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Co-Conveners: Dr. Penelope Boston, Senior Advisor for Science Integration, NASA 
Ames Research Center; Dr. Talon Newton, Hydrogeologist, New Mexico Bureau of 
Geology and Mineral Resources and New Mexico Institute of Mining and Technology

Organizing Committee: Dr. Johanna Blake, Research Hydrologist/Geochemist, U.S.  
Geological Survey; Dr. Penelope Boston, NASA Ames Research Center; Scott  
Christenson, Hydrogeological Field Technician, New Mexico Bureau of Geology and 
Mineral Resources; Cynthia Connolly, Education Outreach Manager, New Mexico Bureau 
of Geology and Mineral Resources; Christina Ferguson, Hydrologist, U.S. Geological 
Survey; Keely Miltenberger, Student Trainee Hydrology, University of New Mexico and 
U.S. Geological Survey; Dr. Talon Newton, Hydrogeologist, New Mexico Bureau of 
Geology and Mineral Resources; Steve Peerman, Project Director, Fort Stanton Cave 
Study Project; Michael Spilde, Manager, Electron Microprobe and Scanning Electron 
Microscope Labs, Institute of Meteoritics, University of New Mexico

Welcome to the 2022 Fort Stanton Cave Science Conference Field Trip.  
This guide explains what you are seeing today.

More information on the history of the Fort Stanton–Snowy River Cave,  
including photos, can be found on the Fort Stanton Cave Study Project (FSCSP) website  
(https://www.fscsp.org/). Information on the history of the Fort Stanton–Snowy River 
National Conservation Area can be found on the U.S. Bureau of Land Management 
website (https://www.blm.gov/visit/fort-stanton-snowy-river-cave-nca).
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Stop 0 – BLM NCA 
Headquarters

0.34 – A

This building is on the Fort Stanton 
Historic Site, managed by the State 
of New Mexico. Fort Stanton was 
established in 1855 and the cave is 
named after the fort (U.S. Bureau 
of Land Management, 2022). This 
building is the headquarters for the 
Fort Stanton–Snowy River National 
Conservation Area (NCA), managed 

by the U.S. Bureau of Land  
Management (BLM). Most of Fort 
Stanton Cave lies under the NCA. The 
BLM is the land management agency 
primarily responsible for Fort Stanton 
Cave; however, sections of the cave 
underlie the Smokey Bear Ranger 
District of the Lincoln National Forest, 
managed by the U.S. Forest Service 
(USFS). The BLM and the USFS  
have a cooperative management 
agreement regarding Fort Stanton Cave.

Figure 1. The starting point and first two stops on the field trip. The letters on each map 
correspond to points described in the road log tables.
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Road Log to Stop 1

0 NCA Building

0.34 – A

0.86 – B

1.67 – C

2.59 – D 

3.82 – E 

4.11 – F 

4.59 – G 

4.79  Stop 1

Stop 1 – Government 
Spring

by the U.S. Bureau of Land  
Management (BLM). Most of Fort 
Stanton Cave lies under the NCA. The 
BLM is the land management agency 
primarily responsible for Fort Stanton 
Cave; however, sections of the cave 
underlie the Smokey Bear Ranger 
District of the Lincoln National Forest, 
managed by the U.S. Forest Service 
(USFS). The BLM and the USFS  
have a cooperative management 
agreement regarding Fort Stanton Cave.

Figure 1 shows the route from the 
NCA Headquarters to our first stop at 
Government Spring. We will travel north 
on NM 220, then east on US 380.

This map also shows a portion of the 
Fort Stanton–Snowy River Cave system. 
Broadly, Fort Stanton Cave consists of 
two main areas: the historic portion 
(shown in black) and the Snowy River 
portion (shown in blue). The Snowy River 
passage is named after the unique  
calcite deposit, the Snowy River  
formation, that lines the underground 
channel. Stop 2 is at the entrance of 
Fort Stanton Cave.

Bridge over the Rio Bonito (“pretty 
river”). When the Rio Bonito is at flood 
stage for prolonged periods, as during 
snowmelt runoff, it is believed to be a 
significant source of water to the cave, 
seen as flooding in the Main Corridor 
and Conrad’s Branch. Note: a majority  
of the historic section of the cave does 
not flood.

On the right is the BLM/Fort Stanton 
Cave Study Project Field House and 
other outbuildings. For the last decade, 
this building has served as the opera-
tions center for the exploration, survey, 
and scientific study of the cave.

The Rob Jaggers Campground  
on the right is the go-to camping  
area for access to the 72 miles of  
multi-use trails that are located on  
the NCA. Most of the users of this  
trail system are equestrians.

