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INTRODUCTION 

The preliminary Quaternary fault and fold database of Colorado contains information 
about faults and folds that are known or suspected to have been active during the Quaternary. 
Structures previously reported as Quaternary in age that have subsequently been discounted in 
the literature are also described in the database. The report includes a paper copy of the 
database, a paper copy of a map showing Quaternary faults and folds in Colorado at a scale of 
1 :500,000, and an optional CD-ROM containing the fault and fold traces shown on 1 ° x 2° 
(1 :250,000-scale) Army Map Service topographic base maps. We recommend at least a 486 
processor with 16 MB of RAM to view the files contained on the CD-ROM. Individual 1 ° x 2° 
maps can be viewed using either the Windows or Macintosh version of Adobe® Acrobat 
Reader®, both of which have been included on the CD-ROM in accordance with Adobe® 

licensing agreements. The report is available for purchase with or without the CD-ROM. 
The information contained herein was compiled'from available literature. Previous 

summaries of Quaternary structures in Colorado by Witkind (1976), Kirkham and Rogers (1981), 
and Colman (1985) served as an initial basis for the compilation of this database. More recent 
and in many cases more detailed studies provided the updated information used to characterize 
many of the structures. We have attempted to accurately summarize only what is contained in 
these written documents and not introduce any personal bias. Fault traces were compiled from 
the references, hand transferred onto 1 ° x 2° (1 :250,000-scale) Army Map Service base maps, 
and digitized by the U.S. Geological Survey. 

This preliminary version of the Quaternary fault and fold database is being released as an 
open-file report to satisfy customers who have immediate needs for this data. The Colorado 
Geological Survey will continue compiling data on Neogene (late Tertiary) faults and folds in 
our database and will release that information in the near future. 

Users of this database are encouraged to submit comments, corrections, and additions to 
the Colorado Geological Survey staff who have authored this report. This database will be 
revised as needed after review comments have been received and will periodically be updated as 
new information on Quaternary fault and fold activity in Colorado becomes available. In the 
future the Colorado Geological Survey will produce an interactive CD-ROM which will include 
a compilation of the Quaternary fault and fold database and the Neogene fault and fold database 
with associated maps in digital form. The preliminary Quaternary fault and fold database of 
Colorado has also been submitted to the U.S. Geological Survey as the deliverable for a grant 
that in part supported this project, and it will be included in their U.S. Quaternary fault and fold 
database. 

The format of this database generally follows the guidelines set by Haller and others 
(1993) for the U.S. Quaternary fault and fold database, although we have added a few or our own 
field headings such as "Earthquake notes" and "Township and Range". Each field heading is 
defined in a later section of the introduction. A field entry that is blank indicates published data 
was not available at the time of this compilation. 
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Overview 

There are 92 faults and 6 folds described in this database. The majority of these 
structures are considered simple faults or folds. Four faults, the Southern Sangre de Cristo Fault, 
the Cimarron Fault, the Sawatch Fault, and the Northern Sangre de Cristo Fault, are herein 
considered to be sectioned faults based on detailed investigations which suggest different parts of 
the faults may have ruptured independently in the past. Although several faults in Colorado have 
been trenched and dated, we feel that none have been studied in sufficient detail to warrant 
designation herein as a segmented fault. 

Two faults, the Golden Fault and Valmont Fault, and one fold, the Grand Hogback 
monocline, are considered as features with suspected but not proven Quaternary activity. 
Twelve faults that were at one time described in the literature as having Quaternary movement, 
but have since been discredited by more recent investigations, are herein classified as discounted 
Quaternary faults. 

The most recent paleoevent for each fault and fold was generally determined from offset 
or deformation of Quaternary deposits either in direct contact with or close proximity to the fault 
or fold The timing of the most recent paleoevent for each structure has been assigned to one of 
four age categories which define the maximum age of the last paleoevent on the structure. The 
categories include Holocene and post glacial (<15 ka), late Quaternary (<130 ka), middle and 
late Quaternary (<750 ka), and Quaternary (<1.6 Ma). The last paleoevent on the structure may 
have occurred at any time during the assigned age category (fig. 1). 

� 
o 

f 
II 
: 

o 

Most Recent Paleoevent 

Holocene and post glacial «15 ka) (RED COLOR) 

Late Quaternary «130 ka) (MAGENTA COLOR) 

Middle and late Quatemary «750 ka) (GREEN COLOR) 

Quaternary «1.6 Ma) (BLUE 
COLOR) 

0.5 1.5 2 
years (x1OS) 

Figure 1: Graph showing the time interval covered by each age category used to describe the timing of 
the last paleoevent. 

The most recent paleoevent on the majority of the structures in the database occurred 
during the Quaternary age category (<1.6 Ma). There are seven faults that show evidence of 
middle and late Quaternary movement (<750 ka), and fifteen faults classified as last moving 
during the late Quaternary (<130 ka). Holocene and post glacial movement (<15 ka) has been 
demonstrated for only eight faults: the Northern Sangre de Cristo Fault zone, the Cheraw Fault, 
the Sawatch Fault, the Villa Grove Fault zone, the Williams Fork Mountains Fault, the Cimarron 
Fault, the Roubideau Creek Fault, and unnamed faults along the Grand Hogback monocline near 
Fourmile Creek. The Cattle Creek anticline is the only fold known to have been active during 
the Holocene and post glacial age period. 
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In some cases where there are no reported Quaternary landforms or deposits in contact 
with or in close proximity to a specific fault, Quaternary movement has been based on indirect 
evidence. For example, faults associated with the Uncompahgre Plateau in western Colorado are 
considered to have been active during the Quaternary even though crosscutting relationships 
with Quaternary deposits are generally not described in the literature. However, Cater (1966) 
suggested Quaternary movement on many of these faults based on mid-Pliocene through 
Pleistocene uplift of the Uncompahgre Plateau which is inferred from the apparent abandonment 
of drainages on the plateau during the Quaternary. Witkind (1976) described these structures as 
Quaternary faults, and subsequent investigators have usually followed this interpretation. Faults 
of the Uncompahgre Plateau are therefore herein considered to have been active during the 
Quaternary. 

Detailed investigations have been conducted on several faults in Colorado. Multiple 
trenches have been excavated across eleven Quaternary structures, the Northern Sangre de Cristo 
Fault zone, Cheraw Fault, Sawatch Fault, Villa Grove Fault zone, East-side Chase Gulch Fault, 
West-side Chase Gulch Fault, Rampart Range Fault, graben near Golden, Golden Fault, 
Cimarron Fault, and Red Rocks Fault. Additionally, scarp profiles have been measured on the 
Northern Sangre de Cristo Fault zone, Sawatch Fault, Villa Grove Fault zone, Mesita Fault, and 
faults near Monte Vista. 

All but two of the structures in this database are considered as having a slip rate of less 
than 0.2 mmlyr. The Williams Fork Mountains Fault is the only fault with a reported slip rate of 
0.2 to 1 mmlyr. A similar slip rate was herein estimated for the Frontal Fault based on reported 
offset of age-constrained Quaternary deposits. Very few recurrence intervals have been 
published for the faults included in this database; recurrence intervals ranging from 5 ka to 100 
ka are cited in the literature for only nine faults. 

Definitions of Database Terms 

Age of faulted or folded deposits - Ages of the deposits, at the surface or within trench 
exposures, that are faulted or folded. The timing of the most recent paleo event is 
generally considered as occurring after deposition of the youngest deformed deposit. 

Compiler and affiliation - The name and affiliation of the person(s) responsible for compiling 
the data for each structure. 

County - The county in which the majority of the fault is located is listed first, followed by other 
counties in which the fault is located. 

CumulatIve length - The cl;lmulative length of all solid traces associated with a particular 
structure, as determined from GIS data. Dashed and dotted traces are not included in this 
measurement. 

Date - The date of compilation. 

Detailed studies - Studies that include site specific investigations such as trenching, radio 
isotopic dating, and close examination of scarp morphology and stratigraphic 
relationships are synthesized in this field. 

Dip - The dip angle of the fault plane as reported in the literature or measured from published 
cross sections. 
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Dip direction - The dip direction of the fault as reported in the literature. 

Earthquake notes - Information on historic seismicity and maximum credible earthquake 
reported in the literature for a particular fault. 

End to end length - The distance between the endpoints of a particular structure, as determined 
from GIS data. 

Geologic setting - An overview of the regional geologic setting of the structure. 

Geomorphic expression - Description of geomorphic features associated with a specific fault or 
fold, such as scarps, lineaments, deflected streams, ponded sediments, etc. 

Number of sections - Numeric value indicating the number of sections comprising a sectioned 
fault. 

Number of traces - In several cases there is more than one fault or fold trace associated with a 
given structure number. This field term indicates the number individual traces associated 
with a particular structure as shown on the map that accompanies this database. 

lOx 20 sheet - The lOx 20 Army Map Service base map (1 :250,000-scale) on which the majority 
of the fault occurs is listed first, followed by the other maps on which the fault lies. 

Province - The provinces used herein were outlined by Fenneman and Johnson (1946). The 
physiographic province in which the majority of the fault occurs is listed first, followed 
by the other provinces in which the fault lies. 

Recurrence interval - The time interval between rupture or fold events. Recurrence intervals 
were included only if reported in the literature or where sufficient data allowed for 
calculation of a recurrence interval. Where a recurrence interval could not be 
determined, the compiler entered "ND" for not determined. 

References Cited - All references cited for each structure are listed in this field. 

Reliability of location - (Good or Poor) The reliability of the location of each structure is based 
on the scale of map(s) used to compile the digital map that accompanies this database. 
Reliability is considered good if the structure has been mapped at a scale of 1 :250,000 or 
larger. 

Section name - The most commonly used name for a specific section of a fault or fold. 
Alternative names and a brief description of the location of the section are listed under 
"Comments" . 

Section number - Each section of a fault is assigned an alpha character. Section labeling begins 
with the northern- or western-most section and proceeds to the south and east. For 
example, the Cimarron Fault (structure number Q40) has four sections: Q40a, Q40b, 
Q40c, Q40d. 

Sense of Movement - The following letters are used to indicate sense of movement on 
Quaternary faults: N = normal, R = reverse, T = thrust, D= dextral (right lateral), and S = 
sinistral (left lateral). Oblique-slip faults are described by combinations of letters, with 
the first letter indicating the principal sense of movement. For example, "NS" indicates a 
normal left-lateral strike slip fault with more vertical than horizontal slip. 



Slip-rate - Slip rates for each structure are assigned to one of four categories: >5 mm1yr, 5-1 
mm1yr, 0.2-1 mrnJyr, and <0.2 mm1yr. If the slip rate for a particular structure was not 
reported in the literature, the compiler entered "unknown" and then estimated a probable 
slip rate for the structure. 

State - The state in which the majority of the fault is located is listed first, followed by the other 
states in which the fault lies. 

Strike - The average strike of the trace of the fault or fold as determined from GIS data. 

Structure name - Most commonly used name for a specific structure. Alternative names and a 
brief description of the location of the fault are given under the "Comments" section. 
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Structure number - Each structure has been given a unique alphanumeric number. Numbering, 
in general, begins in the northwestern-most part of the state and proceeds to the south and 
east. Number designations used for the same structure in other publications and 
databases are listed under "Comments". 

Structure type - Quaternary faults are herein defined as having demonstrable or interpreted offset 
of Quaternary deposits. Faults that appear to be active based solely upon their historic 
seismic activity are not included in the database. Faults described in the database are 
subdivided into four types or categories that characterize the faults more specifically. A 
simple fault is a fault that appears to consist of a single section all of which ruptured 
during the last paleoevent. The term simple fault also serves as a default category for 
faults that have not been studied in enough detail to warrant designation as a sectioned or 
segmented fault. A sectioned fault is a fault that appears to consist of two or more 
sections that have ruptured independently, but each section has not been carefully 
evaluated in detail to accurately characterize the rupture history of each section. A 
segmented fault is similar to a sectioned fault but has been studied in sufficient detail 
such that the rupture history of each segment is well understood. None of the faults in 
Colorado are herein considered to be segmented faults. A discounted fault is a fault that 
was previously described in the literature as having been active during the Quaternary but 
more recent investigations have disproved Quaternary activity on the fault. Quaternary 
folds are herein similarly defined as showing demonstrable or interpreted deformation of 
Quaternary deposits. All Quaternary folds in this database are considered simple folds. 
Faults or folds are described as suspect features when the literature is not conclusive or 
when it leaves doubt as to the structure's Quaternary activity. 

Synopsis - A short summary of the data compiled for each structure. 

Timing of most recent paleoevent - There are four age categories that describe the timing of the 
last paleo event: Holocene and post glacial «15 ka), late Quaternary «130 ka), middle 
and late Quaternary «750), and Quaternary «1.6 Ma). The last paleoevent on the 
structure is no older than, but may have occurred at anytime during, the age period to 
which it was assigned. 

Township and Range - The location of the structure based on township and range. 
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SIMPLE QUATERNARY FAULTS 

A simple fault is a fault that appears to consist of a single section all of which ruptured during the last 
paleoevent. The term simple fault also serves as a default category for faults that have not been studied 

in enough detail to warrant designation as a sectioned or segmented fault. 
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Q1 - Little Dolores River Fault 

Structure type: Simple fault 

Structure number: Q 1  
Comments: Fault 7 5  i n  Ki rkham and Rogers ( 1 981 ) ;  fau lt 281 i n  Witkind ( 1 976); fault 225 1 in 
the U.S.  Geological Survey Quaternary fault and fold database. 

Structure name: Little Dolores River Fault 
Comments: The majority of the Little Dolores River Fault is in Utah. This northwest-trending 
fau lt extends southeast from Utah into Colorado along the northeast flank of Snyder Mesa. 
The fau lt crosses the Little Dolores River just before entering Colorado. The fau lt l ies on the 
northeast flank of the Uncompahgre Upl ift. Th is description focuses on the part of the fault 
that extends into Colorado. 

Synopsis: 

The Little Dolores R iver Fault extends from Utah into Colorado on the northeast flank of the 
Uncompahgre Upl ift. Evidence for Quaternary movement on this fault was cited in Witkind 
( 1 976) based on personal commun ication with Fred Cater. Based on the t iming of 
abandonment of Unaweep Canyon,  Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau 
began in the mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m 
of d ifferential upl ift. Despite the lack of evidence of fau lted Quaternary deposits along the 
Little Dolores River Fau lt, it has been classified as a Quaternary fault (Howard and others,  
1 978; Ki rkham and Rogers, 1 98 1 ; Colman , 1 985) ,  and no references have been publ ished 
that refute th is age assignment. 

Date of compilation:  6/1 1 /97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado, Utah 

County: Mesa 

1° x 2° Sheet: Grand Junction 

Province :  Colorado Plateaus 

Township  and Range: 

Strike: N55W 

Number of traces: 1 

T1 2S, R1 04W- T20S, R25E 

End to end length : 1 5 .73 km 

Cumulative length : 1 5 .89 km 

Reliabil ity of location :  Good 
Comments: The fault was mapped by Cashion ( 1 973) at a scale of 1 :250, 000. 

Geologic setting :  

This fault l ies on the northeast margin of  the Uncompahgre Upl ift along the Utah/Colorado 
border near the Little Dolores River. The Uncompahgre Upl ift is a northwest-trending,  east
ti lted fault block. The Little Dolores River Fault is a high-angle fault that is down to the 
northeast. 
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1 0  Q1 - Little Dolores River Fau lt 

Sense of movement: R 
Comments :  Heyman ( 1 983) mapped this fault as down to the northeast on a fau lt plane 
d ipping 85°SW. Kirkham and Rogers ( 1 98 1 ) l isted this fau lt as normal .  

Dip: 85°SW 
Comments: Heyman ( 1 983) measured a dip of 85°SW for the Little Dolores River Fau lt in 
Utah in the vicin ity of T20S, R24E. 

Dip direction :  SW 

Geomorph ic expression: 

Geomorph ic indicators of youthfu l  faulting have not been reported. 

Age of fau lted deposits : 

The Salt Wash Sandstone Member of the Jurassic Morrison Formation is the youngest 
deposit known to be offset by th is fau lt. The majority of the fault l ies in Precambrian to lower 
Mesozoic bedrock, and about 5% of the fau lt is concealed by Quaternary deposits 
(Cash ion , 1 973). 

Detai led stud ies : 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in  Quaternary deposits ,  fau lts associated 
with the Uncompahgre Upl ift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on this fau lt was cited in Witkind ( 1 976) 
based on personal commun ication with Fred Cater. Based on the timing of abandonment of 
Unaweep Canyon,  Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m of d ifferential 
up l ift. There is no other publ ished evidence that Quaternary deposits are offset by this 
structure. Despite the lack of evidence for Quaternary movement, th is fault has been 
classified as a Quaternary fault (e .g .  Howard and others,  1 978; Kirkham and Rogers,  1 98 1 ; 
Colman ,  1 985) ,  and no references have been published that refute th is age assignment. 

Recurrence interval:  ND 
Comments: 

Sl ip rate: (D) <0 .2 mm/yr 
Comments: Based on the lack of geomorphic features i n  Quaternary deposits and on 
calculations of an overal l  upl ift rate of .4 m/1 000 yr  since 1 .8 Ma for the Uncompahgre U plift 
(Perry, 1 989) ,  a sl ip rate of <0.2 mrnlyr is estimated for this fault. 

Earthquake notes: 
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1 2  Q2 - Redlands Fault Complex 

Structure type: Simple fault 

Structure number: Q2 
Comments: Fault 65 in Kirkham and Rogers ( 1 981 ) ;  fau lt 283 in Witkind ( 1 976); fau lt 2252 in 
the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Redlands Fault Complex 
Comments: The Red lands Fault complex forms the northeast margin of the Uncompahgre 
U pl ift and consists of three fau lts and two monoclines, al l  of which show a general northwest 
trend. The fau lt complex is located in the Colorado National Monument southwest of Grand 
J unction .  It extends along the northeast boundary of the Monument then bends west toward 
Horseth ief and Mee Canyons. Features included in this complex include from west to east, 
the F lume Canyon Fau lt, an unnamed monocl ine, the Kodel's Canyon Fau lt, the Lizard 
Canyon Monocl ine, and the Redlands Fault (Lohman, 1 963). 

Synopsis: 

TheHedlands Fault complex forms the northeast marg in  of the Uncompahgre Upl ift and 
consists of th ree fau lts and two monocl ines. Evidence for Quaternary movement on this fault 
complex is cited in Witkind ( 1 976), based on personal commun ication with Fred Cater. Based 
on the t iming of abandonment of Unaweep Canyon by the Gunn ison River, Cater ( 1 966) 
ind icated the Uncompahgre Plateau began to rise in  the mid-Pl iocene and continued into the 
Pleistocene, resu lting in as much as 640 m of differential upl ift. Despite the lack of evidence 
of fau lted Quaternary deposits along the Red lands Fault complex, the fau lt has been 
classified as a Quaternary fau lt (e.g .  Howard and others,  1 978; Kirkham and Rogers,  1 98 1 ; 
Colman, 1 985) ,  and no references have been publ ished that refute this age assignment. 

Date of compilation :  6/1 2/97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Mesa 

1° x 2° Sheet: Grand J unction 

Province: Colorado Plateaus 

Township and Range: 

Strike: N54W 

Number of traces: 1 

T1 N , R3W- T1 S ,R 1W 

End  to end  length : 2 1 .08 km 

Cumulative length : 22.07 km 

Reliabil ity of location :  Good 
Comments: This fault and fold complex was mapped at a scale of 1 : 3 1 ,680 by Lohman 
( 1 963; 1 965). Cashion ( 1 973) showed this structure in much less detai l  at a scale of 
1 :250,000. The trace used herein is from Lohman ( 1 965) .  



Q2 - Redlands Fau lt Complex 

Geologic setting:  

The Redlands Fault complex forms the northeast flank of the Uncompahgre Upl ift near Grand 
J unction.  The Uncompahgre Upl ift is a northwest-trending east-ti lted fault block. Fau lts in 
the northwest-trending Red lands Fault complex are general ly h igh-angle normal ,  but in some 
areas reverse. The fau lts commonly transition into fau lted monocl ines. The Kodel's Canyon 
Fault extends to Fru ita Canyon and gradual ly becomes the Lizard Canyon Monocl ine. Near 
the mouth of Monument Canyon,  the Lizard Canyon Monocl ine merges with the Red lands 
Fau lt. Maximum displacement on the Flume Canyon and Kodel's Canyon Fau lts is about 
100 m, and maximum displacement on the Red lands Fault is 244 m (Lohman, 1965).  Th is 
fau lt complex occurs in a tecton ical ly weakened area above the ancestral  Garmesa and 
Douglass Creek Fault zones (Stone, 1977) .  

Sense of movement: NR 
Comments: Kirkham and Rogers (1981), Lohman (1965) and Witkind (1976) reported both 
normal and reverse movement on the fau lts . The Flume Creek Fault was mapped as a 
reverse fault by Heyman (1983) .  

Dip:  45°SW 

Comments: Measurements of reverse movement on the Red lands Fault are from two 
locations at the mouths of Gold Star Canyon and a smaller canyon , both located in the SE 
1/4 SW 1/4 of sec. 30, T1 S,  R1W (Lohman,  1965).  Heyman (1983) measured a d ip of 75°-
80° on the Flume Creek Fault in the vicin ity of T11 S, R 1 0 1 W. 

Dip d irection : SW 

Geomorph ic expression : 

Geomorphic indicators of youthfu l  faulting have not been reported . 

Age of fau lted deposits :  

The U pper Triassic Kayenta Formation is the youngest deposit offset across th is fau lt 
complex, with up  to 240 m of throw (Lohman , 1965).  Quaternary deposit are absent along 
the fau lt trace and the entire fault l ies in Paleozoic to lower Mesozoic bedrock. 

Detai led stud ies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1.6 Ma) 
Comments: Quaternary deposits are generally absent in  th is area, making it difficult to 
recognize Quaternary movement on the fau lts . Fau lts associated with the Uncompahgre 
U pl ift are often considered to have experienced Quaternary movement. Evidence for 
Quaternary movement is cited in Witkind (1976) based on personal communication with Fred 
Cater. Based on the timing of abandonment of Una�eep Canyon by the Gunn ison River, 
Cater (1966) ind icated uplift began in  the mid-Pl iocene and continued into the Pleistocene, 
resu lt ing in  as much as 640 m of differential upl ift. There is no other publ ished evidence that 
Quaternary deposits are offset by th is structure. Despite the lack of evidence for Quaternary 
movement, the Red lands Fault complex has been classified as a Quaternary fault (e.g .  
Howard and others, 1978; Kirkham and Rogers, 1981; Colman , 1985), and n o  references 
have been publ ished that refute this age assignment. 
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1 4  Q2 - Redlands Fault Complex 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  uplift rate of 0.4 m/1 000 yr s ince 1 .8 Ma for 
the Uncompahgre Upl ift (Perry , 1 989), a s l ip rate of <0.2 mm/yr is estimated for th is complex. 

Earthquake notes: 
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Q3 - Jacobs Ladder Fault Complex 

Structure type: Simple fault 

Structure number: Q3 
Comments: The Jacobs Ladder Fault complex was described as a potentially active fault by 
Kirkham and Rogers ( 1 98 1 ) , but due to the complexity and short length of the fault complex, 
they did not show it on their accompanying map. Th is is also fault 2253 in the U .S .  
Geological Survey Quaternary fau lt and fo ld database. 

Structure name: Jacobs Ladder Fault Complex 
Comments: The Jacobs Ladder Fault complex consists of about 20 general ly northwest- and 
northeast-trending fau lts and some associated minor folds. The structure is on the northeast 
marg in  of the Uncompahgre Upl ift and l ies southeast of the Red lands Fault complex and 
north of the G lade and Ladder Fau lts . This structue name is probably based on the intricate 
and seemingly conjugate pattern of the faults 

Synopsis: 

The Jacobs Ladder Fault complex consists of several northeast- and northwest-trending 
minor fau lts and folds. Jurassic and Cretaceous bedrock is offset by the fau lt, but 
Quaternary deposits have not been mapped in the vicin ity of the fault complex (Lohman , 
1 963; 1 965; Wil l iams, 1 964; Cashion, 1 973).  The fau lt complex is herein classified as a 
Quaternary fau lt due to its association with the Uncompahgre Upl ift, which is considered to 
have been active into the Pleistocene (Cater, 1 966; Lettis and others, 1 996). 

Date of compilation : 6/25/98 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Mesa 

1° x 2° Sheet: Grand J unction ,  Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N8E 

Number of traces: 23 

End to end length : 5. 1 4  km 

Cumulative length : 22 . 1 0 km 

Reliabil ity of location :  Good 
Comments: The fau lt complex was mapped at a scale of 1 : 3 1 ,680 by Lohman ( 1 963; 1 965) 
and 1 :250,000 by Wi l l iams ( 1 964) and Cashion ( 1 973) . The trace used herein is from 
Wi l l iams ( 1 964) and Cashion ( 1 973). 

Geologic setting: 

The Jacobs Ladder Fault complex is on the northeast marg in  of the Uncompahgre Up l ift 
southwest of Grand Junction. The Uncompahgre Upl ift is a northwest-trend ing ,  east-ti lted 
fau lt block. The fault complex l ies in a tectonically weakened area above the ancestral 

1 5  



1 6  Q3 - Jacobs Ladder Fault Complex 

Garmesa and Douglass Creek Fault zones (Stone, 1 977). Throw on the fau lts is variable. 
Lohman ( 1 965) indicated that fau lt offsets are minor and suggested that the fault complex 
may be related in some way to the Ladder Creek Monocl ine. 

Sense of movement: N 
Comments: 

Dip: 

Comments: 

Dip d irection : 

Geomorphic expression : 

Geomorph ic indicators of youthfu l faulting have not been reported . 

Age of fau lted deposits:  

The fau lts l ie  entirely with in the Cretaceous to Jurassic bedrock (Lohman,  1 963; 1 965; 
Wil l iams, 1 964 ; Cashion,  1 973). Since Quaternary deposits do not occur i n  the vicin ity of 
the fau lt complex, the activity of the fault complex during the Quaternary cannot be d i rectly 
assessed. 

Detai led studies :  

Timing of  most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: There are no mapped Quaternary deposits along these faults , so it is d ifficult to 
document the Quaternary history of the fault complex. However, faults associated with the 
Uncompahgre Upl ift are often considered to have experienced Quaternary movement. 
Based on the timing of abandonment of Unaweep Canyon by the Gunn ison River, Cater 
( 1 966) ind icated the Uncompahgre Upl ift began ro rise in the mid-Pl iocene and continued into 
the Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. The Jacobs Ladder Fault 
complex is classifed as a potentially active fau lt by Kirkham and Rogers ( 1 98 1 ) .  There is no 
other publ ished evidence that Quaternary deposits are offset by this structure. Despite the 
lack of evidence for fau lted Quaternary deposits , the most recent paleoevent on the Jacobs 
Ladder Fault complex is herein considered to have occurred during the Quaternary based on 
its association with the Uncompahgre Upl ift. 

Recurrence interval :  ND 
Comments: 

Slip rate: unknown; (D) <0 .2 mm/yr 
Comments: 

Earthquake notes: 
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Q3 - Jacobs Ladder Fault Complex 
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1 8  Q4 - G lade Park Fault 

Structure type: Simple fau lt 

Structure number: Q4 
Comments: Fault 66 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 282 in Witkind  ( 1 976) ;  fault 2254 in  
the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Glade Park Fault 
Comments: The Glade Park Fault is an east-west oriented fault that extends through Glade 
Park, wh ich is southwest of Grand Junction .  The fault l ies on the northeast flank of the 
Uncompahgre Upl ift. Witkind ( 1 976) mapped fau lts Q4-Q6, Q8, Q 1 0, and Q 1 1 (th is 
database) as a single fau lt which he referred to as the Glade Park Fau lt. Wil l iams ( 1 964) 
showed faults Q4 and Q5 as a single fault. More detai led mapping by Lohman ( 1 963; 1 965) 
revealed that the fau lts are not connected at the surface. Lohman ( 1 963) labeled fault Q4 as 
the G lade Park Fau lt. 

Synopsis: 

The Glade Park Fault l ies on the northeast flank of the Uncompahgre Up l ift southwest of 
Grand J unction. Wi l l iams ( 1 964) mapped th is fault as a sol id l ine through Quaternary 
al luvium,  but Lohman ( 1 963; 1 965) showed this fault as being covered by Quaternary 
a l luvium.  Evidence for Quaternary movement on this fault was cited in Witkind ( 1 976) ,  based 
on personal communication with Fred Cater. Based on the timing of abandonment of 
Unaweep Canyon by the Gunn ison River, Cater ( 1 966) ind icated upl ift of the Uncompahgre 
P lateau began in the mid-Pl iocene and continued into the Pleistocene, resu lting in as much 
as 640 m of d ifferential upl ift. Despite the lack of evidence of fau lted Quaternary deposits 
along the Glade Park Fault, it has been classified as a Quaternary fault (e.g .  Howard and 
others ,  1 978; Kirkham and Rogers,  1 98 1 ; Colman,  1 985) ,  and no references have been 
publ ished that refute this age aSSignment. 

