Subsurface and seismic interpretations of Carbondale
and the surrounding Roaring Fork valley
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6/17/2020 sinkhole on Hwy 133: "Crews filled, tamped down, capped, and paved the sinkhole, which measured 15 feet in diameter by 12 feet
deep. Filling the sinkhole required 125 tons of road base material, delivered with 10 truckloads. Once the sinkhole was repaired and repaved,
northbound CO 133 was restored to the roadway at approximately 3:30pm and CDOT ended the short detour nearby."

https://www.bing.com/search ?pglt=43&q=sopris+sun+carbondale +colorad 0+6 %2F17%2F 202 0&cvid=fce 623 c3b 3f145d880a1ba072da3 afbc&gs_ktrp=EgZjaHJvbWUyBggAEEUY OTIGCAEQABhA MgY IAhAAGEAyBggDEAA
YQDIGCAQQABhAMgYIBRAAGEDSAQgzNzAzajBqMagCALACAA&FORM=ANNTA1&PC=U531

Don Marlin notes: Sinkhole in2020 inspired a review of additional surface, subsurface, and seismic control that could modify the subsurface interpretation. Reference links are embedded inall pagesof report.


https://ngmdb.usgs.gov/Prodesc/proddesc_94638.htm
https://ngmdb.usgs.gov/Prodesc/proddesc_94638.htm

Don Marlin prior background:

Certified Geophysicist #41
(AAPG)
Certified Professional Geologist #7696
(AIPG)
Professional Geoscientist #91
(LBOPG)
B.S. & M.S. Geology, LSU

(Publications on seismic, salt, and subsurface available on request)
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Don Marlin notes: Location of project relative to White 2012 Karst hazard map
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Colorado Map of Potential E

Don Marlin notes: Stratigraphy between highlighted intervals eroded awayin study area

Modified from https://coloradogeologicalsurvey.org/wp-
content/uplo ads/RT-0061890-i0-8137-2366-3-36 6-0-1.pd f
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Colorado Map of Potential Evaporite Dissolution and Evaporite Karst Subsidence Hazards
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Evaporite Bedrock: These exposed
. and near-surface rock units are
compased of high percentages of the
evaparile minerals anhydrite {CaS0y)
and halite (rock salt- MaCl) at depth,
and gypsum [CaS0,"H.0) near the
surface. Evaporite rocks are soluble in
water and near-surface voids and loose
rubble mnes can form hirowgh
dissohition Setlament and collapse of
the ground surface into these
subsurface voids can create ground
dapressions and sinkholes, known
collectively as karst landforms. Rock
deformation has typically contorted the
rock strala o surface axposure can
hawve high lateral variability in rock
proparties for engineering purposes.
Active dissolution of evaporite rocks
aleo cause environmental problems witt
salt and ather tolal dissohved salids in
groundwater and surface waters., See
map repart for additional inform aticn.

»

Z Regional Gollapse Centers: Regiona
zanes of ground deformation and
subsidance where strong evidence
suggests the cause is related to salt
tectonics, dissalution, and subsdence.
Mamed locations are further discussed
in map report.


https://coloradogeologicalsurvey.org/publications/evaporite-dissolution-karst-subsidence-hazard-map-colorado/
https://coloradogeologicalsurvey.org/publications/evaporite-dissolution-karst-subsidence-hazard-map-colorado/
https://coloradogeologicalsurvey.org/publications/evaporite-dissolution-karst-subsidence-hazard-map-colorado/

Unconsolidated

sediments

River /
Alluvuim  /

+
Lo S S S S S S S S S S

Schematic Valley Cross-Section Showing Typical Sinkhole Development

Hillside

+
Colluvium \_a® [+ \ sy by
3 Jonathan L. White
+ + S S
2 R K, \# + +

+
Colorado Map of Potential Evaporite Dissolution
and Evaporite Karst Subsidence Hazards

Colorado Geological Survey
Department of Natural Resources
Denver, Colorado

2012

Not to scale

Figure 4. Illustration of typical karst and stages of sinkhole development. Sinkholes form by the upward
progression of cavern roof collapse that reaches the surface. Small sinkholes can also occur by piping of fine

grained sediments into solution slots.

s.ub.s.dgnr&_hazaﬂ_map_m.b.ﬁ.dnLEhms_tmm_OF-ﬂ-OZ Report

Don Marlin notes: Visual summaryand schematic of hazards in the study area since Holocene-Pliocene unconsolidated sediments lie directly on Late Pennsylvanian evaporative bedrock in the valley.

