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measured section IV. Inset: Geographic locations of the places mentioned in text. Location of inset shown by gray box on Figure 1.
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debris fl ows) generally do not transform into 
other fl ows. Furthermore, the rare occurrence 
of proximal coarse-grained debris fl ows is in-
consistent with the amount of muddy granular 
sandstone observed in the section.

PALEOSLOPE CALCULATIONS

Slope of deposition strongly affects fl ow ve-
locity and hence bedform development; thus 
angle of depositional slope could be responsible 
for the dearth of cross-stratifi cation in the lower 
573 m of the study section and the abundance 
of cross-stratifi cation in the upper 314 m. Paola 
and Mohrig (1996) have shown that slope re-
lates to mean grain size and fl ow depth by:

 S = 0.094D*H−1, (1)

where S = depositional slope, D = mean grain 
size (D50), and H = mean water depth.

Four key assumptions in using this method 
are quasi–steady-state fl ows, noncohesive chan-
nel banks, bedform-free beds, and dominantly 
bedload transport. Thus, application is best ap-
plied to deposits that: (1) lack signs of rapid 
deposition, plant roots, and muddy overbank de-
posits, and (2) contain massive to crudely bed-
ded channel deposits. Fountain Formation strata 
>573 m above base are best suited to this method 
because of the presence of massive, basal chan-
nel fi ll, scarce roots, and little mudstone. We did 
not apply this method to strata within the lower 
100 m because of the abundance of rooted hori-

zons. The middle 100–573 m is not well suited 
for such analyses either, but intervals of cobble 
conglomerate and crudely stratifi ed fl uvial sand-
stone facies meet all criteria with the exception 
of quasi-steady fl ow due to the inferred intermit-
tent nature of fl ows and possible “backwater ef-
fects” from close proximity to shoreline. Hence, 
we calculated slopes for the middle strata for 
cautious comparison.

Water depths for the upper and middle sections 
are estimated (Table 2) using thicknesses of up-
wardly fi ning inferred channel-fi ll units. These 
estimates were corroborated with data from 
nearby trough cross-stratifi ed and planar cross-
stratifi ed beds by estimating water depth from the 
relationship of ripple height to water depth shown 
by Allen (1968). D50 was obtained by methods 
previously discussed. Depositional slope estimate 
calculated from Equation (1) is ~0.0008 for the 
upper 314 m, whereas beds from 100 to 573 m 
above base have an estimated slope of ~0.005. 
Modern sand- and gravel-bedded rivers have 
slopes that typically range from 0.0004 to 0.001, 
whereas many modern fan deltas and alluvial fans 
have slopes that range from 0.002 to 0.005 (ref-
erences in Blair and McPherson, 1994). We infer 
that the steeper slope of the lower strata analyzed 
inhibited development of cross-stratifi cation.

STRUCTURAL DATA

In general, bedding in the study area dips and 
steepens to the east, forming a large monocline 
dipping into the Denver basin (Figs. 1 and 2). 

Inasmuch as overlying Mesozoic strata also 
form the monocline, this structure has long been 
attributed to Laramide-age shortening (Trimble 
and Machette, 1979). Similarly, tight folds par-
allel to and within 0.5 km of the Ute Pass fault 
trace have been attributed to Laramide shorten-
ing (Suttner et al., 1984; Kluth, 1997), as well 
as a broad, open syncline-anticline pair occur-
ring ~2 km north of the Ute Pass fault (Fig. 2; 
Trimble  and Machette, 1979; Suttner et al., 
1984), despite the contrasting styles of defor-
mation. This syncline-anticline pair is at a high 
angle to the N-S–trending Laramide monocline 
and is also folded within that monocline, such 
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Figure 10. (A) Rose diagram of paleocurrents collected from the lower and middle Fountain Formation. Arrow on outer circle indicates 
mean direction for data set. See Figure 2 for areal coverage. (B) Rose diagram of paleocurrents collected from the upper Fountain For-
mation. Arrow on outer circle indicates mean direction for data set. (C) Equal-area stereoplot of bedding attitudes from the Fountain 
Formation . Black squares (n = 38) are data collected from the lower and middle Fountain Formation within 1 km of fold axis depicted on 
Figure 2. Open triangles (n = 17) are data collected from the upper Fountain Formation. Contour intervals (from outside to inside) are 3%, 
6%, 12%, and 24%. Beta orientation is 141/17.
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debris fl ows) generally do not transform into 
other fl ows. Furthermore, the rare occurrence 
of proximal coarse-grained debris fl ows is in-
consistent with the amount of muddy granular 
sandstone observed in the section.