Date of compilation :  6/1 1 /97 

Compiler and affiliation: Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Mesa 

10 x 20 Sheet: Moab 

Province :  Colorado Plateaus 

Township and Range: 

Strike: N80W 

Number of traces: 1 

T1 2S, R1 02W- T1 2S, R 1 0 1 W  

End to end length : 1 0 .09 km 

Cumulative length : 1 0 . 1 4 km 

Reliabil ity of location : Good 
Comments: This fault was mapped at a scale of 1 : 3 1  ,680 by Lohman ( 1 963; 1 965) and 
1 :250,000 by Wi l l iams ( 1 964).  The trace used herein is from Lohman ( 1 965) . 



Q4 - G lade Park Fault 

Geologic setting : 

The Glade Park Fault is part of the northeast marg in  of the Uncompahgre Upl ift southwest of 
Grand Junction .  The Uncompahgre Upl ift is a northwest-trend ing ,  east-ti lted fau lt block. 
Displacement on this fault is down to the south on either a normal fau lt (Lohman , 1 965; 
Kirkham and Rogers,  1 98 1 ) or a reverse fau lt (Heyman , 1 983) . Witkind ( 1 976) suggested 
throw is down to the northeast but showed fau lts Q4-Q6, Q8, Q 1 0, and Q 1 1 (th is database) 
as a single fau lt. Portions of this fau lt complex are in fact down to the northeast (fau lts Q6 
and Q8) ,  but the remainder of the fau lts, including the Glade Park Fault are down to the south 
(Lohman, 1 963; 1 965; Kirkham and Rogers,  1 98 1 ; Colman , 1 985). Throw on the fault is 
opposite to local topography. This fau lt l ies in a tecton ical ly weakened area above the 
ancestral Garmesa and Doug lass Creek Fault zones (Stone, 1 977). 

Sense of movement: R 
Comments: Heyman ( 1 983) mapped this fault as down to the south on a north-d ipping 
reverse fault with a dip of 75° .  Kirkham and Rogers ( 1 98 1 ) described this fau lt as normal but 
did not provide measurement or discussion that supports normal movement. 

Dip: 75°N 
Comments: Heyman ( 1 983) mapped the Glade Park Fault  as down to the south on a north
d ipping plane in the vicin ity of T1 2S, R 1 0 1 W. 

Dip direction :  N 

Geomorphic expression : 

Geomorphic indicators of youthfu l  faulting have not been reported. 

Age of fau lted deposits : 

Wil l iams ( 1 964) mapped this fault as a solid l ine th rough Quaternary al luvial deposits, which 
ind icates the deposit is offset by the fau lt. More detai led mapping by Lohman ( 1 963; 1 965) ,  
however, showed the fault as being overlain by unfau lted Quaternary al luvial deposits ,  and 
less than 7.5 m of throw in pre-Quaternary deposits .  The upper Jurassic Morrison and 
Summervi l le Formations are the youngest deposits fau lted accord ing to Lohman ( 1 963). 
More than 95% of the fault l ies in lower Mesozoic bedrock. 

Detai led stud ies : 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Quaternary deposits are generally absent in this area, making it d ifficult to 
recogn ize Quaternary movement on the faults. Wi l l iams ( 1 964) showed the fault trace as a 
sol id l ine through Quaternary deposits ( ind icating the deposits are faulted) ,  whi le Lohman 
( 1 965) showed the fau lt as overlain by unfaulted Quaternary deposits . Fau lts associated with 
the Uncompahgre U plift are often considered to have experienced Quaternary movement. 
Evidence for Quaternary movement on the fau lt was cited in Witkind ( 1 976) based on 
personal communication with Fred Cater. Based on the timing of abandonment of Unaweep 
Canyon by the Gunn ison River, Cater ( 1 966) indicated upl ift began in the mid-Pl iocene and 
continued into the Pleistocene resulting in as much as 640 m of differential upl ift. There is no 
other publ ished evidence that Quaternary deposits are offset by this structure. Despite the 
lack of evidence for Quaternary movement, the Glade Park Fault has been classified as a 
Quaternary fau lt (e.g .  Howard and others, 1 978; Kirkham and Rogers, 1 98 1 ; Colman,  1 985) ,  
and no references have been publ ished that refute this age assignment. 
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20 Q4 - Glade Park Fault 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (D) <0 .2 mmlyr 
Comments: Based on calculations of an overal l  upl ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre Uplift (Perry , 1 989), a sl ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes: 
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QS - Ladder Creek Fault 

Structure type: Simple fault 

Structure number: Q5 
Comments: Fau lt 67 in Kirkham and Rogers ( 1 98 1 ) ;  fault 282 in Witkind ( 1 976) ;  fault 2255 in  
the U .S .  Geological Survey Quaternary fault and fold database. 

Structure name: Ladder Creek Fault 
Comments: The Ladder Creek Fault is an east-west oriented fault on the northeast marg in  of 
the Uncompahgre Upl ift. It is southwest of Grand Junction and east of Glade Park. The fault 
extends eastward from just east of the east end of the Glade Park Fault to the head of 
Ladder Canyon .  Wi l l iams ( 1 964) showed fau lts Q4-Q5 (th iS database) as single fau lt. 
Witkind ( 1 976) mapped fau lts Q4-Q6, Q8, Q 1 0, and Q 1 1 as a single fault wh ich he referred 
to as the Glade Park Fault. More detailed mapping by Lohman ( 1 963 ; 1 965) revealed that 
the faults are not connected at the surface. Lohman ( 1 963) labeled fault Q5 as the Ladder 
Creek Fau lt. 

Synopsis: 

The Ladder Creek Fault l ies on the northeast flank of the Uncompahgre Upl ift southwest of 
Grand Junction .  Wi l l iams ( 1 964) mapped Quaternary deposits abutting against the fault, 
but Lohman ( 1 965) showed this fau lt as being covered by Quaternary landsl ide deposits .  
Evidence for Quaternary movement on the fault was cited in Witkind ( 1 976) based on 
personal commun ication with Fred Cater. Based on the timing of abandonment of Unaweep 
Canyon by the Gunn ison River, Cater ( 1 966) indicated upl ift of the Uncompahgre Plateau 
began in the mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m 
of differential upl ift. Despite the lack of evidence of fau lted Quaternary deposits along the 
Ladder Creek Fau lt, it has been classified as a Quaternary fault (e.g .  Howard and others,  
1 978; Kirkham and Rogers, 1 98 1 ; Colman , 1 985), and no references have been publ ished 
that refute this age assignment. 

Date of compilation : 6/1 1 /97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Mesa 

10 x 20 Sheet: Moab 

Province : Colorado Plateaus 

Township and Range: 

Strike: N75W 

Number of traces: 1 

T1 2S, R1 00W 

End to end length : 4. 1 6  km 

Cumulative length : 4.20 km 

Reliabil ity of location :  Good 
Comments: This fau lt was mapped at a scale of 1 : 3 1  ,680 by Lohman ( 1 963; 1 965) and 
1 :250,000 by Wil l iams ( 1 964) .  The trace used herein is from Lohman ( 1 965) .  
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22 Q5 - Ladder Creek Fault 

Geologic setting :  

The Ladder Creek Fault i s  part of the northeast marg in  of the Uncompahgre Upl ift southwest 
of Grand Junction.  The Uncompahgre Upl ift is a northwest-trending,  east-ti lted fault block. 
Lohman ( 1 963) and Kirkham and Rogers ( 1 98 1 ) ind icated the fau lt is scissored with th row 
down to the south at the west end, and down to the north at the east end.  Witkind ( 1 976) 
suggested th row is down to the north but showed faults Q4-Q6, Q8, Q 1 0, and Q1 1 (th is 
database) as a single fau lt. Throw on the fau lt is opposite to local topography. This fault l ies 
in a tecton ically weakened area above the ancestral Garmesa and Doug lass Creek Fault 
zones (Stone, 1 977) . 

Sense of movement: NR 
Comments: Kirkham and Rogers ( 1 98 1 ) described this fault as  a d ip-sl ip  fault, but were 
uncertain as to normal or reverse. 

Dip: 

Comments: 

Dip direction : 

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits: 

Wil l iams ( 1 964) mapped Quaternary deposits as abutting against the fau lt ,  but Lohman 
( 1 963; 1 965) showed the fault as being overlain by unfau lted Quaternary landsl ide deposits 
with no more than 7 .5  m of throw in pre-Quaternary deposits .  The Jurassic Entrada 
Formation is the youngest deposit fau lted accord ing to Lohman ( 1 963). About 95% of the 
fau lt l ies in Paleozoic to lower Mesozoic bedrock and the remain ing 5% is concealed 
beneath landsl ide deposits (Lohman , 1 963) .  

Detai led studies: 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Quaternary depOSits are generally absent in this area making it d ifficult to 
recogn ize Quaternary movement on the fau lts. Wi l l iams ( 1 964) showed Quaternary depOSits 
as abutting against the fau lt trace, whi le Lohman ( 1 963; 1 965) showed the fau lt as overlain 
by unfaulted Quaternary landslide deposits .  Fau lts associated with the Uncompahgre U pl ift 
are often considered to have experienced Quaternary movement. Evidence for Quaternary 
movement on the fau lt was cited in Witkind ( 1 976) based on personal commun ication with 
Fred Cater. Based on the timing of abandonment of Unaweep Canyon by the Gunn ison 
River, Cater ( 1 966) indicated uplift of the Uncompahgre Plateau began in  the mid-Pl iocene 
and continued into the Pleistocene, resulting in as much as 640 m of differential up l ift. There 
is no other publ ished evidence that Quaternary deposits are offset by this structure .  Despite 
the lack of evidence for Quaternary movement, the Ladder Creek Fault has been classified 
as a Quaternary fault (e.g .  Howard and others, 1 978; Kirkham and Rogers,  1 98 1 ; Colman , 
1 985) ,  and no references have been published that refute this age assignment. 

Recurrence interval:  ND 
Comments: 



Q5 - Ladder Creek Fault 

Slip rate: unknown ; (D) <0.2 mmlyr 
Comments: Based on calcu lations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre U pl ift (Perry , 1 989), a s l ip rate of <0.2 mm/yr is estimated for th is complex. 

Earthquake notes : 
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24 Q6 - Bangs Canyon Fault 

Structure type: Simple fau lt 

Structure number: Q6 
Comments: Fault 68 in Kirkham and Rogers ( 1 98 1 ) ;  fault 282 in Witkind ( 1 976) ;  fault 2256 in 
the U . S. Geolog ical Survey Quaternary fault and fold database. 

Structure name: Bangs Canyon Fault 
Comments: The Bangs Canyon Fault is a northwest-trending fau lt on the northeast marg in  
of  the Uncompahgre Upl ift. The fau lt l ies between the towns of Whitewater and Glade Park 
and is perpendicular to Bangs Canyon . It extends southeast from the Ladder Creek 
MonoCline (which is an extension of the Ladder Creek Fau lt) and d ies out and becomes the 
East Creek fau lted monocl ine. Witkind ( 1 976) mapped fau lts Q4-Q6, Q8, Q 1 0, and Q 1 1 (th is 
database) as a single fault which he referred to as the Glade Park Fault. More detai led 
mapping by Lohman ( 1 963; 1 965) revealed that the faults are not connected at the surface. 
Lohman ( 1 963) labeled fau lt Q6 as the Bangs Canyon Fau lt. 

Synopsis: 

The Bangs Canyon Fault l ies on the northeast flank of the Uncompahgre Upl ift south of 
Grand J unction .  Wi l l iams ( 1 964) mapped Quaternary deposits abutting against the fault, 
but Lohman, 1 965 showed this fau lt as being covered by Quaternary landslide deposits. 
Evidence for Quaternary movement on the fau lt was cited in  Witkind ( 1 976) based on 
personal commun ication with Fred Cater. Based on the t iming of abandonment of Unaweep 
Canyon by the Gunn ison River, Cater ( 1 966) ind icated upl ift began in the mid-Pl iocene and 
continued into the Pleistocene, resulting in as much as 640 m of d ifferential upl ift. Despite 
the lack of evidence of faulted Quaternary deposits along the Bangs Canyon Fau lt, it has 
been classified as a Quaternary fault (e.g .  Howard and others, 1 978 ; Kirkham and Rogers,  
1 98 1 ; Colman ,  1 985) ,  and no references have been publ ished that refute th is age 
assignment. 

Date of compilation : 6/1 1 /97 

. Compiler and affil iation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Mesa 

10 x 20 Sheet: Moab 

Province :  Colorado Plateaus 

Township and Range: 

Strike: N32W 

Number of traces: 1 

T1 2S, R1 00W- T1 2S, R1 00W 

End to end length : 6.29 km 

Cumulative length : 6.40 km 

Reliabil ity of location : Good 
Comments: This fau lt was mapped at a scale of 1 : 3 1 ,680 by Lohman ( 1 963; 1 965) and 
1 :250,000 by Wi l l iams ( 1 964) .  The trace used herein is from Lohman ( 1 965) .  



Q6 - Bangs Canyon Fault 

Geologic setting:  

This  fau lt is part of  the northeast margin of  the Uncompahgre Uplift south of  Grand Junction .  
The Uncompahgre Upl ift is a northwest-trending , east-ti lted fau lt block. This fau lt is a h igh
angle normal fau lt that is down to the northeast. This fault l ies in a tecton ical ly weakened 
area above the ancestral Garmesa and Doug lass Creek Fault zones (Stone, 1 977). 

Sense of movement: N 
Comments: Heyman ( 1 983) mapped this fau lt as down to the northeast on a northeast 
d ipping-plane. Kirkham and Rogers ( 1 981 ) also described this as a normal fau lt. 

Dip: 

Comments: 

Dip direction :  NE 

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits : 

Will iams ( 1 964) mapped Quaternary deposits as abutting against the fault ,  but Lohman 
( 1 963; 1 965) showed the fault as being overlain by unfau lted Quaternary landsl ide deposits. 
The Cretaceous Dakota and Burro Formations are the youngest deposits fau lted accord ing 
to Lohman ( 1 963). About 95% of the fault l ies in Paleozoic to lower Mesozoic bedrock, and 
the remain ing 5% is concealed beneath landslide deposits (Lohman,  1 963) .  

Detai led stud ies : 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Quaternary deposits are generally absent in this area making it d ifficult to 
recogn ize Quaternary movement on the faults . Wi l l iams ( 1 964) showed Quaternary deposits 
as abutting against the fault trace, wh i le Lohman ( 1 963; 1 965) showed the fault as overlain 
by unfau lted Quaternary landslide depOSits. Fau lts associated with the Uncompahgre Upl ift 
are often considered to have experienced Quaternary movement. Evidence for Quaternary 
movement on the fault was cited in Witkind ( 1 976) based on personal communication with 
Fred Cater. There is no other publ ished evidence that Quaternary deposits are offset by this 
structure. Based on the timing of abandonment of Unaweep Canyon by the Gunn ison River, 
Cater ( 1 966) ind icated upl ift began in the mid-Pl iocene and continued into the Pleistocene, 
result ing in as much as 640 m of d ifferential uplift. Despite the lack of evidence for 
Quaternary movement, the Bangs Canyon Fault has been classified as a Quaternary fau lt 
(e.g .  Howard and others,  1 978; Kirkham and Rogers,  1 98 1 ; Colman,  1 985) ,  and no 
references have been publ ished that refute th is age assignment. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre U plift (Perry , 1 989),  a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes: 

25 



26 Q6 - Bangs Canyon Fault 
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Q7 - Un named Fault East of Whitewater 

Structure type: Simple fau lt 

Structure number: Q7 
Comments: Fault 69 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2257 in the U .S .  Geological Survey 
Quaternary fault and fold database. 

Structure name: Unnamed Fault East of Whitewater 
Comments: This unnamed northwest-trending fau lt l ies on the northeast marg in of the 
Uncompahgre Upl ift west of the town of Whitewater. The fau lt is perpend icular to and 
between Ladder and Bangs Canyons. 

Synopsis : 

This fault l ies on the northeast margin of the Uncompahgre Upl ift. It was mapped as a 
Quaternary fault by Kirkham and Rogers ( 1 98 1 ) because of its structural relationship to other 
fau lts on the northeast margin of the Uncompahgre Upl ift postu lated as having Quaternary 
movement. Colman ( 1 985) also mapped this as a Quaternary fau lt but cited Kirkham and 
Rogers ( 1 98 1 ) for this age assignment. 

Date of compilation : 6/1 1 /97 

Compiler and affiliation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Mesa 

10 x 20 Sheet: Moab 

Province :  Colorado Plateaus 

Township and Range: 

Strike: N39W 

Number of traces: 1 

T1 2S, R99W- T1 2S, R1 00W 

End to end length : 1 .88 km 

Cumulative length : 1 . 86 km 

Reliabil ity of location : Good 
Comments: Wi l l iams ( 1 964) mapped the fau lt at 1 :250,000. 

Geologic setting:  

This fau lt is part of  the northeast margin of  the Uncompahgre Uplift south of  Grand Junction .  
The Uncompahgre Uplift is a northwest-trending ,  east-ti lted fault block. This is a h igh-angle 
normal fault that is down to the northeast. This fault l ies in a tectonical ly weakened area 
above the ancestral Garmesa and Doug lass Creek Fault zones (Stone, 1 977).  

Sense of movement: N 
Comments :  Kirkham and Rogers ( 1 98 1 )  described this fau lt as normal .  

Dip: 

Comments: 
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28 Q7 - Un named Fault East of Whitewater 

Dip direction : 

Geomorphic expression : 

Geomorphic ind icators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits : 

The fau lt l ies entirely in lower Mesozoic bedrock (Lohman,  1 963). 

Detai led stud ies: 

No detai led studies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Kirkham and Rogers ( 1 98 1 ) mapped th is as a Quaternary fault based on its 
structural relationship to other fau lts along the northeast margin of the Uncompahgre Upl ift 
that are considered to be Quaternary faults. Colman ( 1 985) cited Kirkham and Rogers 
( 1 98 1 ) for his Quaternary age assignment to the fault. There is not any publ ished evidence 
of Quaternary deposits being offset by th is fau lt. However, faults associated with the 
Uncompahgre Upl ift are often considered to have experienced Quaternary movement. 
Evidence of Quaternary movement for several of the fau lts assoicated with the Uncompahgre 
U pl ift was cited in Witkind ( 1 976) ,  based on personal communication with Fred Cater. Based 
on the t iming of abandonment of Unaweep Canyon by the Gunn ison River, Cater ( 1 966) 
indicated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (0) <0.2 mm/yr 
Comments: Assuming this fau lt is related to the Neogene Uncompahgre Upl ift, a sl ip rate of 
<0.2 mm/yr is estimated for th is fau lt based on calcu lations of an overal l  upl ift rate of 0 .4 
m/1 000 yr since 1 . 8 Ma for the Uncompahgre Upl ift (Perry , 1 989). 

Earthquake notes : 
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30 Q8 - Cactus Park Fault 

Structure type: Simple fault 

Structure number: Q8 
Comments: Fault 70 in Kirkham and Rogers ( 1 98 1 ) ;  fault 282 in Witkind ( 1 976) ;  fau lt 2258 in 
the U.S.  Geolog ical Survey Quaternary fault  and fold database. 

Structure name: Cactus Park Fau lt 
Comments: The Cactus Park Fault is a northwest-trending fault on the northeast marg in  of 
the Uncompahgre U pl ift southeast of Grand Junction. The fau lt extends from near the south 
end of the Bangs Canyon Fault southeastward to the east side of H ighway 1 4 1  in Unaweep 
Canyon .  The west end of the fau lt d ies out and becomes the North East Creek Monocl ine 
wh ich connects to the southeast end of the Bangs Canyon Fau lt. Witkind ( 1 976) mapped 
fau lts Q4-Q6, Q8, Q 1 0 , and Q1 1 (th is database) as a single fault which he referred to as the 
G lade Park Fau lt. More detai led mapping by Lohman ( 1 963) revealed that the fau lts are not 
connected at the surface. He labeled fau lt Q8 as the Cactus Park Fault. 

Synopsis: 

The Cactus Park Fault l ies on the northeast margin of the Uncompahgre Upl ift southeast of 
Grand Junction .  Lohman ( 1 963) showed Quaternary al luvial deposits as offset by the fau lt. 
Later mapping by Lohman ( 1 965) however, showed the fau lt as being concealed beneath 
Quaternary al luvium. Evidence for Quaternary movement on the fault was cited in Witkind 
( 1 976) based on personal commun ication with Fred Cater. Based on the t iming of 
abandonment of Unaweep Canyon by the Gunn ison River, Cater ( 1 966) ind icated upl ift of the 
Uncompahgre P lateau began in the mid-Pl iocene and continued into the Pleistocene, 
resu lting in  as much as 640 m of differential upl ift. Despite the lack of evidence of fau lted 
Quaternary deposits along the Cactus Park Fau lt, it has been classified as a Quaternary fault 
(e.g .  Howard and others,  1 978; Kirkham and Rogers, 1 98 1 ; Colman,  1 985) ,  and no 
references have been publ ished that refute th is age assignment. 

Date of compilation: 6/1 1 /97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Mesa 

10 x 20 Sheet: Moab 

Province :  Colorado Plateaus 

Township  and Range: 

Strike: N72W 

Number of traces: 1 

T1 4S, R99W- T1 3S, R 1 OOW 

End to end length : 1 .85 km 

Cumulative length : 1 .88 km 

Reliabil ity of location :  Good 
Comments: This fault was mapped at a scale of 1 : 3 1  ,680 by Lohman ( 1 963; 1 965) and 
1 :250,000 by Wi l l iams ( 1 964).  The trace used herein is from Lohman ( 1 965). 



Q8 - Cactus Park Fault 

Geologic setting : 

The Cactus Park Fault is part of the northeast margin of the Uncompahgre Uplift south of 
Grand J unction.  The Uncompahgre Uplift is a northwest-trending , east-tilted fault block. 
This fau lt is a h igh-angle normal fault that is down to the northeast. I t  l ies in a tecton ically 
weakened area above the ancestral Garmesa and Doug lass Creek Fault zones (Stone, 
1 977) .  

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 )  described this fault as normal .  

Dip:  

Comments: 

Dip direction : 

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits : 

Quaternary al luvial deposits were shown as fau lted by Lohman ( 1 963) , but later mapping by 
Lohman ( 1 965) showed the fau lt as concealed by Quaternary al luvial deposits .  Holocene 
deposits are not offset by the fault accord ing to Kirkham and Rogers ( 1 98 1 ) .  The fau lt l ies 
almost enti rely in lower Mesozoic bedrock with less than 5% of the fault extending through 
Quaternary deposits . 

Detailed stud ies : 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Lohman ( 1 963) showed Quaternary al luvial deposits offset by the Cactus Park 
Fault, but the fau lt was mapped by Lohman ( 1 965) as concealed by Quaternary deposits .  
Fau lts associated with the Uncompahgre Upl ift, however, are often considered to have 
experienced Quaternary movement. Evidence for Quaternary movement on the fault was 
cited in Witkind ( 1 976) based on personal communication with Fred Cater. Based on the 
timing of abandonment of Unaweep Canyon by the Gunn ison River, Cater ( 1 966) ind icated 
up l ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. Other than Lohman ( 1 963) , 
there is no other publ ished evidence that Quaternary deposits are offset by th is structu re. 
Despite the lack of evidence for Quaternary movement, the Cactus Park Fault has been 
classified as a Quaternary fau lt (e.g .  Howard and others ,  1 978; Kirkham and Rogers ,  1 98 1 ; 
Colman ,  1 985) , and no references have been publ ished that refute this age assignment. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on calculations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre Upl ift (Perry , 1 989),  a s l ip rate of <0.2 mm/yr is estimated for th is complex. 

Earthquake notes : 
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Q9 - Un named Fault near Bridgeport 

Structure type: Simple fau lt 

Structure number: Q9 
Comments: Fault 7 1  in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2259 in the U .S .  Geolog ical Survey 
Quaternary fau lt and fold database. 

Structure name: Unnamed Fault near Bridgeport 
Comments: This unnamed northwest-trending fau lt l ies on the the northeast marg in  of the 
Uncompahgre Upl ift near the town of Bridgeport, southeast of Grand Junction .  The west end 
of the fau lt g rades into the Deer Run Monocl ine (Lohman,  1 963) .  

Synopsis: 

This fau lt l ies on the northeast margin of the Uncompahgre Upl ift southeast of Grand 
J unction .  Quaternary deposits may be offset by this fau lt across the Gunn ison River val ley 
accord ing to Wi l l iams ( 1 964).  Based on the timing of abandonment of Un.aweep Canyon by 
the Gunn ison River, Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m of d ifferential 
up l ift. Despite the lack of evidence of faulted Quaternary depOSits along this unnamed fau lt, 
it has been classified as a Quaternary fau lt (Kirkham and Rogers,  1 98 1 ; Colman , 1 985; Lettis 
and others,  1 996) . 

Date of compilation : 6/1 1 /97 

Compiler and affil iation: Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Mesa, Delta 

10 x 20 Sheet: Moab 

Province :  Colorado Plateaus 

Township and Range: 

Strike: N72W 

Number of traces: 1 

T1 4S, R98W- T1 4S, R2E 

End to end length : 1 0 .99 km 

Cumulative length : 1 1 .06 km 

Reliabil ity of location : Good 
Comments: The fault was mapped at a scale of 1 : 3 1  ,680 by Lohman ( 1 963 ; 1 965) ,  and at a 
scale of 1 :250,000 by Wi l l iams ( 1 964) and Lettis and others ( 1 996) . The trace used herein is 
from Wi l l iams ( 1 964) .  

Geologic setting:  

This fau lt is part of  the northeast margin of  the Uncompahgre Upl ift south of  Grand Junction.  
The Uncompahgre Upl ift is a northwest-trending, east-ti lted fau lt block. This fault is a h igh
angle normal fault that is down to the north ,  and it grades westward into a fau lted monocl ine. 
The fau lt l ies in a tectonically weakened area above the ancestral Garmesa and Doug lass 
Creek Fault zones (Stone, 1 977). 
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Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 ) described this fault as normal .  

Dip: 

Comments: 

Dip d irection :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits :  

Will iams ( 1 964) mapped this fau lt trace as a solid l i ne  through a narrow finger of  Quaternary 
a l luvium along the Gunn ison River val ley, suggesting offset of the Quaternary deposits .  The 
Cretaceous Mancos Shale is the next youngest deposit offset by the fau lt. The majority of 
the fau lt l ies in lower Mesozoic bedrock and only extends beneath a thin sl iver of Quaternary 
deposits across the Gunn ison River valley. 

Detai led studies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Wil l iams ( 1 964) showed a very small finger of Quaternary al luvium as offset by 
the fau lt. Based on the timing of abandonment of Unaweep Canyon by the Gunn ison River, 
Cater ( 1 966) ind icated uplift of the Uncompahgre Plateau began in the mid-Pl iocene and 
continued into the Pleistocene, resu lting in  as much as 640 m of d ifferential uplift. This 
structure was mapped as a Quaternary fau lt by Kirkham and Rogers ( 1 98 1 ) and Colman 
( 1 985). Lettis and others ( 1 996) suggested Quaternary movement on many of the fau lts 
associated with the Uncompahgre Upl ift and map the structure as a fault with known or 
suspected late Quaternary movement, but they do not discuss this particular fault specifically 
in the text of their report. 

Recurrence interval :  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 . 8 Ma for 
the Uncompahgre Upl ift (Perry , 1 989), a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes: 
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36 Q1 0 - U nnamed Fault at Big Dominguez Creek 

Structure type: Simple fau lt 

Structure number: Q 1 0  
Comments: Fault 72 i n  Kirkham and Rogers ( 1 981 ) ;  fau lt 282 i n  Witkind ( 1 976) ;  fault 2260 in  
the U .S .  Geolog ical Survey Quaternary fau lt and fold database. 

Structure name: Unnamed Fault at Big Dominguez Creek 
Comments: This unnamed northwest-trending fault l ies on the northeast margin of the 
Uncompahgre Upl ift southeast of Grand Junction and southwest of Bridgeport. The fau lt is 
perpend icular to Big Dominguez Creek. Witkind ( 1 976) mapped fau lts Q4-Q6, Q8, Q 1 0, and 
Q 1 1 (th is database) as a single fault which he referred to as the Glade Park fau lt. Other 
references (e .g .  Wi l l iams, 1 964; Kirkham and Rogers,  1 98 1 ; Lettis and others,  1 996) showed 
that the faults are not connected at the surface. 

Synopsis: 

This fau lt l ies on the northeast marg in  of the Uncompahgre Upl ift southeast of Grand 
J unction . Based on the t iming of abandonment of Unaweep Canyon, Cater ( 1 966) indicated 
up l ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. Despite the lack of evidence 
for Quaternary movement, this fault has been classified as a Quaternary fau lt (e.g .  Howard 
and others, 1 978; Kirkham and Rogers,  1 98 1 ;  Colman, 1 985; Lettis and others, 1 996), and 
no references have been publ ished that refute this age assignment. 