Junction of NM 220 and US 380.

Bridge over the Rio Bonito.

On the right, the turnoff to the 
gravel road to the cave entrance. 
Continue straight.

Under the hillside to the right is 
the northeastern, downstream end 
of the Snowy River passage. The 
passage ends in a sump called 
Crystal Lake (Figure 2), about  
80 feet under the surface.

Government Spring is the only 
documented outlet, or resurgence, 
for Fort Stanton Cave waters, 
though others may exist. Dye 
tracer tests have confirmed a 
hydrologic connection between 
the spring and both Snowy River 
and the Main Corridor (Davis and 
Land, 2006; Geocaching, 2020). 
In addition, major ion (sodium, 
potassium, magnesium, calcium, 
carbonate, bicarbonate, sulfate, 
and chloride) water chemistry re-
sults suggest that water inside the 
cave from Snowy River passage is 
similar to water from Government 
Spring (U.S. Geological Survey 
[USGS], 2020).

Parking area for Government Spring.
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just downstream of the spring, identify 
this area as a discharge area. Discharge 
at this location may be related to 
faulting or the rise in bedrock elevation 
associated with Mescalero Arch (Darr 
et al., 2014). This area also marks the 
beginning of a 10-mile-long perennial 
reach of the Rio Bonito. 

The name Government Spring is 
reflective of the original name given to 
Fort Stanton Cave when the fort was 
established in 1855: Government Cave. 
It is believed that Government Spring 
was well-known to Native Americans, as 
there is abundant rock art in the shelters 
in the cliff walls in this area of Rio Bonito 
Canyon. Across the highway and in a 
direct line between Government Spring 
and Crystal Lake is an old, hand-dug 
well. Geophysical studies indicate 
that the well is likely directly over the 
assumed water flow path leading to 
Government Spring. 

Figure 2: The Crystal Lake sump at the northeastern end of the Snowy River passage. 
Photo by Ron Lipinski, FSCSP

4.79 Stop 1

5.46 – F

5.51 – H
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To monitor the flow of the 
spring, the FSCSP installed a weir in 
the spring channel in 2008 (Figure 
3). Since then, the weir has been 
replaced with a ramp flume installed 
by the BLM. These devices have 
been used to measure discharge of 
the spring, which is generally less 
than 2 cubic feet per second (cfs) and 
slightly over 2 cfs during periods of 
exceptionally high water in the cave’s 
Main Corridor. Significant discharge 
at Government Spring is usually 
indicative of water flowing in Snowy 
River. Government Spring discharge 
has been measured at as high as 6 
cfs when the Snowy River passage 
has flooded. Government Spring 
discharges from fractures in the San 
Andres Formation near the abrupt 
northeast-to-southeast change in Rio 
Bonito’s flow path. Several other small 
springs and seeps in the vicinity, and 
gaining stream conditions in the river 
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just downstream of the spring, identify 
this area as a discharge area. Discharge 
at this location may be related to 
faulting or the rise in bedrock elevation 
associated with Mescalero Arch (Darr 
et al., 2014). This area also marks the 
beginning of a 10-mile-long perennial 
reach of the Rio Bonito. 

The name Government Spring is 
reflective of the original name given to 
Fort Stanton Cave when the fort was 
established in 1855: Government Cave. 
It is believed that Government Spring 
was well-known to Native Americans, as 
there is abundant rock art in the shelters 
in the cliff walls in this area of Rio Bonito 
Canyon. Across the highway and in a 
direct line between Government Spring 
and Crystal Lake is an old, hand-dug 
well. Geophysical studies indicate 
that the well is likely directly over the 
assumed water flow path leading to 
Government Spring. 

Figure 3: Government Spring in August 2008. Photo by Steve Peerman, FSCSP

Figure 4: The paleo-entrance that is speculated to 
once have led into Snowflake Passage. Photo by 
Steve Peerman, FSCSP 

Road Log to Stop 2 6.47 – J

6.58 Stop 2
4.79 Stop 1

5.46 – F

5.51 – H

5.60 – I

Refer to Figure 1 for this road log. Road forks; follow the left fork to 
enter the mouth of Cave Canyon.

On the right is the entrance to  
Fort Stanton Cave.

Parking area for Government Spring.

Turn left onto the gravel road to the 
cave entrance.

On the hillside to the left, note the 
slight saddle near the end of the ridge. 
There is an ancient cave entrance there, 
directly over the end of Snowflake 
Passage (Figure 4).