PALEOSLOPE CALCULATIONS

Slope of deposition strongly affects fl ow ve-
locity and hence bedform development; thus 
angle of depositional slope could be responsible 
for the dearth of cross-stratifi cation in the lower 
573 m of the study section and the abundance 
of cross-stratifi cation in the upper 314 m. Paola 
and Mohrig (1996) have shown that slope re-
lates to mean grain size and fl ow depth by:

 S = 0.094D*H−1, (1)

where S = depositional slope, D = mean grain 
size (D50), and H = mean water depth.

Four key assumptions in using this method 
are quasi–steady-state fl ows, noncohesive chan-
nel banks, bedform-free beds, and dominantly 
bedload transport. Thus, application is best ap-
plied to deposits that: (1) lack signs of rapid 
deposition, plant roots, and muddy overbank de-
posits, and (2) contain massive to crudely bed-
ded channel deposits. Fountain Formation strata 
>573 m above base are best suited to this method 
because of the presence of massive, basal chan-
nel fi ll, scarce roots, and little mudstone. We did 
not apply this method to strata within the lower 
100 m because of the abundance of rooted hori-

zons. The middle 100–573 m is not well suited 
for such analyses either, but intervals of cobble 
conglomerate and crudely stratifi ed fl uvial sand-
stone facies meet all criteria with the exception 
of quasi-steady fl ow due to the inferred intermit-
tent nature of fl ows and possible “backwater ef-
fects” from close proximity to shoreline. Hence, 
we calculated slopes for the middle strata for 
cautious comparison.

Water depths for the upper and middle sections 
are estimated (Table 2) using thicknesses of up-
wardly fi ning inferred channel-fi ll units. These 
estimates were corroborated with data from 
nearby trough cross-stratifi ed and planar cross-
stratifi ed beds by estimating water depth from the 
relationship of ripple height to water depth shown 
by Allen (1968). D50 was obtained by methods 
previously discussed. Depositional slope estimate 
calculated from Equation (1) is ~0.0008 for the 
upper 314 m, whereas beds from 100 to 573 m 
above base have an estimated slope of ~0.005. 
Modern sand- and gravel-bedded rivers have 
slopes that typically range from 0.0004 to 0.001, 
whereas many modern fan deltas and alluvial fans 
have slopes that range from 0.002 to 0.005 (ref-
erences in Blair and McPherson, 1994). We infer 
that the steeper slope of the lower strata analyzed 
inhibited development of cross-stratifi cation.
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steepens to the east, forming a large monocline 
dipping into the Denver basin (Figs. 1 and 2). 

Inasmuch as overlying Mesozoic strata also 
form the monocline, this structure has long been 
attributed to Laramide-age shortening (Trimble 
and Machette, 1979). Similarly, tight folds par-
allel to and within 0.5 km of the Ute Pass fault 
trace have been attributed to Laramide shorten-
ing (Suttner et al., 1984; Kluth, 1997), as well 
as a broad, open syncline-anticline pair occur-
ring ~2 km north of the Ute Pass fault (Fig. 2; 
Trimble  and Machette, 1979; Suttner et al., 
1984), despite the contrasting styles of defor-
mation. This syncline-anticline pair is at a high 
angle to the N-S–trending Laramide monocline 
and is also folded within that monocline, such 
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debris fl ows) generally do not transform into 
other fl ows. Furthermore, the rare occurrence 
of proximal coarse-grained debris fl ows is in-
consistent with the amount of muddy granular 
sandstone observed in the section.