Date of compilation :  6/1 1 /97 

Compiler and affil iation :  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Mesa 

1° x 2° Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N53W 

Number of traces: 1 

T1 4S, R99W 

End to end length : 3 .92 km 

Cumulative length : 3 .91  km 

Reliabil ity of location : Good 
Comments: The fault was mapped at 1 :250,000 by Wi l l iams ( 1 964) and Lettis and others 
( 1 996) .  The trace used herein is from Wi l l iams ( 1 964).  

Geologic setting:  

This fault is part of  the northeast margin of  the Uncompahgre Upl ift southeast of  Grand 
J unction.  The Uncompahgre Uplift is a northwest-trending,  east-ti lted fau lt block. This fau lt 
is a h igh-angle normal fault that is down to the southwest. Witkind ( 1 976) suggested throw is 
down to the northeast but showed fau lts Q4-Q6, Q8, Q 1 0 , and Q1 1 (this database) as a 
single fau lt. Parts of this fault complex are in fact down to the northeast (fau lts Q6 and Q8) ,  



Q1 0 - U nnamed Fault at Big Dom i nguez Creek 

but the remainder of the faults, includ ing th is unnamed fau lt, are down to the southwest 
(Wi l l iams, 1 964; Kirkham and Rogers,  1 98 1 ; Colman , 1 985; Lettis and others ,  1 996) . Throw 
on the fau lt is opposite to local topography. The fau lt l ies in a tecton ical ly weakened area 
above the ancestral Garmesa and Douglass Creek fau lt zones (Stone, 1 977). 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 ) described th is fau lt as normal .  

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic ind icators of youthfu l  fau lting have not been reported. 

Age of faulted deposits: 

The Cretaceous Dakota Sandstone and Burro Canyon Formation are the youngest deposits 
mapped as offset by this fau lt. Quaternary deposits are absent in this area , and the fault l ies 
entirely with in Precambrian to lower Mesozoic bedrock (Wil l iams, 1 964) .  

Detai led studies :  

No detai led stud ies have been conducted on th is fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in Quaternary deposits ,  fau lts associated 
with the Uncompahgre Uplift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on this fau lt was cited in Witkind ( 1 976) 
based on personal commun ication with Fred Cater. Based on the timing of abandonment of 
Unaweep Canyon , Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m of d ifferential 
up l ift. There is no other published evidence that Quaternary depOSits are offset by this 
structure. Despite the lack of evidence for Quaternary movement, th is fault has been 
classified as a Quaternary fau lt (e .g .  Howard and others ,  1 978; Kirkham and Rogers, 1 98 1 ; 
Colman ,  1 985; Lettis and others, 1 996) , and no references have been publ ished that refute 
this age assignment. 

Recurrence interval :  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Based on calculations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 . 8 Ma for 
the Uncompahgre Upl ift (Perry,  1 989), a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes : 
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Q1 1 - U nnamed Fault at Little Dominguez Creek 

Structure type: Simple fault 

Structure number: Q 1 1 
Comments: Fau lt 73 in Kirkham and Rogers ( 1 98 1 ) ;  fault 282 in Witkind ( 1 976); fault 226 1 in 
the U.S.  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault at Little Dominguez Creek 
Comments: Th is northwest-trending fau lt l ies on the northeast marg in of the Uncompahgre 
Upl ift southeast of Grand Junction. The fau lt crosses and is perpendicular to Little 
Dominguez Creek and extends southeast into Escalante Creek. Witkind ( 1 976) mapped 
fau lts Q4-Q6, Q8, Q 1 0, and Q1 1 (th is database) as a single fault which he referred to as the 
Glade Park fault. Other references (e .g .  Wil l iams, 1 964; Kirkham and Rogers,  1 98 1 ; Lettis 
and others, 1 996) showed that the faults are not connected at the surface. 

Synopsis: 

This fau lt l ies on the northeast margin of the Uncompahgre Upl ift southeast of Grand 
Junction . Evidence for Quaternary movement on th is fau lt was cited in Witkind ( 1 976) based 
on personal communication with Fred Cater. Based on the timing of abandonment of 
Unaweep Canyon, Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m of d ifferential 
up l ift. Despite the lack of evidence of faulted Quaternary deposits along this unnamed fau lt, 
it has been classified as a Quaternary fau lt (Howard and others ,  1 978; Kirkham and Rogers,  
1 98 1 ; Colman,  1 985; Lettis and others, 1 996) ,  and no references have been publ ished that 
refute this age assignment. 

Date of compilation :  6/1 1 /97 

Compiler and affil iation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Mesa, Delta 

10 x 20 Sheet: Moab 

Province :  Colorado Plateaus 

Township  and Range: 

Strike: N57W 

Number of traces: 1 

T1 5S, R99W 

End to end length : 1 4 .23 km 

Cumulative length : 1 4 .29 km 

Reliabil ity of location :  Good 
Comments: The fau lt was mapped at 1 :250,000 by Wil l iams ( 1 964) and Lettis and others 
( 1 996). The trace used herein is from Wi l l iams ( 1 964).  

Geologic setting:  

This fau lt is part of  the northeast margin of  the Uncompahgre Upl ift southeast of  Grand 
Junction .  The Uncompahgre Upl ift is a northwest-trend ing ,  east-ti lted fau lt block. This fault 
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is a h igh-angle normal fault that is down to the southwest. Witkind ( 1 976) suggested th row is 
down to the northeast but showed fau lts Q4-Q6, Q8,  Q 1 0 , and Q 1 1 (th is database) as a 
single fau lt. Parts of this fault complex are in fact down to the northeast (fau lts Q6 and Q8) ,  
but the remainder of the fau lts, including th is unnamed fau lt, are down to the southwest 
(Wi l l iams, 1 964; Kirkham and Rogers,  1 98 1 ; Colman ,  1 985; LeUis and others,  1 996). Throw 
on the fau lt is opposite to local topography. The fault l ies in a tectonical ly weakened area 
above the ancestral Garmesa and Douglass Creek fau lt zones (Stone, 1 977) .  

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 )  l isted this fault as normal .  

Dip:  

Comments: 

Dip direction : 

Geomorphic expression : 

Geomorph ic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits :  

The Cretaceous Dakota Sandstone and Burro Canyon Formation are the youngest deposits 
offset by this fau lt. Quaternary deposits are absent in this area , and the fau lt l ies entirely 
with in  Precambrian to lower Mesozoic bedrock (Wi l l iams, 1 964) .  

Detai led stud ies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in Quaternary deposits ,  fau lts associated 
with the Uncompahgre Uplift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on this fau lt was cited in Witkind ( 1 976) 
based on personal commun ication with Fred Cater. There is no other publ ished evidence 
that Quaternary deposits are offset by this structure. Based on the timing of abandonment of 
Unaweep Canyon , Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau began i n  the 
mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m of d ifferential 
up l ift. Despite the lack of evidence for Quaternary movement, th is fault has been classified 
as a Quaternary fault (e.g .  Howard and others, 1 978; Kirkham and Rogers, 1 98 1 ; Colman,  
1 985;  LeUis and others,  1 996) ,  and no references have been publ ished that refute th is age 
assignment. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 . 8 Ma for 
the Uncompahgre Upl ift (Perry , 1 989), a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes: 



Q1 1 - U nnamed Fault at Little Dom i ng uez C reek 

References Cited : 

Cater, F .W. ,  J r. ,  1 966, Age of the Uncompahgre Uplift and Unaweep Canyon, west-centra l 
Colorado, ' in '  Geological Survey Research 1 966, Chapter C: U .S .  Geolog ical Survey 
Professional Paper 550-C, p. C86-C92 . 

Colman ,  S .M . ,  1 985, Map showing tectonic features of late Cenozoic orig in  in Colorado: U .S .  
Geological Survey Miscellaneous Geologic I nvestigations Map 1 - 1 566. 

Howard , KA , Aaron ,  J . M . ,  Brabb, E. E . ,  Brock, M . R ,  Gower, H .D . , Hunt, S .J . ,  M i lton ,  D . J . ,  
Muehlberger, W.R ,  Nakata, J . K, Plafker, G . ,  Prowel l ,  D .C . , Wal lace, R E . ,  and Witkind ,  I . J . , 
1 978,  Prel iminary map of young faults in the United States as a gu ide to possible fault 
activity: U .S .  Geological Survey Miscel laneous Field Studies Map, MF-9 1 6. 

Kirkham, R M . ,  and Rogers, W. P . ,  1 98 1 , Earthquake potential in Colorado:  Colorado 
Geological Survey Bu l letin 43, 1 7 1 p.  

Lettis, W. , Nol ler, J . ,  Wong,  I . ,  Ake, J . ,  Vetter, U . ,  and LaForge, R, 1 996, Draft report, 
Seismotecton ic evaluation of Colorado River storage project-Crysta l ,  Morrow Point, Blue 
Mesa dams, Smith Fork project-Crawford dam, west-central Colorado: unpubl ished draft 
report prepared by Wi l l iam Lettis & Associates, I nc. , Woodward-Clyde Federal  Services, and 
Seismotectonics and Geophysical Group of the U .S .  Bureau of Reclamation in  Denver, 
Colorado,  1 77 p .  

Perry , T.W.v. , 1 989, Tectonic inference and computer simu lation in stream long itud inal 
profi le evolution , Unaweep Canyon and vicin ity , Colorado and Utah [abs . ] :  Geological 
SOCiety of America , Abstracts with Programs, v.  2 1 , no. 6 ,  p .  269. 

Stone, D .S . ,  1 977, Tectonic history of the Uncompahgre Upl ift, 'in' Veal ,  H . K. ,  ed . ,  
Exploration Frontiers of the central and southern Rockies: Rocky Mountain Association of 
Geologists, 1 977 Field Conference Gu idebook, p .  23-30. 

Wi l l iams, P .L . , 1 964 , Geology, structure ,  and uran ium deposits of the Moab quadrangle, 
Colorado and Utah:  U.S. Geological Survey Miscellaneous Geolog ic I nvestigations Map 1-
360.  

Witkind ,  ! . J . ,  1 976 , Prel iminary map showing known and suspected active fau lts in  Colorado: 
U .S .  Geolog ical Survey Open-fi le Report 76-1 54.  

41  



42 Q1 2 - U nnamed Fault near Escalante 

Structure type: Simple fau lt 

Structure number: Q 1 2  
Comments: Fault 74 i n  Kirkham and Rogers ( 1 98 1 ) ;  fault 2262 i n  the U . S .  Geolog ical Survey 
Quaternary fau lt and fold database. 

Structure name: Unnamed Fault near Escalante 
Comments: This is a general ly east-west oriented fault on the northeast marg in  of the 
Uncompahgre Upl ift northwest of the town of Huff. The fau lt is exposed in a roadcut on 
H ighway SO about 14 km west of Delta, but there does not appear to be any surface 
expression of the fau lt. The fault was fi rst described by Klein and Osterwald ( 1 974) and 
mapped as a Quaternary fault by Kirkham and Rogers ( 1 98 1 ) .  

Synopsis : 

This fau lt l ies on the northeast margin of the Uncompahgre Upl ift west of Delta .  Exposure of 
the fault i n  a roadcut reveals offset of about 1 .2 m at the base of a pre-Bul l  Lake gravel 
deposit. Although the fault is exposed in roadcut on H ighway SO west of Delta , there is no 
reported surface expression of the fault (Kirkham and Rogers, 1 98 1 ) .  

Date of  compilation :  6/1 1 /97 

Compiler and affil iation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Delta 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N8SW 

Number of traces: 1 

T4S, R3E 

End to end length : 1 .S6 km 

Cumulative length : 1 .S7 km 

Reliabi l ity of location : Poor 
Comments: The fau lt was shown only at a scale of 1 : SOO,OOO by Kirkham and Rogers ( 1 98 1 ) .  

Geologic setting:  

This  fau lt l ies on the northeast margin of  the Uncompahgre Upl ift west of  Delta. The 
Uncompahgre Uplift is a northwest-trending , east-tilted fault block. Th is is a h igh-angle 
normal fault that is down to the south . The south-d ipping fault plane contains clay gouge up 
to 1 cm th ick, the hanging wal l  is marked by a 1 . S-cm-th ick brecciated zone, and gravel 
clasts are rotated in accordance with fault movement (Kirkham and Rogers,  1 98 1 ) .  The fault 
l ies in a tecton ically weakened area above the ancestral Garmesa and Doug lass Creek fau lt 
zones (Stone, 1 977) . 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 ) l isted this fau lt as normal .  



Q1 2 - U nnamed Fault near Escalante 

Dip: 49°SW 
Comments: Kirkham and Rogers ( 1 98 1 )  reported a d ip  of 49°SW in the roadcut on Highway 
50. 

Dip direction :  SW 

Geomorphic expression : 

Although the fault is exposed in roadcut on H ighway 50 west of Delta, there is no reported 
surface expression of the fault. 

Age of fau lted deposits : 

Pre-Bul l  Lake gravel deposits are offset by about 1 .2 m across the fault (Kirkham and 
Rogers,  1 98 1 ) .  

Detai led stud ies : 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Pre-Bu l l  Lake gravel deposits are offset by the fault (Kirkham and Rogers, 1 981 ) .  

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on 1 .2 m of offset in pre-Bul l  Lake Quaternary deposits (Kirkham and 
Rogers,  1 98 1 ) ,  a sl ip rate of <0.2 mmlyr is estimated for this fau lt. 

Earthquake notes: 
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44 Q1 3 - Ryan Creek Fault Zone 

Structure type: Simple fau lt 

Structure number: Q 1 3  
Comments: Fault 76 i n  Kirkham and Rogers ( 1 98 1 ) ;  fault 349 i n  Witkind ( 1 976) ;  fault 2263 in  
the U .S .  Geological Survey Quaternary faul t  and fold database. 

Structure name: Ryan Creek Fault Zon
.
e 

Comments: The Ryan Creek Fault zone trends east-west along the southwest marg in  of the 
Uncompahgre Upl ift. About half of the fau lt length is in Utah.  The fault extends east into 
Colorado from the flank of the Haystack Peaks paral lel to Ryan Gulch, then bends southwest 
toward Unaweep Canyon .  The fault forms the northeast marg in  of the Ute Creek Graben . 
This description focuses on the portion of the fau lt that extends into Colorado. 

Synopsis: 

The. Ryan Creek Fault zone l ies on the southeast marg in  of the Uncompahgre Upl ift near the 
Colorado/Utah border. Evidence for Quaternary movement on this fau lt zone was cited in 
Witkind ( 1 976) based on personal communication with Fred Cater. Based on the t iming of 
abandonment of Unaweep Canyon , Cater ( 1 966) ind icated uplift of the Uncompahgre Plateau 
began in  the mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m 
of d ifferential upl ift. Despite the lack of evidence of faulted Quaternary deposits along the 
Ryan Creek Fault zone, it has been classified as a Quaternary fault (Howard and others,  
1 978; Kirkham and Rogers, 1 98 1 ; Colman , 1 985), and no references have been publ ished 
that refute this age assignment. 

Date of compilation :  6/1 1 /97 

Compiler and affiliation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado, Utah 

County: Mesa 

10 x 20 Sheet: Moab 

Province :  Colorado Plateaus 

Township  and Range: 

Strike: N63W 

Number of traces: 1 

T1 4S, R1 03W- T22S, R24E 

End to end length : 1 6 .33 km 

Cumulative length : 1 7 .52 km 

Reliabil ity of location : Good 
Comments: The fault was mapped by Wi l l iams ( 1 964) at 1 :250, 000. 

Geologic setting:  

The Ryan Creek Fault zone l ies on the northeast margin of  the Uncompahgre Upl ift along the 
Utah/Colorado border near the Little Dolores River. The Uncompahgre Uplift is a northwest
trending ,  east-ti lted fault block. This fault is a h igh-angle normal fault that is down to the 
south and southwest. The fault l ies in  a tectonical ly weakened area above the ancestral 
Uncompahgre Fault zone (Stone, 1 977) and may merge at depth with a major upl ift-bounding 
reverse fault (Ely and others, 1 986). 



Q1 3 - Ryan Creek Fault Zone 

Sense of movement: N 
Comments: Heyman ( 1 983) mapped this fault as down to the southwest on a southwest
d ipping fault plane. Kirkham and Rogers ( 1 98 1 ) also l isted this fau lt as normal .  Ely and 
others ( 1 986) suggested it merges with a major upl ift-bounding reverse fault at depth . 

Dip:  75°SW 
Comments: Heyman ( 1 983) measured a dip of 75°SW for part of the Ryan Creek Fau lt zone 
in Utah in the vicin ity of T22S, R26E. 

Dip d irection :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported. 

Age of fau lted deposits:  

The Cretaceous Dakota Sandstone and Burro Canyon Formation are the youngest deposits 
offset by the fault. The fau lt l ies entirely with in Precambrian and lower Mesozoic bedrock 
and Quaternary deposits are absent along the trace of the fault (Wi l l iams, 1 964). 

Detai led studies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in Quaternary deposits ,  faults associated 
with the Uncompahgre Upl ift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on this fault zone was cited in Witkind 
( 1 976) based on personal communication with Fred Cater. Based on the t iming of 
abandonment of Unaweep Canyon , Cater ( 1 966) indicated upl ift of the Uncompahgre Plateau 
began in the mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m 
of d ifferential upl ift. There is no other publ ished evidence that Quaternary deposits are offset 
by this structure. Despite the lack of evidence for Quaternary movement, this fau lt has been 
classified as a Quaternary fault (e.g .  Howard and others, 1 978; Kirkham and Rogers,  1 98 1 ; 
Colman, 1 985) , and no references have been published that refute this age assignment. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre Upl ift (Perry , 1 989) , a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes : 

The 1 985 Gateway earthquakes are bel ieved to have occurred at a depth of 8 km beneath 
Lost Horse Basin at the western end of the Ute Creek Graben, which is bounded on the north 
by the Ryan Creek Fault zone (Ely and others,  1 986) .  

References Cited : 

Cater, F .W. ,  J r. ,  1 966 , Age of the Uncompahgre Uplift and Unaweep Canyon,  west-centra l 
Colorado, ' in '  Geological Survey Research 1 966, Chapter C: U .S .  Geological Survey 
Professional Paper 550-C, p. C86-C92 . 

45 



46 Q1 3 - Ryan Creek Fault Zone 
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Q1 4 - U nnamed Fault of Lost Horse Basin  

Structure type: Simple fault 

Structure number: Q 1 4  
Comments: Fault 7 7  i n  Kirkham and Rogers ( 1 98 1 ) ;  fault 2264 i n  the U . S .  Geological Survey 
Quaternary fault and fold database. 

Structure name: Unnamed Fault of Lost Horse Basin 
Comments: This unnamed northwest-trending fault extends from Utah i nto Colorado th rough 
Lost Horse Basin on the southwest flank of the Uncompahgre Upl ift. Lost Horse Basin l ies at 
the northwest end of the Ute Creek Graben . 

Synopsis: 

This fault l ies on the southeast marg in  of the Uncompahgre Upl ift near the Colorado/Utah 
border. Wi l l iams ( 1 964) mapped Quaternary deposits as both conceal ing the fau lt and as 
abutt ing against the fault. Based on the timing of abandonment of Unaweep Canyon ,  Cater 
( 1 966) ind icated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued 
into the Pleistocene, resu lting in as much as 640 m of d ifferential up l ift. Despite the lack of 
evidence of fau lted Quaternary deposits along this unnamed fault, it has been classified as a 
Quaternary fau lt (e. g . ,  Kirkham and Rogers,  1 98 1 ; Colman, 1 985) , and no references have 
been publ ished that refute th is age assignment. 

Date of compilation: 6/1 2/97 

Compiler and affiliation:  Beth L .  Widmann ,  Colorado Geological Survey 

State: Utah ,  Colorado 

County: Mesa 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N36W 

Number of traces : 1 

T1 4S, R1 04W- T22S, R26E 

End to end length : 8 .08 km 

Cumulative length : 8.23 km 

Reliabil ity of location :  Good 
Comments: The fault was mapped at a scale of 1 :250, 000 by Wil l iams ( 1 964) .  

Geologic setting:  

This fault l ies on the northeast margin of the Uncompahgre Upl ift near Lost Horse Basin and 
the Utah/Colorado border. The Uncompahgre Upl ift is a northwest-trending,  east-ti lted fault 
block. Th is fault is a h igh-angle normal fault that is down to the northeast. The fault l ies in a 
tecton ically weakened area above the ancestral Uncompahgre Fault zone (Stone, 1 977). 

Sense of movement: N 
Comments: Heyman ( 1 983) and Kirkham and Rogers ( 1 98 1 ) showed this fau lt as normal .  
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48 Q1 4 - U nnamed Fault of Lost Horse Basin 

Dip :  

Comments: 

Dip direction : 

Geomorphic expression : 

Geomorphic ind icators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

Wil l iams ( 1 964) mapped Quaternary deposits as both conceal ing the fault and as abutting 
against the fault at i ts northern extent. The Jurassic Summervi l le Formation is the youngest 
deposit mapped as offset by the fau lt (Wi l l iams, 1 964) . The fau lt l ies primarily in Jurassic 
and Triassic bedrock with about 1 5% of the fault extending adjacent to or beneath 
Quaternary deposits .  

Detai led stud ies: 

No detai led stud ies have been conducted on th is fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Offset of Quaternary depOSits is inconclusive, since Wi l l iams ( 1 964) showed 
Quaternary deposits as abutting against the fault and conceal ing the fault. However, fau lts 
associated with the Uncompahgre Upl ift are often considered to have experienced 
Quaternary movement. Based on the t iming of abandonment of Unaweep Canyon , Cater 
( 1 966) indicate upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued 
into the Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. There is no other 
publ ished evidence that Quaternary depOSits are offset by this structure. Despite the lack of 
evidence for Quaternary movement, this fault has been classified as a Quaternary fau lt (e .g . ,  
Kirkham and Rogers ,  1 98 1 ; Colman,  1 985) , and n o  references have been publ ished that 
refute this age assignment. 

Recurrence interval:  N O  
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on calculations of an overal l  upl ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre U pl ift (Perry , 1 989),  a sl i p  rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes: 
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50 Q1 5 - Granite Creek Fault Zone 

Structure type: Simple fau lt 

Structure number: Q 1 5  
Comments: Fault 7 8  i n  Kirkham and Rogers ( 1 98 1 ) ;  fault 2265 i n  the U .S .  Geological Survey 
Quaternary fault and fold database. 

Structure name: Gran ite Creek Fault Zone 
Comments: This northwest-trending fault extends from Utah into Colorado north of 
Steamboat Mesa on the southwest flank of the Uncompahgre Upl ift. This fault forms the 
southwest marg in  of the Ute Creek Graben.  The fau lt was named by Heyman ( 1 983) after 
Gran ite Creek, which flows through eastern Utah and crosses the west end of the fau lt trace 
in Utah .  

Synopsis: 

This fau lt l ies on the southeast margin of the Uncompahgre Upl ift near the Colorado/Utah 
border. Wil l iams ( 1 964) mapped Quaternary deposits as both conceal ing the fault and as 
abutting against the fau lt. Based on the timing of abandonment of Unaweep Canyon by the 
Gunn ison River, Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau began in the mid
Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m of d ifferential 
up l ift. Despite the lack of evidence of faulted Quaternary deposits along the Gran ite Creek 
Fau lt zone, it has been classified as a Quaternary fault (e. g . ,  Kirkham and Rogers, 1 98 1 ; 
Colman ,  1 985) , and no references have been published that refute this age assignment. 

Date of compilation : 6/1 2/97 

Compiler and affiliation:  Beth L.  Widmann ,  Colorado Geological Survey 

State: Utah ,  Colorado 

County:  Mesa 

1° x 2° Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N54W 

Number of traces : 1 

T1 5S, R1 04W- T23S, R25E 

End to end length : 9. 19 km 

Cumulative length : 9.33 km 

Reliabil ity of location : Good 
Comments: The fau lt was mapped at a scale of 1 :250, 000 by Wil l iams ( 1 964) .  

Geologic setting:  

This fau lt l ies on the northeast margin of the Uncompahgre Upl ift along the Utah/Colorado 
border near Steamboat Mesa. The Uncompahgre Upl ift is a northwest-trending,  east-ti lted 
fault block. This fault is a h igh-angle normal fau lt that is down to the northeast. Throw on the 
fault is opposite to local topography. The fau lt l ies in a tecton ical ly weakened area above the 
ancestral Uncompahgre Fault zone (Stone, 1 977). 



Q1 5 - Granite Creek Fault Zone 

Sense of movement: N 
Comments: Heyman ( 1 983) and Kirkham and Rogers ( 1 98 1 ) showed this fau lt as normal .  

Dip: 600N E  
Comments: Heyman ( 1 983) measured a d i p  of 60° o n  a northeast-d ipping fau lt plane. The 
measurement was taken in the general vicinity of T14S,  R 1 04W near the Colorado/Utah 
border. 

Dip direction :  N E  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

Wil l iams ( 1 964) mapped Quaternary deposits as both conceal i ng the fault and as abutting 
against the fau lt .  The Jurassic Summervi l le Formation is the youngest deposit that is clearly 
offset by the fault. The fault l ies primari ly in Jurassic and Triassic bedrock with about 1 5% of 
the fault extending adjacent to or beneath Quaternary deposits .  

Detai led stud ies : 

No detai led stud ies have been conducted on this fault . 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Offset of Quaternary deposits is inconclusive since Wi l l iams ( 1 964) showed 
Quaternary deposits as abutting against the fault and conceal ing the fault. However, fau lts 
associated with the Uncompahgre Upl ift are often considered to have experienced 
Quaternary movement. Based on the t iming of abandonment of Unaweep Canyon,  Cater 
( 1 966) ind icated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued 
into the Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. There is no other 
publ ished evidence that Quaternary depOSits are offset by this structure. Despite the lack of 
evidence for Quaternary movement, this fault has been classified as a Quaternary fau lt (e .g . , 
Kirkham and Rogers ,  1 98 1 ; Colman,  1 985) , and no references have been publ ished that 
refute this age assignment. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  upl ift rate of 0.4 m/1 000 yr since 1 . 8 Ma for 
the Uncompahgre Up l ift (Perry , 1 989), a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes: 

The 1 985 Gateway earthquakes are believed to have occurred at a depth of 8 km beneath 
Lost Horse Basin at the western end of the Ute Creek Graben, which is bounded on the 
south by the Granite Creek Fault zone (Ely and others, 1 986). 
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Q1 6 - U nnamed Fault near Wolf H i l l  

Structure type: Simple fault 

Structure number: Q 1 6  
Comments: Fault 7 9  i n  Kirkham and Rogers ( 1 98 1 ) ;  fau lt 350 i n  Witkind ( 1 976) ;  fau lt 2266 in 
the U.S.  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault near Wolf H i l l  
Comments: Th is northwest-trending fault beg ins south of the Ryan Creek Fault zone and 
continues southeast to Cow Creek. The fau lt forms the northeast marg in  of the Ute Creek 
Graben on the southwest flank of the Uncompahgre Upl ift. 

Synopsis: 

This fau lt l ies on the southeast margin of the Uncompahgre Upl ift. Quaternary deposits were 
shown as being offset by the fault by Wi l l iams ( 1 964).  Based on the t iming of abandonment 
of Unaweep Canyon,  Cater ( 1 966) ind icated uplift of the Uncompahgre P lateau began in the 
mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m of d ifferential 
upl ift. Cater ( 1 970) indicated the fault is concealed by Quaternary deposits. Despite the the 
contradictory mapping,  the fau lt has been classified as a Quaternary fau lt (e.g . ,  Howard and 
others ,  1 978; Kirkham and Rogers, 1 98 1 ; Colman,  1 985), and no references have been 
publ ished that refute this age assignment. 

Date of compilation :  6/1 2/97 

Compiler and affil iation : Beth L. Widmann , Colorado Geolog ical Survey 

State: Colorado 

County: Mesa 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N33W 

Number of traces: 2 

T5 1 N ,R1 7W- T1 4S, R1 03W 

End to end length : 1 5 .23 km 

Cumulative length : 1 7 .06 km 

Reliabil ity of location : Good 
Comments: The fault was mapped at a scale of 1 :24,000 by Cater ( 1 955i ) ,  1 :62,500 by 
Cater ( 1 970) and 1 :250,000 by Wi l l iams ( 1 964). The trace used herein is from Wi l l iams 
( 1 964) and Cater ( 1 970). 

Geologic setting :  

This fau lt forms the northeast margin of the Ute Creek Graben and l ies on the southwest 
flank  of the Uncompahgre Upl ift. The Uncompahgre Upl ift is a northwest-trending,  east-ti lted 
fault block. The fau lt l ies in a tecton ical ly weakened area above the ancestral Uncompahgre 
Fault zone (Stone, 1 977). 
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54 Q1 6 - U nnamed Fault near Wolf H i l l  

Sense of  movement: N 
Comments: Cater ( 1 970) , Heyman ( 1 983) ,  Kirkham and Rogers ( 1 98 1 ) ,  and Witkind ( 1 976) 
showed this as a normal fau lt. 

