal length of the camera is f.  The negative 
sign in eq 1 indicates that the image in a camera is rotated 180° from the viewed scene.  The 
inversion can be ignored for most considerations.  Angle δ may be broken into two 
perpendicular parts.  The elevation angle, θ, of an object above the horizontal camera axis 
maps in the image to a distance below the horizontal axis.  The lateral angle, azimuth φ, 
between the camera’s axis and the object maps as a lateral distance from the center of the 
image.  These vertical and horizontal displacements define the image point in the camera.  
 
Eq 1 shows that the focal length of the camera, f, is a linear scale factor in the position of an 
object that is displayed on an image.  This fact is why Hindley  (1996) could say that, if two 
images are made from the same location, they can always be made to superimpose by 
subsequent magnifications without regard to the focal lengths of the cameras.   
 
Tan(δ) weakly distorts the linear mapping of object angle to image position for the small angles 
used in most photography.  An expansion of Tan(δ) that is fractionally accurate to 0.4 percent 
at the edges of the photo of interest leads to 
 
R = - f�δ�(1 + δ2/3)                                                                                               eq 2 
 
Eq 2 can be read as a direct proportionality between angle in the field and position on the 
image, f�δ, that is modified by a magnifying distortion that is proportional to the square of the 
off-axis angle, δ2/3.  The photo of  
Figure 1A is about 48° wide, based on picking points on Casper Mountain.  The fractional 
distortion to R = - f�δ at the center of the vertical edges of Figure 1A is 5.8%.   
 
Two closely spaced objects, even near the edges of an image from a rudimentary camera, have 
little relative distortion from true angle in the field of view, because both have approximately 
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the same δ.  The difference in the simple camera image of the positional distortions of the 
notch and silo on Figure 1 is insignificant.  The silo is approximately 20° from the center of the 
photo and is on the horizontal centerline.  The notch is 4.8° in elevation above that point, and it 
is about 20.6° from the camera axis.  The difference in the distortions in the positions of the 
images of the silo and notch would be about 0.3 percent of their apparent positions, or 0.06°. 
 
Summarizing, a simple camera maps the azimuth and elevation of an object in its field of view a 
point on the image plane by a nearly linear transformation. There are extremely small 
distortions between image points that are closely spaced.  The focal length, f, is a linear factor 
in the transformation.   
 
Modern cameras do not distort images nearly so much as do pinhole or single-element lens 
cameras.  One of the goals of multi-element lens design since the 19th Century has been 
elimination of the small distortions.  Modern lenses have more complex distortion patterns that 
are less than one percent over the images.  One can demonstrate this fact to oneself by making 
centered photos of graph paper and carefully examining them.   
 
Therefore, the analysis presented above for a simple camera should be taken as an upper limit 
to the distortions that could have been in the photo shown on Figure 1A.  Because the 
characteristics of Greenburg’s camera are unavailable, it is useful to use eq 2 as a worst-case 
scenario.  The following analyses will use the sufficiently accurate approximation that the angle 
between a camera axis and an object maps directly to position on the image, and that relative 
inaccuracy in the positions of objects that map closely on the image are negligible. 
 
The graphical construction technique 
 
Haack (2008) saw a vertical line between the silo and the notch on the mountain on the photo.  
That alignment was taken as evidence that the two objects were at the same azimuth, φ.  That 
assumption was correct for camera that had been held flat with its axis parallel to the ground.  
The effects of askew cameras will be discussed below, under Rotational Errors.   
 
Haack constructed a straight line on a map between the notch and the silo.  That line was 
extrapolated north to show the path of possible coordinates of the camera.  The likely position 
on the line was selected, partly, by observation of the prominent gully in the image of Figure 1A 
and the nearness of the North Platte River.  Figure 2 shows a recreation of Haack’s technique.  
The yellow line goes through the notch and the silo.  It extrapolates to a region near a swale 
that is a leading candidate for the position of the Battle of Red Buttes. 
 
The dashed red line on Figure 2 extends from the notch to another region that is a good 
candidate for the Battle and the resulting burials.  That line misses the silo by some 2000 feet.  
Ellison and Schrader could not have been at that candidate site when the photograph of Figure 
1A was taken. 
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Figure 2.  The yellow line is a reconstruction of Haack’s method wherein a line is constructed 

from the notch in the mountain to a silo.  The line is extrapolated northward to show a line 

on which the camera must have been placed. 
 
Rotational errors 
 
Rotational errors can arise because the camera’s horizontal axis was not parallel to level 
ground, because points measured as vertically aligned on the image were not, because the 
cropped image was rotated, or because the optical axis of the camera was dipping relative to 
the ground.  These effects are evaluated next in the context of the analysis that was done from 
the image on Figure 1A. 
 
Azimuthal discrepancy 
 
First, suppose that the notch in the far field was not at exactly the same azimuth as the silo, and 
the misalignment was a small angle, α.  (I measure that the silo and notch are not on the same 
azimuth by about 0.5 °.)  From standard small angle approximations and the Law of Sines, the 
direction of the true line between the notch and the silo would differ from the nominal azimuth 
of the notch by α/(Dn/Ds – 1), where Dn and Ds are the distances from the camera to the notch 
and silo, respectively.  Dn is nearly five times Ds, so the misalignment is much smaller that the 
error in azimuthal alignment.  The distance from the proposed approximate camera location to 
the silo is about 4400 feet (measured on Google Earth).  Every degree of misalignment in the 
true line between the silo and notch would lead to a 77-foot lateral displacement in the 
position estimate near the north side of the North Platte River.  If my estimate of a 0.5° 
discrepancy in true azimuths of the notch and silo were correct, the camera position would be 
laterally misestimated by some ten feet.   Such a discrepancy, or even ten times as much, is 
negligible. 
 