PALEOSLOPE CALCULATIONS

Slope of deposition strongly affects fl ow ve-
locity and hence bedform development; thus 
angle of depositional slope could be responsible 
for the dearth of cross-stratifi cation in the lower 
573 m of the study section and the abundance 
of cross-stratifi cation in the upper 314 m. Paola 
and Mohrig (1996) have shown that slope re-
lates to mean grain size and fl ow depth by:

 S = 0.094D*H−1, (1)

where S = depositional slope, D = mean grain 
size (D50), and H = mean water depth.

Four key assumptions in using this method 
are quasi–steady-state fl ows, noncohesive chan-
nel banks, bedform-free beds, and dominantly 
bedload transport. Thus, application is best ap-
plied to deposits that: (1) lack signs of rapid 
deposition, plant roots, and muddy overbank de-
posits, and (2) contain massive to crudely bed-
ded channel deposits. Fountain Formation strata 
>573 m above base are best suited to this method 
because of the presence of massive, basal chan-
nel fi ll, scarce roots, and little mudstone. We did 
not apply this method to strata within the lower 
100 m because of the abundance of rooted hori-

zons. The middle 100–573 m is not well suited 
for such analyses either, but intervals of cobble 
conglomerate and crudely stratifi ed fl uvial sand-
stone facies meet all criteria with the exception 
of quasi-steady fl ow due to the inferred intermit-
tent nature of fl ows and possible “backwater ef-
fects” from close proximity to shoreline. Hence, 
we calculated slopes for the middle strata for 
cautious comparison.

Water depths for the upper and middle sections 
are estimated (Table 2) using thicknesses of up-
wardly fi ning inferred channel-fi ll units. These 
estimates were corroborated with data from 
nearby trough cross-stratifi ed and planar cross-
stratifi ed beds by estimating water depth from the 
relationship of ripple height to water depth shown 
by Allen (1968). D50 was obtained by methods 
previously discussed. Depositional slope estimate 
calculated from Equation (1) is ~0.0008 for the 
upper 314 m, whereas beds from 100 to 573 m 
above base have an estimated slope of ~0.005. 
Modern sand- and gravel-bedded rivers have 
slopes that typically range from 0.0004 to 0.001, 
whereas many modern fan deltas and alluvial fans 
have slopes that range from 0.002 to 0.005 (ref-
erences in Blair and McPherson, 1994). We infer 
that the steeper slope of the lower strata analyzed 
inhibited development of cross-stratifi cation.

STRUCTURAL DATA

In general, bedding in the study area dips and 
steepens to the east, forming a large monocline 
dipping into the Denver basin (Figs. 1 and 2). 

Inasmuch as overlying Mesozoic strata also 
form the monocline, this structure has long been 
attributed to Laramide-age shortening (Trimble 
and Machette, 1979). Similarly, tight folds par-
allel to and within 0.5 km of the Ute Pass fault 
trace have been attributed to Laramide shorten-
ing (Suttner et al., 1984; Kluth, 1997), as well 
as a broad, open syncline-anticline pair occur-
ring ~2 km north of the Ute Pass fault (Fig. 2; 
Trimble  and Machette, 1979; Suttner et al., 
1984), despite the contrasting styles of defor-
mation. This syncline-anticline pair is at a high 
angle to the N-S–trending Laramide monocline 
and is also folded within that monocline, such 
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debris fl ows) generally do not transform into 
other fl ows. Furthermore, the rare occurrence 
of proximal coarse-grained debris fl ows is in-
consistent with the amount of muddy granular 
sandstone observed in the section.

PALEOSLOPE CALCULATIONS

Slope of deposition strongly affects fl ow ve-
locity and hence bedform development; thus 
angle of depositional slope could be responsible 
for the dearth of cross-stratifi cation in the lower 
573 m of the study section and the abundance 
of cross-stratifi cation in the upper 314 m. Paola 
and Mohrig (1996) have shown that slope re-
lates to mean grain size and fl ow depth by:

 S = 0.094D*H−1, (1)

where S = depositional slope, D = mean grain 
size (D50), and H = mean water depth.