Dip: 78°SW 
Comments: A cross section by Cater ( 1 970) showed a d ip of 78°SW for th is fau lt. 

Dip d irection : SW 

Geomorphic expression : 

Geomorphic ind icators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits :  

Cater ( 1 955i) documented a maximum throw of  about 305 m on this fault wh ich bounds the 
northeast margin of the Ute Creek Graben , but did not map Quaternary deposits as offset by 
the fau lt. Wi l l iams ( 1 964) mapped Quaternary deposits as offset by the fau lt, but more 
detai led mapping by Cater ( 1 970) showed the fau lt as concealed by Quaternary deposits. 
About 80% of the fault l ies in  Precambrian to lower Mesozoic bedrock, whi le the remain ing 
20% extends into or beneath Quaternary deposits .  

Detai led stud ies : 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Offset of Quaternary deposits is inconclusive since Wi l l iams ( 1 964) showed 
Quaternary deposits as offset by the fau lt, whereas Cater ( 1 970) mapped the fault as 
concealed by Quaternary deposits. However, fau lts associated with the Uncompahgre Upl ift 
are often considered to have experienced Quaternary movement. Evidence for Quaternary 
movement on th is fault was cited in Witkind ( 1 976) based on personal communication with 
Fred Cater. Based on the timing of abandonment of Unaweep Canyon ,  Cater ( 1 966) 
ind icated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. There is no other publ ished 
evidence that Quaternary deposits are offset by this structure. This fault has been classified 
as a Quaternary fault (e .g .  Howard and others, 1 978;  Kirkham and Rogers ,  1 98 1 ; Colman, 
1 985) ,  and no references have been published that refute this age assignment. 

Recurrence interval:  ND 
Comments: 

Sl ip rate: unknown ; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 . 8 Ma for 
the Uncompahgre Upl ift (Perry , 1 989),  a S l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes: 
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56 Q1 7 - U nnamed Fault near Pine Mountain 

Structure type: Simple fau lt 

Structure number: Q 1 7  
Comments: Fau lt 8 0  i n  Kirkham and Rogers ( 1 981 ) ;  fault 351 i n  Witkind ( 1 976) ;  fau lt 2267 in 
the U.S.  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault near Pine Mountain 
Comments: This northwest-trending fault begins southeast of the Granite Creek Fault zone 
on the northeast flank  of The Palisade northeast of the town of Gateway, and extends 
southeast to the northwest side of Uncompahgre Butte. The fau lt forms the southwest 
marg in  of the Ute Creek Graben on the southwest flank of the Uncompahgre Upl ift. 

Synopsis: 

This fau lt l ies on the southeast marg in  of the Uncompahgre Upl ift. Evidence for Quaternary 
movement on this fau lt was cited in Witkind ( 1 976) based on personal commun ication with 
Fred Cater. Based on the timing of abandonment of Unaweep Canyon ,  Cater ( 1 966) 
ind icated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. Wil l iams ( 1 964) mapped 
Quaternary depOSits as abutting against the fau lt. Cater ( 1 970) mapped the fault as being 
concealed by Quaternary depOSits. The fault has been classified as a Quaternary fault 
(Howard and others, 1 978; Kirkham and Rogers, 1 98 1 ; Colman , 1 985), and no references 
have been published that refute this age aSSignment. 

Date of compilation :  6/1 2/97 

Compiler and affiliation :  Beth L.  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Mesa 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N52W 

Number of traces: 2 

T50N ,R1 6W- T1 5S, R1 03W 

End to end length : 30.56 km 

Cumulative length : 34. 1 1  km 

Reliabil ity of location :  Good 
Comments: The fault was mapped at a scale of 1 :24,000 by Cater ( 1 955i) ,  1 :62, 500 by 
Cater ( 1 970) and 1 :250,000 by Wi l l iams ( 1 964). The trace used herein is from Wi l l iams 
( 1 964) and Cater ( 1 970). 

Geologic setting:  

This fau lt forms the southwest margin of  the Ute Creek Graben and l ies on the southwest 
flank of the Uncompahgre Uplift. The Uncompahgre Uplift is a northwest-trending,  east-ti lted 
fau lt block. This fault is a high-angle normal fault that is down to the northeast. Witkind 
( 1 976) showed the fault as down to the southwest, but al l  other references indicated the fault 



Q1 7 - U nnamed Fault near Pine Mountain 

is down to  the northeast (Wi l l iams, 1 964; Cater, 1 966; Howard and others,  1 978; Kirkham 
and Rogers,  1 98 1 ; Colman,  1 985). Throw on the fau lt is opposite to local topography. The 
fault l ies in a tectonical ly weakened area above the ancestral Uncompahgre Fault zone 
(Stone, 1 977). 

Sense of movement: N 
Comments: Cater ( 1 970), Heyman ( 1 983) and Kirkham and Rogers ( 1 98 1 ) ,  showed this fault 
as normal. 

Dip: 8 1 ° N E  
Comments: Cater ( 1 970) showed a d i p  o f  8 1 °NE for this fault o n  his cross section .  

Dip d irection : NE 

Geomorphic expression : 

Geomorphic ind icators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits : 

Cater ( 1 955i) documented a maximum th row of about 260 m on this fault which bounds the 
southwest margin of the Ute Creek Graben, but did not map Quaternary deposits as being 
offset by the fault. Wi l l iams ( 1 964) mapped Quaternary deposits as both conceal ing the fault 
and as abutting against the fau lt. Cater ( 1 970) mapped the fault as concealed by 
Quaternary deposits .  The Salt Wash Sandstone Member of the Jurassic Morrison 
Formation is the youngest deposit offset by th is fau lt accord ing to Cater ( 1 970). The fault lies 
primarily in Precambrian and lower Mesozoic bedrock with about 20% of the fau lt extending 
into or beneath Quaternary deposits. 

Detai led studies:  

No detai led stud ies have been conducted on th is fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Offset of Quaternary deposits is inconclusive since Wi l l iams ( 1 964) showed 
Quaternary deposits as abutting against the fau lt, whereas Cater ( 1 970) mapped the fault as 
concealed by Quaternary deposits. However, fau lts associated with the Uncompahgre Upl ift 
are often considered to have experienced Quaternary movement. Evidence for Quaternary 
movement on this fautl was cited in Witkind ( 1 976) based on personal commun ication with 
Fred Cater. Based on the timing of abandonment of Unaweep Canyon, Cater ( 1 966) 
ind icated uplift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. There is no other publ ished 
evidence that Quaternary deposits are offset by th is structure. This fault has been classified 
as a Quaternary fault (e.g .  Howard and others, 1 978; Kirkham and Rogers, 1 98 1 ; Colman,  
1 985) ,  and no references have been publ ished that refute th is age assignment. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (0) <0.2 mmlyr 
Comments: Based on calculations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre Upl ift (Perry , 1 989), a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes : 
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References Cited : 

Cater, F .W. ,  J r. ,  1 955i ,  Geology of the Pine Mountain quadrangle, Colorado:  U .S .  Geological 
Survey Quadrangle Map GQ-60. 

Cater, F .W. ,  J r. ,  1 966, Age of the Uncompahgre Uplift and Unaweep Canyon ,  west-centra l 
Colorado, ' in '  Geological Survey Research 1 966, Chapter C: U .S .  Geological Survey 
Professional Paper 550-C, p. C86-C92 . 

Cater, F .W. ,  J r. ,  1 970, Geology of the salt anticl ine reg ion in southwestern Colorado,  with a 
section on stratigraphy by F.W. Cater and L .C.  Craig: U .S .  Geolog ical Survey Professional 
Paper 637, 80 p. 

Colman ,  S .M . ,  1 985, Map showing tectonic features of late Cenozoic orig in in  Colorado:  U .S .  
Geolog ical Survey Miscel laneous Geologic I nvestigations Map 1-1 566. 

Heyman, O .G . ,  1 983, D istribution and structural geometry of fau lts and folds along the 
northwestern Uncompahgre Upl ift, western Colorado and eastern Utah ,  ' in' Averett, W. , ed . ,  
Northern Paradox Basin - Uncompahgre Upl ift: Grand Junction Geological Society ,  p .  45-57 . 

Howard , KA , Aaron ,  J . M . ,  Brabb, E. E . ,  Brock, M . R ,  Gower, H . D . ,  Hunt, S .J . ,  Mi lton ,  D . J . , 
Muehlberger, W. R ,  Nakata, J . K, Plafker, G . ,  Prowel l ,  D .C . , Wallace , R E . ,  and Witkind , I . J . , 
1 978, Prel iminary map of young fau lts in the United States as a gu ide to possible fault 
activity : U.S. Geolog ical Survey Miscel laneous Field Stud ies Map, MF-9 1 6. 

Kirkham, R M . ,  and Rogers, W. P . ,  1 98 1 , Earthquake potential in Colorado: Colorado 
Geolog ical Survey Bu l letin 43, 1 7 1 p.  

Perry , T.W.V. , 1 989, Tectonic inference and computer simu lation in stream long itud inal 
profi le evolution , Unaweep Canyon and vicin ity ,  Colorado and Utah [abs . ] :  Geological 
Society of America, Abstracts with Programs, v. 2 1 , no. 6 ,  p .  269. 

Stone, D .S . ,  1 977, Tectonic history of the Uncompahgre Upl ift, ' in' Veal ,  H K ,  ed . ,  
Exploration Frontiers of the central and southern Rockies: Rocky Mountain Association of 
Geologists, 1 977 Field Conference Gu idebook, p .  23-30. 

Wi l l iams, P .L . ,  1 964 , Geology, structure, and uranium deposits of the Moab quadrangle, 
Colorado and Utah :  U .S .  Geological Survey Miscel laneous Geolog ic I nvestigations Map 1-
360 . 

Witkind ,  I .J . ,  1 976 , Prel iminary map showing known and suspected active faults in Colorado: 
U .S .  Geolog ical Survey Open-fi le Report 76-1 54 .  



Q1 8 - Monitor Creek Fault 

Structure type: Simple fau lt 

Structure number: Q 1 8  
Comments: Fault 2268 i n  the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Monitor Creek Fault 
Comments: Th is fau lt is referred to as the Mon itor Creek Fault by Lettis and others ( 1 996) .  I t  
is comprised of four  general ly east-west-trending' fau lts on the northeast side of the 
Uncompahgre Upl ift. The fau lts extend from the Middle Fork of the Escalante to near 
Cushman Creek south of the town of Delta. 

Synopsis: 

The Monitor Creek Fault lies on the northeast margin of the Uncompahgre Upl ift. The fault is 
marked by a southwest-facing scarp. Based on the t iming of abandonment of Unaweep 
Canyon from the Uncompahgre plateau Cater ( 1 966) ind icated upl ift began in the mid
Pl iocene and continued into the Pleistocene resu lting in as much as 640 m of d ifferential 
up l ift. Lettis and other ( 1 996) suggested the fault is s imi lar in age to other fau lts which offset 
the P l iocene to middle Pleistocene Uncompahgre P lateau surface but concluded that the 
fault has not been active during the Holocene. Despite the lack of definit ive evidence of 
Quaternary offset, the most recent movement on the fau lt is herein considered to have 
occurred during the Quaternary. 

Date of compilation :  1 /6/98 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Montrose, Mesa 

10 x 20 Sheet: Moab 

Province :  Colorado Plateaus 

Township and Range: 

Strike: N86W 

Number of traces: 4 

T50N ,R1 4W- T50N , R 1 1 W  

End to end length : 30. 1 3  km 

Cumulative length : 3 1 .40 km 

Reliabil ity of location : Good 
Comments: The fau lts were mapped at a scale of 1 :250,000 by Wi l l iams ( 1 964) and Lettis 
and others ( 1 996) . The fau lt trace used herein is from Lettis and others ( 1 996). 

Geologic setting:  

These fau lts l ie on the northeast margin of  the Uncompahgre Up l ift, which is a northwest
trending ,  east-ti lted fault block. The faults are downthrown to the south . 

Sense of movement: N 
Comments: 
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60 Q1 8 - Monitor Creek Fault 

Dip: 

Comments: 

Dip direction : 

Geomorphic expression : 

The main fault trace is marked by a southwest-facing scarp in the Cretaceous Dakota 
Sandstone (Lettis and others,  1 996) 

Age of fau lted deposits:  

The Mon itor Creek Fault offsets Jurassic to Cretaceous bedrock (Wil l iams, 1 964) ,  but 
Quaternary deposits are not mapped along the fau lt. Lettis and others ( 1 996) suggested the 
fault is simi lar in  age to other faults which offset the Pl iocene to midd le Pleistocene 
Uncompahgre Plateau surface but concluded that the fault has not been active during the 
Holocene. 

Detai led stud ies: 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Although there is no d i rect evidence of Quaternary offset along this fau lt, fau lts 
associated with the Uncompahgre Upl ift are often considered to have experienced 
Quaternary movement. Based on the timing of abandonment of Unaweep Canyon from the 
Uncompahgre plateau Cater ( 1 966) ind icated upl ift began in the mid-Pl iocene and continued 
into the Pleistocene resulting in as much as 640 m of d ifferential uplift. Lettis and other 
( 1 996) suggested the fault is similar in age to other fau lts which offset the Pl iocene to middle 
Pleistocene Uncompahgre Plateau surface but concluded that the fault has not been active 
du ring the Holocene. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on the lack of geomorphic features i n  Quaternary deposits and on 
calculations of an upl ift rate of .4 m/1 000 yr since 1 . 8 Ma for the Uncompahgre Plateau 
(Perry, 1 989) , a s l ip rate of <0.2 mm/yr is estimated for th is fault. 

Earthquake notes: 
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62 Q1 9 - U nnamed Faults East of Atkinson Mesa 

Structure type: Simple fau lt 

Structure number: Q 1 9  
Comments: Fault 8 1  i n  Kirkham and Rogers ( 1 981 ) ;  fault 352 i n  Witkind ( 1 976) ;  fau lt 2269 in 
the U.S.  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Fau lts East of Atkinson Mesa 
Comments: Th is structure is made up of a series of n ine northwest- to west- trend ing fau lts 
on the southwest flank of the Uncompahgre Upl ift. The fau lts are east of Atkinson Mesa and 
extend from Moon Mesa to Round Mountain then bend east to the west side of Tabeguache 
Creek. 

Synopsis : 

This fau lt series l ies on the southeast marg in  of the Uncompahgre Upl ift. Evidence for 
Quaternary movement on these fau lts was cited in Witkind ( 1 976) based on personal 
commun ication with Fred Cater. Based on the timing of abandonment of Unaweep Canyon , 
Cater ( 1 966) i nd icated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and 
continued into the Pleistocene, resu lting in as much as 640 m of d ifferential uplift. The fault 
has been classified as a Quaternary fau lt (Howard and others, 1 978; Kirkham and Rogers, 
1 98 1 ; Colman,  1 985; Lettis and others, 1 996) ,  and no references have been publ ished that 
refute this age assignment. 

Date of compilation :  7/8/97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geologic�1 Survey 

State: Colorado 

County:  Montrose, Mesa 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N63W 

Number of traces : 4 

T48N ,R1 3W- T49N, R 1 6W 

End to end length : 41 .09 km 

Cumulative length : 48.80 km 

Reliabil ity of location : Good 
Comments: The fau lt was mapped at a scale of 1 :250,000 by Wil l iams ( 1 964).  The 
northwest end of the fault was mapped at a scale of 1 :62,500 by Cater ( 1 970). The trace 
used herein is from Wi l l iams ( 1 964) .  

Geologic setting:  

This fau lt series l ies on the southwest flank  of the Uncompahgre Upl ift east of  Atkinson 
Mesa. The Uncompahgre Uplift is a northwest-trend ing ,  east-tilted fault block. This fault is a 
h igh-ang le normal fault that is down to the south and southwest. The fau lt l ies in a 
tectonical ly weakened area above the ancestral Uncompahgre Fault zone (Stone, 1 977) .  



Q1 9 - U nnamed Faults East of Atkinson Mesa 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 )  and Witkind ( 1 976) l isted this as a normal fau lt. 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

Wil l iams ( 1 964) mapped these faults as concealed by Quaternary deposits. The youngest 
deposits that he maps as offset by the fault are the Cretaceous Dakota Sandstone and Burro 
Canyon Formation .  The fault l ies primari ly in Precambrian to lower Mesozoic bedrock with 
on ly about 5% of the fault extending beneath Quaternary deposits. 

Detai led stud ies: 

No detailed stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in Quaternary deposits , fau lts associated 
with the Uncompahgre Uplift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on these faults was cited in Witkind ( 1 976) 
based on personal communication with Fred Cater. Based on the timing of abandonment of 
Unaweep Canyon, Cater ( 1 966) indicated uplift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, resu lting in  as much as 640 m of d ifferential 
up l ift. There is no other publ ished evidence that Quaternary deposits are offset by this 
structure. Despite the lack of evidence for Quaternary movement, th is fault has been 
classified as a Quaternary fau lt (e.g .  Howard and others, 1 978; Kirkham and Rogers,  1 98 1 ; 
Colman, 1 985) , and no references have been published that refute this age assignment. 

Recurrence interval :  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on calculations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre Upl ift (Perry , 1 989), a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes: 
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Q20 - Rou bideau Creek Fault 

Structure type: Simple fau lt 

Structure number: Q20 
Comments: Fault 82 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2270 in the U .S .  Geological Survey 
Quaternary fau lt and fold database. 

Structure name: Roubideau Creek Fault 
Comments: The Roubideau Creek Fault is a west-northwest-trending fault northeast of the 
Uncompahgre Upl ift, and southwest of Delta. The fault extends from near Traver Creek on 
the west end nearly to the East Fork of Dry Creek on the east end . Roubideau Creek is the 
dominant drainage beetween these two creeks. Lettis and others ( 1 996) referred to this fault 
as the Roubideau Creek Fault. 

Synopsis: 

The Roubideau Creek Fault is on the northeast flank of the Uncompahgre Up l ift. I t  is marked 
by a northeast facing 80-m-high scarp, a southwest-facing scarp and a sag pond (Lettis and 
others , 1 996) . The fau lt d ips northeast (Lettis and others, 1 996), but sense of movement is 
not wel l  understood. Late Pleistocene to Holocene landsl ide depOSits are offset by the fault 
near Roubideau Creek (Kirkham and Rogers, 1 98 1 ; Lettis and others, 1996) .  

Date of compilation :  7/9/97 

Compiler and affil iation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Montrose 

10 x 20 Sheet: Moab 

Province :  Colorado Plateaus 

Townshi p  and Range: 

Strike: N74W 

Number of traces: 4 

T48N , R 1 1 W- T48N, R1 3W 

End to end length : 20.47 km 

. Cumulative length : 26.06 km 

Reliabil ity of location : Good 
Comments: The fault was mapped at a scale of 1 :250,000 by Wil l iams ( 1 964) and Lettis and 
others ( 1 996) . The trace used herein is from Wi l l iams ( 1 964) .  

Geologic setting:  

The Robideau Creek Fault is a northeast-d ipping normal fau lt (Lettis and others,  1 996). 
Quaternary offset, however, seems to suggests down-to-the-southwest movement on the 
fault (Kirkham and Rogers,  1 98 1 ) ,  implying reverse faulting at least during the Quaternary .  
The fault l ies on the northeast flank of the Uncompahgre Upl ift which is  a northwest-trend ing ,  
east-ti lted fau lt block. 

Sense of movement: RN 
Comments: Lettis and others ( 1 996) defined the fault as northeast-d ipping and normal ,  but 
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66 Q20 - Rou bideau Creek Fault 

Kirkham and Rogers ( 1 98 1 ) suggested reactivation during the Quaternary in  a reverse sense. 

Dip: 

Comments: Lettis and others ( 1 996) defined the fau lt p lane as northeast-d ipping.  

Dip d i rection: NE 

Geomorphic expression : 

The Robideau Creek Fault is marked by an 80-m-h igh northeast-facing scarp. The fault also 
al igns with another smaller scarp that is southwest-facing ,  and a sag pond is located against 
this fau lt scarp. The smaller scarp and sag pond may be evidence of Quaternary activity on 
an antithetic fau lt in the hanging wal l  of the Robideau Creek Fau lt (Lettis and others, 1 996) .  

Age of fau lted deposits :  

Quaternary landsl ide deposits of  late Pleistocene to Holocene age are offset along the fault 
trace (Sul l ivan and others, 1 980; Kirkham and Rogers,  1 98 1 ; Lettis and others, 1 996) . 
Wi l l iams ( 1 964) shows no offset of Quaternary deposits. The majority of the fault extends 
through Jurassic and Cretaceous bedrock. 

Detai led studies: 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: ( 1 ) Holocene and post g lacial « 1 5ka) 
Comments: Kirkham and Rogers ( 1 98 1 ) designated the fault as Quaternary .  Colman ( 1 985) 
mapped the fau lt as an inferred Pleistocene fau lt. Su l l ivan and others ( 1 980) and Lettis and 
others ( 1 996) ind icated late Pleistocene to Holocene movement on the fau lt. 

Recurrence interval:  ND 
Comments: 

Slip rate: (D) <0.2 mm/yr 
Comments: Lettis and others ( 1 996) calculated a sl ip rate of 0 .2 mm/yr or less based on a 
scarp height of 80 m and an age of about 500 ka or older. 

Earthquake notes: 
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68 . Q21 - U nnamed Faults South of Love Mesa 

Structure type: Simple fau lt 

Structure number: Q21 
Comments: Fault 2271 in the U .S. Geolog ical SUNey Quaternary fault and fold database. 

Structure name: Unnamed Fau lts South of Love Mesa 
Comments: These two generally east-west-trending fau lts on the Uncompahgre Upl ift beg in 
northeast of Windy Point on the west and extend to Criswel l  Creek on the east. The fau lts 
are southwest of the town of Delta .  

Synopsis : 

These faults l ie on the Uncompahgre Upl ift southwest of the town of Delta .  Although there 
was no reported evidence of Quaternary offset along these faults they were mapped as 
Quaternary faults by Lettis and others ( 1 996; plate 2) .  They attributed fault activity to salt 
tectonism. The most recent movement on the fau lts herein considered to have occurred 
during the Quaternary based on the work of Lettis and others ( 1 996) .  

Date of compilation :  1 /6/98 

Compiler and affiliation :  Beth L. Widmann ,  Colorado Geolog ical SUNey 

State: Colorado 

County: Montrose 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N80W 

Number of traces: 2 

T49N , R 1 4W- T49N, R1 3W 

End to end length : 1 7 . 59 km 

Cumulative length : 1 8 .9 1  km 

Reliabil ity of location :  Good 
Comments: The faults were mapped at a scale of 1 :250,000 by Wil l iams ( 1 964) and Lettis 
and others ( 1 996) .  The fault trace used herein is from Lettis and others ( 1 996) .  

Geologic setting:  

These faults l ie  on the south end of  the Uncompahgre Upl ift, which is  a northwest-trending ,  
east-ti lted fault block. Both fau lts are down to the north . 

Sense of movement: N 
Comments: 

Dip:  

Comments: 

Dip d irection :  



Q21 - U nnamed Faults South of Love Mesa 

Geomorphic expression:  

Geomorphic ind icators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits : 

Fau lts i n  this series offset Jurassic to Cretaceous bedrock (Wi l l iams, 1 964) ,  but Quaternary 
deposits are not mapped along the faults. Although there is no evidence of fau lted 
Quaternary deposits along these fau lts, Lettis and others ( 1 996) concluded they moved 
during the Quaternary .  

Detai led stud ies : 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary (<1 .6 Ma) 
Comments: Although there is no d i rect evidence for offset of Quaternary deposits along 
these fau lts , they were mapped as Quaternary fau lts related to salt tectonism by Lettis and 
others ( 1 996; plate 2). Fau lts associated with the Uncompahgre Up l ift are often considered 
to have experienced Quaternary movement. Based on the t iming of abandonment of 
Unaweep Canyon from the Uncompahgre p lateau Cater ( 1 966) indicated upl ift began in the 
mid-Pl iocene and continued into the Pleistocene result ing in as much as 640 m of d ifferential 
up l ift. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: 

Earthquake notes : 

References Cited : 

Cater, F .W. ,  Jr. ,  1 966, Age of the Uncompahgre Upl ift and Unaweep Canyon , west-central 
Colorado, ' in '  Geolog ical Survey Research 1 966, Chapter C: U .S.  Geolog ical Survey 
Professional Paper SSO-C, p. C86-C92. 

Lettis, W. , Nol ler, J . ,  Wong, I . ,  Ake, J . ,  Vetter, U . ,  and LaForge, R . ,  1 996, Draft report, 
Seismotectonic evaluation of Colorado River storage project-Crystal ,  Morrow Point, Blue 
Mesa dams, Smith Fork project-Crawford dam, west-central Colorado: unpubl ished draft 
report prepared by Wi l l iam Lettis & Associates, I nc. , Woodward-Clyde Federal Services, and 
Seismotecton ics and Geophysical Group of the U .S .  Bureau of Reclamation in Denver, 
Colorado, 1 77 p. 

Wi l l iams, P .L . , 1 964, Geology, structure , and uran ium deposits of the Moab quadrangle,  
Colorado and Utah:  U.S.  Geolog ical Survey Miscellaneous Geolog ic I nvestigations Map 1 -
360 . 

69 



70 Q22 - U nnamed Faults East of Roubideau C reek 

Structure type: Simple fault 

Structure number: Q22 
Comments: Fault 2272 in the U.S. Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Faults East of Roubideau Creek 
Comments: Th is series of unnamed fau lts includes five faults that general ly trend northwest 
at the southeast end of the Uncompahgre Uplift. 

Synopsis : 

This series of fau lts l ies on the south end of the Uncompahgre Upl ift. Although there was no 
reported evidence of Quaternary offset along these fau lts they were mapped as Quaternary 
fau lts by Lettis and others ( 1 996; plate 2) .  They attributed fau lt activity to salt tectonism. The 
most recent movement on the fau lts herein considered to have occurred during the 
Quaternary based on the work of Lettis and others ( 1 996) .  

Date of compilation : 1 /6/98 

Compiler and affiliation :  8eth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County:  Montrose 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N50W 

Number of traces: 5 

T47N ,R1 2W- T48N , R 1 1 W  

End to end length : 1 1 . 72 km 

Cumulative length : 1 8 .68 km 

Reliabil ity of location : Good 
Comments: The fau lts were mapped at a scale of 1 :250, 000 by Wi l l iams ( 1 964) and Lettis 
and others ( 1 996) .  The fau lt traces used herein are from Lettis and others ( 1 996) .  

Geologic setting:  

This  fau lt series l ies on the southeast end of  the Uncompahgre Upl ift, which is a northwest
trending,  east-ti lted fau lt block. Fau lts in this series are down to the northeast and southwest 
and are considered to be salt-related rather than tectonic features (Lettis and others ,  1 996) .  

Sense of  movement: N 
Comments: 

Dip: 

Comments: 

Dip direction : 



Q22 - U nnamed Faults East of Roubideau C reek 

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

Fau lts i n  th is series offset Jurassic to Cretaceous bedrock (Wi l l iams, 1 964) ,  but  Quaternary 
deposits are not mapped along the faults. Although there is no evidence of faulted 
Quaternary deposits along these fau lts, Lettis and others ( 1 996) concluded they moved 
during the Quaternary but were related to salt tectonism. 

Detai led studies :  

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Although there is no d i rect evidence for offset of Quaternary deposits along 
these faults ,  they were mapped as Quaternary faults related to salt tectonism by Lettis and 
others ( 1 996; plate 2). Fau lts associated with the Uncompahgre U pl ift are often considered 
to have experienced Quaternary movement. Based on the t iming of abandonment of 
Unaweep Canyon from the Uncompahgre plateau Cater ( 1 966) indicated upl ift began in the 
mid-Pl iocene and continued into the Pleistocene resu lting in as much as 640 m of d ifferential 
up l ift. 

Recurrence interval :  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 

A moment magn itude (Mw) 5 maximum credible earthquake was assigned to these fau lts by 
Lettis and others ( 1 996) .  
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72 Q23 - U nnamed Faults Southwest of Montrose 

Structure type: Simple fau lt 

Structure number: Q23 
Comments: Fault 2273 in the U .S .  Geological Survey Quaternary fault and fold database. 

Structure name: Unnamed Faults Southwest of Montrose 
Comments: Th is series of unnamed faults includes five generally north-south-trending fau lts 
at the south end of the Uncompahgre Uplift. The fau lts are west of H ighway 550 between 
Montrose and Ridgway. 

Synopsis: 

This series of fau lts l ies on the south end of the Uncompahgre Uplift. Although there was no 
reported evidence of Quaternary offset along these fau lts they were mapped as Quaternary 
fau lts by Lettis and others ( 1 996; plate 2) .  They attributed fau lt activity to salt tectonism. The 
most recent movement on the faults herein considered to have occurred during the 
Quaternary based on the work of Lettis and others ( 1 996) .  