silo 
notch 

N 

camera 

location 

Google Earth 
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Horizontally tilted camera 
 
Suppose that the photographer did not hold the camera with its horizontal axis parallel to the 
local flat ground, and the user of the photo does not know this fact.  The image is unknowingly 
rotated.  A similar error could arise in diagonal cropping of the photo.  The perceived error in 
azimuth, φ, caused by the misalignment is equal to the horizontal tilt, τ, of the camera times 
the difference in elevation of the two approximately aligned objects.  That elevation difference, 
Δθ, is θn - θs , or the difference in the elevations of the notch and silo.  So, Δφ = τ�Δθ.  The 
elevation difference between the notch and silo on Figure 1 is about 4.8° (0.08 radian).    
Suppose that the camera was tilted horizontally as much as 5° relative to the ground.  The 
resulting error in the azimuths, Δφ, of the targets in the twisted image would be about 0.4°.  
This discrepancy is unimportant. 
 
Figure 3A shows a reproduction of the picture from Figure 1A.  Figure 3B shows the same 
rotated by 5°, corresponding to the example given above.  Notice that most of the mountaintop 
is nearly flat on Figure 3B.  Anyone who has been in the area of the Battle of Red Buttes knows 
that the mountain appears as on Figure 3A.  Also, Figure 1B shows the roof of the barn level to 
the ground and the silo vertical.  On Figure 3B both the silo and barn roof are noticeably rotated 
relative to the picture frame.  It is not reasonable that the image could have been rotated by a 
tilted camera or in cropping by as much as 5°. 
  

 
A 
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B 
 
Figure 3.  A. Original photo.  B. Original photo rotated 5° to simulate horizontally misaligned 

camera or rotated cropping. 
 
Tilted optical axis of camera 
 
A dip of the optical axis is a rotation about the horizontal axis of the camera.  Suppose that this 
rotation is a small amount, ε radians, which is again not more than 5° (roughly 0.1 radian).   This 
rotation changes the angular elevation, θ, of every point in the field of the camera by exactly ε.  
The azimuth of objects in the field is also changed, but only by amounts of order ε2.  This 
second-order dependence is the result of ranges of objects from the front of the camera 
changing fractionally by 1/cos(ε).  Distances lateral to the camera are not changed.  So, for 
small ε, all elevations, θ, are changed by the same amount, ε, and azimuths, φ, remain the 
same.  Haack’s analysis used a vertical line of equal azimuth, and it does not change with dip of 
the axis of the camera.  
 
The photo used in the analysis was made by a camera that was held very parallel to the local 
level ground.  From Google Earth, the difference in altitude between the approximate proposed 
camera position and the ground by the silo is about -20 feet.  The top of the silo would then be 
perhaps 10 feet above the camera position.  The top of the silo would then be estimated at 
some 0.1° true elevation from the camera.  Analysis of the primary copy of the photo of Figure 
1A indicates that the top of the silo is at an elevation of about 0.2° in the reference frame of the 
photo.  The camera was held very flat.   
 
D.W. Greenburg made an excellent photo in all regards. 
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Experimental verification  
 
 
The simple demonstrations suggested here show the optical effects discussed in this note. 
 
One can easily find or set up aligned objects to view with a camera.  In this study I used objects 
on a table, fence pickets viewed through a window, and various vertical edges within a building.  
Nearly all cellphone and pocket cameras can be used to make observations with varying zoom.  
 
Position a camera conveniently with aligned objects in the field of view.   Notice that objects 
with the same azimuth from the axis of the camera appear on vertical lines on the images.  
Notice that this property is independent of the focal length (zoom) chosen. 
 
Tilt the camera horizontally while leaving the optical axis level.  Note that objects that were 
aligned vertically in the image with the camera flat have different separations from the 
centerline of the rotated image (and thus different apparent azimuths).  This effect is also 
independent of focal length.  
 
Dip or raise the optical axis of the camera slightly.  Notice, for small changes in angle, nothing 
happens but a constant change in apparent elevation of all parts of the image.  Again, changes 
in focal length do not change this effect. 
 
With the angles of view fixed, move the camera vertically and horizontally.  Notice that items 
with the same azimuth remain on vertical lines on the images. 
 
Conclusion 
 
An historical photo was recorded as originating from a point near the Battle of Red Buttes.  
Historical studies and gravesite protections hinge on locating that point.  Steven Haack used a 
geometric technique that relied on ideas from optics to find the approximate position of the 
camera that exposed the historical photo.  Haack’s ideas relating the field of view of the camera 
to its image were correct, and his graphical argument was correct and reproducible.   
 
Analysis presented here showed that maximum expected fundamental distortions between 
angles in the field of the camera and their mapped positions on the image were negligible.  
Several likely imperfections in the use of the historical camera were also studied, and their 
effects on the estimated camera location were found to be insignificant.  Critical analysis of 
optics and error sources supports the idea that the suggested position of the camera was 
correct.   
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Appendix 3 
 

Idaho Search and Rescue Dogs, Inc. 
Cadaver Search Report  

 
Request Information: 
Search Type:   Historical Search  
Requesting Agency/Individual:  Steve Haack 

                            Phone: 402-429-6107   
          

Additional Personnel:     
Bart Rea 234-6282 
Al Fraser 265-2729 
Jim Brown 262-0158 
Randy Bjorklund 267-2408 
Marv Shephard 307-259-4067 

 Max Christensen                                                                                        
 
Victim(s):     19 Soldiers killed in Indian Massacre                                                                                                                               
 
Date of Search:   May 30, 2015                                                                                                                    
 
Location of Search: Casper Wyoming   
  
The primary search area was bounded by a triangle with corners  
 
N 42° 48.831’    W 106° 26.042’     “corner 1” 
N 42° 48.893’    W 106° 26.034’     “corner 2” 
N 42° 48.860’    W 106° 25.990’     “corner 3”, 
 
and a quadrilateral including corners 2 and 3 and 
 
N 42° 48.888’    W 106° 25.930’     “corner 4” 
N 42° 48.944’    W 106° 25.975’     “corner 5”. 
 