Four key assumptions in using this method 
are quasi–steady-state fl ows, noncohesive chan-
nel banks, bedform-free beds, and dominantly 
bedload transport. Thus, application is best ap-
plied to deposits that: (1) lack signs of rapid 
deposition, plant roots, and muddy overbank de-
posits, and (2) contain massive to crudely bed-
ded channel deposits. Fountain Formation strata 
>573 m above base are best suited to this method 
because of the presence of massive, basal chan-
nel fi ll, scarce roots, and little mudstone. We did 
not apply this method to strata within the lower 
100 m because of the abundance of rooted hori-

zons. The middle 100–573 m is not well suited 
for such analyses either, but intervals of cobble 
conglomerate and crudely stratifi ed fl uvial sand-
stone facies meet all criteria with the exception 
of quasi-steady fl ow due to the inferred intermit-
tent nature of fl ows and possible “backwater ef-
fects” from close proximity to shoreline. Hence, 
we calculated slopes for the middle strata for 
cautious comparison.

Water depths for the upper and middle sections 
are estimated (Table 2) using thicknesses of up-
wardly fi ning inferred channel-fi ll units. These 
estimates were corroborated with data from 
nearby trough cross-stratifi ed and planar cross-
stratifi ed beds by estimating water depth from the 
relationship of ripple height to water depth shown 
by Allen (1968). D50 was obtained by methods 
previously discussed. Depositional slope estimate 
calculated from Equation (1) is ~0.0008 for the 
upper 314 m, whereas beds from 100 to 573 m 
above base have an estimated slope of ~0.005. 
Modern sand- and gravel-bedded rivers have 
slopes that typically range from 0.0004 to 0.001, 
whereas many modern fan deltas and alluvial fans 
have slopes that range from 0.002 to 0.005 (ref-
erences in Blair and McPherson, 1994). We infer 
that the steeper slope of the lower strata analyzed 
inhibited development of cross-stratifi cation.

STRUCTURAL DATA

In general, bedding in the study area dips and 
steepens to the east, forming a large monocline 
dipping into the Denver basin (Figs. 1 and 2). 

Inasmuch as overlying Mesozoic strata also 
form the monocline, this structure has long been 
attributed to Laramide-age shortening (Trimble 
and Machette, 1979). Similarly, tight folds par-
allel to and within 0.5 km of the Ute Pass fault 
trace have been attributed to Laramide shorten-
ing (Suttner et al., 1984; Kluth, 1997), as well 
as a broad, open syncline-anticline pair occur-
ring ~2 km north of the Ute Pass fault (Fig. 2; 
Trimble  and Machette, 1979; Suttner et al., 
1984), despite the contrasting styles of defor-
mation. This syncline-anticline pair is at a high 
angle to the N-S–trending Laramide monocline 
and is also folded within that monocline, such 
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depicted on most paleogeographic maps of the an-
cestral Rocky Mountains (e.g., Kluth and Coney , 
1981; Lindsey  et al., 1986), but has recently been 
proposed by Kluth and McCreary (2006) in their 
portrayal of a  northwest-southeast –trending 
structural trough (i.e., Woodland Park trough) 
that separated a northern uplifted block (i.e., 
Front Range) from a southern uplifted block 
(i.e., Ute Pass uplift; Figs. 1 and 16). The an-
cestral Ute Pass fault likely continued the more 
westerly trend observed in the study area and 
formed the southern basin-bounding fault of 
the Woodland Park trough during deposition 
of the lower and middle Fountain tectono-
stratigraphic units (Fig. 16). However, during 
deposition of the upper Fountain Formation, 
the fault had ceased or dramatically decreased 
activity, and sediments likely onlapped the Ute 
Pass uplift (Fig. 16). Hence, accommodation 
for the upper Fountain Formation must have 
been created through regional rather than local 
subsidence.