Figure 3. Several sinkholes a mid-Pl lacio-fluvial terrace in the Roaring Fork Valley
near Carbondale in Garfield County.

Figure 10. Large sinkhole opened in 2005 at golf course club grounds at Ironbridge Development. Two golf carts
inside the structure were lost down the throat of the sinkhole. View is to the northwest, down the Roaring Fork
River valley towards Glenwood Springs. Red cliffs are the Maroon Formation. For scale, note person in white

hardhat standing in the snow.


https://coloradogeologicalsurvey.org/publications/evaporite-dissolution-karst-subsidence-hazard-map-colorado/
https://coloradogeologicalsurvey.org/publications/evaporite-dissolution-karst-subsidence-hazard-map-colorado/

The Roaring Fork has a subsurface salt structure that has pushed up the ~ View North from Mt Sopris

Eagle Valley evaporites. River downcutting and freshwater dissolution Well found salt at 2125
creates complex recumbent folds near CRMS along Edgerton Creek
And Hwy 108 (Thompson Creek Road). - 1

View South from Grandstaff
Mt Biking trail ......"stacks"

"In the subsurface near Cattle Creek Station (the Rose WeII) the evaporite is gray to brown anhydrite interbedded
with light-colored siltstone and sandstone and a few dark shale beds to a depth of 2,125 feet. Below this level halite
is the principal rock. No halite is present at the surface anywhere in the area.” Mallory, W.W., 1971, The Eagle
Valley Evaporite, northwest Colorado: A regional synthesis: U.S. Geological Survey Bulletin 1311-E, 37 p.
https://pubs.usgs.gov/bul/1311e/reportpdf report. pdf (usgs.gov)

Don Marlin notes: Pictures taken in2024 illustrate the instability of evaporite outcrops and how they intrude into surrounding topography from mobilized salt rising to the surface and confirmed by 1960 wellcontrol.



https://pubs.usgs.gov/bul/1311e/report.pdf
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2014 Kirkham et.al.
(Cattle Creek Quad)

Modified
fromh 2/ ngm -qov/Pr

proddesc 101352.htm

Don Marlin notes: The 2014 quad and section are accurate. Well projectgxl't‘gbsaé&i
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CATTLE CREEK QUADRANGLE GEOLOGIC MAP, GARFIELD COUNTY, COLORADO

‘l)('jlrkham. Randall K. Streufert, H. Thomas Hemborg, and Peter L. Stelling
. 2114


https://ngmdb.usgs.gov/Prodesc/proddesc_101352.htm
https://ngmdb.usgs.gov/Prodesc/proddesc_101352.htm
https://ngmdb.usgs.gov/Prodesc/proddesc_101352.htm

FUNDAMENTAL
TOOLS
OF
SUBSURFACE
MAPPING

- 7

1) Outcropping bed orientation is

CATTLE CREEK QUADRANGLE GEOLOGIC MAP, GARFIELD COUNTY, COLORADO
By Robert M. Kirkham, Randall K. Streufert, H. Thomas Hemborg, and Peter L. Stelling

2) Project the outcrops
into the subsurface
and draw a cross section

=

projecting into the ground

Modified from
https://ngmdb.usgs.gov/Prodesc/proddesc 101352

7

2
4

3) Include other beds and

NO VERTICAL EXAGGERATION

any well information that
may have subsurface data

:htm //
Z
Elevation
in feet
Modified from
collapse-centers-west-central

-15,000 +

Don Marlin notes: Commonly seismicis notintegrated into quad maps.

une 102 ADD REFLECTION
SEISMIC DATA

Roaring Fork Valley

Grand Hogback monocline
Ib T o dpe F;Pm steeg

Kd

4) Integrate two-dimensional reflection
seismic to revise steps 1-3 and fill in
missing information for more accuracy.