Date of compilation : 1 /6/98 

Compi ler and affil iation: Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Ouray, Montrose 

10 x 20 Sheet: Montrose, Moab 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N7W 

Number of traces: 5 

T46N , R96W- T47N , R94W 

End to end length : 1 9.23 km 

Cumulative length : 38. 50 km 

Reliabil ity of location : Good 
Comments: The fau lts were mapped by Steven and Hai l  ( 1 989) at a scale of 1 : 1 00,000, and 
by Wil l iams ( 1 964) , Tweto and others ( 1 976) ,  and Lettis and others ( 1 996) at 1 :250,000. The 
fau lt traces used herein are from Lettis and others ( 1 996) .  

Geologic setting :  

This fau lt series l ies on the southeast end o f  the Uncompahgre Upl ift, which i s  a northwest
trending ,  east-ti lted fau lt block. Fau lts in this series are downthrown to the west and 
southwest and are considered to be salt-related rather than tectonic features (Lettis and 
others,  1 996) .  

Sense of movement: N 
Comments: 



Q23 - U nnamed Faults Southwest of Montrose 

Dip:  

Comments: 

Dip direction :  

Geomorphic expression:  

Geomorphic indicators of youthfu l  faulting have not been reported . 

Age of fau lted deposits:  

Fau lts in  this series offset the Cretaceous Dakota Sandstone and Mancos Shale (Wi l l iams 
( 1 964; Tweto and others,  1 976; Steven and Hail , 1 989). The fau lts l ie almost enti rely with in 
Cretaceous rocks with less than 5% of the fault series extending th rough or beneath 
Quaternary deposits. Although there is no evidence of fau lted Quaternary deposits along 
these faults , Lettis and others ( 1 996) concluded they moved during the Quaternary but were 
related to salt tecton ism. 

Detai led studies: 

No detailed stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Although there is no d i rect evidence of fau lted Quaternary depOSits along these 
fau lts , they were considered to be Quaternary fau lts by Lettis and others ( 1 996; plate 2) .  
They concluded that fau lt activity is due to salt  tectonism. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes : 

A moment magnitude (Mw) 5 maximum credible earthquake was assigned to these fau lts by 
Lettis and others ( 1 996) .  
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Q24 - B usted Boi ler Fault 

Structure type: Simple fau lt 

Structure number: Q24 
Comments: Fault 2274 in the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Busted Boiler Fau lt 
Comments: The Busted Boiler Fault is a generally north�south oriented fau lt that extends 
north from and perpend icular to the Ridgway Fau lt. The fault d ies out to the north between 
Horsefly Creek and Polo res Creek. The fau lt is northwest of the town of Ridgway and west 
of highway 550. 

Synopsis : 

The Busted Boiler Fault l ies at the southwest margin of the Uncompahgre Upl ift. It extends 
north (perpend icular) from the Ridgway Fau lt. The fault is marked by a 5- to 25-m-h igh fault 
scarp, abandoned andlor d iverted streams, and ponded sed iments. Late Quaternary 
deposits are offset across the fault trace. 

Date of compilation : 1 /6/98 

Compiler and affil iation :  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Ouray 

10 x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N5W 

Number of traces: 1 

T45N , R9W- T47N , R9W 

End to end length : 1 8 .0 1  km 

Cumulative length : 1 8 .61  km 

Reliabil ity of location :  Good 
Comments: The fault was mapped by Sul l ivan and others ( 1 980), Steven and Hai l  ( 1 989) at 
a scale of 1 :  1 00, 000, and Tweto and others ( 1 976) and Letlis and others ( 1 996) at a scale of 
1 :250, 000. The fau lt trace used herein is from Letlis and others ( 1 996). 

Geologic setting:  

The Busted Boiler Fault l ies on the southeast marg in  of the Uncompahgre Upl ift, which is a 
northwest-trending,  east-ti lted fau lt block. The Busted Boiler Fault is a h igh-angle normal 
fault downthrown to the west. It forms the eastern marg in  of a d iscontinuous graben . 

Sense of movement: N 
Comments: Letlis and others ( 1 996) reported normal movement on the fault. 

Dip: 

Comments: Letlis and others ( 1 98 1 ) reported normal movement on a west-d ipping fau lt. 
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76 Q24 - B usted Boiler Fault 

Dip d irection :  W 

Geomorphic expression : 

The fau lt is marked by a prominent west-facing scarp that is 5- to 25-m-h igh .  Diversion 
and/or abandonment of local streams is reported , and Holocene sed iments are ponded 
against the fault (Lettis and others, 1 996) .  

Age of fau lted deposits : 

Sul l ivan and others ( 1 980) and Lettis and others ( 1 996) reported offset of late Quaternary 
sed iments .  The fault l ies almost entirely with in the Cretaceous Dakota Sandstone with less 
than 5% of the fault extending through or beneath Quaternary deposits . 

Detai led studies : 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Su l l ivan and others ( 1 980) and Lettis and others ( 1 996) reported late 
Pleistocene and possibly even Holocene movement on the fault. Evidence for Holocene 
movement is non-defin itive, therefore, the most recent paleoevent on the fault is herein 
considered to have occurred during the late Quaternary. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown; (D) <0.2 .mm/yr 
Comments: 

Earthquake notes: 

A moment magn itude (Mw) 6 1 /2 maximum credible earthquake was assigned to this fau lt by 
Lettis and others ( 1 996) ,  whi le Sul l ivan and others ( 1 980) suggested a moment magn itude 
(Mw) 6 maximum credible earthquake .  
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Q25 - Log Hi l l  Mesa Graben 

Structure type: Simple fau lt 

Structure number: Q25 . 

Comments: Fault 2275 in the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Log Hi l l  Mesa Graben 
Comments: The Log H i l l  Mesa Graben is defined by two northwest-trending fau lts . The 
graben is northwest of the town of Ridgway and extends d iagonal ly between the Busted 
Boiler and Ridgway Faults. This structure was named by Lettis and others ( 1 996) .  

Synopsis : 

The Log Hi l l  Mesa Graben l ies at the southwest margin of the Uncompahgre Upl ift. I t  
extends northwest from the Ridgway Fault. The graben is defined by wel l  developed fault  
scarps in  late P leistocene fan deposits. Post-Pinedale fan deposits are not offset by the 
fault. The most recent paleoevent on this graben is herein considered to have occurred 
during the late Quaternary. 

Date of compilation :  1 /6/98 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Ouray 

1 0  x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N32W 

Number of traces: 2 

T46N , R9W- T46N , R8W 

End to end length : 9.48 km 

Cumulative length : 1 6 .72 km 

Reliabil ity of location : Good 
Comments: Su l l ivan and others ( 1 980) mapped the western fau lt of the graben. Steven and 
Hai l  ( 1 989) mapped the north half of the western fau lt at a scale of 1 : 1 00, 000. Lettis and 
others ( 1 996) showed both fau lts at a scale of 1 :250,000. The fault trace used herein is from 
Lettis and others ( 1 996). 

Geologic setting:  

The Log H i l l  Mesa Graben l ies on the southeast marg in  of the Uncompahgre Upl ift, wh ich is a 
northwest-trending,  east-tilted fault block. The faults that define the graben are high-angle 
normal faults with throw to the east and west. 

Sense of movement: N 
Comments: Lettis and others ( 1 996) reported normal movement on the west-d ipping eastern 
fau lt. 
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Dip: 

Comments: Letlis and others ( 1 996) reported a west-d ipping fault p lane for the eastern fau lt. 

Dip direction :  E,  W 

Geomorphic expression : 

A wel l  expressed fau lt scarp is associated with the graben-bounding fau lts according to 
Lettis and others ( 1 996) .  

Age of fau lted deposits :  

Sul l ivan and others ( 1 980) noted zones of  shingled gravel showing up to 3 m of  offset. Lettis 
and others (1 996) reported that Pleistocene ped iment surfaces are clearly offset by both 
fau lts bounding the graben and that a middle to late (?) Pleistocene fan is possibly offset by 
the eastern fault. Younger post-Pinedale fan depOSits are not offset by the eastern fau lt. 
The fau lt l ies almost enti rely with in the Cretaceous Dakota Sandstone, with less than 3% of 
the fau lt extending into Quaternary deposits . 

Detai led studies : 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: The most recent paleoevent on the fau lts bounding the Log H i l l  Mesa Graben 
occurred after deposition of Pleistocene pediment deposits. The eastern fau lt may have 
moved after deposition of middle to late (?) Pleistocene fan depOSits but before deposition of 
post-Pinedale fan deposits. Fault movement is herein considered to have occurred during 
the late Quaternary .  

Recurrence interval : N D  
Comments :  

Slip rate: unknown ; (D) <0.2 mmlyr 
Comments: Sul l ivan and others ( 1 980) reported 3 m of offset in Quaternary gravels. A s l ip 
rate of <0.2mm/yr is therefore estimated for the graben. 

Earthquake notes : 

A moment magnitude (Mw) 6 1 14 maximum cred ible earthquake was assigned to this fau lt by 
Lettis and others ( 1 996), whi le Sul l ivan and others ( 1 980) suggested a moment magn itude 
(Mw) 6 maximum cred ible earthquake.  
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80 Q26 - Ridgway Fault 

Structure type: Simple fault 

Structure number: Q26 
Comments: Fault 1 79 in Kirkham and Rogers ( 1 98 1 ) ; fault 2276 in the U .S .  Geolog ical 
SUNey Quaternary fault and fold database. 

Structure name: Ridgway Fau lt 
Comments: The Ridgway Fault is an east-west oriented tfault on the southwest marg in  of the 
Uncomphagre Upl ift. The Ridgway Fault extends east from the Ouray/Montrose county l ine,  
runs paral lel to and north of Pleasant Valley Creek, and ends northeast of the town of 
Ridgway. 

Synopsis : 

The Ridgway Fault is an east-west oriented fau lt on the southwest marg in  of the 
Uncomphagre Upl ift. The fault is defined by a 300-m-h igh fau lt- l ine scarp, but there is no 
obseNable surface rupture in middle to late Quaternary deposits .  Su l l ivan and others ( 1 980) 
reported possible offset of Kansan to early Wisconsin g lacial deposits. Micorseismic studies 
in the area reveal a close spatial association of seismicity to the Ridgway Fault. The fault is 
considered to be potentially active by Kirkham and Rogers ( 1 98 1 ) ,  Sul l ivan and others ( 1 980) 
and Letlis and others ( 1 996) .  

Date of compilation :  1 1 /1 4/97 

Compiler and affiliation :  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Ouray, Montrose 

1° x 2° Sheet: Montrose 

Province: Southern Rocky Mountains-Colorado Plateaus 

Township and Range: 

Strike: N87E 

Number of traces : 

End to end length : 

Cumulative length : 

T45N ,R1 0W- T45N , R8W 

23.84 km 

23.89 km 

Reliabil ity of location : Good 
Comments: The Ridgway Fault was mapped at a scale of 1 :24,000 by Hai l  ( 1 988; 1 989) and 
Letlis and others ( 1 996) , 1 : 1 00,000 by Steven and Hai l  ( 1 989), and 1 :250, 000 by Tweto and 
others ( 1 976) .  The trace used herein is from Lettis and others ( 1 996) .  

Geologic setting :  

The Ridgway Fault l ies on  the southwest margin o f  the Uncompahgre U pl ift, which i s  a 
northwest-trending ,  east- ti lted fault block. The Ridgway Fault is a h igh-angle normal fau lt 
that is down to the south . 

Sense of movement: N 
Comments :  Sul l ivan and others ( 1 980) and Sul l ivan and Martin  ( 1 986) reported a south-



Q26 - Ridgway Fault 

dipping fault plane based on microseismicity stud ies. Oown- to-the-south movement on a 
south-d ipping fault plane ind icates normal movement. 

Dip: 

Comments: 

Dip direction :  S 

Geomorphic expression : 

Sul l ivan and others ( 1 980) described a south-facing, 300-m-h igh fau lt- l ine scarp along the 
Ridgway Fau lt. However, Lettis and others ( 1 996) reported that there has not been any 
observable surface rupture in over 1 40 ka, which is supported by the general lack of 
geomorphic features such as scarps or even l ineaments along the fault. 

Age of fau lted deposits : 

Sul l ivan and others ( 1 980) postu lated that Kansan to early Wisconsin g lacial deposits may 
be offset by the Ridway Fault. However, Lettis and others ( 1 996) and Ake and others ( 1 997) 
reported that pre-Bul l  Lake (middle Pleistocene) to Pinedale ( 1 0  to 40 ka) deposits are not 
offset by the fault. Lettis and others ( 1 996) further stated that Holocene non-g lacial deposits 
are not offset by the fault based on the absense of geomorphic features indicative of youthfu l  
faulting .  Maxium stratigraphic throw on the Ridway Fault is about 1 50 m,  most of  which is 
bel ieved to have occurred during the Laramide (Sul l ivan and others ,  1 980) . 

Detai led stud ies : 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Sul l ivan and others ( 1 980) examined g lacial deposits and attempted to correlate 
them across the fau lt. They postu lated that elevation d ifferences in these g lacial deposits 
across the fau lt could suggest Quaternary movement on the Ridgway Fau lt. M icroseismicity 
studies by Sul l ivan and others ( 1 980) and Martin ( 1 987) reported that seismicity is associated 
with the Ridgway Fault. Kirkham and Rogers ( 1 98 1 ) and Colman ( 1 985) ind icated 
Quaternary movement on the fau lt. Lettis and others ( 1 996) reported no observable surface 
rupture since at least 1 40 ka. They suggested that either the seismicity is being produced by 
the Ridgway Fault itself but without surface rupture since 1 40 ka, or that the seismicity is 
induced by the fi l l ing of the Ridgway dam and is occurring on the Ridgway Fault and/or 
associated branch fau lts in the reg ion . The most recent paleoevent on the Ridgway Fault is 
herein conservatively considered to have occurred during the Quaternary « 1 .6 Ma) based 
on possible offset of Quaternary g lacial deposits and microseismicity data cited by Su l l ivan 
and others ( 1 980). 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (0) <0.2 mm/yr 
Comments: Based on the lack of geomorphic evidence to support recent fault activity , and 
the lack of any observable surface rupture ,  a sl ip rate of <0.2 mmlyr is estimated for th is fault . 

Earthquake notes: 

Seismicity on the fau lt may be related to the fi l l ing of the Ridgway Reservoir (Sul l ivan and 
others,  1 980; Lettis and others, 1 996) .  Sul l ivan and others ( 1 980) assigned a moment 
magn itude (Mw) 6 1 /2 maximum cred ible earthquake to this fault. Lettis and others ( 1 996) 
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assigned a moment magnitude (Mw) 6 3/4 maximum credible earthquake to this fau lt. 
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Q27 - U nnamed Faults of Pinto Mesa 

Structure type: Simple fau lt 

Structure number: Q27 
Comments: Fault 83 in  Kirkham and Rogers ( 1 981 ) ;  fau lt 353 in Witkind ( 1 976) ;  fau lt 2277 in 
the U.S.  Geological Survey Quaternary fault and fold database. 

Structure name: Unnamed Faults of Pinto Mesa 
Comments: Th is structure consists of a series of about five northwest-trending fau lts on the 
southwest flank of the Uncompahgre Upl ift. The fau lts extends from the southwest flank of 
Pinon Mountain ,  past Tabequache Creek to Pinto Mesa, and continues southeast to 
Cottonwood Creek. 

Synopsis: 

This fau lt series l ies on the southeast marg in  of the Uncompahgre Upl ift. Evidence for 
Quaternary movement on this fau lt was cited in Witkind ( 1 976) based on personal 
commun ication with Fred Cater. Based on the timing of abandonment of Unaweep Canyon , 
Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and 
continued into the Pleistocene, resu lting in as much as 640 m of d ifferential upl ift. Despite 
the lack of evidence of fau lted Quaternary depOSits along this unnamed fau lt, it has been 
classified as a Quaternary fault (Howard and others,  1 978; Kirkham and Rogers,  1 98 1 ; 
Colman, 1 985; Lettis and others, 1 996) , and no references have been publ ished that refute 
this age assignment. 

Date of compilation: 9/4/97 

Compiler and affil iation :  Beth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County: Montrose 

1 0  x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N43W 

Number of traces: 5 

T47N ,R14W- T48N , R 1 5W 

End to end length : 1 9 .67 km 

Cumulative length : 26.67 km 

Reliabil ity of location :  Good 
Comments: The fault was mapped at a scale of 1 :250,000 by Wil l iams ( 1 964) and Lettis and 
others ( 1 996) .  The trace used herein is from Lettis and others ( 1 996). 

Geologic setting:  

This fau lt series l ies on the southwest flank  of the Uncompahgre Upl ift. The Uncompahgre 
U pl ift is a northwest-trending,  east-ti lted fault block. This fault is a h igh-angle normal fault 
that is down to the southwest. 
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84 Q27 - U nnamed Faults of Pinto Mesa 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 ) and Witkind ( 1 976) showed this as a normal fault. 

Dip:  

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

The youngest deposits offset by the fault are the Cretaceous Dakota Sandstone and Burro 
Canyon Formation; Quaternary deposits conceal the fault (Wi l l iams, 1 964) .  The fault l ies 
primarily in Jurassic and Cretaceous bedrock with less than 5% of the fault extending 
beneath Quaternary deposits .  

Detai led stud ies : 

No detai led studies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in Quaternary deposits ,  fau lts associated 
with the Uncompahgre Upl ift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on the fau lt was cited i n  Witkind ( 1 976) 
based on personal communication with Fred Cater. Based on the timing of abandonment of 
Unaweep Canyon, Cater ( 1 966) indicated uplift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, resulting in  as much as 640 m of d ifferential 
up l ift. There is no other publ ished evidence that Quaternary deposits are offset by this 
structure .  Despite the lack of evidence of faulted Quaternary deposits along this unnamed 
fault , it has been classified as a Quaternary fau lt (Howard and others, 1 978; Kirkham and 
Rogers, 1 98 1 ; Colman, 1 985; Lettis and others, 1 996) ,  and no references have been 
publ ished that refute this age assignment. 

Recurrence interval :  ND 
Comments: 

Sl ip rate: unknown; (D) <0.2 mmlyr 
Comments: Lettis and others ( 1 996) calculated a sl ip rate of 0 .2 mmlyr or less based on a 
scarp height of 80 m and an age of about 500 ka or older. 

Earthquake notes: 
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86 Q28 - U nnamed Faults near Cottonwood Creek 

Structure type: · Simple fau lt 

Structure number: Q28 
Comments: Fault 85 in Kirkham and Rogers ( 1 98 1 ) ;  fault 354 in Witkind ( 1 976) ;  fault 2278 in 
the U . S. Geological Survey Quaternary fault and fold database. 

Structure name: Unnamed Faults near Cottonwood Creek 
Comments: Th is unnamed fau lt system consists of two northwest-trending fau lts on the 
southwest flank of the Uncompahgre Upl ift near Cottonwood Creek. 

Synopsis: 

This fau lt l ies on the southeast marg in  of the Uncompahgre Upl ift. Evidence for Quaternary 
movement on this fau lt was cited in Witkind ( 1 976) based on personal commun ication with 
Fred Cater. Based on the timing of abandonment of Unaweep Canyon ,  Cater ( 1 966) 
ind icated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in  as much as 640 m of d ifferential upl ift. Despite the lack of evidence 
of fau lted Quaternary deposits along this unnamed fault, it has been classified as a 
Quaternary fau lt ( Kirkham and Rogers, 1 98 1 ;  Colman , 1 985; Lettis and others, 1 996), and 
no references have been publ ished that refute th is age aSSignment. 

Date of compilation : 9/4/97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Montrose 

1° x 2° Sheet: Moab 

Province :  Colorado Plateaus 

Township and Range: 

Strike: N50W 

Number of traces: 3 

T46N , R 1 3W- T47N ,R14W 

End to end length : 1 0 . 8 1  km 

Cumulative length : 1 7 . 1 0  km 

Reliabil ity of location : Good 
Comments: The fau lt was mapped at a scale of 1 :250,000 by Wil l iams ( 1 964) and Lettis and 
others ( 1 996) .  The trace used herein is from Wi l l iams ( 1 964) .  

Geologic setting: 

This fault l ies on the southwest flank of the Uncompahgre Upl ift. The Uncompahgre Upl ift is 
a northwest-trending,  east-ti lted fau lt block. This fau lt . is a high-ang le normal fault that is 
down to the south and southwest. 

Sense of movement: N 
Comments: Witkind ( 1 976) and Kirkham and Rogers ( 1 98 1 ) ind icated normal movement on 
this fault . 



Q28 - Un named Faults near Cottonwood C reek 

Dip:  

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

The youngest deposits offset by the fault are the Cretaceous Dakota Sandstone and Burro 
Canyon Formation; there are no Quaternary deposits mapped along the trace of the fault 
(Wi l l iams, 1 964) .  The fault l ies entirely with in the Cretaceous Dakota and Burro 
Formations. 

, Detai led stud ies: 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in ,Quaternary deposits ,  fau lts associated 
with the Uncompahgre Uplift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on this fau lt was cited i n  Witkind ( 1 976) 
based on personal commun ication with Fred Cater. Based on the timing of abandonment of 
Unaweep Canyon ,  Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, resulting in  as much as 640 m of d ifferential 
up l ift .  There is no other publ ished evidence that Quaternary deposits are offset by this 
structure .  Despite the lack of evidence of faulted Quaternary deposits along this unnamed 
fau lt, it has been classified as a Quaternary fault (Kirkham and Rogers,  1 98 1 ; Colman,  1 985; 
Lettis and others,  1 996) , and no references have been publ ished that refute this age 
assignment. 

Recurrence interval :  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  upl ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre U pl ift (Perry , 1 989), a s l ip rate of <0.2 mm/yr is estimated for th is complex. 

Earthquake notes : 

References Cited : 

Cater, F .W. ,  Jr. ,  1 966, Age of the Uncompahgre Upl ift and Unaweep Canyon,  west-central  
Colorado, ' in '  Geolog ical Survey Research 1 966, Chapter C: U.S.  Geological Survey 
Professional Paper 550-C, p. C86-C92. 

Colman ,  S .M . ,  1 985, Map showing tectonic features of late Cenozoic orig in in Colorado: U .S .  
Geolog ical Survey Miscel laneous Geolog ic I nvestigations Map 1-1 566. 

Kirkham, R .M . ,  and Rogers,  W. P . ,  1 98 1 , Earthquake potential in Colorado: Colorado 
Geological Survey Bu l letin 43, 1 7 1 p.  
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88 Q28 - U nnamed Faults near Cottonwood Creek 
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360.  
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Q29 - U nnamed Fault at Red Canyon 

Structure type: Simple fau lt 

Structure number: Q29 
Comments: Fault 84 in Kirkham and Rogers ( 1 981 ) ;  fau lt 355 in  Witkind ( 1 976) ;  fault 2279 in 
the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault at Red Canyon 
Comments: Th is fault trends east-west on the southwest flank of the Uncompahgre Upl ift. 
The fault extends east from the headwaters of Cottonwood Creek through Red Canyon and 
terminates near Clear Creek. 

Synopsis: 

This fau lt l ies on the southeast marg in of the Uncompahgre Uplift. Evidence for Quaternary 
movement on this fault was cited in Witkind ( 1 976) based on personal commun ication with 
Fred Cater. Based on the timing of abandonment of Unaweep Canyon ,  Cater ( 1 966) 
indicated uplift began in  the mid-Pliocene and continued into the Pleistocene, resulting .  in  as 
much as 640 m of differential upl ift. Despite the lack of evidence of fau lted Quaternary 
deposits along th is unnamed fau lt, it has been classified as a Quaternary fault (Howard and 
others,  1 978; Kirkham and Rogers,  1 98 1 ; Colman,  1 985; Lettis and others,  1 996) ,  and no 
references have been publ ished that refute th is age assignment. 

Date of compilation : 9/4/97 

Compiler and affil iation:  Beth L.  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Montrose 

1° x 2° Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N69W 

Number of traces: 1 

T46N ,R1 1 W- T47N ,R1 3W 

End to end length : 24.24 km 

Cumulative length : 24.66 km 

Reliabil ity of location :  Good 
Comments: The fau lt was mapped at a scale of 1 :250,000 by Wi l l iams ( 1 964) and Lettis and 
others ( 1 996) . The trace used herein is from Wi l l iams ( 1 964) .  

Geologic setting:  

Th is fault l ies on the southwest flank of the Uncompahgre Upl ift. The Uncompahgre Upl ift is 
a northwest-trend ing ,  east-tilted fault block. This fau lt is a h igh-angle normal fau lt that is 
down to the south . 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 )  and Witkind ( 1 976) indicated normal movement on 
this fault . 
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90 Q29 - U n named Fault at Red Canyon 

Dip:  

Comments: 

Dip direction :  

Geomorphic expression: 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

The Cretaceous Mancos Shale is the youngest deposit offset by the fau lt; there are no 
Quaternary deposits mapped along the trace of the fau lt (Wi l l iams, 1 964) .  The fau lt l ies 
entirely with in  the Ju rassic Brushy Basin Shale Member of the Morrison Formation and the 
Cretaceous Dakota Sandstone, Burro Canyon Formation, and Mancos Shale. 

Detailed stUdies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in Quaternary deposits ,  fau lts associated 
with the Uncompahgre Upl ift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on this fau lt was cited in Witkind ( 1 976) 
based on personal commun ication with Fred Cater. Based on the timing of abandonment of 
Unaweep Canyon , Cater ( 1 966) indicated uplift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, resulting in as much as 640 m of d ifferential 
up l ift. There is no other publ ished evidence that Quaternary deposits are offset by this 
structure. Despite the lack of evidence of faulted Quaternary deposits along this unnamed 
fau lt, it has been classified as a Quaternary fau lt (Howard and others, 1 978; Kirkham and 
Rogers,  1 98 1 ; Colman ,  1 985; Lettis and others, 1 996) ,  and no references have been 
publ ished that refute this age aSSignment. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre Upl ift (Perry, 1 989), a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes: 

References Cited : 

Cater, F .W. ,  J r. ,  1 966, Age of the Uncompahgre Upl ift and Unaweep Canyon ,  west-centra l 
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Howard , K.A. , Aaron ,  J . M . ,  Brabb, E .E . ,  Brock, M . R ,  Gower, H . D . ,  Hunt, S .J . ,  Mi lton ,  D . J . , 
Muehlberger, W. R ,  Nakata, J . K, Plafker, G . ,  Prowel l ,  D .C . , Wallace, R E . ,  and Witkind ,  I . J . ,  
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Q29 - U nnamed Fault at Red Canyon 
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Colorado,  1 77 p. 

Perry , T.W.V. , 1 989 , Tectonic inference and computer simu lation in stream longitudinal 
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92 Q30 - U nnamed Fault north of Horsefly Creek 

Structure type: Simple fau lt 

Structure number: Q30 
Comments: Fault 86 in Kirkham and Rogers ( 1 98 1 ) ;  fault 2280 in the U .S .  Geolog ical Survey 
Quaternary fault and fold database. 

Structure name: Unnamed Fault north of Horsefly Creek 
Comments: This unnamed fau lt l ies on the southwest flank of the Uncompahgre U pl ift north 
of and generally paral lel to Horsefly Creek. The fau lt trends east-west on its western end 
and west-northwest on its eastern end. The fault extends from Sheep Creek on the west to 
Hanks Creek on the east. 

Synopsis: 

This fault l ies on the southeast marg in  of the Uncompahgre Upl ift. Based on the t iming of 
abandonment of Unaweep Canyon , Cater ( 1 966) ind icated upl ift of the Uncompahgre Plateau 
began in the mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m 
of d ifferential u plift. Despite the lack of evidence of faulted Quaternary deposits along this 
unnamed fau lt, it has been classified as a Quaternary fault (Kirkham and Rogers,  1 98 1 ) ,  and 
no references have been publ ished that refute this age assignment. 

Date of compilation :  9/4/97 

Compiler and affiliation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Montrose 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township  and Range: 

Strike: N78W 

Number of traces : 1 

T46 N , R 1 2W 

End to end length : 8. 1 2 km 

Cumulative length : 8 .35 km 

Reliabil ity of location:  Good 
Comments: The fault was mapped at a scale of 1 :250,000 by Wil l iams ( 1 964) . 

Geologic setting:  

This fault l ies on the southwest flank of the Uncompahgre Upl ift. The Uncompahgre Ul ift is a 
northwest-trending,  east-ti lted fau lt block. This fau lt is a high-angle normal fault that is down 
to the south and southwest. 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 ) indicated normal movement on this fau lt. 



Q30 - U nnamed Fault north of Horsefly Creek 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

The Cretaceous Mancos Shale is the youngest deposit offset by the fau lt; there are no 
Quaternary deposits mapped along the trace of the fault (Wi l l iams, 1 964) .  The fault l ies 
entirely with in  the Ju rassic Brushy Basin Shale Member of the Morrison Formation and the 
Cretaceous Dakota Sandstone, Burro Canyon Formation and Mancos Shale. 