IMPLICATIONS FOR THE GREATER 
ANCESTRAL ROCKY MOUNTAINS

Most syntheses of the ancestral Rocky 
Mountains address structural timing and kine-
matics by analyzing basin fi ll. For example, 

estimating peak deposition in adjacent basins 
has been used to propose east-to-west diachro-
nous basin development within the ancestral 
Rocky Mountains (Kluth and Coney, 1981; 
Dickinson and Lawton, 2003), and sedimen-
tary facies patterns have been used, in part or 
wholly, to propose individual basin-formation 
mechanisms (e.g., transpressional or thrust-
loading regimes; Stevenson and Baars, 1986; 
Lawton and Giles, 2002; Barbeau, 2003). 
However, as demonstrated in this paper, the 
Fountain Formation records syntectonic and 
post-tectonic strata. Indeed, data from many 
studies have also shown that signifi cant por-
tions of basin fi ll within the ancestral Rocky 
Mountains postdate associated local faulting 
(Maher, 1953; DeVoto et al., 1971; Hoy and 
Ridgway, 2002; Thomas, 2007; Moore et al., 
2008); hence, regional synthesis models based 
on basin fi ll alone are unsatisfactory because 
structural uplift may have ceased prior to 
depo sition of the youngest Pennsylvanian–
Permian strata within the basin.

Examination of faults with a documented 
late Paleozoic history shows a slight east-to-
west younging (Fig. 17). However, as a result of 
crude dating of the post-faulting strata, the east-
to-west age pattern may be less pronounced than 
the trend determined from basin fi ll alone (i.e., 

Dickinson and Lawton, 2003). For example, the 
age of the upper Fountain tectonostratigraphic 
unit postdates movement on the ancestral Ute 
Pass fault, yet the upper Fountain age constraints 
allow for a range from Late  Pennsylvanian–
Early Permian (e.g., 5–8 Ma difference). Thus, 
when the poorly constrained ages of basin fi ll 
and subsequent fault movement are considered, 
the possibility of a relatively synchronous ter-
mination of faulting is permissible within the 
ancestral Rocky Mountains (Fig. 17). If the lat-
ter possibility holds, then current plate tectonic 
models addressing the formation of the ances-
tral Rocky Mountains by diachronous closure of 
Laurentia and Gondwana may be compromised, 
and better dates of basin fi ll and post-tectonic 
strata are needed to resolve the issue.

Faults of the ancestral Rocky Mountains strik-
ing NW-SE have predominantly reverse slip, 
whereas faults oriented east-west and north-
south have sinistral and dextral strike-slip, re-
spectively (Figs. 1 and 17). These geometries 
and slip directions are all consistent with a 
maximum horizontal compressional stress ori-
ented NE-SW, possibly indicating a relatively 
stable stress orientation throughout the evolution 
of the greater ancestral Rocky Mountains. This 
stress stability does not appear to mesh well with 
the torsional stresses invoked by a diachronous 
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So maybe can look at strat record more closely
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Inferred lots of normal faults 
and strike-slip faults
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Figure 5. Seismic line B-B’ showing deformed bedding in the Paradox Formation and the position of the Uncornpahgre fault zone. Location 
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Areas of maximum salt deformation are also evident on seis- 
mic. The top of the Paradox salt is characterized by a high 
amplitude reflection and is easily followed throughout most of 
the area. Areas of maximum salt thickness are shown in Figure 
7 together with areas where the salt section has flowed into 
neighboring anticlines. 

Seismic Stratigraphy 

Seismic data are of sufficient quality to allow us to infer var- 
ious stratigraphic relationships in the Pennsylvanian section. 

An approximate age for movement of the Paradox salt was 
determined from horizons within the Honaker Trail Formation 
(Fig. 4). The lower 750-1,250 ft of the Honaker Trail is conform- 
able with the underlying Paradox Formation, whereas the 
younger beds progressively downlap to the southwest. Con- 
sequently, flowage of the massive salt unit in this area can be 
dated as coincident with lower to middle Honaker Trail deposi- 
tion. 

The seismic character of the Paradox salt member appears 
to grade laterally from southwest to northeast into a pattern that 

more closely resembles the arkosic facies of the Honaker Trail. 
This can be seen in Figure 4 from 1.7-2.2 seconds as a change 
from fairly continuous, bright reflectors into more low amplitude, 
discontinuous events. Depth to the first salt horizon in the Elba 
Flats well was accurately predicted by character of the seismic 
alone. The arkosic facies of the Paradox is shown in Figure 7. 