OUTCROPs

SURFACE
PROJECTION

WELL TIES

SEISMIC
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Don Marlin notes: The 2008 quad should be modified....
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SEISMIC AND SUBSURFACE WELL
CONTROL MODIFY THIS CROSS
SECTION TO SHOW NEAR SURFACE
FAULTING AND SALT NOT ONLY
EVAP TES

Link: h



https://ngmdb.usgs.gov/Prodesc/proddesc_94638.htm
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Don Marlin notes: Quad map
approximate position

of depth processed Line 103
from Perry(2002)
approximating the location
of reflectors that are
interpreted to be asalt
structure under Crystal River
Ranch with surface features,
asalt synclinal axis underthe
Crystal River, questionable
subsurface faulting nearthe
town center, and arise of
possible salt which maytie to
lost circulation below 1700
and inferred to be salt below
2320' TD in 1962 Champlin
well 1 mile East off thisline
position.
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Don Marlin notes:
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BN, ¥ that areinterpreted to be a salt structure under

Crystal River Ranch with surface features, two
A Qdy | salt swells that suggest the salt axis follows the

surface subsidence trough of the 2008 quad
et map, alarge listric and

A ! ,\‘_;.,' ‘g possible contemporaneous faultthatreaches
'S Qa -\ | " \ j the surface as afault scarpatoutcrop level and

i l}l\ic and Surface Fault extends 7000' into the subsurface and may be

Q™ Qty | /&’ - the basis of the Sopris Bowl of Kirkham 2002,
] !t ¥ and aprojection ~4 miles North of this line to

l.;' ). the 1960 Shannon Rose #1thatencountered 4
lenses of salt at 2125' to 3070' below the surface
at the South end of the currentIron Bridge
subdivision. The current2008 quad map and
section is suggestedto be modified.
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that are interpreted to be a salt structure under
Crystal River Ranch with surface features, two
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surface subsidence trough
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extends 7000’ into the subsurface andimay b
the basis of the Sopris Bowl of Kirkham 2002,
and aprojection ~4 miles North of this line to
the 1960 Shannon Rose #1thatencountered4
lenses of salt at 2125' to 3070' below the surface
at the South end of the currentiron Bridge
subdivision. The current2008 quad mapand
section is suggested to be modified.

:, Ss., slts., Is., and silty Is. in various shades of gray; some red,
brown, and orange beds; a few beds of gypsum and anhydrite

Middle Eagle Valley
Pennsylvanian | Formation

Pale gray to white gypsum, anhydrite, halite, and gray, partly

Engle Vallsy gypsiferous slts., sh., ss., and fossliferous Is.

M.and L.
Pennsylvanian

Medium-gray to black and dark brown carbonaceous sh. and

Belden Fm. gray fossliferous Is.

Mississippian Leadbille Ls.
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Seismic from Perry etal
January 2002 Geological
Society of America Special
Papers
366:55-72

2024 Basemap (Seitel)

2024 reinterpretation (red)

Don Marlin notes: Seismic
basemap position of four depth
processed lines from Perry (2002)
used for approximating the
location of reflectors that are
interpreted to be atopand base
of salt structure under the
Roaring Fork and Crystal River
valleys. Approximate positions of
keysubsurface well control is
also shown by circles.
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Shannon Rose #1 Sample Log (not published, located in archive file June 2024)

Grey-white salt from 2125' to 3060' in 4 lenses (935' gross interval)
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Don Marlin notes: 1960 Shannon Rose #1sample N ¥ - H ESS
log located that confirms that salt was encountered L ; +
inthe shallow subsurface atthe end of the current 5 i
Ironbridge subdivision. This wellactually ties Line == LUl e bod -
104 from Perry (2002), but was not mentioned in EEE=] r}: A Te e e~ T
the publication. Personal communication with 1 i 53 -
Seitel providedthatnoreflectors are (interpretable) o | BREERE
onthis line suggesting it is all very near surface salt += =5 s =
and evaporites from the end of the publicized line :
to the wellposition.
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Don Marlin notes: This mapwas [# = = 3
created by manually projecting [ e |~ o
depths of interpreted top of salt 5 w /
to approximate SP positions and :
well control and contouring the ' . .
samein depthabovesealevel. | &S oy
The map suggestsa split of the " . ]
salt diapir going West of the town Fsii SSai L o
of Carbondale andENEofthe | U588

town bifurcated by the listic | % %
fault-bounded Sopris bowl. The {\ )
Westerly salt trendunderliesthe [ '} &
2008 quadrangle map Bt
subsidence trough and trends
south merging with the Elk Creek B
anticline and Grand Hogback .
bounding the Piceance basinon | =

the East. k"'