Detai led stUd ies : 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in  Quaternary deposits, fau lts associated 
with the Uncompahgre Uplift are often considered to have experienced Quaternary 
movement. Based on the timing of abandonment of Unaweep Canyon ,  Cater ( 1 966) 
indicated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in  as much as 640 m of d ifferential upl ift. There is no other publ ished 
evidence that Quaternary deposits are offset by this structure. Despite the lack of evidence 
of fau lted Quaternary deposits along this unnamed fau lt, it has been classified as a 
Quaternary fault (Ki rkham and Rogers, 1 98 1 ) ,  and no references have been publ ished that 
refute this age assignment. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  upl ift rate of 0.4 m/1 000 yr  since 1 .8 Ma for 
the Uncompahgre Uplift (Perry , 1 989), a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes : 

References Cited : 
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Society of America, Abstracts with Prog rams, v.  2 1 , no. 6 ,  p.  269. 
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94 Q30 - Un named Fault north of Horsefly Creek 

Wil l iams, P .L . ,  1 964, Geology, structure, and uranium deposits of the Moab quadrangle, 
Colorado and Utah:  U.S. Geolog ical Survey Miscel laneous Geolog ic I nvestigations Map 1-
360. 



Q31 - U nnamed Fault at Hanks Creek 

Structure type: Simple fau lt 

Structure number: Q31 
Comments: Fau lt 88 in Kirkham and Rogers ( 1 981 ) ;  fault 355 in Witkind ( 1 976) ;  fau lt 2281 in 
the U.S.  Geological Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault at Hanks Creek 
Comments: This is an arcuate fault at the south end of the southwest flank of the 
Uncompahgre Upl ift. The fault trends north-northwest on its western end and almost due 
north on ints southeastern end. The fau lt splays off from an unnamed fau lt (fault Q29,  th is 
database) near Red Canyon,  extends east to Clear Creek, then bends south to the 
Montrose/San M iguel county l ine. 

Synopsis: 

This fault l ies on the southeast marg in  of the Uncompahgre Upl ift. Evidence for Quaternary 
movement on this fau lt was cited in Witkind ( 1 976) based on personal commun ication with 
Fred Cater. Based on the timing of abandonment of Unaweep Canyon ,  Cater ( 1 966) 
ind icated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in  as much as 640 m of d ifferential upl ift. Despite the lack of evidence 
of fau lted Quaternary deposits along this unnamed fau lt, it has been classified as a 
Quaternary fau lt ( Kirkham and Rogers,  1 98 1 ;  Colman , 1 985; Lettis and others, 1 996) , and 
no references have been publ ished that refute this age assignment. 

Date of compilation : 09/04/97 

Compiler and affiliation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Montrose 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N47W 

Number of traces: 1 

T45N , R 1 1 W- T46N, R 1 2W 

End to end length : 1 7.48 km 

Cumulative length : 2 1 .05 km 

Reliabil ity of location : Good 
Comments: The fault was mapped at a scale of 1 :250,000 by Wil l iams ( 1 964) and Lettis and 
others ( 1 996). The trace used herein is from Wil l iams ( 1 964).  

Geologic setting: 

The fault l ies on the southwest flank of the Uncompahgre Upl ift. The Uncompahgre Uplift is a 
northwest-trending ,  east-ti lted fault block. This fau lt

'
is a h igh-angle normal fau lt that is down 

to the south and west. 
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96 Q31 - U nnamed Fau lt at Hanks C reek 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 981 ) and Witkind ( 1 976) ind icated normal movement on 
this fault. 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

The Cretaceous Mancos Shale is the youngest deposit offset by the fau lt; there are no 
Quaternary deposits mapped along the trace of the fault (Wi l l iams, 1 964) .  The fau lt l ies 
entirely with in Triassic to Cretaceous bedrock. 

Detai led studies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in  Quaternary deposits, fau lts associated 
with the Uncompahgre Upl ift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on this fau lt was cited in Witkind ( 1 976) 
based on personal commun ication with Fred Cater. Based on the timing of abandonment of 

. Unaweep Canyon , Cater ( 1 966) ind icated uplift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m of d ifferential 
up l ift. There is no other publ ished evidence that Quaternary deposits are offset by th is 
structure. Despite the lack of evidence of faulted Quaternary deposits along this unnamed 
fault, it has been classified as a Quaternary fault (Kirkham and Rogers, 1 98 1 ; Colman,  1 985; 
Lettis and others,  1 996) , and no references have been publ ished that refute this age 
assignment. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (D) <0.2 mmlyr 
Comments: Based on calcu lations of an overal l  upl ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre Uplift (Perry , 1 989),  a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes : 

References Cited : 
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98 Q32 - U nnamed Fault near Joh nson Spring 

Structure type: Simple fault 

Structure number: Q32 
Comments: Fault 89 in Kirkham and Rogers ( 1 981 ) ;  fau lt 355 in  Witkind ( 1 976);  fault 2282 in 
the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault near Johnson Spring 
Comments: This is a east-trending fault that splays from an unnamed fau lt (fault 228 1 ; th is 
database) south of Clear Creek. The fault l ies at the south end of the southwest marg in  of 
the Uncompahgre Upl ift. 

Synopsis: 

This fau lt l ies on the southeast margin of the Uncompahgre Uplift. Evidence for Quaternary 
movement on this fau lt was cited in Witkind ( 1 976) based on personal communication with 
Fred Cater. Based on the timing of abandonment of Unaweep Canyon ,  Cater ( 1 966) 
ind icated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, resu lting in  as much as 640 m of d ifferential upl ift. Despite the lack of evidence 
of fau lted Quaternary deposits along this unnamed fault, it has been classified as a 
Quaternary fau lt ( Kirkham and Rogers, 1 98 1 ; Colman,  1 985) , and no references have been 
publ ished that refute this age aSSignment. 

Date of compilation : 9/4/97 

Compiler and affiliation : Beth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County:  Montrose 

10 x 20 Sheet: Moab, Montrose 

Province: Colorado Plateaus 

Township and Range: 

Strike: N84E 

Number of traces : 1 

T46N ,R1 0W- T46N ,R1 1 W  

End to end length : 7. 1 0  km 

Cumulative length : 7.26 km 

Reliabil ity of location : Good 
Comments: The fault ws mapped at a scale of 1 :250,000 by Wi l l iams ( 1 964) and Tweto and 
others ( 1 976). The trace used herein is from Wi l l iams ( 1 964).  

Geologic setting: 

The fault l ies on the southwest flank of the Uncompahgre Upl ift. The Uncompahgre Upl ift is a 
northwest-trending,  east-ti l�ed fault block. This fault is a high-angle normal fault that is down 
to the south . 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 .98 1 )  and Witkind ( 1 976) ind icated normal movement on 
this fault. 



Q32 - U nnamed Fault near Joh nson S pring 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

The Cretaceous Mancos Shale is the youngest deposit offset by the fau lt; there are no 
Quaternary deposits mapped along the trace of the fault (Wi l l iams, 1 964 ; Tweto and others,  
1 976). The fault l ies entirely with in Triassic to Cretaceous bedrock. 

Detai led stud ies : 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in Quaternary deposits, fau lts associated 
with the Uncompahgre Upl ift are often considered to have experienced Quaternary 
movement. Evidence for Quaternary movement on this fault was cited i n  Witkind ( 1 976) 
based on personal commun ication with Fred Cater. Based on the timing of abandonment of 
Unaweep Canyon,  Cater ( 1 966) ind icated u pl ift of the Uncompahgre Plateau began in the 
mid-Pl iocene and continued into the Pleistocene, result ing in as much as 640 m of d ifferential 
up l ift. There is no other published evidence that Quaternary deposits are offset by this 
structure. Despite the lack of evidence of faulted Quaternary deposits along this unnamed 
fau lt, it has been classified as a Quaternary fau lt ( Kirkham and Rogers ,  1 98 1 ; Colman,  
1 985) ,  and no references have been published that refute this age assignment. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments :  Based on calculations of an overal l  up lift rate of 0.4 m/1 000 yr since 1 . 8 Ma for 
the Uncompahgre U plift (Perry , 1 989),  a s l ip rate of <0.2 mm/yr is estimated for th is complex. 

Earthquake notes: 
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Society of America, Abstracts with Programs, v. 2 1 , no. 6 ,  p .  269. 
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Q33 - U nnamed Fault at Clay Creek 

Structure type: Simple fau lt 

Structure number: Q33 
Comments: Fault 87 in Kirkham and Rogers ( 1 98 1 ) ; fault 2283 in the U .S .  Geolog ical Survey 
Quaternary fault and fold database. 

Structure name: Unnamed Fault at Clay Creek 
Comments: Th is unnamed fau lt system consists of two northwest-trending fau lts on the 
southwest marg in  of the Uncompahgre Upl ift. The fau lts are north of H ighway 1 45 and San 
Miguel Canyon.  Wil l iams ( 1 964) showed several faults in this area that offset Mesozoic 
rocks. Kirkham and Rogers ( 1 98 1 ) showed only one Quaternary fault in this area. Lettis and 
others ( 1 996) indicated Quaternary movement on two fau lts in this area. 

Synopsis: 

These fau lts l ie on the southeast marg in  of the Uncompahgre Upl ift. Based on the t iming of 
abandonment of Unaweep Canyon , Cater ( 1 966) ind icated upl ift of the Uncompahgre P lateau 
began in  the mid-Pl iocene and continued into the Pleistocene, resu lting in as much as 640 m 
of d ifferential up l ift. Despite the lack of evidence of faulted Quaternary deposits along this 
unnamed fault, it has been classified as a Quaternary fault ( Kirkham and Rogers,  1 98 1 ; 
Colman ,  1 985; Lettis and others,  1 996) , and no references have been publ ished that refute 
this age assignment. 

Date of compilation : 9/4/97 

Compiler and affil iation: Beth L .  Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County: Montrose 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N46W 

Number of traces: 2 

T46N , R 1 2W 

End to end length : 9.24 km 

Cumulative length : 1 3 .83 km 

Reliabil ity of location :  Good 
Comments: The fault was mapped at a scale of 1 :250,000 by Wil l iams ( 1 964) and Lettis and 
others ( 1 996) . The trace used herein is from Wi l l iams ( 1 964).  

Geologic setting:  

The fau lts l ie on the southwest flank of  the Uncompahgre Upl ift. The Uncompahgre Upl ift is a 
northwest-trend ing ,  east-ti lted fault block. These faults are high-angle normal fau lts that are 
down to the southwest. 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 ) ind icated normal movement on one of these fau lts . 
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Dip:  

Comments :  

Dip direction :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits:  

The Cretaceous Mancos Shale is the youngest deposit offset by the fau lts ; there are no 
Quaternary deposits mapped along the trace of the fau lts (Wi l l iams, 1 964) .  The fau lts l ie 
entirely with in  the Jurassic Brushy Basin Shale Member of the Morrison Formation and the 
Cretaceous Dakota Sandstone, Burro Canyon Formation and Mancos Shale. 

Detai led studies:  

No detai led studies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Despite a lack of evidence for offset in  Quaternary deposits ,  fau lts associated 
with the Uncompahgre Uplift are often considered to have experienced Quaternary 
movement. Based on the timing of abandonment of Unaweep Canyon ,  Cater ( 1 966) 
indicated upl ift of the Uncompahgre Plateau began in the mid-Pl iocene and continued into the 
Pleistocene, result ing in as much as 640 m of d ifferential upl ift. There is no other publ ished 
evidence that Quaternary depOSits are offset by th is structure. Despite the lack of evidence 
of fau lted Quaternary deposits along this unnamed fau lt, it has been classified as a 
Quaternary fau lt (Kirkham and Rogers, 1 98 1 ; Colman , 1 985; Lettis and others,  1 996), and no 
references have been publ ished that refute th is age assignment. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on calcu lations of an overal l  up l ift rate of 0.4 m/1 000 yr since 1 .8 Ma for 
the Uncompahgre Upl ift (Perry , 1 989),  a s l ip rate of <0.2 mm/yr is estimated for this complex. 

Earthquake notes : 
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report prepared by Wil l iam Leltis & Associates, I nc. , Woodward-Clyde Federal Services, and 
Seismotecton ics and Geophysical Group of the U .S .  Bureau of Reclamation in Denver, 
Colorado, 1 77 p .  

Perry , T.W.v. , 1 989, Tectonic inference and computer simu lation i n  stream longitudinal 
profi le evolution , Unaweep Canyon and vicin ity , Colorado and Utah [abs. ] :  Geological 
Society of America, Abstracts with Programs, v. 2 1 , no. 6 ,  p. 269. 

Wi l l iams, P L ,  1 964, Geology, structure ,  and uranium deposits of the Moab quadrangle, 
Colorado and Utah:  U .S .  Geological Survey Miscellaneous Geolog ic I nvestigations Map 1 -
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Structure type: Simple fau lt 

Structure number: Q34 
Comments: Fau lt 2284 in the U .S .  Geological Survey Quaternary fault and fold database. 

Structure name: Unnamed Faults near San Miguel Canyon 
Comments: This unnamed series of faults includes 14 fau lts that general ly trend northwest 
paral lel to the San M iguel River. The faults l ie on the southeast end of the Uncompahgre 
Upl ift. 

Synopsis: 

This series of fau lts l ies on the south end of the Uncompahgre Uplift. Although there was no 
reported evidence of Quaternary offset along these fau lts they were mapped as Quaternary 
fau lts by Lettis and others ( 1 996 ;  plate 2) .  They attributed fault activity to salt tectonism. The 
most recent movement on the fau lts herein considered to have occurred during the 
Quaternary based on the work of Lettis and others ( 1 996) .  

Date of compilation :  1 /6/98 

Compiler and affiliation :  8eth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Montrose 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N52W 

Number of traces : 1 4  

T43N ,R1 3W- T46N , R 1 1 W  

End to end length : 32. 06 km 

Cumulative length : 1 00 .67 km 

Reliabil ity of location : Good 
Comments: The fau lts were mapped at a scale of 1 :250,000 by Wi l l iams ( 1 964) and Lettis 
and others ( 1 996) . The fault trace used herein is from Lettis and others ( 1 996) .  

Geologic setting:  

This fau lt series l ies on the southeast end of the Uncompahgre Upl ift, which is a northwest
trending,  east-tilted fault block. Fau lts in this series are down to the northeast and southwest 
and are considered to be salt-related rather than tectonic features (Lettis and others,  1 996) .  

Sense of  movement: N 
Comments: 

Dip: 

Comments: 

Dip direction :  
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Geomorphic expression : 

Geomorphic indicators of youthfu l  faulting have not been reported . 

Age of fau lted deposits : 

Fau lts in this series offset Jurassic to Cretaceous bedrock (Wil l iams, 1 964) .  Less than 1 %  
of the fau lt lengths extend through or beneath Quaternary deposits. Although there is no 
evidence of fau lted Quaternary deposits along these fau lts , Lettis and others ( 1 996) 
concluded they moved during the Quaternary but were related to salt tectonism. 

Detai led stud ies : 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Although there is no d i rect evidence of faulted Quaternary deposits along these 
fau lts, they were mapped as Quaternary fau lts related to salt tectonism by Lettis and others 
( 1 996; plate 2) .  

Recurrence interval:  ND 
Comments: 

Sl ip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes : 

A moment magn itude (Mw) 5 maximum credible earthquake was assigned to these fau lts by 
Lettis and others ( 1 996) .  
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Seismotecton ics and Geophysical Group of the U .S .  Bureau of Reclamation in Denver, 
Colorado, 1 77 p. 
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1 06 Q35 - Sin bad Val ley Graben 

Structure type: Simple fault 

Structure number: Q35 
Comments: Fault 2285 in the U.S. Geolog ical Survey Quaternary fault and fold database. 

Structure name: Sin bad Val ley Graben 
Comments: The Sinbad Val ley Anticl ine is a salt-cored structure with a collapsed crest which 
is defined by the Sinbad Val ley Graben . Mu ltiple northwest-trending and arcuate fau lts , 
along with a few minor folds, are associated with this graben. Only five fau lts are shown on 
the map that accompan ies this database. They were general ized from Shoemaker ( 1 956) , 
Wi l l iams ( 1 964) and Cater ( 1 970). This structural  graben l ies north of the Paradox Val ley 
which is a simi larly formed col lapsed salt anticl ine.  Sinbad Ridge defines the southwest 
marg in  of the col lapse area, wh i le Sewemup Mesa defines the northeast marg in .  This 
structure name was assigned during th is compilation . 

Synopsis : 

The Sinbad Valley Graben lies between the Uncompahgre Plateau and Paradox Val ley. The 
graben formed along the collapsed crest of a salt-cored anticl ine which developed in  
response to salt migration and d issolution beneath the area (Cater, 1 970) .  Wi l l iams ( 1 9964) 
ind icated a few of the fau lts associated with the graben offset Quaternary deposits. Fau lt 
scarps are present along the north margin of the graben and minor folds and fau lts are 
reportedly found in Quaternary deposits with in the graben (Shoemaker, 1 956) . 

Date of compilation :  6/25/98 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Montrose, Mesa 

10 x 20 Sheet: Moab 

Province:  Colorado Plateaus 

Township and Range: 

Strike: N37W 

Number of traces: 5 

End to end length : 1 4 .87 km 

Cumulative length : 23.37 km 

Reliabil ity of location :  Good 
Comments: The Sinbad Valley Graben was mapped at a scale of 1 :24,000 by Shoemaker 
( 1 956) , 1 :62 , 500 by Cater ( 1 970), and 1 :250,000 by Wi l l iams ( 1 964) . The trace used herein 
is general ized from Wi l l iams ( 1 964) .  

Geologic setting:  

The Sin bad Val ley Anticl ine is a salt-cored structure with a col lapsed crest wh ich is defined 
by the Sinbad Val ley Graben. Formation of the anticl ine is believed to be control led by major 
subsurface fau lts that d isplace bedrock beneath the salt-bearing Paradox Formation . The 
graben is a col lapse feature that formed in response to salt migration and d issolution beneath 
the area. Faults associated with the graben are general ly high-angle and downthrown 



Q35 - Sin bad Val ley Graben 

primarily to the northeast; a few faults are downthrown to the southwest (Shoemaker, 1 956; 
Cater, 1 970). S in bad Ridge defines the southwest margin of the col lapse area , whi le 
Sewemup Mesa defines the northeast marg in .  

Sense of movement: N 
Comments: 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Prominent fault scarps are present along the north flank of the col lapsed graben (Cater, 
1 970) . Shoemaker ( 1 956) reported small fau lts and folds in Quaternary deposits. 

Age of faulted deposits: 

Quaternary al luvial and eolian deposits were mapped by Wi l l iams ( 1 964; scale 1 :250,000) 
as offset by a few of the fau lts associated with the Sinbad Val ley Graben . However, detai led 
mapping by Shoemaker ( 1 956; scale 1 :24 ,000) and Cater ( 1 970; scale 1 :62, 500) indicated 
that the faults are concealed by Quaternary deposits. Shoemaker ( 1 956) reported small 
fau lts and folds i n  Quaternary deposits but does not specifical ly map any such features. 

Detai led studies:  

Timing of most recent paleoevent: (4)  Quaternary « 1 .6 Ma) 
Comments: Wi l l iams ( 1 964) mapped Quaternary depOSits as being offset by some of the 
fau lts associated with the Sinbad Val ley Graben . Although Shoemaker ( 1 956) and Cater 
( 1 970) did not map any Quaternary deposits as fau lted , accompanying text by Shoemaker 
stated that small folds and faults were present with in the graben.  He postu lated that the 
presence of these features in Quaternary deposits ind icates recent col lapse and 
readjustment of the system. Therefore, the most recent paleoevent on the Sinbad Val ley 
Graben is herein assumed to have occu rred during the Quaternary. 

Recurrence interval :  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: 

Earthquake notes : 

References Cited : 

Shoemaker, E .M . ,  1 956, Geology of the Roc Creek quadrangle, Colorado:  U .S .  Geological 
Survey Quadrangle Map GQ-83 . 

Cater, F.W. , J r. ,  1 970, Geology of the salt anticl ine reg ion in southwestern Colorado, with a 
section on stratigraphy by F.W. Cater and L.C. Craig : U .S .  Geolog ical Survey Professional 
Paper 637, 80 p .  
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Wil l iams, P .L. ,  1 964, Geology , structure, and uran ium deposits of the Moab quadrangle, 
Colorado and Utah:  U.S. Geological Survey Miscellaneous Geolog ic I nvestigations Map 1 -
360. 



Q36 - Paradox Valley Graben 

Structure type: Simple fault 

Structure number: Q36 
Comments: Fault 90 in Kirkham and Rogers ( 1 98 1 ) ;  fault 2286 in the U .S .  Geolog ical Survey 
Quaternary fault and fold database. 

Structure name: Paradox Valley Graben 
Comments: The Paradox Val ley Graben is made up of mu ltiple fau lts on either side of the 
northwest-trending Paradox Valley. Herein ,  only about 1 5  fau lt traces are shown . They are 
genera l ized from Cater ( 1 954; 1 955c; 1 955h;  1 970), Cater and others ( 1955) , and Wi l l iams 
( 1 964) .  The faults extend from the Utah/Colorado border southeast to Dry Creek and 
Naturita Ridge. The Paradox Val ley l ies on the crest of a salt-cored anticl ine. Kel ley ( 1 955c) 
refers to this region as the Paradox fold and fault belt. 

Synopsis: 

The Paradox Valley Graben l ies on the crest of a salt-cored anticl ine. The graben is a 
col lapse feature that formed in response to salt migration and d issolution from beneath the 
anticl ine (Cater, 1 955h;  1 970). Fau lts are generally downthrown towards the graben,  but 
several are antithetic. Small folds and fau lts are described as offsetting Quaternary deposits 
and present-day, smal l-scale col lapse and readjustment of the system is impl ied by Cater 
( 1 955h) .  

Date of compilation : 9/4/97 

Compiler and affiliation :  8eth L .  Widmann ,  Colorado Geological Survey 

State: Colorado, Utah 

County: Montrose 

1° x 2° Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N52W 

Number of traces : 20 

T48N ,R1 9W- T45N , R 1 6W 

End to end length : 53. 1 9  km 

Cumulative length : 1 33.45 km 

Reliabil ity of location :  Good 
Comments: Fault locations are fai rly wel l  defined by the Paradox Val ley Graben. The 
graben was mapped at a scale of 1 :24 ,000 by Cater ( 1 954; 1 955c; 1 955h) ,  Cater and others 
( 1 955), and Shoemaker ( 1 956) .  It was also mapped at a scale of 1 :62,500 by Cater ( 1 970) , 
and 1 :250,000 by Wi l l iams ( 1 964).  The trace used herein is from Wil l iams ( 1 964) .  

Geologic setting:  

The Paradox Valley Graben is on the crest of  a salt-cored anticl ine. Formation of  the 
anticl ine is believed to be control led by major subsurface fau lts that displace bedrock 
beneath the evaporitic Paradox Formation (Cater, 1 970). The graben is a collapse feature 
which formed i n  response to salt migration and d issolution from beneath the area (Cater, 
1 954; 1 955c; 1 955h) .  Fau lts in this area are general ly high-angle normal and downthrown 
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towards the graben,  although some fau lts are antithetic. 

Sense of movement: N 
Comments: A cross section by Cater ( 1 970) showed these fau lts as normal .  

Dip:  75°-90° 
Comments: A cross section by Cater ( 1 970) showed the faults as dipping 75° to 90° to the 
southwest and northeast. 

Dip direction :  SW, N E  

Geomorphic expression : 

Fau lts are wel l  defined by the margins of the Paradox Val ley Graben.  Cater ( 1 955h) and 
With ington ( 1 955) al luded to small fau lts and folds in Quaternary deposits which may 
ind icate continued collapse and readjustment of the system. 

Age of fau lted deposits :  

The Cretaceous Mancos Shale is the youngest deposit mapped as offset by  the fau lt system 
according to Cater ( 1 954; 1 955c; 1 955h) .  However, in the accompanying text, Cater 
ind icated small folds and faults are present in Quatenary deposits with in  the graben . The 
fau lts l ie primarily in  Triassic to Cretaceous bedrock and were mapped as concealed 
beneath Quaternary deposits by Cater ( 1 954; 1 955c; 1 955h) ,  Cater and others ( 1 955), and 
With ington ( 1 955) . 

Detai led studies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Although Quaternary depOSits are not mapped as being offset, Cater ( 1 954; 
1 955c; 1 955h) ,  Cater and others ( 1 955), and With ington ( 1 955) ind icated that small folds and 
fau lts are in  fact present with in this system. They postu lated that the presence of these 
features in Quaternary deposits indicates possible present-day col lapse and readjustment of 
the system. Kirkham and Rogers ( 1 98 1 ) suggested possible Holocene movement on these 
fau lts, but without more specific evidence the moste recent paleoevent on this fau lt system is 
herein considered to have occurred during the Quaternary « 1 .6 Ma). Howard and others 
( 1 978) and Colman ( 1 985) also indicated the latest movement on thes fault system occurred 
during the Quaternary .  

Recurrence interval :  NO 
Comments: 

Slip rate: unknown; (0) <0.2 mm/yr 
Comments: Based on the lack of evidence for offset of Quaternary deposits, a sl ip rate of 
<0.2 mm/yr is estimated for this system. 

Earthquake notes : 

Kirkham and Rogers ( 1 98 1 ) suggested that the fault system is probably not capable of 
generating earthquakes greater than magn itude 4 or 5 .  
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1 1 2 Q37 - U n named Faults at the Northwest End of Paradox Val ley 

Structure type: Simple fau lt 

Structure number: Q37 
Comments: Fault 91 in  Kirkham and Rogers ( 1 98 1 ) ;  fault 2287 in the U . S. Geological Survey 
Quaternary fau lt and fold database. 

Structure name: Unnamed Faults at the Northwest End of Paradox Val ley 
Comments: Th is unnamed fau lt system is made up of a series of about eight fau lts that lie at 
the northwest end of Paradox Val ley , near the end of the Paradox Val ley Graben . The 
Paradox Val ley Graben l ies on the crest of a salt-cored anticl ine. Three of these fau lts are 
mapped as having evidence of Quaternary offset (Wi l l iams, 1 964) .  One Quaternary fault 
trends northeast and two trend northwest. The fau lt system is just east of the Utah/Colorado 
border south of Carpenter Ridge. 

Synopsis: 

Three fau lts offset Quaternary landslide deposits at the north end of Paradox Valley 
(Wi l l iams, 1 964) .  The fau lts are part of a larger group that forms the northwest marg in  of the 
Paradox Val ley Graben wh ich is herein considered to have experienced Quaternary 
movement. The graben is a col lapse feature that formed in response to salt migration and 
d issolution associated with a salt-cored anticl ine that underlies the graben (Cater, 1 970). 

Date of compilation : 9/4/97 

Compiler and affi l iation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Montrose 

1 0  x 20 Sheet: Moab 

Province: Colorado P lateaus 

Township and Range: 

Strike: N2W 

Number of traces: 3 

T48N ,R1 6W- T48N ,R1 5W 

End to end length : 5 . 1 2 km 

Cumulative length : 9.38 km 

Reliabil ity of location :  Good 
Comments: These fau lts were mapped at a scale of 1 :24,000 by Cater ( 1 955h) and 
1 :250, 000 by Wi l l iams ( 1 964). The trace used herein is from Wil l iams ( 1 964) .  

Geologic setting:  

Paradox Val ley coincides with a graben on the crest of  a salt-cored anticl ine that formed in  
response to flowage and d issolution of  Pennsylvan ian evaporitic rocks that underlie the area 
(Cater, 1 955h) .  This system of fau lts appears to be made up of high-angle fau lts that are at 
or near the northwest margin of the Paradox Val ley Graben. The northeast-trending fau lt is 
down to the southeast, and the northwest-trending faults are down to the southwest. 



Q37 - U nnamed Faults at the Northwest End of Paradox Val ley 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 ) indicated normal movement on these fau lts. 

Dip: 

Comments: 

Dip d irection: 

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits :  

Quaternary landsl ide depOSits mapped by Wil l iams ( 1 964) are offset by  three of  the fau lts 
included in th is fault system. The fau lts l ie primarily in Ju rassic to Cretaceous bedrock. Less 
than 20% of the combined fault trace area extends into Quaternary deposits . 

Detai led studies : 

No detai led studies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Cater ( 1 955h) ind icated small folds and fau lts are present in  Quaternary 
deposits with in  the Paradox Val ley Graben.  Wi l l iams ( 1 964) mapped Quaternary landsl ide 
deposits as being offset by three of the fau lts. Kirkham and Rogers ( 1 98 1 ) postu lated 
possible Holocene movement on these fau lts. Colman ( 1 985) ind icated Quaternary 
movement on these fau lts. Without more specific evidence the most recent paleoevent on 
this fau lt system is herein considered to have occurred during the Quaternary « 1 .6 Ma). 

Recurrence interval:  ND 

Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on the lack of evidence for offset of Quaternary deposits, a sl ip rate of 
<0.2 mm/yr is estimated for this system. 