The primary search area was flagged and divided into smaller sections to facilitate the search. 
The area was a sandy rolling hillside with natural grasses, cacti with some small brush and also 
contained numerous animal burrows.                                                                                                              
 
K-9 Teams:     Ann Christensen with K-9 Rocco and K-9 Kessa                                                                                                                        
                                                                                                                                                 
Action Taken: I arrived at the search area at approximately 0830 and began gridding the first 
section with Rocco. I alternated K-9s during the search to allow rest periods.  During the search 
of the second section with Kessa, she began sniffing vigorously at one of the numerous animal 
burrow and then performed her trained final response when locating the odor of human remains 
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which is to lie down at the location of the strongest odor.  I then removed Kessa from the area 
and began working the section with Rocco.  He worked the area and when he reached the 
location Kessa indicated, he also began sniffing intently and downed at the burrow.  Both dogs 
gave strong indications at (#1) N 42° 48.867’    W 106° 25.996.   
 
I continued to search the remaining sections alternating dogs.  At approximately 1130, we took a 
lunch break to eat and to rest the dogs and returned to the search area at approximately 1300.  I 
continued to search smaller sections and then took a rest break with both dogs.  During the break, 
Rocco started acting like he was in odor so I followed him off the hill into a gulley where he 
worked around a large mound of dirt and then scratched at a spot in the dirt and then lay down.  I 
removed him from the area and started Kessa from the top of the hill.  She also followed scent 
down the hillside to the same large mound where she dug in the dirt at a location about a meter 
from where Rocco did and she laid down also. This location was outside the primary search area 
at (#2) N 42° 48.822’    W 106° 26.004’ .  At approximately 1430, we concluded the search. 
 
 

 
 
Kessa sniffing Location #1 before indicating by laying down. 
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Rocco indicating Location #1. 
 
 
 
     
Conclusion:      
The dogs both worked well and both gave strong indications at location #1.  I would recommend 
further investigation of this area keeping in mind that the scent would flow downhill from higher 
areas with the groundwater.  The scent would also follow the air channel created by the burrow 
so following the burrow uphill or laterally is advised. 
 
Location #2 is located close to a garbage dump.  There is the small possibility that the methane 
from decomposing organic garbage was responsible for this indication.  However, this location 
needs to be followed up on.  
  
   
 
Handler/K9 Qualifications:  
Rocco has certified yearly in Land Cadaver with North American Police Work Dog Association 
(NAPWDA) beginning in 2010. 
Kessa has certified yearly in Land Cadaver with NAPWDA and was the first civilian canine in 
the U.S.  to certify in cadaver search with them. 
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Ann has been training and deploying cadaver dogs since 1996 and she and her dogs have been 
utilized by the Federal Bureau of Investigation, National Center for Missing and Exploited 
Children and by various law enforcement agencies across the West.  They also work with the 
Idaho Chapter of the Oregon Trail Association to help locate immigrant graves along Idaho’ 
sections of the Oregon Trail and have been instrumental in locating or verifying a number of 
graves.    
 
Date of Report :    June 4, 2015                                                                                                                              
 
Signature: Ann L. Christensen 
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Appendix 4 
 
 

Custard Massacre Burial Search 
 

Summary 
On October 21, 2015, a single dog trained to find ancient human burials searched the suspected 
Custard Massacre site looking for the grave of the 21 soldiers killed in 1865. The dog searched a 
total of about 6 acres and identified one location that could correspond to a burial of multiple 
individuals. 

Detailed Search 
The dog first searched an area of about 4 acres of dry grass and scrub. The search lasted from 
10:05 to 11:15 local time and consisted of a coarse grid. Any scent from a large burial site would 
be likely be carried on the wind to the dog on one of the search passes. The dog gave no 
indication during this search of detecting human remains scent. The air temperature was in the 
70’s and the ground temperature measured in the 80’s. The search area is on the north in the 
Google Earth photograph. 
The second area searched was in a bowl south of the first area. The total area to be searched 
was about 1 ½ acres. The air temperature has increased into the 80’s and the ground 
temperature now measured in the 90’s. Additionally, the shape of the local topography 
reduced the wind. The tall dry grass, higher ground temperature and lack of wind would make 
this search much hotter for the dog who is working with its nose close to the ground to detect 
any weak human remains scent. 
The search started as a coarse grid search across the search area. When we had only partially 
completed the coarse grid, the dog insisted on going back to the car to cool off. This search 
lasted from 11:30 to 12:00 local time, again with no alerts to human remains scent. 
The dog was given an hour to cool off in the shade of the car. Due to the hot conditions, the 
search area was reduced to about ½ acre of prime interest. Within two minutes of starting, the 
dog alerted to human remains scent. This was followed by four more alerts over the next 10 
minutes. The search was stopped as the dog was getting hot again. I suspect under better 
conditions she would have had additional alerts. This search lasted from 13:15 to 13:30. 
The five alerts are confined within a circle with a radius of 12 meters. These alerts could be 
consistent with a burial pit containing 21 individuals. Over time, we would expect the strong 
scent from 21 decomposing bodies to spread out over an area wider than the burial pit. 
The Google Earth Map shows the tracks of the area searched in light blue. The five alerts are 
shown as gray balls. 
 