This view of the Rio Bonito Valley with 
Sierra Blanca in the background is one 
of the more spectacular vistas in this 
area and in New Mexico in general. 
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Stop 2 – Fort Stanton Cave Entrance
This collapse entrance (an opening 
formed when overlying material fell 
into the cavity below) is currently the 
only known entrance to Fort Stanton 
Cave. For various reasons, including 
the geologically recent nature of 
the entrance sink, the entrance is 
believed to be only around 900 years 
old. From the surface, it is about 90 
feet down to the passage floor.

Figure 5 shows the entrance of  
Fort Stanton Cave before the fence 
around it was built.

As shown in Figure 1, cave 
passages extend in several directions 
from the entrance. Many of these 
are small crawlways, but one, Bat 
Cave Extension, is large and is the 

southwesterly continuation of the Main 
Corridor. This extension, like most of the 
passages in Fort Stanton Cave, ends in 
a breakdown collapse (when cave walls 
and ceilings weather, lose cohesion, and 
fall). This blocks further exploration, but 
air coming through openings between 
boulders hints at the existence of 
passages beyond the blockage.

The existence of this cave entrance 
was well-known to the soldiers of Fort 
Stanton. Abundant evidence, including 
historic signatures on the walls, shows 
that they visited the cave frequently and 
explored a mile or more from the en-
trance. In contrast, while there is some 
evidence of recent Native American 
use of the cave, including possible reed 

Figure 5: Photo of the Fort Stanton Cave entrance taken in the 1960s. This image shows the cave entrance as 
viewed from the ridge to the east. The snow-capped Sierra Blanca Range is in the background.  
Photo by Pete Lindsley, FSCSP 

S
T
O
P

2



45446_NMGEO_PAGE 9

9

Stop 2 – Fort Stanton Cave Entrance

Figure 6: The 1877 map of Fort Stanton Cave  
produced by the Wheeler Survey. (Wheeler, 1878)

torches and charcoal bits, there is no  
evidence that prehistoric (A.D. 
200–1450) Jornada Mogollon people 
utilized the cave. The Jornada Mogollon 
left a great deal of evidence in the form 
of clay pottery and petroglyphs in other 
caves in the area but not at Fort Stanton 
Cave. This could be because the col-
lapse entrance did not exist, providing 
more evidence that it is recent.

The area surrounding Fort Stanton 
was established as a military reservation 
by executive order in 1859. Beginning in 
1869, the U.S. Army Corps of Engineers 
charged First Lieutenant George M. 
Wheeler with geographical and geolog-
ical mapping of the United States west 
of the 100th meridian (U.S. Army Corps 
of Engineers, 2005). His group came to 
be known as the Wheeler Survey. During 
their time in this area, they chose to 
map Fort Stanton Cave. The map they 
produced (Figure 6) shows approximately 
2.2 miles of the cave. Fort Stanton was 
only the second cave mapped west of 
the Mississippi River (Wheeler, 1878). In 
the latter part of the 19th century  
and early part of the 20th century,  
Fort Stanton Cave was referred to by 
some writers as “the Mammoth Cave  
of the West.”

In 1956, 1,800 acres of 
Fort Stanton were transferred 
to the State of New Mexico 
for use as a hospital, and the 
remaining area was returned 
to the Department of the 
Interior. From 1964 to 1990, 
New Mexico State Univer-
sity used the area for range 
studies. More information on 
the history of Fort Stanton 
can be found here: https://
www.fortstanton.org/history/. 

In 1987, the Sierra Blanca Regional 
Airport was built on the southeastern 
part of the military reservation. The 1997 
Roswell Resource Management plan 
designated the 25,000-acre area as an 
Area of Critical Environmental Concern 
(ACEC), bringing some protections to 
the area. The 2001 discovery of Snowy 
River passage in Fort Stanton Cave 
eventually propelled the area into the 
limelight as a special place that needed 
to be fully protected.

In 2009, the ACEC was converted 
into the Fort Stanton–Snowy River Cave 
National Conservation Area (NCA), 
part of the BLM National Landscape 
Conservation System, which consists 
of lands recognized for outstanding 
cultural, ecological, and scientific values. 
With the NCA designation, planning 
decisions to better manage the surface 
and subsurface features of the area 
were needed. These planning decisions 
are outlined in the Fort Stanton–Snowy 
River Cave National Conservation Area 
Proposed Resource Management Plan 
Amendment and Environmental Assess-
ment (BLM, 2013). The BLM uses this 
document to make decisions on how to 
best manage Fort Stanton Cave.
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Road Log to Stop 3

6.58 Stop 2

6.92 – K

7.39 – L

7.48 – M

Figure 7 shows the route to the 
next two stops. Refer to this map 
for the road logs.

Figure 7: The route from Stop 2 to Stops 3 and 4, with portions of the cave labeled.

Fort Stanton Cave entrance.