Earthquake notes : 
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1 1 4 Q37 • U n named Faults at the Northwest End of Paradox Val ley 

Wil l iams, P .L . ,  1 964, Geology, structure , and uranium deposits of the Moab quadrangle, 
Colorado and Utah :  U .S .  Geological Survey Miscellaneous Geolog ic I nvestigations Map 1 -
360. 



Q38 - Big Gypsum Val ley Graben 

Structure type: Simple fau lt 

Structure number: Q38 
Comments: Fault 92 in  Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2288 in the U .S .  Geological Survey 
Quaternary fau lt and fold database. 

Structure name: Big Gypsum Val ley Graben 
Comments: The Big Gypsum Val ley Anticl ine is a salt-cored structure with a collapsed crest 
that is called the Big Gypsum Val ley Graben . Mu ltiple northwest-trend ing fau lts form the Big 
Gypsum Val ley Graben wh ich l ies on the northern edge of Is land Mesa and continue 
southeast across the Dolores River and past Gypsum Gap.  Wi l l iams ( 1 964) referred to the 
graben as the Big Gypsum Valley .  The salt-cored anticl ine was referred to as the Gypsum 
Val ley Anticl ine by Cater ( 1 970). 

Synopsis: 

The Big Gypsum Valley Graben was formed at the crest of a salt-cored anticl ine in response 
to flowage and d issolution of underlying Pennsylvanian evaporite rocks beneath the area 
(Cater, 1 970). Wi l l iams ( 1 964) mapped Quaternary al luvial deposits as being offset by these 
fau lts, and Cater ( 1 970) mapped Quaternary landslide deposits as being offset by the fau lts . 
Cater ( 1 955a; 1 955e; 1 955f) al luded to small fau lts and folds in Quaternary deposits which 
may indicate continued col lapse and readjustment of the system. 

Date of compilation : 9/4/97 

Compiler and affiliation :  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: San Miguel ,  Montrose 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N54W 

Number of traces: 1 4  

T46N ,R1 9W- T43N, R 1 6W 

End to end length : 32.3 1  km 

Cumulative length : 60.53 km 

Reliabil ity of location : Good 
Comments: The fau lts of the Big Gypsum Valley Graben were mapped at a scale of 
1 :24.000 by Cater ( 1 955a; 1 955e; 1 955f) , 1 :62,500 by Cater ( 1 970), and 1 :250,000 by 
Wi l l iams ( 1 964).  The trace used herein is from Wi l l iams ( 1 964).  

Geologie setting : 

The Big Gypsum Val ley Graben l ies on the crest of a salt-cored anticl ine. Formation of the 
anticl ine is believed to be control led by major subsurface faults that displace bedrock 
beneath the evaporitic Paradox Formation.  The graben is a col lapse feature that formed in 
response to flowage and d issolution of underlying evaporitic rocks (Cater, 1 970) .  Fau lts i n  
this area are general ly h igh-angle normal and  downthrown towards the graben ,  although 
some faults may be antithetic. 
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1 1 6 Q38 - Big Gypsum Val ley Graben 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 ) indicated normal movement on these fau lts. 

Dip:  

Comments: 

Dip direction :  

Geomorphic expression : 

Fau lts associated with the Big Gypsum Valley Graben coincide with the wal ls of Big Gypsum 
Valley .  M inor folds are present along the southwest rim of the val ley and are thought to be 
related to col lapse of the anticl ine structure (Cater, 1 955f; Shawe, 1 970) . Collapse may 
have occurred near the end of the Laramide or early Tertiary (Cater, 1 955f) or as recently as 
the Pleistocene (Shawe, 1 970). Cater ( 1 955a; 1 955e; 1 955f) al luded to small fau lts and 
folds i n  Quaternary deposits which may ind icate continued col lapse and readjustment of the 
system. 

Age of fau lted deposits : 

Wil l iams ( 1 964) mapped Quaternary al luvial deposits as being offset by and as conceal ing 
these faults. Cater ( 1 970) mapped Quaternary landslide deposits as being offset by and as 
conceal ing these fau lts, but mapped al l  Quaternary al luvial deposits as conceal ing the 
fau lts. Cater ( 1 955a; 1 955e; 1 955f) al luded to small fau lts and folds in Quaternary deposits 
but did not specifical ly map any such features. These fau lts primari ly offset Pennsylvan ian 
to Cretaceous bedrock with offset generally less than 1 50 m (Shawe, 1 970). Only about 
1 0% of the fau lt system extends into or beneath Quaternary deposits .  

Detai led studies :  

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Wi l l iams ( 1 964) and Cater ( 1 970) both mapped offset of Quaternary deposits .  
Shawe ( 1 970) suggested that major collapse of the Gypsum Val ley Anticl ine took place 
during the middle to late Tertiary and possib ly Pleistocene. Although Quaternary deposits 
were not mapped as offset by Cater ( 1 955a; 1 955e; 1 955f) ,  accompanying text stated that 
small folds and faults are in fact present with in this system. Cater postu lated that the 
presence of these features in Quaternary deposits ind icates possible present-day col lapse 
and readjustment of the system. Kirkham and Rogers ( 1 98 1 ) postu lated possible Holocene 
movement on these fau lts. Colman ( 1 985) ind icated Quaternary movement on these fau lts . 
Without more specific evidence the most recent paleoevent on this fault system is herein 
considered to have occurred during the Quaternary « 1 .6 Ma) .  

Recurrence interval:  ND 

Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 

Kirkham and Rogers ( 1 98 1 ) suggested that the fau lt system is probably not capable of 
generating earthquakes greater than magn itude 4 or 5 .  



Q38 - Big Gypsum Val ley Graben 
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1 1 8 Q39 - Dolores Fault Zone 

Structure type: Simple fault 

Structure number: Q39 
Comments: Fault 93 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2289 in the U .S .  Geolog ical Survey 
Quaternary fault and fold database. 

Structure name: Dolores Fault Zone 
Comments: This series of fau lts consists of mu ltiple west-northwest-trending fau lts between 
the town of Sl ick Rock and the Utah/Colorado border. The faults appear to form a pair of 
g rabens that l ie between and are general ly paral lel to Lisbon Val ley and Disappointment 
Valley. The grabens l ie on the crest of the Dolores Anticl ine, which is the south extension of 
the Lisbon Val ley Anticl ine in Utah.  The name 'Dolores Fault zone' was in itiated by Shawe 
and others ( 1 959). 

Synopsis : 

The Dolores Fault zone forms two grabens on the crest of the Dolores Anticl ine, a salt-cored 
structure. The grabens formed in response to flowage and d issolution of underlying 
Pennsylvanian evaporitic rocks in the Paradox Formation (Cater, 1 970) . Cater ( 1 955g) 
postu lated that small folds and faults in Quaternary deposits with in the g rabens indicate 
present-day, smal l-scale col lapse and readjustment of the system. Wi l l iams ( 1 964) mapped 
Quaternary depOSits as abutting against the fau lt, and Cater ( 1 970) showed no offset of 
Quaternary depOSits. Kirkham and Rogers ( 1 98 1 ) suggested possible Holocene movement 
on this system. The most recent paleoevent on this fault zone is herein considered to have 
occurred during the Quaternary « 1 .6 Ma) based on Cater ( 1 955g) ,  and Kirkham and Rogers 
( 1 98 1 ) .  

Date of compilation: 9/4/97 

Compiler and affiliation:  Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: San M iguel 

10 x 20 Sheet: Moab 

Province: Colorado Plateaus 

Township and Range: 

Strike: N67W 

Number of traces : 4 

T43N ,R1 8W- T44N, R1 8W 

End to end length : 1 5 . 1 8  km 

Cumulative length : 21 .24 km 

Reliabil ity of location :  Good 
Comments: The faults were mapped at a scale of 1 :24, 000 by Cater ( 1 955g), 1 :62,500 by 
Cater (1 970) and 1 :250,000 by Wi l l iams ( 1 964).  The trace used herein is from Wi l l iams 
( 1 964) .  

Geolog ic setting:  

Fau lts of  the Dolores Fault zone are normal and form two en echelon grabens. Throw on the 
fau lts is general ly down into the grabens. The fau l ts l ie south of Paradox Basin and Big 



Q39 - Dolores Fault Zone 

Gypsum Val ley, both of which are col lapsed salt-cored anticl ines and are on trend with Lower 
Lisbon and Disappointment Val leys. The faults are on the crest of a the Dolores Anticl ine, a 
salt-cored structure. The Dolores Anticl ine has not experienced major collapse, as have the 
Paradox Basin and Big Gypsum Val ley Anticl ines, only minor readjustments (Cater, 1 970). 
The Dolores Anticl ine is a broad , asymmetric fold with l imbs that dip 20 SW and 90 N E  
(Shawe, 1 970). Formation of the anticl ine i s  believed to be control led by major subsurface 
basement fau lts that d isplace bedrock beneath the evaporitic Paradox Formation (Cater, 
1 970; Shawe, 1 970) . Shawe ( 1 970) reported down-to-the-northeast, d ip-sl ip  displacement of 
several hundred meters on this basement fau lt zone. Thickness of the Paradox Formation 
increases by about 6 1 0  m along the axis of the anticl ine (Shawe and others, 1 968) .  

Sense of movement: N 
Comments: Ki rkham and Roge�s ( 1 98 1 ) indicated normal movement on these fau lts . 

Dip:  

Comments: 

Dip direction :  

Geomorphic expression : 

Cater ( 1 955g) al luded to small fau lts and folds in Quaternary deposits wh ich may ind icate 
continued collapse and readjustment of the system. 

Age of fau lted deposits :  

Wil l iams ( 1 964) mapped Quaternary depOSits as abutting against the fau lts of  the Dolores 
Fault zone. Cater ( 1 955g) mapped the Cretaceous Dakota Sandstone and Burro Canyon 
Formation as the youngest deposits offset by the faults , but in the accompanying text he 
ind icated smal l  folds and fau lts are present in  Quaternary depOSits with in  the grabens. 
Quaternary movement was suggested by Shawe ( 1 970) who reported a g rade of about 30 
m/km for ti lted terrace gravels between the Dolores River and Glade Mountain ,  whereas the 
average grade for unti lted gravels in the area is only 7 .5  m/km. The fau lts l ie primarily with in 
Triassic to Cretaceous; on ly about 5% of the fault  system extends beneath Quaternary 
depOSits. 

Detai led studies :  

No detai led stud ies have been conducted .on  this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Although Quaternary deposits are not mapped as offset, text provided by Cater 
( 1 955g) ind icated that smal l  folds and fau lts are in fact present with in th is system. He 
postu lated that the presence of these features in Quaternary deposits indicates possible 
present-day col lapse and readjustment of the system. Shawe ( 1 970) discussed the 
possibi l ity of up to about 300 m of Pleistocene fold ing,  as suggested by ti lted terrace gravels, 
but believes sign ificant fault movement may only be early to middle Tertiary in age. Wi l l iams 
( 1 964) mapped surficial deposits as abutting against the faults . Kirkham and Rogers ( 1 98 1 ) 
suggested possible Holocene movement on these faults. The most recent paleoevent for 
this fau lt system is herein considered to have occurred during the Quaternary « 1 .6  Ma) 
based on Cater ( 1 955g) and Shawe ( 1 970). 

Recurrence interval :  ND 
Comments: 
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1 20 Q39 - Dolores Fault Zone 

Sl ip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 

Kirkham and Rogers ( 1 98 1 ) suggested that the fault system is probably not capable of 
generating earthquakes greater than magn itude 4 or 5 .  
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Q41 - Red Rocks Fau lt 

Structure type: Simple fau lt 

Structure number: Q41 
Comments: Fau lt 2291 in the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Red Rocks Fault 
Comments: The Red Rocks Fault is a west-northwest-trending fault north of and paral lel to 
the Cimarron Fau lt. The fau lt beg ins in the Black Canyon of the Gunn ison National 
Monument at the northeast end of the Bostwick 'Park section of the Cimarron Fault. From 
north of Crystal and Morrow Point dams the fault extends southeastward and terminates near 
Blue Mesa where it may merge with the Blue Mesa section of the Cimarron Fault. 

Synopsis: 

The Red Rocks Fault is north of and subparal lel to the closely l inked Cimarron Fault. Both 
fau lts are part of the Laramide Red Rocks - Cimarron Fault system which orig inated as a 
reverse or tear fault, but has experienced renewed late Cenozoic movement in a normal 
sense. Geomorphic features such as scarps, l ineaments,  and l inear drainages are 
suggestive of Quaternary movement. Late Tertiary gravels are offset by the fault but offset of 
Quaternary depOSits is not conclusive. Lettis and others ( 1 996) recogn ized several subtle 
scarps in late Pleistocene deposits, but the orig in of these scarps is not wel l  understood . 
Lettis and others ( 1 996) reported that the scarps might be of tectonic or landsl ide orig in .  A 
s ing le trench was excavated across the Red Rocks Fault by Lettis and others ( 1 996) near 
Jones Summit. Trench exposure revealed that late Pleistocene to Holocene deposits (200 to 
9 ka) were not deformed by the Red Rocks Fault. The latest movement on the Red Rocks 
Fau lt is herein considered to have occurred during the Quaternary based on the presence of 
scarps, although their orig in is not wel l  understood , and because of its close association with 
the Cimarron Fault, sections of which have been active during the Quaternary (Lettis and 
others ,  1 996) .  

Date of compilation : 1 /6/98 

Compiler and affil iation :  Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Montrose, Gunnison 

10 x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N59W 

Number of traces: 1 

T48N, R93W- T50N, R90W 

End to end length : 38.34 km 

Cumulative length : 39. 1 1 km 

Reliabil ity of location:  Good 
Comments: The Red Rocks Fault was mapped at a scale of 1 : 3 1 ,680 by Hansen ( 1 97 1 ) and 
1 :250,000 by Tweto and others ( 1 976) and Lettis and others ( 1 996) .  The fau lt trace used 
herein is primari ly from Lettis and others ( 1 996) .  
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1 22 Q41 - Red Rocks Fault 

Geologic setting:  

The Red Rocks Fault is  a h igh-angle fault. Stratigraphic offset across the fault ind icates 
Laramide reverse movement on a possible tear fau lt downthrown to the southwest (Hansen ,  
1 97 1 ) .  Reactivation of  the fault during the late Cenozoic is down to the northeast in a normal 
sense (Lettis and others, 1 996) .  The Red Rocks Fault is closely l inked to the Cimarron 
Fault. Lettis and others ( 1 996) described the "Red Rocks - Cimarron Fault system" as 
orig inating as a Laramide reverse or tear fau lt, and as experiencing late Cenozoic 
reactivation in a normal sense. They showed both fau lts as flattening at depth and merg ing 
with a lateral ramp in  a blind thrust fault. The Red Rocks Fault is subparal lel to the Bostwick 
Park and Poverty Mesa sections of the Cimarron Fault, both of wh ich were active during the 
late Quaternary (Lettis and others, 1 996). 

Sense of movement: N 
Comments: Late Cenozoic movement on the fau lt is normal .  The fau lt orig inated as a 
Laramide reverse or tear fault (Lettis and others, 1 996) .  

Dip :  75°-90oNE 
Comments: Hansen ( 1 971 ) showed this fault as a northeast-d ipping fau lt steepening with 
depth . Lettis and others ( 1 996) indicated the fault is northeast-d ipping and flattens at depth , 
where it merges with a lateral ramp in a bl ind thrust fau lt. 

Dip direction :  N E  

Geomorphic expression : 

The fau lt l ies in the l inear stream val ley of Jones Draw. A 300-m-high escarpment, subtle 
scarps, and vegetation l ineaments occur along the fau lt (Lettis and others ,  1 996). 

Age of fau lted deposits:  

Late Tertiary gravels are offset by the fault, and subtle scarps are present in probable late 
Pleistocene and possible Holocene col luvial depOSits (Lettis and others, 1 996). The fau lt l ies 
primarily with in  Precambrian bedrock with about 1 5% of the fault extending into or beneath 
Tertiary volcan ics or Quaternary deposits .  

Detai led studies: 

Lettis and others ( 1 996) conducted a trenching investigation across the Red Rocks Fault in 
Jones Draw near Jones Summit at the northwest end of the fau lt. Only one trench was 
excavated at this site ,  which they labeled trench JDT1 . Their study revealed that late 
Pleistocene and Holocene deposits were not offset by the Red Rocks Fau lt. The trench is 
labeled Q41 -1 on the map that accompan ies this database. 

Q41 -1 (J DT1 ) :  Lettis and others ( 1 996) excavated a trench across a smal l ,  south-facing 
scarp near Jones Summit. The Red Rocks Fault consists of a 5-m-wide fau lt zone that d ips 
steeply to the northeast in Precambrian rocks exposed in the trench . Holocene al luvial and 
col luvial deposits, latest Pleistocene al luvial and col luvial deposits, and scarp-derived 
deposits of latest Pleistocene - Holocene age were found to be undeformed by the fau lt. 
Charcoal depOSits in  undeformed beds were dated at 1 1  to 9 ka ind icating that no fault ing 
occurred during the Holocene. Alluvial fans (200 to 1 0  ka) were also found to be 
undeformed by the fault suggesting that the fau lt has not been active since the late 
Quaternary. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Quaternary deposits are not clearly offset by the Red Rocks Fault .  However, 
geomorphic features such as scarps, l ineaments, and l inear drainages suggest possible 



Q41 - Red Rocks Fault 

Quaternary movement (Lettis and others, 1 996) .  Scarps occur in  late Pleistocene to 
Holocene (?) deposits along the fau lt, but they may result from either tectonism or 
landsl id ing .  Based on field and trenching investigations, Lettis and others ( 1 996) concluded 
that the scarps were due to mass movement but did not rule out the possib l i l ity of tecton ic 
movement. The most recent paleoevent on the Red Rocks Fault is herein considered to 
have occurred during the Quaternary based on the presence of scarps and its close 
association with the Cimarron Fau lt, sections of which were active during the Quaternary 
(Lettis and others,  1 996) . 

Recurrence interval :  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mmlyr 
Comments: Based on low scarp height, lack of defin itive evidence for Quaternary offset, and 
on estimated sl ip rates for the closely related Cimarron Fau lt, a s l ip rate of <0.2 mmlyr is 
estimated for the Red Rocks Fau lt. 

Earthquake notes : 

The Red Rocks - Cimarron Fault system may be capable of generating a magn itude 6 314 
earthquake (Unruh  and others, 1 993a). 
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1 24 Q42 - U nnamed Fault along the G rand Hogback Monocl ine Southwest of 
Glenwood S prings 

Structure type: Simple fault 

Structure number: Q42 
Comments: Fault 6 1  in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2292 in the U .S .  Geolog ical Survey 
Quaternary fault and fold database. 

Structure name: Unnamed Fault along the Grand Hogback Monocl ine Southwest of Glenwoo 
Comments: This is a northeast-trending fau lt that occurs at the bend in the Grand Hogback 
Monocline southwest of Glenwood Springs and west of the Roaring Fork River. Although 
fau lts in th is area were previously recognized (e. g . ,  Murray, 1 969; Tweto and others , 1 978; 
Kirkham and Rogers,  1 98 1 ) ,  Kirkham and others ( 1 995a) were the first to map this particular 
fau lt, and to suggest it cuts Quaternary deposits . 

Synopsis: 

This fault is rough ly perpendicular to the Grand Hogback Monocl ine southwest of Glenwood 
Springs. Murray ( 1 969) suggested that fau lts in this area are related to the "unfold ing" of the 
monocl ine as salt migrates or dissolves from beneath the monocl i ne. Late Pleistocene
Holocene al luvium and col luvium is offset by this fau lt (Kirkham and others, 1 995a) .  

Date of compilation :  3/4/98 

Compiler and affil iation : 8eth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Garfield 

1° x 2° Sheet: Leadvi l le 

Province :  Southern Rocky Mountains 

Township and Range: 

Strike: N63E 

Number of traces: 1 

T6S, R89W 

End to end length : 2.44 km 

Cumulative length : 2.44 km 

Reliabil ity of location:  Good 
Comments:  Th is fau lt was mapped at 1 :24,000 by Kirkham and others ( 1 995a; 1 996b) and 
Carrol l  and others ( 1 996) .  The fau lt traces used herein are from Kirkham and others ( 1 995a; 
1 996b) and Carrol l  and others ( 1 996) .  

Geologic setting:  

This is a high-angle, down to the northwest normal fau lt. I t  is rough ly perpend icular to the 
Grand Hogback Monocl ine. The fau lt appears to be associated with a number of Neogene 
bedding-plane fau lts that cut Miocene basalt (Kirkham and others ,  1 995a; 1 996b, Carrol l  and 
others,  1 996) ,  but this is the only fault with evidence of Quaternary movement (Kirkham and 
others,  1 995a) .  Murray ( 1 969) suggested that faults in this area are related to the "unfolding" 
of the monocl ine as salt migrates or d issolves from beneath the monocl ine. 



Q42 - U n named Fault along the Grand Hogback Monocl ine Southwest of 1 25 
G lenwood S prings 

Sense of movement: N 
Comments: Fau lts in this area were considered to be normal (Kirkham and others, 1 995a). 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Miocene basalt caps and overlying gravel deposits are ti lted to the east on west-d ipping 
bedding-plane fau lts. 

Age of fau lted deposits :  

Miocene basalt and late Pleistocene to Holocene al luvium and col luvium are offset by th is 
fault (Kirkham and others, 1 995a) . 

Detai led studies: 

No detai led studies have been conducted on this fault. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Kirkham and others ( 1 995a) mapped offset of late Pleistocene to Holocene age 
deposits .  Without better age constraints for these deposits, the most recent paleoevent is 
herein considered to have occurred during the late Quaternary. 

Recurrence interval:  ND 

Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 

A moment magn itude (Mw) 5 maximum cred ible earthquake was assigned to faults along the 
Grand Hogback Monocline by Unruh and others ( 1 993b). 
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Q43 - U nnamed Faults along the G rand Hogback Monocl i ne near 
Fourmile Creek 

Structure type: Simple fau lt 

Structure number: Q43 
Comments: Fault 2294 in the U .S .  Geological Survey Quaternary fault and fold database. 

Structure name: Unnamed Faults along the Grand Hogback Monocl ine near Fourmile Creek 
Comments: Th is is a series of three northwest-trending fau lts west of Carbondale and the 
Roaring Fork River. The fau lts are bedding-plane faults along the Grand Hogback 
Monocl ine. The fau lts have been mapped mapped by by Soule and Stover ( 1 985) , Stover 
( 1 986) and Kirkham and others ( 1 996b) .  Due to the close spatial association of the faults ,  
on ly two of the faults are shown on the map that accompan ies th is database. 

Synopsis : 

Three closely spaced , paral lel faults l ie along the Grand Hogback Monocl ine west of 
Carbondale. The faults are marked by topographic scarps up to 3 m h igh and vegetation 
l ineaments in debris-flow deposits of late Pleistocene to Holocene (?) age (Ki rkham and 
others,  1 996b; 1 997b). The faults are bedd ing-plane fau lts that are downthrown to the west. 
Movement on the fau lts is attributed to unfolding or relaxation of the Grand Hogback 
Monocl ine as salt migrates and d issolves from beneath the monocl ine. 

Date of compilation :  3/4/98 

Compiler and affiliation: Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Garfield 

10 x 20 Sheet: Leadvi l le 

Province :  Southern Rocky Mountains 

Township and Range: 

Strike: N32W 

Number of traces: 2 

T7S, R89W 

End to end length : 2.49 km 

Cumulative length : 3 .97 km 

Reliabil ity of location: Good 
Comments: The faults were mapped at a scale of 1 :24,000 by Kirkham and others ( 1 996b) 
and Stover ( 1 986) and 1 :50,000 by Soule and Stover ( 1 985). The fault traces used herein 
are from Kirkham and others ( 1 996b). 

Geologic setting:  

These faults are generally high-angle, l istric, normal ,  with downth rown to the west. Most of 
the fau lts are para l lel to the Grand Hogback Monocl ine wh ich is underlain by more than 2 . 5  
km of  hal ite and other evaporite deposits. The fau lts offset fau lts offset debris-flow deposits 
of Holocene (?) to Pleistocene age and are thought to be due to unfold ing or relaxation of the 
monocl ine as salt migrates and dissolves from beneath the monocl ine (Stover, 1 986; Unruh  
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Fourmi le Creek 

and others,  1 993b; Kirkham and others, 1 996b; 1 997b). Murray ( 1 969) proposed a simi lar 
orig in  for late Cenozoic faults along the monocl ine north of this locale. Increasing scarp 
heights in deposits of increasing age suggests the fau lts move recurrently (Stover, 1 986; 
Kirkham and others, 1 996b). 

Sense of movement: N 
Comments: These fau lts were shown as normal bedding-plane faults on a cross section by 
Kirkham and others ( 1 996b). 

Dip:  -45°W 
Comments: A near-surface dip of about 45° is shown on a cross section by Kirkham and 
others ( 1 996b). The fau lts flatten with depth as they approach the axis of the Grand 
Hogback Syncl ine. 

Dip direction : W 

Geomorphic expression: 

Scarps up to about 3 m high in late Pleistocene to Holocene (?) deposits occur a long these 
fau lts, and most are associated with prominent vegetation l ineaments and l inear swales 
(Ki rkham and others,  1 996b). 

Age of fau lted deposits :  

Older debris flow deposits of  late Pleistocene to  Holocene (? )  age are offset up to  3 m by 
these faults. Late Cenozoic to early Quaternary depOSits are displace up to 30 m by these 
faults (Ki rkham and others,  1 996b) . 

Detai led studies : 

No detai led stud ies have be.en conducted on this fault. 

Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5ka) 
Comments: The youngest deposits cut by these fau lts are late Pleistocene to Holocene (?) 
in  age (Kirkham and others, 1 996b) . The latest movement on these fau lts therefore l ikely 
occurred during the Holocene or post-g lacial .  

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on 30-m-h igh scarps in late Tertiary to early Quaternary deposits and 3-
m-high scarps in late Pleistocene to Holocene (?) deposits (Kirkham and others ,  1 996b) , a 
s l ip rate of <0.2 mrnlyr is estimated for these faults . 

Earthquake notes: 
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1 30 Q44 - U nnamed Faults along the Grand Hogback Monocl ine near 
Freeman Creek 

Structure type: Simple fault 

Structure number: Q44 
Comments: Fault 2295 in the U .S. Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Faults along the Grand Hogback Monocl ine near Freeman Creek 
Comments: This is a series of about 26 northwest-trending fau lts west of Carbondale and 
the Roaring Fork River. The fau lts are bedding-plane faults along the Grand Hogback 
Monocl ine. The faults have been mapped by Soule and Stover ( 1 985), Stover ( 1 986) and 
Kirkham and others ( 1 996b). Due to the close spatial association of the fau lts, on ly 1 7  of the 
fau lts are shown on the map that accompan ies this database. 

Synopsis : 

More than 26 closely spaced , paral lel faults l ie along of the Grand Hogback Monocl ine west 
of Carbondale. The faults are marked by topographic scarps up to 30 m high  in late Tertiary 
to early Quaternary h igh-level gravel deposits and by and vegetation l ineaments (Kirkham 
and others,  1 996b; 1 997b) . The flau lts are downthrown to the west as bedding-plane fau lts 
in the monocl ine. Movement on the fau lts is attributed to unfolding or relaxation of the Grand 
Hogback Monocl ine that occurs as salt migrates and d issolves from beneath the monocl ine. 
This series of fau lts is herein considered to have moved during the Quaternary, although 
without better age constraints on the h igh-level g ravel deposits, late TertiarY movement 
instead of Quaternary movement on the fau lts cannot be ruled out. 

Date of compilation: 3/4/98 

Compiler and affil iation: 8eth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Garfield 

10 x 20 Sheet: Leadvi l le 

Province:  Southern Rocky Mountains 

Township and Range: 

Strike: N 1 7W 

Number of traces: 1 7  

T7S, R89W- T8S, R88W 

End to end length : 5.69 km 

Cumulative length : 25.30 km 

Rel iabil ity of location : Good 
Comments: The faults were mapped at a scale of 1 :24,000 by Kirkham and others ( 1 996b) 
and Stover ( 1 986) and 1 :50,000 by Soule and Stover ( 1 985). The fault traces used herein 
are from Kirkham and. others ( 1 996b). 

Geologic setting:  

These faults are general ly h igh-angle, l istric, normal, with downthrown to the west. Most of 
the fau lts are paral lel to the Grand Hogback Monocl ine which is underlain by more than 2 . 5  
km of halite and other evaporite deposits .  The fau lts offset fau lts offset late Tertiary to early 
Quaternary deposits and are thought to be due to unfold ing or relaxation of the monocl ine as 



Q44 - U nnamed Faults along the G rand Hogback Monocl ine near 
Freeman Creek 

salt migrates and d issolves from beneath the monocl ine (Stover, 1 986; Unruh and others, 
1 993b; Ki rkham and others,  1 996b; 1 997b). Murray ( 1 969) proposed a s imi lar orig in for late 
Cenozoic faults along the monocl ine north of this locale. I ncreasing scarp heights in deposits 
of increasing age suggests the fau lts move recurrently (Stover, 1 986 ; Kirkham and others,  
1 996b). 