Seismic stratigraphic relationships in the Lower Paradox 
were used to date the age of the structure. Figure 8 shows the , 

Mississippian horizon in concordance with underlying Devon- 
ian and Cambrian reflectors. Above the Mississippian are lower 
Paradox beds that truncate against the Mississippian reflector. 
This onlapping indicates the structure at Elba Flats to be Late 
Mississippian to Early Pennsylvanian in age. 

Uncompahgre Fault 

The fault plane of the Uncompahgre thrust cannot be pin- 
pointed on seismic. There appears to be a dilatant zone along 
the fault, but it lacks the associated high reflectivity and low 
velocity character that is present in other foreland margin 
thrusts (Zawislak and Smithson, 1981). Indeed, sonic velocities 
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Figure 9. Photographs of angular unconformity in 
Hermosa beds exposed along U.S. Highway 550 south 
of the Snowdon fault. Orientations
of the views are shown in Figure 2, and the location is 
shown in Figure 5. (A) Steep south limb of anticline at 
west end of the Snowdon fault;
the angular unconformity is exposed beneath more 
gently dipping beds south (left in view) of the abrupt 
hinge on the south limb of the anticline
(view to west). The crest of the anticline and the trace 
of the Snowdon fault are out of the view to the north 
(right in view). (B) Angular
unconformity exposed in highway cut (view to north). 
The hinge and steep up-turn of the south limb of the 
anticline are hidden behind the
shoulder of the highway cut. The Snowdon fault 
crosses the highway approximately at the position of 
the most distant car on the highway.
The north-dipping beds in the distance are in the 
north limb of the anticline on the north side of the 
Snowdon fault.

Thomas, 2007
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HOY and RIDGWAY

Figure 10. Geologic map of the Gibson Peak growth syncline in the footwall of the Crestone thrust fault. See Figure 3B for map location.
Note angular unconformities (labeled U1 and U2) located in alluvial-fan deposits of the Crestone Conglomerate Member that indicate
intraformational structural rotation. Note the progressive eastward decrease in dip of bedding in the Crestone Conglomerate Member
away from the Crestone thrust fault.

Cristo Mountains, which offsets the Sangre de
Cristo Formation, may be a footwall splay off
the Huckleberry Mountain thrust fault and is
likewise interpreted to have accommodated Lar-
amide deformation.

The Gibson Peak syncline that we previ-
ously discussed is also present in the footwall
of the Sand Creek thrust fault (Fig. 13). The
syncline is bounded by the Pennsylvanian–
Permian Sand Creek fault on the west and by

the potentially Late Cretaceous–Eocene Huck-
leberry Mountain fault on the east. This age
relationship of an older fault bounding the
syncline on the west and a younger fault
bounding the syncline on the east is identical

Geological Society of America Bulletin, July 2002 807

SYNDEPOSITIONAL THRUST-RELATED DEFORMATION AND SEDIMENTATION

Figure 3. (A) Generalized geologic map of the northern Sangre de
Cristo Mountains and surrounding region modified from Lindsey et
al. (1983). The Sangre de Cristo Mountains are a horst bounded by
the Rio Grande rift graben of the San Luis Valley on the west and
by the Wet Mountain Valley on the east. The Raton basin is a Lar-
amide basin that lay adjacent to the Laramide San Luis uplift (see
text). Dashed gray boxes denote locations of Figures 3B and 14A.
Circled numbers indicate locations of measured sections discussed
in text. Minturn Formation measured sections: 1—Interstate 70, 2—
Swissvale, 3—La Veta Pass. Sangre de Cristo Formation measured
sections: 6—Badger Creek, 7—Pleasant Valley syncline, 8—Red
Canyon, 9—Cuchara. (B) Detailed geologic map of the northern
Sangre de Cristo Mountains modified from Lindsey et al. (1983);
location is shown by dashed box in A. A–A� marks location of cross
section shown in Figure 12. B–B� marks location of cross section

shown in Figure 13. Dashed box outlines location of map shown in Figure 10. Circled numbers indicate locations of measured sections
discussed in the text. Minturn Formation measured sections: 4—Hermit Peak, 5—Milwaukee Peak. Sangre de Cristo Formation mea-
sured sections: 10—Middle Taylor Creek, 11—North Fork, 12—Groundhog, 13—Humboldt Peak, 14—Blueberry Peak. Stratigraphic
columns for measured sections not shown in Figures 4, 7, 8, and 9 can be found in Hoy (2000).