To stay on Cave Canyon Road, keep to 
the right at the fork.

Sharp left turn in Cave Canyon Road.

Here the road passes over the Lincoln 
Caverns section of the cave. The cave is 
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7.67 – N

9.69 – O

11.1 – P

13.27 Stop 3

Figure 8: The Snake River section of Lincoln Caverns. Note the cavers in the floor channel for scale. 
Photos by Pete Lindsley, FSCSP

relatively shallow under the road. Radio 
location indicates that the floor of the 
passage is about 136 feet below the 
land surface. A discussion and photos of 
this part of the cave follow this section 
of the road log (Figure 8).

In this narrow section of Cave Canyon, 
the road passes over Snowy River 
passage near the side passage known  
as Sandy River (Figure 9a).

Cave Canyon Road intersects Devil’s 
Canyon Road.

The cattle guard at this point is at the 
boundary between the Fort Stanton–
Snowy River NCA and the Smokey Bear 
Ranger District of the Lincoln National 
Forest. The boundary more or less 
follows the ridge top. Numerous small 
caves and blowholes exist on both sides 
of this ridge, though none are known to 
connect to Fort Stanton Cave. From  
this point, the road descends into  
Devil’s Canyon.

Viewing area for the San Andres  
Formation in Little Creek Canyon.
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Figure 9a: Snowy River passage near Sandy River. 
Note the waterline over the heads of John McLean 
(in white) and Donald Davis (in orange). Photos by 
Wayne Walker, FSCSP

Figure 9b: Some of the filled joints that intrude 
into the Snowy River passage a short distance 
downstream from Figure 9a.

Moving upstream on Snowy River 
are Two-Way Hill (Figure 10) and the 
Mud Lizard crawlway. Mud Lizard (Figure 
11) is an area on the upstream end of 
Two-Way Hill that fills with water when 
water flows in the Snowy River passage. 
Data loggers in the passage show that 
the water is as much as 16 feet deep in 
the Mud Lizard crawlway during periods 
of high flow. No exploration beyond this 

area of the cave can take place if 
there is any expectation that the 
passage may flood while people 
are in the cave. However, in 2020 
an additional passage named 
Black Rock Bypass was discovered. 
This upper-level passage  
provides a safe route around  
this sump area.

The Lincoln Caverns area of 
Fort Stanton Cave (mile 7.48, 
location M) was originally blocked 
by a breakdown collapse and was 
excavated in 1969. It is one of 
the most decorated areas of the 
historic section of the cave. Lincoln 
Caverns is a special management 
area of Fort Stanton Cave and 
requires a special permit to enter.

The point where we first pass 
over Snowy River Passage (mile 
7.67, location N) is a very interest-
ing and complicated area of the 
cave complex. Besides the intersecting 
Sandy River side passage (Figure 9a), here 
Snowy River is interrupted by a breakdown 
collapse known as Two-Way Hill (Figure 
10). On the surface, we cross over the 
initial part of the Sandy River (Figure 9b) 
passage before crossing Snowy River itself. 
An unusual aspect of Snowy River is the 
presence of several filled joints that intrude 
into the passage from the ceiling just 
downstream of Sandy River (Figure 9b). 
Both passages are around 170 feet below 
the road at this point.
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Figure 10: Donald Davis beginning the climb up 
Two-Way Hill. Photo by Wayne Walker

Figure 11: Waterlines and a scalloped ceiling in 
Mud Lizard. Photo by Roger Harris

The geology around the Fort  
Stanton–Snowy River Cave NCA 
ranges in age from Precambrian to 
Quaternary and is dominated by the 
Sierra Blanca volcanics and intrusive 
rocks that are mainly middle Cenozoic 
age (New Mexico Bureau of Geology 
and Mineral Resources, 1961; Rawling, 
2012; Skotnicki, 2009). Often referred 
to as the Lincoln County Porphyry 
Belt, the Cenozoic intrusives belong 
to the much larger Rocky Mountain 
Alkalic Province, which includes 
post-Laramide magmas generated 
from Mexico to Canada along the 
Rocky Mountain front (Allen and 
Foord, 1991).

Stop 3 – Devil’s Canyon/
Little Creek San Andres 
Formation Outcrop
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Figure 12: The yellow line shows the contact of the 
Permian Yeso and San Andres Formations at Stop 3. 
Photo by Johanna Blake, USGS

Figure 13: Simplified stratigraphic column of the 
lower Rio Bonito Member of the San Andres  
Formation. This column is drawn from field 
observation by Christina Ferguson and Johanna 
Blake of USGS at the Little Creek Fault area just 
upstream of the outcrop seen at Stop 3. 

minerals, such as gypsum. In the southern 
Sacramento Mountains, groundwater 
flows from the high mountains in the west 
through the Py and discharges into the San 
Andres Formation in the Roswell Artesian 
Basin, where it is used to support one of 
the most productive agricultural areas in 
the state.