 
John Grebenkemper 
October 21, 2015 
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Google Earth Map of Search Area 
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Participant Biographies 
John Grebenkemper: 

John joined the Institute for Canine Forensics in 2007 and certified his first dog in less than a 
year. One area of special interest is using canine scent detection to locate western emigrant 
graves. 
John’s current dog, Kayle, is his second certified historical human remains detection dog. He has 
worked numerous HHRD projects with ICF. 
Before joining ICF, John spent 40 years working in the field of physics and engineering research. 
He received a PhD from Stanford University, has published more than 20 technical papers, and 
received 8 U.S. patents. 
Canine Related Publications: 

“Locating the Grave of John Snyder”, Overland Journal, Vol. 30, No. 3, Fall 2012 
“Forensic Canine Search for the Donner Family Winter Camps at Alder Creek”, Overland Journal, 
Vol. 33, No. 2, Summer 2015. 
Canine Kayle: 

Border Collie, DOB: January 10, 2009 
Certified for Historical Human Remains Detection in 2011; re-certified in 2013. Note: Her 
certification is currently expired and she needs to take the formal Certification Test to be 
officially recertified to work on ICF projects. 
Kayle has worked on numerous ICF projects from Alaska to the Mexican border and extending 
east through the Midwest to Georgia. Two significant projects were in California and excavated 
to archaeologically date the human remains detected by the dog. One site outside Vacaville 
dated the human remains as about 3,000 years old; a second site in the desert near Barstow 
dated the human remains as over 1,000 years old. 

Note on ICF Certification Test 
As far as we know, the ICF test for certifying dogs to find old human remains is the only formal 
certification test for this type of detection. The test involves hiding human bones and teeth that 
are known to be more than 100 years old. The dog has one hour to locate the hidden targets 
using just their nose (digging at the source will disqualify the dog). The test is witnessed and 
signed off by outside evaluators. The test is surprisingly difficult, and most of the certified dogs 
will fail it at least once in their career. 
 
 
 
 
 
 
 



 

This report contains confidential archaeological information about the location of human burials, it should not be provided to third 
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History of Custard Massacre 
Amos J. Custard of Big Springs, Douglas County, Kansas, served as commissary sergeant in 
Company H, Eleventh Kansas Cavalry. On July 26, 1865, he led a three-wagon supply train from 
Willow Springs heading for the Platte Bridge Station. When they came over the hill west of the 
station, they saw the whole country covered with Indians. They attempted to reach the Platte 
River by taking the wagons off the road to the right. 
 
Custard’s soldiers were soon surrounded and made a barricade of their wagons. The battle 
lasted an hour or more depending on whose account you read. The battle was over when the 
soldiers at the fort saw smoke rising as the wagons were burned. A burial detail was sent out on 
July 29th and the soldiers were buried in a trench. Three days in the summer heat would have 
started significant decomposition before burial. 
 
In 1927 several survivors of the battle returned to Casper and identified the burial location. 
Photographs taken of them show some background features that provide clues to this location. 
In 2008 a few wagon parts and charcoal were found in an area consistent with the photographs 
in a shallow bowl. This suggests the location of the battle and the trench grave should be 
nearby. 

Canine Searches in 2015 & 2018 
A 21-person burial trench that has not been disturbed by animal activity should produce a 
significant scent signature. On October 2, 2015 Randy Brown and Allan Fraser asked me to 
search the site with canine Kayle who was trained to find old human burials. They only told me 
they were looking for soldiers buried in a mass grave in 1865.  
 
The first area that we searched was about 4 acres 450 meters north of the area where we 
eventually had alerts. The dog worked for a little more than an hour with air temperatures in 
the 70’s and ground temperature in the 80’s. There were no alerts. 
 

We then proceeded to a shallow bowl. We were first asked to search about 1 ½ acres. After 
about 30 minutes of work with only part of the area searched, the dog was clearly getting too 
hot in the noontime sun with ground temperature exceeding 90 degrees and minimal wind. The 
dog was given more than an hour break in the shade to cool off. The search area was narrowed 
to ¼ acre since we weren’t going to get much working time in the heat. Within two minutes of 
starting she alerted, and had four more alerts over the next 10 minutes. We couldn’t continue 
further searching because of the heat. 
 
In 2018, the conditions were just the opposite of 2015 – cool temperatures but with a strong 
wind. The strong wind would be an advantage for finding a 21-person burial trench since the 
scent signature would be detectable a significant distance downwind. 
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About seven acres were covered by the canine search, primarily north and east of where the 
wagon parts were found in 2008. A small area south of the site was searched; several cadaver 
dogs had alerted here in 2015. The dog also worked a large loop to the west that passed a 
suspicious ground feature. The dog gave no indication of human decomposition scent other 
than the alerts near the 2008 site. The dog worked two shifts. The first lasted from 1020 to 
1320 local time and the second from 1430 to 1525. The total distance walked was 3.3 miles. 
 
All seven alerts covered about 1/3 of an acre with a maximum separation of 70 meters. The 
alerts were concentrated in the shallow bowl as it climbed uphill to the northeast. The alerts 
were affected by the strong wind with many of them downwind of small bushes. These bushes 
cause eddies which could slightly increase the scent intensity. The dog will look for maximum 
scent intensity to alert. All of the alerts were Quality 2 or 3. 
 

Some of the 2018 alerts overlapped the 2015 alerts. Al noted that several of them might have 
been in the same place. Several of the alerts were further southwest of the 2015 alerts. This 
area had not been covered in the 2015 search. The strong wind may have prevented the dog 
from finding additional concentrations of scent, but it is unlikely that the scent extends much 
beyond the boundaries of this search.  

Conclusions 
The area searched had no indication of a 21-person mass grave. An intact mass grave would be 
a strong scent source that should create a number of alerts extending along the boundaries of 
the burial area. No such pattern was observed. 
 