These deposits have been called the ‘‘undif-
ferentiated’’ Sangre de Cristo Formation
(Lindsey et al., 1983, 1986a) because here the
formation cannot be divided into the lower
member of the Sangre de Cristo Formation

and Crestone Conglomerate Member (Fig. 3B)
as is done in the hanging walls of the thrust
sheets in the western Sangre de Cristo Moun-
tains (Fig. 2A). Additionally, two major base-
ment-involved thrust faults, the Sand Creek

thrust fault and the Crestone thrust fault, are
present along the western side of the Sangre
de Cristo Mountains (Fig. 3B; Lindsey et al.,
1985).
Paleontologic data indicate that the Minturn

Hoy and Ridgway, GSA Bull, 2002
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closure  (Dickinson and Lawton, 2003). How-
ever, the Anadarko fault has well-documented 
early reverse and late sinistral-slip components 
(Fig. 17), which could indicate either (1) that 
the strike of the Anadarko fault more closely 
approximates east-west than the other thrusts; 
(2) orientation of the maximum horizontal stress 
component rotated during the history of the 
greater ancestral Rocky Mountains; or (3) a com-
bination of both. Other workers have proposed 
strike-slip motion on predominantly reverse-slip 
faults (Stevenson and Baars, 1986), thus it is 
possible that other faults of the ancestral Rocky 
Mountains may display multislip histories.

CONCLUSIONS

(1) Sedimentologic, stratigraphic, and struc-
tural data indicate that the Fountain Formation 
in the Manitou Springs study area is divisible 
into three separate tectonostratigraphic units—
lower, middle, and upper. The lower and middle 
units are syntectonic and were shed northeast-
ward from the basin-bounding ancestral Ute 

Pass fault. The upper Fountain Formation is 
post-tectonic, thus constraining movement on 
that fault.

(2) Rejuvenation of the ancestral Ute Pass 
fault zone created the intraformational uncon-
formity separating the lower and middle units 
of the Fountain Formation. This event produced 
a basinward-propagating splay with reverse dip 
slip, as indicated by exhumation marked by the 
abrupt introduction of lower Paleozoic clasts 
into the Fountain depositional system, and by 
fault-parallel folding of the strata below the 
upper  Fountain Formation.

(3) Intermittent fl uvial sedimentation and an 
estimated steep depositional slope (~0.005), 
coupled with the intercalation of prograding 
marine cycles, is inferred to refl ect deposition 
in a fan-delta setting for the lower and middle 
Fountain strata. Conversely, the upper Fountain 
Formation records a braided-river depositional 
setting as indicated by a >4 km wide system of 
multistory fl uvial bodies, yet lacking true fi ne-
grained, laminated overbank deposits and an 
esti mated lower depositional slope (~0.0008).

(4) Deposition of the lower Fountain Forma-
tion began in the Morrowan–Atokan, as indi-
cated by conodonts present in distal marine 
facies, and reasonably could have continued 
through Desmonesian (?) time for the middle 
Fountain Formation. The upper Fountain For-
mation is undated, but its gradational relation-
ship between the overlying eolian unit (Lyons or 
Ingleside, which elsewhere are fossil-bearing) 
in the study area suggests earliest Permian to 
Middle–Early Permian age. These relation-
ships indicate that the ancestral Ute Pass fault 
had ceased movement by latest Pennsylvanian–
Early Permian time, whereupon the upper Foun-
tain Formation onlapped the Ute Pass uplift.