In this area, the San Andres Formation 
(Psa) primarily consists of limestones, but 

The geology within 
the NCA is mostly Permian 
sedimentary rocks and 
includes the Yeso, San 
Andres, and Grayburg 
Formations. For research 
within this cave system, 
focus is on the geology of 
the Yeso Formation and 
the San Andres Formation 
(Figure 12). In southeastern 
New Mexico, the Yeso 
Formation (Py) consists 
of gypsum, sandstone, 
siltstone, limestone, and 
dolostone (Mack and 
Dinterman, 2002). The Py 
is an aquifer in some areas 
of New Mexico, but water 
quality can be poor due 
to the presence of soluble 

dolostones, sandstone, gypsum, and 
chert also occur (Rawling, 2012; Kelley, 
1972). The Psa is composed of the Rio 
Bonito, Bonney Canyon, and Fourmile 
Draw Members (Kelley, 1972). The Rio 
Bonito Member contains at least two 
distinct yellow-colored brecciated beds 
(Figure 13) that are 1 meter or less in 
thickness and are believed to be clay-rich 
evaporite dissolution breccias (Elrick, M., 
personal communication, 2018). The  
Rio Bonito Member also contains distinct 
chert-bearing limestone beds that have 
been identified both within and outside 
of the cave. Many of the beds have  
vugs (cavities inside the rock that  
formed when fossils were replaced by 
crystalline calcite).

17.14 Stop 4
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Figure 13: Simplified stratigraphic column of the 
lower Rio Bonito Member of the San Andres  
Formation. This column is drawn from field 
observation by Christina Ferguson and Johanna 
Blake of USGS at the Little Creek Fault area just 
upstream of the outcrop seen at Stop 3. 

Figure 14. An example of the black manganese oxide coating on the walls of  the Snowy River passage. 
The area in this photo shows evidence of regrowth of the oxide directly on the limestone bedrock after 
earlier coatings on thin silt layers had sloughed off. Photo by Victor Polyak 

dolostones, sandstone, gypsum, and 
chert also occur (Rawling, 2012; Kelley, 
1972). The Psa is composed of the Rio 
Bonito, Bonney Canyon, and Fourmile 
Draw Members (Kelley, 1972). The Rio 
Bonito Member contains at least two 
distinct yellow-colored brecciated beds 
(Figure 13) that are 1 meter or less in 
thickness and are believed to be clay-rich 
evaporite dissolution breccias (Elrick, M., 
personal communication, 2018). The  
Rio Bonito Member also contains distinct 
chert-bearing limestone beds that have 
been identified both within and outside 
of the cave. Many of the beds have  
vugs (cavities inside the rock that  
formed when fossils were replaced by 
crystalline calcite).

Refer to Figure 7 for this road log.

San Andres Formation viewing area.

Passing Cave Canyon.

Junction of Devil’s Canyon Road and NM 
220; parking area for Stop 4.

The Snowy River passage in the area 
of a breakdown collapse section 
known as Mt. Airy passes under the 
road, as verified by radio location. At 
the top of Mt. Airy are some unusual 
deposits in a spot known as Bleeding 
Rock Pass. The depth of the cave at 
this point is approximately 300 feet 
below land surface. 
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Road Log to Stop 4

13.27 Stop 3

16.86 – O

17.14 Stop 4

Stop 4 – Discussion  
of the Unusual  
Microbiology of  
Fort Stanton Cave
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One of the most unusual 
aspects of the Snowy River passage 
is the patches and streaks of black 
manganese oxides that liberally cover 
portions of the cave walls. These 
black oxides coat both the limestone 
bedrock and thin clay and silt layers 
deposited on the bedrock prior to 
the deposition of the white Snowy 
River calcite. Repeated silt layers on 
the walls and floor sediments suggest 
episodic deposition during an earlier 
era when the passage may have been 
open to the surface. This manganese 
coating, imaged by scanning electron 
microscopy, exhibits grape-like 
clusters of manganese oxide nodules 
or spherules a few micrometers in 
diameter. In cross-section, the dark 
coating is only 0.2–0.5 mm thick. 
Microbial culturing experiments have 
consistently produced rapid growth 
on reduced-manganese culture media 
and have resulted in deposition of 
dark manganese oxides in the media 
as a byproduct of microorganism 