There are two possible explanations for the canine alert pattern. The soldiers were killed and 
then left where they died for 3 days in the summer. During this time significant decomposition 
would take place and the decomposition fluids would flow into the upper layers of the soil. The 
dog detects the volatile organic compounds from human decomposition. These compounds will 
still be present today and the dog may be detecting where one or more soldiers died during the 
battle. 
 
The second possibility is that the grave was dug up by scavengers and the body parts were 
scattered around the burial area. This would leave a pattern of scattered alerts over a wide 
area. Many of these scent areas will be weak since they are created by decomposing body 
parts. These areas of weak scent would have been difficult for the dog to detect in the strong 
wind. We have seen this effect in the Mormon Handcart mass burials west of Casper. 
 
I can not distinguish which of these two possibilities is more likely with a single dog search. If 
multiple dogs searched the area on a low wind day, we would expect that the first scenario 
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would produce multiple dog alerts at the locations where soldiers died and decomposed for 3 
days.  

Project Information 
Date October 12, 2018 
Project Name Custard Massacre Site 
Client Allan Fraser 

resarfla2@bresnan.net 

General Information: 
	
Weather	Conditions		
Weather and ground temperatures play a critical role in the dogs’ ability to locate scent. We 
monitor ground temperatures regularly during searches as this directly affects the availability of 
scent. For example, an air temperature of 80°F in sunny conditions can have a ground 
temperature of 100°F or higher. Hot weather conditions, especially ground temperatures 85°F 
and higher appear to decrease the scent available to the dog. We stop working the dogs when 
ground temperature reaches 100°F.  
 

Percentage	of	Terrain	Accessible	to	the	Dogs	
While reading this report it is important to remember the following: 

• The percentage of terrain accessible to the dogs is different at each site. 
• The percentage of terrain accessible affects the amount of area that can be covered by 

the dogs. 
 
Alerts	
Our dogs are specifically trained to detect the scent of human remains. Once they have 
detected the scent of human remains, they are taught to give a trained “alert.” The alert is 
either a sit or down at the strongest source of the scent they have located.  
 

Alert	Quality	Key	
The handlers use 1-3 designation to rate the alerts the dogs give at each at location. This is 
based on each handler’s experience and their dog’s behavior when they work burials and 
perform their trained alerts. For more detailed information on alerts, see Addendum A. 

1. Strongly Committed: The dog immediately identifies and alerts at a specific location. 
2. Committed: The dog took time to locate and alert at the strongest source of scent. 
3. Scent Pool: The dogs are getting scent but are unable to locate the exact source. Scent 

pools may be the result of disturbed, scattered or fragmentary remains; or, they may be 
created by wind and/or moving water. It could be scent remaining in the soil where a 
burial was located but where physical remains are no longer identifiable. 
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Note:  The alert quality will vary depending on the search conditions.  

 

Recording	Alerts	
Once a dog alerts to the scent of human remains, the handler uses a pin flag to mark the 
location and a GPS position is taken. Each handler uses a distinctive flag color (see table below 
for this project. We flag the dog’s alerts so the client can use a more accurate measuring device 
to get coordinates should they so choose. Alert waypoints are given using the handler initials 
and their GPS waypoint number.  
 

Handler ID & Flag 
colors 

JG = John Grebenkemper / Kayle, pink flags 

 

We use the Garmin 60CSx GPS, which gives us approximately 3-9 meter accuracy in optimal 
conditions. We use the standard WGS 84 geodetic datum settings on our GPSs, we use UTM 
unless the client has another preference.  
 

Search	Strategy	
The various search modes used in this project are: 

• Free  
• Wide Grid  
• Detail 
• Fine Grid 
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Search Areas: 
 

Search	Area:	Custard	Massacre	Site	&	Surrounding	Area	
Vegetation & 
Description 

High desert scrub with some small cactus. Wind direction was from the 

southwest at about 20 mph. Air temperature was in the 50s and ground 

temperature was in the 60s in 2018. Ground temperature was in the 90s in 

2015 with minimal wind. 

Percent of terrain 
accessible to the 
dog  

We estimate this search area was about 80% accessible to the dog. 

Search Strategy Most of the area was searched using a grid pattern. Several areas were directly 

checked for scent. This data includes both the 2015 and 2018 searches. 

Handler/Dog Waypoint # GPS Coordinates, UTM 
Alert 

Quality 
Comments 

John/Kayle JG2015-03 13 T 382825 4741189 2 2015 Search 

John/Kayle JG2015-04 13 T 382818 4741210 2 2015 Search 

John/Kayle JG2015-05 13 T 382840 4741198 2 2015 Search 

John/Kayle JG2015-06 13 T 382845 4741212 2 2015 Search 

John/Kayle JG2015-07 13 T 382829 4741207 2 2015 Search 

John/Kayle JG2018-01 13 T 382803 4741174 3 2018 Search 

John/Kayle JG2018-02 13 T 382776 4741179 2 2018 Search 

John/Kayle JG2018-03 13 T 382789 4741172 2 2018 Search 

John/Kayle JG2018-04 13 T 382828 4741197 3 2018 Search 

John/Kayle JG2018-05 13 T 382807 4741199 2 2018 Search 

John/Kayle JG2018-06 13 T 382839 4741203 2 2018 Search 

John/Kayle JG2018-07 13 T 382817 4741202 2 2018 Search 
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Search Area Maps 
 

Map	A	–	Canine	Alerts	
Alerts from 2015 (Grey) and 2018 (Pink). The Civil War period wagon parts were found near the 
eastern most of these alerts. 
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Map	B	–	Canine	Tracks	&	Alerts	
The pink line shows the canine path for the 2018 search. The strong wind from the SW would 
push scent to the NE. A mass grave with 21 burials would could likely be detected 50 meters 
downwind; a coarse grid was used to search for the mass burial outside the shallow bowl. The 
dog indicated no scent other than the alerts in the bowl. The tracks covered an area of about 7 
acres. 
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Map	C	–	Canine	Tracks	&	Alerts	in	Shallow	Bowl	
This shows the detail of the tracks within the shallow bowl. The tracks to the south are at a 
lower elevation than the bowl in the area where two Idaho dogs alerted in 2015. 
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Handler Biography 

John	
Grebenkemper	

Historical Human Remains Detection Specialist 
John joined ICF in 2007 and certified his first dog in less than a year. One area of 

special interest is using canine scent detection to locate western emigrant 

graves. 