(5) All three tectonostratigraphic units were 
deposited within a northwest-southeast–oriented  
structural trough, previously proposed as the 
Woodland Park trough (Kluth and McCreary, 
2006). The lower and middle tectonostrati-
graphic units of the Fountain Formation record 
deposition infl uenced by structural subsidence 
of that trough during peak ancestral Rocky 
Mountains tectonism. The upper Fountain 
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closure  (Dickinson and Lawton, 2003). How-
ever, the Anadarko fault has well-documented 
early reverse and late sinistral-slip components 
(Fig. 17), which could indicate either (1) that 
the strike of the Anadarko fault more closely 
approximates east-west than the other thrusts; 
(2) orientation of the maximum horizontal stress 
component rotated during the history of the 
greater ancestral Rocky Mountains; or (3) a com-
bination of both. Other workers have proposed 
strike-slip motion on predominantly reverse-slip 
faults (Stevenson and Baars, 1986), thus it is 
possible that other faults of the ancestral Rocky 
Mountains may display multislip histories.

CONCLUSIONS

(1) Sedimentologic, stratigraphic, and struc-
tural data indicate that the Fountain Formation 
in the Manitou Springs study area is divisible 
into three separate tectonostratigraphic units—
lower, middle, and upper. The lower and middle 
units are syntectonic and were shed northeast-
ward from the basin-bounding ancestral Ute 

Pass fault. The upper Fountain Formation is 
post-tectonic, thus constraining movement on 
that fault.

(2) Rejuvenation of the ancestral Ute Pass 
fault zone created the intraformational uncon-
formity separating the lower and middle units 
of the Fountain Formation. This event produced 
a basinward-propagating splay with reverse dip 
slip, as indicated by exhumation marked by the 
abrupt introduction of lower Paleozoic clasts 
into the Fountain depositional system, and by 
fault-parallel folding of the strata below the 
upper  Fountain Formation.

(3) Intermittent fl uvial sedimentation and an 
estimated steep depositional slope (~0.005), 
coupled with the intercalation of prograding 
marine cycles, is inferred to refl ect deposition 
in a fan-delta setting for the lower and middle 
Fountain strata. Conversely, the upper Fountain 
Formation records a braided-river depositional 
setting as indicated by a >4 km wide system of 
multistory fl uvial bodies, yet lacking true fi ne-
grained, laminated overbank deposits and an 
esti mated lower depositional slope (~0.0008).

(4) Deposition of the lower Fountain Forma-
tion began in the Morrowan–Atokan, as indi-
cated by conodonts present in distal marine 
facies, and reasonably could have continued 
through Desmonesian (?) time for the middle 
Fountain Formation. The upper Fountain For-
mation is undated, but its gradational relation-
ship between the overlying eolian unit (Lyons or 
Ingleside, which elsewhere are fossil-bearing) 
in the study area suggests earliest Permian to 
Middle–Early Permian age. These relation-
ships indicate that the ancestral Ute Pass fault 
had ceased movement by latest Pennsylvanian–
Early Permian time, whereupon the upper Foun-
tain Formation onlapped the Ute Pass uplift.

(5) All three tectonostratigraphic units were 
deposited within a northwest-southeast–oriented  
structural trough, previously proposed as the 
Woodland Park trough (Kluth and McCreary, 
2006). The lower and middle tectonostrati-
graphic units of the Fountain Formation record 
deposition infl uenced by structural subsidence 
of that trough during peak ancestral Rocky 
Mountains tectonism. The upper Fountain 
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Figure 17. Inferred timing and kinematics of faults with a documented ancestral Rocky Mountains history. Light gray represents pre-
dominantly strike-slip motion, whereas dark gray indicates predominantly reverse motion. Dashed bars indicate range of time faulting is 
thought to have initiated (bottom of fi gure) or ceased (top of fi gure). Abbreviations: ut—Uncompahgre thrust (slip-sense from Frahme and 
Vaughn, 1983); rf—Ridgeway fault (slip-sense from Stevenson and Baars, 1986; Thomas, 2007); pp—Picuris-Pecos fault (slip-sense from 
Cather et al., 2006; Wawrzyniec et al., 2007); ct—Crestone thrust (slip-sense from Hoy and Ridgway, 2002); aupf—ancestral Ute Pass fault 
(slip-sense data herein); fc—Freezeout Creek fault (slip-sense from Maher, 1953; McKee, 1975); at—Anadarko thrust (slip-sense from 
Brewer et al., 1983); wv—Washita Valley fault (slip-sense from Tanner, 1967). Time scale is from Gradstein et al. (2004).
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