metabolism. 16S rRNA gene analysis 
has revealed a microbiome dominated 
by bacteria (over 80%), of which proteo-
bacteria are most common and archaea 
(mainly euryarchaeota) comprise less 
than 20% (Kimble et al., 2018). However, 
comparison with DNA sequences from 
soil samples directly above the cave 
show little genetic overlap (Kimble et 
al., 2020, in prep). Sequence results 
from the manganese crusts in Snowy 
River indicate that the closest relatives 
of some organisms in the manganese 
crust exist in caves significant distances 
away (ferromanganese deposits in 
Lechuguilla Cave, New Mexico; Frassasi 
Cave, Italy; and Weebubbie Cave on 
the Nullabor Plain, Australia). The data 
provide evidence that this unusual 
manganese oxide deposit is a product of 
a chemolithotrophic (i.e., using inorganic 
materials for energy) microbial communi-
ty surviving in the subsurface and widely 
distributed around the world.

Figure 15: Southwest end of currently explored portion of Fort Stanton Cave, with property ownership 
and lunch stop location.
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A buffet luncheon for this field trip will 
be held at the Rainmakers Golf Course 
Resort Clubhouse. Refer to Figure 15 for 
the route to the luncheon and overlook.

The road passes over the Eggshell Trail 
(Figure 16 and 17) section of the Snowy 
River passage, at a depth below land 
surface of about 460 feet. Eggshell Trail 
is so named because the Snowy River 
deposit here is very thin and susceptible 
to cracking under the weight of cavers. 
This part of the Snowy River passage is 
very flat.

Road Log to  
Luncheon Location

17.38 – Q
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NFigure 15: Southwest end of currently explored portion of Fort Stanton Cave, with property ownership 
and lunch stop location.
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Figure 16: Eggshell Trail with backpack for scale. 
Photo by Henry Schneiker, FSCSP

Figure 17: Cripple Creek passage. While not 
as large, the morphology of this passage is 
reminiscent of the Main Corridor of Fort Stanton 
Cave. Photo by Brian Kendrick, FSCSP

17.42 – R
East of the road is a shallow 
saddle in the ridge containing 
a possible paleo-sinkhole. 
This might have been an old 
entrance to the cave. This 
feature is over 400 feet above 
a side passage to Snowy 
River known as Cripple Creek 
(Figure 17). Cripple Creek has 
prominent dried mud banks 
with ripples in the mud.
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Figure 18: The Mental Breakdown chamber. 
Photo by Brian Kendrick, FSCSP

Figure 19: John Lyles climbing up into Donner Pass. 
Photo by Brian Kendrick, FSCSP

17.56 – S

17.61 – T

The road passes over a section of a 
major side complex of passages to the 
north of Snowy River. This breakdown 
dome off Cripple Creek is called Mental 
Breakdown (Figure 18). It is more than 
400 feet below land surface.

The road passes over the 
Donner Pass (Figure 19) area 
of the side passage complex 
north of Snowy River. Donner 
Pass is a breakdown complex 
that separates Bliss North 
from the Gold Rush passage. 
The initial exploration team 
almost gave up before finding a 
route through the complicated 
breakdown collapse. The depth 
at this point is around 480 feet 
below land surface.
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17.92 – U

18.27 – V

18.52 – W

The road once again crosses over Snowy 
River. However, surface relief has in-
creased while the cave elevation remains 
constant. We are now about 600 feet 
above the cave. This part of the passage 
is known as the Realm of the Floating 
Islands. “Floating islands” (Figure 20) 
are pieces of breakdown or bedrock 
remnants that extend above the Snowy 
River deposit. They occur throughout 
Snowy River, but several here are notable 
and give the area its name.

The cave passes directly under the road 
for a significant distance beginning 
here. This location is also notable for 
a blocked segment of an upper-level 
cross passage known as Dashed Hopes 
(Figure 21). The passage is plugged 
with mud on both ends and is part of 
a shallower system that predates the 
formation of Snowy River. The depth of 
the upper-level passage is a little under 
600 feet below land surface.

At this point, the Snowy River passage 
turns to the south and remains south 
of NM 220. Near this location, an 
exposure of bedrock in the Snowy River 
passage shows stylolites (which occur 
when a contact between two limestone 
layers dissolves, resulting in a jagged, 
up-and-down pattern resembling a 

Figure 20: Tim George with two “floating islands.” 
Photo by Jim Goodbar, FSCSP

Figure 21: Stan Allison in the Dashed Hopes cross 
passage. Photo by James Hunter, FSCSP
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18.52 – W

18.94 – X

At this point, the Snowy River passage 
turns to the south and remains south 
of NM 220. Near this location, an 
exposure of bedrock in the Snowy River 
passage shows stylolites (which occur 
when a contact between two limestone 
layers dissolves, resulting in a jagged, 
up-and-down pattern resembling a 

Figure 21: Stan Allison in the Dashed Hopes cross 
passage. Photo by James Hunter, FSCSP

Figure 22: Stylolites adjacent to horn coral fossils. 
Photo by James Hunter, FSCSP

Figure 23: John Lyles listening for a plane landing on the runway above.  
Photo by Garrett Jorgensen, FSCSP

suture), along with horn coral  
fossils (Figure 22).