John’s current dog, Kayle, is his second certified historical human remains 

detection dog. He has worked numerous HHRD projects with ICF. 

Before joining ICF, John spent 40 years working in the field of physics and 

engineering research. He received a PhD from Stanford University, has published 

more than 20 technical papers, and received 8 U.S. patents. 

Historic Human Remains Detection Publications: 
“Locating the Grave of John Snyder”, Overland Journal, Vol. 30, No. 3, Fall 2012. 

“Forensic Canine Search for the Donner Family Winter Camps at Alder Creek”, 

Overland Journal, Vol. 33, No. 2, Summer 2015. 

“Forensic Canine Search for a Donner Cannibalism Camp”, Society for California 

Archaeology Annual Meeting, March 2018. 

“Starved Camp of the Donner Party”, Overland Journal, Vol 36 No. 2, Summer 

2018. 

Engbring, Laurel, Brian F. Byrd, John Grebenkemper, Adela Morris, Monica V. 

Arellano, and Alan Leventhal, 2019, Assessing Canine Forensic Results with 

Archaeological Excavations at Protohistoric Site Síi Túupentak (CA-ALA-565/H) in 

the San Francisco Bay Area. Proceedings of the Society for California Archaeology 
33:239–245, 2019 

“Applying Canine Detection in Support of Collaborative Archaeology”, 2021, 

Advances in Archaeological Practice, 9(3), 226-237, doi:10.1017/aap.2021.12 

Canine: Kayle 

DOB: January 10, 2009 

Breed: Border Collie, Black & White 

Certification: Historical Human Remains Detection; re-certified every year since 

initial certification in 2011. 
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Appendix 6 
 
 

Relocation of artifacts in East Survey Area of 2008 
A.B. Fraser     28 May 2020 
 
Many of the metal artifacts listed on Table 4.2 of the report of the 2008 survey (Walker, D.N., 
2013) were found by the people who performed the 2018 survey.  The East Survey Area listings 
on the aforementioned Table 4.2 include the metal artifacts found by the present authors and 
more found by others.  However, key artifacts have incorrect locations in Table 4.2, and, in 
some cases, the discrepancies are significant.  This discussion deals with artifacts whose 
positions in Walker (2013) are agreed to be incorrect by the 2018 group.  We neither support 
nor dispute the accuracies of proveniences of other artifacts on Table 4.2. 
 
First, our group and Walker (2013) essentially identically locate the area in the swale with many 
cut nails.  Those nails were found by Steven Haack.  Haack worked the location again in 2018, 
and he found more metal there.  Walker (2013) shows the site to be UTM 13 T   E 382789.15   N 
4741168.06.  Our GPS reading of the location was within 2m of that place. 
 
Four lead balls, probably buckshot, were identified on Table 4.2 of the 2013 report as Catalog 
Number 48NA293-275-21.  They were located in the Table at 13 T   E 382870.45   N 4741273.65.  
These balls were found by Allan Fraser spread over more than 10 square meters on the last day 
of the 2008 survey.  At the time of the finds, Fraser was able to see the entire bottom of the 
swale and was conversing with Haack and Dr. Mark Miller, who were in the swale.  Fraser 
estimates that he was at approximately 13 T   E 382858   N 4741213 when he found the lead 
balls.  Table 4.2 of the report of the 2008 survey places the four balls at 13 T   E 382870.45   N 
4741273.65, which is about 68m distant and is at a place where the bottom of the swale is 
blocked from sight.  Also, Fraser never did metal detecting at the location given in the 
reference.  This discrepancy is meaningless to historic interpretation if the lead shot is 
considered to be post-Civil War Era. 
 
Table 4.2 of the cited report shows the wagon box tightener, catalog number 48NA293-275-16, 
to be located at 13 T   E 382844.58    N 4741270.49.  That location is north of the saddle point 
northeast of the swale, but well within the East Survey Area.  James Brown and Bart Rea, with 
an unknown other volunteer, found that artifact in 2008 with Haack observing from nearby. 
Their estimate of the correct location is approximately 13 T   E 382812   N 4741197.   That is, 
the artifact was within the swale and some 73m south and 35m west of its position given in 
Walker, 2013.  That artifact, found encased in charcoal, was near the cadaver dog alerts and the 
many other artifacts found in the swale. 
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Two wagon bow staples are listed as Catalog Numbers 48NA293-275-14 and -15 on Table 4.2.  
They are listed as found only about 1m apart very near 13 T   E 382861   N 4741268.  Rea and 
Brown, with the other unknown person, found these bows similarly close together, but they 
were in the swale, at approximately 13 T   E 382810   N 4741197.  Haack watched the finds from  
 
 
a short distance away.  They also recall that the bow staples were about a dozen feet west of 
the wagon box tightener.  Using the data on Table 4.2 of the 32013 Report, there was a 
separation of the tightener and staples of some 16m.   
 
Our position representations reposition the wagon box tightener, the two bow staples and the 
four lead balls to the approximate places in the swale as described above.   
 
The graphical location chart, Figure 4.23 of Walker 2013, is incorrectly placed by hundreds of 
meters.  Positions on the figure include those of a “lot marker” and a “pipeline marker”.  These 
cultural features were there in 2008, and they remained there in Spring 2020.  Likewise, the 
position of the base datum of the 2008 survey has remained verifiable over the years.  The 
following table shows the UTM locations of the points. 
 