Salt at ~2200"' under Carbondale
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Subsurface Top Salt Structure Map

Don Marlin notes: An aerial view of the salt structure and possible
interpreted subsurface and surface fault trends and well control as if the
overlying layers were stripped away downtothetop of salt. This map
was created by manually projecting depths of interpreted top of saltto
approximate SP positions and well control and contouring the samein
depth above sealevel. The map suggests a split of the saltdiapir going
West of the town of Carbondale and ENE of the town bifurcated by the
listric fault-bounded Sopris bowl. The Westerly salt trend underlies the
2008 quadrangle map subsidence trough and trends south merging with
the Elk Creek anticline and Grand Hogback bounding the Piceance basin
onthe East.
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Valley Sinkholes....Carbondale may be related to
remmeswamencmmoscincesostes - CON{@MPOraneous / listric faulting and underlying salt

Karst base modified

default/file s/Environment-colorado4.pdf
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depression areas created either by (1) piping or
collapse of surficial deposits into dissolution
fissures, voads, or caverns within underlying Eagle
Valley Evaporite, (2) downward movement of
gravel chimneys into deep bedrock voids, (3)
dissolution caverns in outcrops of Eagle Valley
Evaporite, or (4) large-scale collapse or settiement
of low-density surficial deposits. A black dot
denotes small sinkholes or chusters of small
sinkholes, and closed, hatured lines denote the
larger subsidence areas. Many small sinkholes in
addition to those shown are probably present
where the Eagle Valley Evaporite is shown, but
have not been detected or mapped.

Modified from: Collapsible Soils and Evaporite Karst Hazards Map of the Roaring Fork River
Corridor, Garfield, Eagle, and Pitkin Counties, Colorado denotes small sinkholes or chusters of small
Jonathan Wh'rte,_ 2002

Sinkholes and

sinkholes, and closed, hatured lines denote the
larger subsidence areas. Many small sinkholes in
addition to those shown are probably present
where the Eagle Valley Evaponite is shown, but
have not been detected or mapped.

Soil-collapse locations—Historical occurrences of soil

settlement, damage to structures, and/ or collaps-
ible soils verified by soil testing. These data were
compiled by CGS as part of the Statewide
Collapsible Sail Study (White and Greenman, in
prep.). Red triangles show approximate locations
of historical occurrences of collapsible soils or
damage to a structure as a result of soil collapse
and settlement. A Red trangle with black edging
denotes approximate locations of historical
occurrences of both collapsible soils and sinkholes.

Don Marlin notes: Summary of salt and fault trends versus the new top of salt subsurface map.
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MAP SYMBOLS

Contact—Dashed where approximately located;
queried where very uncertain

Diapiric contact—Contact between  evaporitic
formations and overlying formations where the
evaporitic rocks are intrusive or piercing into the
overlying formations. Teeth are on the intrusive
side of the contact

Fault—Dashed where approximately located; dotted
where concealed; bar and ball on downthrown
side; includes faults related to dissolution and
flowage of evaporite

i Anticline—Showing axial trace; dashed where
approximately located; dotted where concealed;
. arrow on end of axis indicates direction of plunge
] g ;
—3+ — Syncline—Showing axial trace; dashed where
I

approximately located; dotted where concealed;
these structures may be synclinal sags, but they
lack supportive evidence for this origin

~——%=— Synclinal sag or subsidence trough—Showing axial
trace of synclinal sag or subsidence trough related
to evaporite tectonism; synclinal sags occur in
bedrock, subsidence troughs are in river terraces
and overlying deposits; dashed where
approximately located; dotted where concealed;
limbs of synclinal sags and subsidence troughs may
be faulted; closed and nearly closed depressions in
collapse debris (QTcd), which likely are at least in
part sags or troughs, are not mapped
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Schematic Valley Cross-Section Showing Typical Sinkhole Development
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Not to scale

Figure 4. Illustration of typical karst and stages of sinkhole development. Sinkholes form by the upward
progression of cavern roof collapse that reaches the surface. Small sinkholes can also occur by piping of fine
grained sediments into solution slots.