The Snowy River 
passage passes well 
over 600 feet below 
the airport runway east 
of NM 220. Figure 23 
shows a portion of 
Snowy River directly 
under the runway. Travel 
in this portion of Snowy 
River is remarkably easy. 
The two upper-level 
passages that appear to 
connect to Snowy River 
here do not (at present). 
They are blocked by 
breakdown collapse 
just before their apparent connection. 
In the past, it was presumed that these 
passages did connect.
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19.02 – Y

19.38 – Z

19.38 – Z

22.41 – AA

24.11 – AB

24.97

Snowy River passage continues 
south of the runway. 

To the south is a north–south 
runway of the airport. Both 
Snowy River passage and 
a major side passage, Bliss 
Borehole, pass more than 600 
feet under this runway. Bands 
of pebbles in the mud banks of 
the Snowy River passage in this 
area (Figure 24) indicate that 
much more energetic flows 
have occurred sometime in the past. The 
pebbles are well-rounded and predominate-
ly igneous or metamorphic.

The Bliss Borehole section under the 
north–south runway is known as the Ripple 
Room (Figure 25). Many sections of Fort 
Stanton Cave show evidence of water flow.

Junction of NM 220 and 
Spencer Road.

Rainmakers Clubhouse 
(luncheon location).

One mile to the southwest lies the 
frontier, the farthest point of exploration 
in the Snowy River passage. That point 
is still within the NCA but is near the 
boundary with the private land of the 
Rainmakers Golf Course Community. 

As shown in Figure 26, 
the Snowy River deposit 
continues, and the passage 
is approximately 20 feet 
high by 40 feet wide and 
about 530 feet below  
the surface.

We don’t think we’re 
near the end yet!

Figure 24: Pebbles on the Snowy River bank near 
SRS491. Photo by Brian Kendrick, FSCSP

Figure 25: The Ripple Room of Bliss Borehole. 
Photo by James Hunter, FSCSP

Figure 26: Brian Kendrick looking out beyond the 
frontier of Snowy River. Photo by Rene Ohms, FSCSP



45446_NMGEO_PAGE 23

23

22.41 – AA

Road Log to Stop 5

24.97

25.51 – AC

25.99 Stop 5

Stop 5 – Overlook of 
Little Creek Valley

24.11 – AB

24.97

The Rainmakers owner and manage-
ment are aware of the proximity of Fort 
Stanton Cave and the likelihood that the 
cave will continue under their property. 
They have been very cooperative and 
supportive of the possibility of continu-
ing exploration under their land.

Refer to Figure 15 for this road log.

Rainmakers Clubhouse 
(luncheon location).

Junction of Rainmakers Drive and 
Spencer Drive.

Overlook of Little Creek Valley.

An issue for the continued exploration 
of Fort Stanton Cave is that the cave 
will likely pass under this valley and 
continue to the southwest. While we 

have the cooperation 
and support of the 
Rainmakers owner 
and management, we 
have not approached 
the numerous private 
property owners in this 
valley for permission. As 
shown in Figure 27, the 
entire western portion of 
the map is private land.

This is the same 
drainage that was 
seen earlier at Stop 3, 
but farther upstream. 
About a mile east of 
this point is a sewage 

treatment plant, indicated on the 
map. Also indicated on the map and 
another half-mile downstream on 
Little Creek is a point where surface 
water disappears underground (an 
insurgence), possibly contributing 
to water flow in Fort Stanton Cave. 
There are significant concerns about 
the possible impact of this sewage 
treatment plant, as well as the many 
private septic systems present nearby.

Figure 26: Brian Kendrick looking out beyond the 
frontier of Snowy River. Photo by Rene Ohms, FSCSP
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Figure 27: The southwest end of Fort Stanton 
Cave with selected surface features.