Table 1   UTM positions of features 
Base datum (verified) 13 T E 382342 N 4741287 
lot marker post 13 T E 382802 N 4741231 
pipeline marker post 13 T E 382820 N 4741335 

 
The UTM displacement of the lot marker from the Base datum is 460m east and 56m south.  
The base datum is 1000, 1000 by definition (p26 of Walker, 2013).  Therefore, the lot marker 
should be at E1460, N944 on Figure 4.23.  That marker appears on the Figure at about E1698, 
N1076.  The offsets between computed positions and those on Figure 4.23 are 238m in easting 
and 132m in northing.  Possible adjustments for differences between true compass directions 
and UTM directions or using magnetic north instead of true north cannot account for the 
discrepancies. 
 
Figure 4.23 is also rotated relative to north.  The separation from the lot marker to the pipeline 
marker, as seen on Figure 4.23 is approximately 34m east and 99m north.  That is a separation 
of 105m at azimuth 19°.   The separation from the lot marker from the pipeline marker based 
on the UTM data on Table 1 is 18m east and 104m north.  The separation and heading on the 
UTM grid are 106m and azimuth 10°.  The vector between the verified post locations is rotated 
clockwise by about 9° on Figure 4.23. 
 
Reference 
Walker, Danny N., 2008 Investigations at the Battle of Red Buttes, Natrona County Wyoming, 
Natrona County Historic Preservation Commission Casper, Wyoming, 2013 
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Appendix 7 
 

Soil gas analysis at a Red Buttes Battlefield site 
Allan Fraser   26 August 2019    

 
We collected soil gas samples in a small region where artifacts thought to be relevant to the 
July 26, 1865 Battle of Red Buttes had been collected.  Historical records of the battle indicated 
that many soldiers were buried in a mass grave on site, and that grave has not been found.  
Interpretation of records from veterans who returned to the battle region in the 1920s implied 
that the grave was in the same region as the artifacts.  Historic cadaver dogs, Rocco and Kessa, 
handled by Ann Christensen of Idaho Search & Rescue Dogs, independently indicated human 
decay scents at the same point at the site in 2015.  Another historic cadaver dog, Kayle, handled 
by John Grebenkemper of the Institute for Canine Forensics, indicated human decay scents at 
the same place a few months later in a blind search.  In 2018, Kayle indicated the odors of 
human remains at the same place and at a few other places within 20 m of the initial location.  
The interpreted grave locations and those indicated by the dogs are within a fraction of an acre. 
 
We decided to try soil gas analysis for short alkanes and alkenes in the region, on the 
assumption that an increase in these gasses may indicate decaying human tissue.  Walter 
Merschat and Reed Merschat of Scientific Geochemical Services collected samples in three 
categories: places where one or more dogs had alerted, places indicated as grave sites by 
interpretation of veterans accounts, and at control points without indications.  The samples 
from four feet deep were drawn into evacuated bottles, and there were controls with ambient 
air and an empty vial. Personnel collecting samples and the chemical analyst did not know 
which samples were within the three categories.   
 
Victor Jones, of Exploration Technologies, Inc., analyzed for methane, ethane, propane, n-
butane and i-butane, ethylene, propylene and carbon dioxide.  Jones found good quality gas 
samples.  He found no clear evidence of excess gasses from degrading tissues in the samples.  
Appendices A and B show the gas analysis data from Exploration Technologies.  The 
concentrations are in units of parts per million by volume, except for carbon dioxide, which is 
listed in percent.  Each nominal location, be it a dog indication, an indicated gravesite or a 
control, was sampled as “A” and “B”.  The two samples were offset east or west by about 2 m 
from a center point at the given latitude and longitude.  Sample 17 only had an “A” location 
because it used the last sample bottle. 
 
Numerical data analysis after the chemical analysis separated the data into sets of alerts by 
cadaver dogs, of the interpreted gravesites and of control points.  Table 1 shows the analyzed 
data separated into these categories.  It also lists the latitudes and longitudes (using WGS84) of 
the midpoints of the pairs of data samples.  The mean, standard deviation (stdev) and standard 
error of the population mean (sem) were found for each analyte in each of the three sets.  
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Table 1: Gas concentrations separated into controls, cadaver dog alert locations and sites identified as 
gravesites by veterans. 
 

Controls        Latitude Longitude 

 methane ethane ethylene propane propylene i-butane n-butane CO2   
2A 1.407 0.018 0.005 0.020 0.005 0.005 0.217 0.064 42.81467 -106.43307 

2B 1.099 0.022 0.007 0.012 0.000 0.000 0.000 0.081   
11A 0.966 0.032 0.013 0.019 0.008 0.005 0.037 0.127 42.81467 -106.43342 

11B 0.995 0.021 0.012 0.010 0.008 0.001 0.002 0.084   
13A 0.986 0.074 0.017 0.032 0.018 0.077 0.040 0.154 42.81451 -106.43368 

13B 0.974 0.051 0.013 0.024 0.016 0.026 0.013 0.104   
16A 1.356 0.062 0.022 0.028 0.015 0.016 0.012 0.122 42.81442 -106.43388 

16B 1.071 0.053 0.022 0.025 0.018 0.007 0.020 0.191   
17A 0.724 0.018 0.008 0.009 0.000 0.007 0.004 0.103 42.81484 -106.4332 

           
mean 1.064 0.039 0.013 0.020 0.010 0.016 0.038 0.114   
stdev 0.209 0.021 0.006 0.008 0.007 0.024 0.069 0.039   
sem 0.070 0.007 0.002 0.003 0.002 0.008 0.023 0.013   

           