Don Marlin notes: Vertical and lateral heterogeneity could
leadto encountering new hazards inthe shallow subsurface
with dense geothermaldrilling. Caution is advised.

+
Colorado Map of Potential Evaporite Dissolution

and Evaporite Karst Subsidence Hazards

by
Jonathan L. White

Colorado Geological Survey
Department of Natural Resources
Denver, Colorado
2012

vial terrace in the Roaring Fork Valley

a mid-Pl

Figure 3. Several sinkholes
near Carbondale in Garfield County.

o

dissolution-karst-subsidence-hazard-map-colorado/ Photos from OF-12-02 Report

Figure 10. Large sinkhole opened in 2005 at golf course club grounds at Ironbridge Development. Two golf carts
inside the structure were lost down the throat of the sinkhole. View is to the northwest, down the Roaring Fork
River valley towards Glenwood Springs. Red cliffs are the Maroon Formation. For scale, note person in white
hardhat standing in the snow.
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Don Marlin notes: Vertical and lateral heterogeneity could
leadtoencountering new hazards inthe shallow subsurface
with dense geothermaldrilling. Caution is advised. Note

e O = RaAr e " thedrilling and completion hardships encountered inthe
D”"mg '?54 H FS.MII'I DFI”IHQ ﬂ - 5'2[' first wellbore from Nove mber 2023.

COMMENTS:|(16NOV) Gravel in the upper 40" of hole caused concern to driller, casing installed after drilling 120" (POOH). Casing

consisted of 2x20° 6" dia Cresline HDPE, top ~4.5" were cut after insertion (~35" casing). Casing would not stay
seated so drillers packed more hole plug (total 2 bags) and SDFN to allow to set ovemnight.

(17NOV) Casing reseated with mare hole plug (5 addtl bags) and drilling continued without issue to 500°. Drillers
experienced difficulty pulling string at 400" and bit was stuck at ~360' for remainder of day - the mud pump had
reduced circulation and driller believed cuttings accumulated atop the bit on the way down.

(18NOV) Mud pump repaired and hole redrilled extending an additional 20° (520’ total). _Initial attempt to install loop
failed ~350" due to debris / narrowing in hole. Redrilled hole to 520°. Second attempt got loop to 450°, trimmed ~4
feet above ground, ends melted shut, tied to metal stake, and grouted with 20 bags of TG Lite and 10 bags of
PowerTEC.

(ZO0NOV) Grout settled to 18" below surface (within casing), drillers backfilled with mudchips, cleaned up, and vacated
site.

Summary notes:

40 to 60" in adjacent areas may require casing due to unstable ground and large hard rock gravels (granite, basalt).
This driller widened the hole to 8" down to 40" and installed 2x20" sections of locally sourced 6" dia Cresline HDPE
and sealed with 3/8" bentonite hole plug. Production drillers may consider bringing preferred casing/hole plug to site
as local supply/variety could be limited.

300" to TD may contain unstable carbonaceous shale lenses in adjacent areas, loop depths may vary within this
range although head driller said he is confident 450" loop depth is achievable at scale.

Drilling crew were helpful, hard working, and a pleasure to work with. They spoke highly of their company and were
happy with the equipment they were using.

Head driller notes:
Clarity on mud/cutting disposal prior to arriving at site would have been helpful and allowed them to coordinata
disposal option prior to arrival. This could cause delays for future exploratory holes depending on local disposal

Dpﬁ{!ﬂﬁ. Drilling Comments Link: httpsi/gdr.openei.org/submissions/1598
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Summary

. To present an interpretation based on additional subsurface / seismic since quads do not
accurately depict this area as accurately as possible without these tools.

. Faulting that reaches the surface is a better basis for sinkholes than solely salt in town proper
area.....but nearby evaporite outcrops and faulting creates further instability risk.

. Instability risk may be diminished by obtaining additional 2D seismic very close to
the 3rd street Center area by providing additional subsurface control for drilling.

. Wellbore instability is likely to continue in the project area.

Don Marlin notes: Thankyoufor yourtime and
considerationin this 2024 interpretation.
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