The Extent of  
Fort Stanton Cave
What is meant by the extent of the cave? 
There are different ways to measure 
the extent. As of September 2021, the 
surveyed length of the cave is 42 miles, 

which makes it the 10th longest cave in 
the United States and the 2nd longest in 
New Mexico (BLM, 2022). Another way 
to measure the extent is to look at the 
distance from one end of the cave to 
the other, i.e., the longest segment that 
can be formed from one surveyed point 
in the cave to another. For Fort Stanton 
Cave, this measure is 7.9 miles. There 
are not many known caves as big as 
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Fort Stanton Cave, when defined by this 
measure. Mammoth Cave in Kentucky 
is only slightly larger, just over 8 miles 
from one end to the other (White, 1989). 
The Wakulla Spring–Leon’s Cave System 
of Florida is over 8.5 miles in its longest 
dimension (Kincaid and Werner, 2008). 
The king of known caves by this measure 
is Kazumura Cave, a lava tube in Hawaii, 
with a longest segment of almost 20 
miles (Allred and Allred, 1997).

Another measure of the extent of a 
cave is its aerial extent, or the surface 
“footprint” overlying the cave. Cave 
footprints have been defined in different 
ways (Klimchouk, 2006). For this 
discussion, the footprint of a cave can 
be defined as the area of the smallest 
convex polygon that surrounds the 
plan map of the cave. How does Fort 
Stanton Cave stack up according to this 
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measure? Mammoth Cave’s footprint 
is over 40 square miles. Kazumura is 
over 33 square miles. Fort Stanton 
Cave comes in fourth among the 
known caves in the United States, at 
slightly over 7 square miles. (Third 
is the Wakulla Springs–Leon Cave 
System, at 17+ square miles.) Most of 
the long cave systems in the United 
States are very dense and do not 
have nearly the aerial extent of Fort 
Stanton Cave. For example, Jewel 
Cave in South Dakota is only slightly 
over 4 square miles.

All these measures for Fort 
Stanton Cave (and the other caves 
mentioned) will change with further 
exploration and mapping. The true 
extent of Fort Stanton Cave remains 
to be seen!



45446_NMGEO_PAGE 26

26

Road Log to Stop 6
Stop 6 will be at Alto Lake on Eagle Creek. 
Refer to the map in Figure 28 for the  
road log.

Figure 28: The route from Stop 5 to Stop 6.
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25.99 Stop 5

26.79 – AD

31.46 – AE

33.43 Stop 6

Stop 6 – Alto Lake
Overlook of Little Creek Valley.

Junction of Spencer Drive and NM 220.

Junction of NM 220 and NM 48. 
The Little Bear Fire in 2012 burned 
almost 38,000 acres of the Lincoln 
National Forest to the west. This fire 
likely affected the flooding patterns 
for the Snowy River passage. Much of 
the ground cover in the high country 
of Sierra Blanca was burned off; bare 
hillslopes eroded in subsequent 
flooding. We believe this resulted in 
a significant increase in runoff, which 
increased flow in the Eagle Creek and 
Little Creek drainages and, in turn, 
resulted in more frequent flooding 
events in the Snowy River passage.

Alto Lake parking area.

The discharge of Eagle Creek is 
controlled by precipitation and 
snowmelt from the Sierra Blanca and 
by groundwater pumping upstream 
of Alto Lake by the village of Ruidoso 
(Huitt-Zollars, Inc., 2015). To maintain 
continuous flow in North Fork Eagle 
Creek, flows need to be greater than 
2.2 cfs (Matherne et al., 2010). Eagle 
Creek below Alto Lake typically has 
very low flows (under 2 cfs), which 
may be driven by seepage below Alto 
Lake or groundwater coming to the 
surface because of focused recharge 
from a spring behind a large dike 
downstream of the lake (Figure 29). 
For Eagle Creek to flow past this dike, 
the discharge has to be greater than 
2 cfs (personal communication, E. 
Boyda, 2019). Numerous sinks can be 
observed in the geology along Eagle 
Creek downstream of the lake and 
may be conduits for water to the cave.
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Figure 29: Aerial image of the Alto Lake and Eagle Creek area. A large dike is located downstream of the 
lake and often has standing water in a depression at the dike. Downstream of the dike is an area where sinks 
have been observed. The yellow dashed line represents the likely trajectory of the cave extrapolated from the 
known cave extent. The inset image shows the settling pond and diversion of Eagle Creek around Alto Lake.

Water level loggers show 
increased water levels inside the 
cave when Eagle Creek has increased 
discharge, as registered by the USGS 
stream gaging station 08387600 
Eagle Creek Below South Fork 
Near Alto, NM (USGS, 2020). This 
observation suggests that Eagle 
Creek may be a major source of 
water to the currently unmapped 
cave network, eventually entering the 
Snowy River passage some 5 miles to 
the northeast.
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Overview of the Fort Stanton–Snowy River Cave National Conservation Area. Photo by BLM, June 2012
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Snowy River passage, discovered in 2001, is easily the most significant aspect  
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