           
Dog alerts          

 methane ethane ethylene propane propylene i-butane n-butane CO2   
1A 1.211 0.026 0.020 0.012 0.014 0.002 0.003 0.172 42.81450 -106.43302 

1B 1.514 0.028 0.018 0.026 0.010 0.005 0.240 0.126   
3A 1.277 0.018 0.011 0.010 0.007 0.000 0.016 0.197 42.81438 -106.43308 

3B 1.585 0.017 0.008 0.019 0.005 0.000 0.157 0.155   
4A 1.411 0.014 0.006 0.014 0.004 0.005 0.129 0.111 42.81442 -106.43309 

4B 1.026 0.017 0.010 0.009 0.007 0.000 0.000 0.154   
5A 1.272 0.020 0.011 0.015 0.007 0.004 0.106 0.159 42.81446 -106.43322 

5B 1.196 0.020 0.012 0.011 0.007 0.000 0.048 0.145   
6A 0.954 0.037 0.019 0.016 0.013 0.000 0.023 0.269 42.81429 -106.43326 

6B 0.930 0.029 0.017 0.013 0.011 0.001 0.004 0.226   
8A 1.270 0.020 0.010 0.016 0.006 0.000 0.090 0.125 42.81448 -106.43335 

8B 0.563 0.026 0.014 0.010 0.010 0.000 0.000 0.112   
9A 0.837 0.020 0.010 0.009 0.008 0.001 0.005 0.180 42.81441 -106.43336 

9B 1.025 0.032 0.015 0.015 0.010 0.002 0.005 0.195   
12A 0.704 0.007 0.005 0.009 0.006 0.002 0.005 0.094 42.81438 -106.43348 

12B 0.948 0.099 0.019 0.043 0.023 0.048 0.019 0.179   
14A 1.344 0.047 0.012 0.023 0.012 0.026 0.024 0.111 42.81414 -106.43370 

14B 2.085 0.024 0.009 0.044 0.009 0.074 0.012 0.108   
15A 1.098 0.037 0.014 0.016 0.016 0.009 0.008 0.137 42.81415 -106.43386 

15B 0.965 0.059 0.027 0.028 0.018 0.013 0.030 0.263   

    continued  next page     
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mean 1.161 0.030 0.013 0.018 0.010 0.010 0.046 0.161   
stdev 0.339 0.020 0.005 0.010 0.005 0.019 0.065 0.050   
sem 0.076 0.005 0.001 0.002 0.001 0.004 0.015 0.011   

           

           
"gravesite"          

 methane ethane ethylene propane propylene i-butane n-butane CO2   
7A 1.045 0.025 0.011 0.013 0.008 0.003 0.006 0.084 42.81461 -106.43329 

7B 0.972 0.027 0.015 0.013 0.011 0.000 0.000 0.095   
10A 1.206 0.011 0.006 0.013 0.002 0.000 0.108 0.142 42.81453 -106.43340 

10B 1.290 0.021 0.010 0.019 0.004 0.000 0.149 0.149   

           
mean 1.128 0.021 0.011 0.015 0.006 0.001 0.066 0.118   
stdev 0.146 0.007 0.004 0.003 0.004 0.002 0.074 0.033   
sem 0.073 0.004 0.002 0.002 0.002 0.001 0.037 0.016   

 
The scatter, indicated by standard deviation, of the butanes data was larger than the mean in all cases.  
The three methane data sets had standard deviations that were less than one third of the population 
means, as was nearly true for the carbon dioxide data sets.  Most hydrocarbons had concentrations of 
less than 40 parts per billion. 
 
The population means were compared for the dog alerts and the gravesite estimate location versus the 
control locations.  Table 2 shows the results, listing the differences of the population mean values and 
the standard deviations of those differences. 
 
Table 2: Difference of mean values and standard errors of those differences for dog alert sites, veterans’ 
gravesite versus control sites. 

Difference dog alerts and control       
 methane ethane ethylene propane propylene i-butane n-butane CO2 
alert - control 0.097 -0.009 0.000 -0.002 0.000 -0.006 0.008 0.046 
stdev of diff 0.103 0.008 0.002 0.004 0.003 0.009 0.027 0.017 

         
         
Difference gravesite and control       
grave - control 0.064 -0.018 -0.003 -0.005 -0.004 -0.015 0.027 0.003 
stdev of diff 0.101 0.008 0.003 0.003 0.003 0.008 0.044 0.021 

 
The hypothesis was that the gas concentrations would be higher near a gravesite.  For both the dog 
alerts and the proposed gravesite, the control had equal or higher concentration for ethane, ethylene, 
propane, propylene and isobutane.  The hypothesis is not supported for these ten cases. 
 
Methane and n-butane concentrations were higher than in controls for both the dog alert sites and the 
gravesite.  In these cases, the difference was less than one standard deviation of the difference of the 
population means.  Carbon dioxide was also higher for the gravesite set than the controls, but only by a 
tiny fraction of a standard deviation of the difference. 
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Only the carbon dioxide concentration in the dog alert set was significantly higher than it was for the 
control set.  The mean CO2 concentration at the dog alert sites was above the control mean by 2.7 
standard deviations of the difference of the means.  It was also well above the mean CO2 concentration 
at the veterans’ gravesite estimate.  How can this be interpreted?  Certainly the dog alerts are not based 
on sensing carbon dioxide, which exists in the atmosphere at about 0.04% and is not a specific decay 
product to even fauna broadly.  Perhaps there was a bias in selecting the control points away from the 
lower land where the dog alerts were.  In any case, the carbon dioxide concentration was significantly 
higher in the dog alert set than in the control set. 
 



 
 
 

 76 

Appendix A, TABLE 1 of chemical analysis 
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Appendix B, TABLE 2 of chemical analysis 
 

 
 
 