Sense of movement: N 
Comments: These faults were shown as bedding-plane fau lts with normal sense of 
movement on a cross section by Kirkham and others ( 1 996b). 

Dip:  -45°W 
Comments: A near-surface d ip of about 450 is shown on a cross section by Kirkham and 
others ( 1 996b). The fau lts flatten with depth as they approach the axis of the Grand 
Hogback Syncl ine. 

Dip d irection :  W 

Geomorphic expression: 

Scarps up  to about 30 m high in late Tertiary to early Quaternary deposits occur a long these 
fau lts, and most are associated with prominent vegetation l ineaments and l inear swales 
(Ki rkham and others, 1 996b). 

Age of fau lted deposits :  

High-level basaltic g ravel deposits of  late Tertiary to early Pleistocene age are offset by 
these fau lts. The gravels have been offset by as much as 30 m (Kirkham and others, 
1 996b). 

Detai led studies: 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: These fau lts offset deposits of late Tertiary to early Quaternary age. The most 
recent paleoevent on these fau lts is therefore considered to have occurred during the 
Quaternary. However, without better age constraints, the possibi l ity of late Tertiary instead of 
Quaternary movement cannot be completely d iscounted . 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (0) <0.2 mmlyr 
Comments: Based on 30-m-h igh scarps in late Tertiary to early Quaternary depOSits 
(Kirkham and others ,  1 996b) , a sl ip rate of <0.2 mm/yr is estimated for these faults . 

Earthquake notes : 
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Q45 - U nnamed Faults near Burns 

Structure type: Simple fault 

Structure number: Q45 
Comments: Fault 57 in Kirkham and Rogers ( 1 98 1 ) ;  fault 2296 in  the U .S. Geolog ical Survey 
Quaternary fault and fold database. 

Structure name: Unnamed Faults near Burns 
Comments: This fau lt number refers to a series of about seven variously oriented faults near 
the towns of Sylvan and Burns along the Colorado River valley. The fau lts were first 
recogn ized by Kirkham and Rogers ( 1 981 ) .  

Synopsis: 

These fau lts were first described by Kirkham and Rogers ( 1 981 ) .  Vegetation and 
topographic l ineaments are present in Quaternary ped iment gravels. The fau lts offset pre
Bu l l  Lake deposits and are tentatively attributed to local flowage and dissolution of evaporite 
deposits from beneath the area. 

Date of compilation :  6/1 2/97 

Compiler and affil iation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Eag le 

10 x 20 Sheet: Leadvi l le 

Province :  Southern Rocky Mountains 

Township and Range: 

Strike: N55W 

Number of traces : 9 

T2S, R86W- T2S, R84W 

End to end length : 1 3 .31  km 

Cumulative length : 22.73 km 

Reliabil ity of location :  Poor 
Comments: These fau lts were orig inal ly recogn ized on air photos Oy Kirkham ( 1 977b) but 
were not actual ly mapped until 1 98 1  by Kirkham and Rogers at a scale of 1 : 500,000. Unruh 
and others ( 1 993b) showed several photol ineaments in this location on th�ir 1 :250, 000 map, 
but the l ineaments do not coincide with fau lts mapped by Kirkham and Rogers ( 1 98 1 ) .  The 
trace used herein is from Kirkham ( 1 977b) . 

Geologic setting:  

Kirkham an d Rogers ( 1 98 1 ) described these faults as normal. The fau lts l ie northeast of  the 
White River uplift near the Colorado River. The fau lts occur in bedrock and Quaternary 
deposits that overl ie Pennsylvanian evaporite deposits. They are variously oriented and 
appear to be related to salt tectonism. 

Sense of movement: N 
Comments: Ki rkham and Rogers ( 1 98 1 ) described these fau lts as normal. 
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Dip: 75°NW 
Comments: Kirkham and Rogers ( 1 98 1 )  measured a d ip of 75°NW on the northern of two 
northeast-trending faults in a roadcut near Blue H i l l  (SW 1 /4 of sec. 1 8 , T2S,  R84W) . 

Dip direction :  NW 

Geomorphic expression : 

Vegetation and topographic l ineaments are present in ped iment g ravels and landsl ide 
deposts (Kirkham and Rogers,  1 98 1 ) .  

Age of fau lted deposits:  

Kirkham and Rogers ( 1 98 1 )  reported that Quaternary landslide deposits and ped iment 
g ravels (pre-Bul l  Lake?) are offset by fau lts in th is area. Two fau lts are exposed in a road 
cut near Blue H i l l .  The northerly fault offsets pre-Bul l  Lake pediment g ravels about 2 m. The 
southerly fau lt offsets the ped iment gravels about 0 .7  m (Ki rkham and Rogers, 1 98 1 ) .  The 
fau lts l ie primarily in Cretaceous Mancos Shale and Dakota Sandstone. 

Detai led studies:  

No detai led studies have been conducted on these faults. 

Timing of most recent paleoevent: (3) Quaternary-middle and late « 750ka) 
Comments: Kirkham and Rogers ( 1 98 1 )  described pre-Bul l  Lake deposits (> 1 30 ka) as 
offset by the fault. Colman ( 1 985) assigned these fau lts to the middle to early Pleistocene. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mmlyr 
Comments: Based on offset of 0 .7  to 2 .0  m in pre-Bul l  Lake pediment g ravels (Ki rkham and 
Roger, 1 98 1 ) ,  a sl ip rate of <0.2 mmlyr is estimated for these fau lts. 

Earthquake notes : 

References Cited : 

Colman, S .M . , 1 985, Map showing tectonic features of late Cenozoic orig in in Colorado: U . S. 
Geolog ical Survey Miscel laneous Geolog ic Investigations Map 1 - 1 566 . 

Kirkham, R M . ,  1 977b, unpubl ished fi le information based on interpretation of aerial 
photography: Colorado Geological Survey fi le information .  

Kirkham, R M . ,  and Rogers,  W. P . ,  1 98 1 , Earthquake potential in Colorado: Colorado 
Geological Survey Bul letin 43, 1 7 1 p. 

Unruh ,  J . R ,  Wong,  I . G . ,  Bott, J . D . J . ,  Si lva, W.J . ,  and Lettis, W. R ,  1 993b, Seismotectonic 
evaluation ,  Rifle Gap Dam, Si lt Project, Rued i  Dam, Fryingpan-Arkansas Project, 
northwestern Colorado: unpublished report prepared by Wil l iam Letlis & Associates and 
Woodward-Clyde Consu ltants for U .S .  Bureau of Reclamation,  Denver, Colorado, 1 54 p .  



Q46 - Greenhorn Mountain Fault 

Structure type: Simple fau lt 

Structure number: Q46 
Comments: Fault 58 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2297 in the U .S .  Geolog ical Survey 
Quaternary fault and fold database. 

Structure name: Greenhorn Mountain Fault 
Comments: The Greenhorn Mountain Fault is defined by a series of seven northwest
trending faults north of Eagle extending from the Colorado River north of Big Red Hi l l  on the 
northwest, to 1 -70 between Eagle and Wolcott on the southeast. Unruh and others ( 1 993b) 
refered to th is fault series as the Greenhorn Mountain Fau lt. 

Synopsis: 

Tweto and others ( 1 978) showed th is fault as a single down to the northeast fau lt. Unruh and 
others ( 1 993b) showed a total of seven faults down to the northeast and southwest forming a 
northwest-trending g raben.  The fau lt zone is marked by an escarpment and scarps (Kirkham 
and Rogers, 1 98 1 ) ,  and closed depressions, sadd les and springs (Unruh and others, 
1 993b) . The faults offset Quaternary landslide deposits accord ing to Kirkham and Rogers 
( 1 98 1 ) .  Unruh and others ( 1 993b) concluded that the fau lts are related to evaporite flowage 
and d issolution .  

Date of compilation : 6/1 2/97 

Compiler and affil iation :  Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Eagle 

10 x 20 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N49W 

Number of traces : 7 

T3S, R85W- T4S, R84W 

End to end length : 2 1 . 35 km 

Cumulative length : 29. 1 4  km 

Reliabil ity of location : Good 
Comments: Tweto and others ( 1 978) and Unruh and others ( 1 993b) mapped this series of 
fau lts at a scale of 1 :250,000. Ki rkham and Rogers ( 1 98 1 ) mapped these faults at a scale of 
1 : 500,000. The trace used herein is from Unruh and others ( 1 993b). 

Geologic setting:  

This series of fau lts forms a northwest-trending graben on the northeastern flank of 
Greenhorn Mounta in ,  east of the White River Upl ift. Eiby Creek lies with in  this graben but 
bends south and flows out of the graben at the south end. The area is underlain by 
Pennsylvanian evaporite depOSits. 
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1 36 Q46 - Greenhorn Mountain Fault 

Sense of movement: N 
Comments: Normal movement is ind icated on these fau lts by Kirkham and Rogers ( 1 98 1 )  
and Unruh and others ( 1 993b). 

Dip: . 

Comments: The main fault trace is described as a northeast-d ipping normal fault (Unruh and 
others,  1 993b). 

Dip direction :  N E  

Geomorphic expression : 

The southwest margin of the graben is marked by a 25-m-h igh northeast-facing escarpment 
(Kirkham and Rogers,  1 98 1 ) .  Scarps are present along the fau lt traces of the graben 
margins and are typically 3 m high or less. Other features include closed depressions, 
sadd les, and springs (Unruh and others, 1 993b). 

Age of fau lted deposits:  

Tweto and others ( 1 978) showed Holocene and Pleistocene landslide deposits as faulted 
against Mesozoic and Paleozoic rocks. Kirkham and Rogers ( 1 98 1 ) reported Quaternary · 
landsl ide deposits as being offset by the fault. Unruh and others ( 1 993b) reported the 
presence of scarps and geomorphic features ind icative of Quaternary faulting ,  but 
suggested these features developed in response to flowage and d issolution of evaporite 
deposits from beneath the area. . 

Detai led studies :  

No detai led studies have been conducted on these faults .  

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Tweto ( 1 978) showed th is fau lt system as pre-Neogene but Tweto and others 
( 1 978) showed Quaternary landslide deposit as being offset by the faults . Kirkham and 
Rogers ( 1 98 1 ) reported Quaternary movement related to salt flowage and d issolution .  
Colman ( 1 985) and Unruh and others ( 1 993b) also reported fau lting due  to salt tectonism. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (0) <0.2 mm/yr 
Comments: 

Earthquake notes : 
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1 38 Q47 - U nnamed Faults of Red H i l l  

Structure type: Simple fau lt 

Structure number: Q47 
Comments: Fault 60 in Kirkham and Rogers ( 1 98 1 ) ;  fault 2298 in  the U .S .  Geological Survey 
Quaternary fault and fold database. 

Structure name: Unnamed Faults of Red Hi l l  
Comments: Th is series of fau lts is comprised of about 26 faults on Red H i l l  southwest of 
Dotsero and south of 1-70. Many of the fau lts form east-west-trending g rabens. Only two or 
three fau lts were previously mapped by Kirkham and Rogers ( 1 98 1 ) and Colman ( 1 985) . 
More detai led mapping by Streufert and others ( 1 997a; 1 997b) indicated there are numerous 
small fau lts in th is area. 

Synopsis : 

These fau lts extend across Red H i l l  southwest of Dotsero. Several graben structures and 
fault traces are clearly vis ib le on air photos. The largest of the grabens has as much as 20 m 
of topographic rel ief (Unruh and others ,  1 993b) . Quaternary movement on these fau lts is 
evidenced by offset of Quaternary landsl ide deposits (Kirkham and Rogers,  1 98 1 ) .  Faulting 
is attributed to salt migration and d issolution rather than to regional tecton ics (Kirkham and 
Rogers, 1 98 1 ; Unruh and others, 1 993b). 

Date of compilation : 6/1 2/97 

Compiler and affil iation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Eagle 

10 x 20 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N 1 6W 

Number of traces: 26 

T5S, R86W 

End to end length : 6. 1 2  km 

Cumulative length : 34.60 km 

Reliabil ity of location :  Good 
Comments: The fau lts were mapped at 1 :24,000 by Streufert and others ( 1 997a; 1 997b) . 
The trace used herein is from Streufert and others ( 1 997a; 1 997b). 

Geologic setting:  

These faults are typically h igh-ang le, normal , graben-forming fau lts . The area is underlain  by 
thick deposits of the Pennsylvanian Eag le Val ley Evaporite which consist primarily of 
gypsum, dolomite, and possible hal ite at depth . The h igh ly variable orientation of the fau lts 
suggests that fau lt activity is related to salt tecton ics rather than reg ional stress reg imes. The 
fau lts are believed to have formed in response to piping or col lapse of the overburden due to 
flowage and dissolution of evaporite deposits from beneath the area (Kirkham and Rogers, 
1 98 1 ; Unruh and others, 1 993b). 



Q47 - U n named Faults of Red H i l l  

Sense of  movement: N 
Comments: A cross section through Red H i l l  by Streufert and others ( 1 997b) showed these 
faults as h igh-angle normal fau lts. 

Dip: 

Comments: 

Dip direction : 

Geomorphic expression : 

A northeast-trending topographic depression at the crest of Red H i l l  defines a graben with 
up to 20 m of rel ief. Other grabens are also visible on Red Hi l l  and closed depression are 
common in the grabens. Bedrock fault scarps are present in Paleozoic sediments (Unruh 
and others ,  1 993b) .  

Age of fau lted deposits:  

Quaternary landsl ide deposits are offset across several of the faults (Ki rkham and Rogers,  
1 98 1 ) .  The fault traces extend primarily th rough Pennsylvanian and Permian deposits with 
less than 1 0% of the fau lt traces in Quaternary deposits. 

Detailed studies :  

No detai led stud ies have been conducted on these fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Deformation during the Quaternary is evidenced by offset of Quaternary 
landsl ide deposits (Kirkham and Rogers ,  1 98 1 ) .  Orientation of fau lts in the area is not 
consistant with contemporary stress fields, and offset is probably not l inked to a single 
tectonic event (Unruh  and others, 1 993b) .  Rather, movement on the fau lts is believed to be 
associated with col lapse of overburden i n  response to the on-going process of salt flowage 
and d issolution (Kirkham and Rogers, 1 98 1 ; Unruh and others ,  1 993b). 

Recurrence interval :  ND 
Comments: 

Sl ip rate: unknown; (D) <0.2 mm/yr 
Comments: Unruh and others ( 1 993b) indicated 20 m of rel ief across the largest g raben on 
Red Hi l l ,  but did not indicate what portion of that offset is Quaternary in age. A sl ip rate of 
<0.2 mrnlyr is estimated for these faults based on sl ip rates calcu lated for other simi larly 
formed faults in th is area. 

Earthquake notes: 
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1 40 Q47 - U n named Faults of Red Hi l l  
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Structure type:  Simple fau lt 

Structure number: Q48 
Comments: 

Q48 - Basalt Mountai n  Fault 

Structure name: Basalt Mountain Fault 
Comments: The Basalt Mountain Fault is a curvi l inear fault that extends from Cottonwood 
Creek southward along the west flank of Basalt Mountain to near Sopris Creek. Welder 
( 1 954) referred to this fau lt as the West Basalt Mountain Fau lt. Unruh and others ( 1 993b) , 
Streufert and others ( 1 997b; 1 998) and Kirkham and others ( 1 998) simply cal led the entire 
structure the Basalt Mountain Fault, wh ich is the terminology adopted herein .  Possible 
Quaternary movement has only been recogn ized on the southern end of the fau lt, which 
extends from the town of Basalt to near Sopris Creek. 

Synopsis : 

The Basalt Mountain Fault is a major down-to-the-east Laramide reverse fault that was 
reactivated during the late Cenozoic in a normal sense probably as a resu lt of salt tectonism 
(Unruh  and others, 1 993b; Kirkham and others,  1 998; Streufert and others ,  1 998).  The 
Basalt Mountain Fault defines the eastern margin of the Carbondale col lapse center, a large 
Neogene structural  depression due to flowage and d issolution of underlying Pennsylvan ian 
evaporites (Ki rkham and Widmann ,  1 997; Kirkham and others, 1 998) . Movement on the fault 
is related to the reg ional col lapse associated with evaporite tectonism. Evidence of 
Quaternary movement was reported on ly for the south end of the Basalt Mountain Fault 
(Unruh  and others,  1 993b), which extends from near the town of Basalt to Sopris Creek 
paral lel to the Roaring Fork River Val ley . Only the southern end of the fault is included in  this 
database. Unruh and others ( 1 993b) reported that Pleistocene terraces are faulted and ti lted 
along the south end of the fault. Streufert and others ( 1 998) interpreted these deformed 
deposits as Tertiary sediments with cut terraces of Quaternary age developed on them. The 
fault is herein assigned to the Quaternary because Streufert and others ( 1 998) did not 
specifical ly d iscount Quaternary movement on the fault. 

Date of compilation :  1 /1 2/98 

Compiler and affiliation:  Beth L. Widmann ,  Colorado Geological Survey 
Robert M. Kirkham, Colorado Geological Survey 

State: Colorado 

County: Eagle, Pitkin ,  Grand 

1° x 2° Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N56W 

Number of traces: 1 

T8S, R86W 

End to end length : 6 .97 km 

Cumulative length : 7.05 km 
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1 42 Q48 - Basalt Mountain Fault 

Reliabil ity of location:  Good 
Comments: The south end of the Basalt Mountain Fault was mapped at a scale of 1 :24,000 
by Streufert and others ( 1 998) , 1 : 3 1 ,680 by Welder ( 1 954) ,  and at 1 :250,000 by Tweto and 
others ( 1 978) and Unruh and others ( 1 993b). The trace used herein is from Streufert and 
others ( 1 998) and Unruh and others ( 1 993b). 

Geologic setting:  

During the Laramide the Basalt Mountain Fault behaved as a down-to-the-east reverse or 
thrust fau lt (Unruh  and others, 1 993b; Kirkham and Widmann ,  1 997). During the Neogene 
the Basalt Mountain Fault has acted as the eastern marg in  of the Carbondale col lapse 
center, a large Neogene structural depression due to flowage and d issolution of underlying 
Pennsylvanian evaporitic rocks. Movement during the Neogene has been down to the west. 
Unruh and others ( 1 993b) reported folded and faulted Pleistocene terraces along the 
southern end of the fau lt, but Streufert and others ( 1 998) interpeted these deformed deposits 
as Tertiary sediments with cut terraces developed on them. 

Sense of movement: N 
Comments: Although Laramide movement on the fault has been interpreted as reverse by 
Streufert and others ( 1 997b; 1 998) and as th rust or tear by Unruh and others ( 1 993b) , late 
Cenozoic ti lt ing along the fau lt is normal (Kirkham and others, 1 998; Streufert and others,  
1 998). 

Dip: 

Comments: The dip and d ip d i rection on the fau lt plane have not been defin itively 
determined. The large amount of stratigraphic throw (about 1 300 m in pre-Miocene bedrock) 
favors a low-angle fault model. However, the straight map trace of the fault suggests a h igh
angle fau lt (Unruh and others,  1 993b) . 

Dip direction: 

Geomorph ic expression : 

Scarps in Pleistocene terraces and ti lted Pleistocene terraces were reported on the southern 
end of the Basalt Mountain Fault by Unruh and others ( 1 993b). Streufert and others ( 1 998) 
interpreted these surfaces as terraces cut into Tertiary gravel deposits during the 
Quaternary.  

Age of fau lted deposits:  

Unruh and others ( 1 993b) reported that Pleistocene terraces on the southern section of the 
fau lt are ti lted and fau lted , and they documented late Tertiary to early Quaternary offset of 
about 70 m. Streufert and others ( 1 998) interpreted these deformed surfaces as Pleistocene 
cut terraces developed on Tertiary gravels. 

Detai led stUd ies : 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Unruh and others ( 1 993b) indicated Pleistocene terraces are offset and ti lted 
along the southern end of the fau lt. Streufert and others ( 1 998) interpreted these deformed 
surfaces as cut terraces developed during the Pleistocene on Tertiary sed iments. 



Recurrence interval :  ND 
Comments :  

Q48 - Basalt Mountain Fault 

Slip rate: unknown; (D) <0.2 mmlyr 
Comments: Unruh and others ( 1 993b) calculated a d ip-sl ip rate of 0 .02 to 0 .04 mmlyr for the 
south end of the Basalt Mountain Fault 

Earthquake notes : 

A moment magn itude (Mw) 6 1 14 maximum cred ible earthquake was assigned to the 
southern end of the Basalt Mountain Fault by Unruh and others ( 1 993b) . 
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1 44 Q49 - U nnamed Faults i n  Wil l iams Fork Val ley 

Structure type: Simple fault 

Structure number: Q49 
Comments: Fault 55 in Kirkham and Rogers ( 1 98 1 ) ;  fault 2300 in the U . S. Geological Survey 
Quaternary fault and fold database. 

Structure name: Unnamed Fau lts in Wi l l iams Fork Val ley 
Comments: This is a series of about 1 0  fau lts that l ie in the Neogene Wil l iams Fork Val ley 
Graben .  The graben l ies southeast of Kremmling between the Wil l iams Fork Range on the 
west and the Vasquez Mountains on the east. Six fau lts trend northeast, two trend east
west, and two trend northwest. The graben was formed in the hanging wal l  of the Laramide 
Wil l iams Fork thrust sheet (Unruh and others, 1 993b). 

Synopsis : 

These fau lts occur on the floor of a Neogene graben which sits in the hanging wal l  of the 
Laramide Wil l iams Fork thrust sheet. The M iocene Troublesome Formation is offset by the 
graben-bounding fau lts and Quaternary deposits are offset by this fau lt series on the floor of 
the graben.  Topographic breaks up to 75 m high offset the Troublesome Formation and 
possibly pre-Bul l  Lake gravels (Kirkham and Rogers, 1 98 1 ) .  

Date of compilation: 6/1 2/97 

Compiler and affil iation :  Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Grand 

10 x 20 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N 1 9E 

Number .of traces: 1 0  

T2S ,R78W- T1 S, R79W 

End to end length : 1 8 .42 km 

Cumulative length : 37.20 km 

Reliabil ity of location:  Good 
Comments: These faults were mapped at 1 :62,500 by Tweto and Reed ( 1 973a) and 
1 :250, 000 by Tweto and others ( 1 978) .  The trace used herein is from Tweto and others 
( 1 978) . 

Geologic setting:  

These faults are predominately high-angle normal fau lts that are down to the northwest, 
south , and northeast. The faults lie on the floor of a Neogene g raben formed in the hanging 
wal l  of the Laramide Wi l l iams Fork Thrust. Orientation of the faults is rough ly perpendicular 
to the northwest-trending graben . 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 )  suggested these fau lts are probably normal .  



Q49 - U nnamed Faults i n  Wi l l iams Fork Val ley 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Several of the fau lts are marked by prominent topographic breaks,  some up to 75 m h igh .  
Elevation changes in  gravels of corresponding ages, and l ineaments are also noticeable 
(Kirkham and Rogers ,  1 98 1 ) .  

Age of fau lted deposits :  

Tweto and Reed ( 1 973a) and Tweto and others ( 1 978) showed offset of  pre-Bul l  Lake 
deposits. Kirkham and Rogers ( 1 98 1 )  also recognized offset in pre-Bul l  Lake deposits and 
further state that there is no offset of Bull Lake deposits .  The fau lts bring pre-Bul l  Lake 
deposits into contact with the M iocene Troublesome Formation along al l  of the fault traces. 

Detai led stud ies : 

No detai led studies have been conducted on this fau lt. 

Timing of most recent paleoevent: (3) Quaternary-middle and late « 750ka) 
Comments: Pre-Bu l l  Lake (older than 1 30 ka) deposits are offset by these fau lts . Bull Lake 
depOSits however are not offset by the fault thus constrain ing the last movement of the fault 
to the middle and late Quaternary ,  pr ior to 1 30 ka (Kirkham and Rogers,  1 98 1 ) .  Colman 
( 1 985) also indicated the most recent paleoevent on these faults occurred during the middle 
to late Pleistocene. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (0) <0.2 mm/yr 
Comments: Based on a 75-m-high scarp that offsets the M iocene Troublesome Formation 
and pre-Bul l  Lake gravels (Kirkham and Rogers, 1 98 1 ) ,  as sl ip rate of <0.2 mm/yr is 
estimated for these faults. 

Earthquake notes: 
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1 46 Q49 - U nnamed Faults i n  Wi l l iams Fork Val ley 
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Q50 - Wil l iams Fork Mountai ns Fault 

Structure type: Simple fault 

Structure number: Q50 
Comments: Fault 53 in  Kirkham and Rogers ( 1 981 ) ;  fault 1 86 in Witkind ( 1 976); fau lt 2301 in 
the U.S.  Geological Survey Quaternary fault  and fold database. 

Structure name: Wil l iams Fork Mountains Fault 
Comments: Unruh and others ( 1 993b) referred to this fault as the Wil l iams Fork Mountains 
Fau lt. I t  includes a series of three northwest-trending faults on the east flank of the Wil l iams 
Fork Mountains and the west marg in  of the Neogene Wi l l iams Fork Val ley Graben southeast 
of Kremml ing.  The fau lts are paral lel to and northeast of the Laramide Wi l l iams Range 
Thrust and occur in  the hanging wal l  of the thrust. 

Synopsis: 

This fau lt series forms the western margin of the Neogene Wi l l iams Fork Val ley Graben . It is 
marked by an east-facing topographic break and other l ineations. Tweto ( 1 973b) and Tweto 
and Reed ( 1 973) showed the Miocene Troublesome Formation as being offset by the fau lts , 
but more detai led studies revealed offset in Quaternary deposits (e.g .  Witkind, 1 976 ; Unruh ,  
1 993b). Unruh and others ( 1 993b) reported evidence for two episodes of  fau lting during 
Pinedale to post-Pinedale t ime and a deformation rate of 0 .3  to 1 . 3 mm/yr. 

Date of compilation: 611 2/97 

Compiler and affil iation: Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Grand 

1° x 2° Sheet: Leadvi l le 

Province :  Southern Rocky Mountains 

Township and Range: 

Strike: N40W 

Number of traces: 4 

T1 S, R80W- T3S, R77W 

End to end length : 37.68 km 

Cumulative length : 49.74 km 

Reliabil ity of location :  Good 
Comments: These faults were mapped at a scale of 1 :62,500 by Tweto ( 1 973b) and Tweto 
and Reed ( 1 973a) and 1 :250,000 by Tweto and others ( 1 978) and Unruh  and others 
( 1 993b) .  The trace used herein is from Tweto and others ( 1 978) . 

Geologic setting:  

This fau lt series forms the western marg in  of  the Neogene Wi l l iams Fork Val ley Graben 
(Kirkham and Rogers,  1 98 1 ) .  The faults are high-angle normal and down to the northeast. 
The faults are paral lel to the southwest-verg ing Laramide Wi l l iams Range Thrust to the west 
and developed during Neogene extension in the hanging wal l  of the thrust (Unruh and others,  
1 993b) .  
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1 48 Q50 - Wil l iams Fork Mountains Fault 

Sense of movement: N 
Comments: Normal movement on these faults was reported by Witkind ( 1 976), Kirkham and 
Rogers ( 1 98 1 )  and Unruh and others ( 1 993b). 

Dip:  

Comments: 

Dip direction: 

Geomorphic expression : 

The Wil l iams Fork Mountains Fault forms the western marg in  of the Wi l l iams Fork Val ley 
Graben .  It is marked by an east-facing topographic break and by vegetation and 
topographic l i nears .  A sl ight bevel in  fan deposits across the scarp suggests at least two 
eposides of recent movement (Unruh and others, 1 993b). 

Age of fau lted deposits:  

Tweto ( 1 973b), Tweto and Reed ( 1 973a), and Tweto and others ( 1 978) showed the M iocene 
Troublesome Formation as fau lted against Precambrian bedrock. However, Pinedale fan 
deposits ( 1 0-40 ka) are offset about 1 3  m across the fau lt according to Unruh and others 
( 1 993b). The fau lt trace l ies almost enti rely with in late Tertiary and Precambrian rocks with 
on ly about 3% of the fau lt extending into Quaternary deposits .  

Detai led stud ies : 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: ( 1 ) Holocene and post g lacial « 1 Ska) 
Comments: Howard and others ( 1 978) indicated the most recent paleoevent on this fault 
occurred during the Quaternary .  Unruh and others ( 1 993b) studied a northeast-facing scarp 
in P inedale age al luvial fan deposits with down-to-the-east discplacement of about 1 3  m. A 
bevel on the scarp in the fan deposits was interpreted as ind icating two episodes of 
movement since deposition of the fan deposits ,  or since the last 1 0-40 ka. 

Recurrence interval :  ND 
Comments: 

Slip rate: (C) 0 .2-1 mm/yr 
Comments: A deformation rate of 0 .3  to 1 . 3 mm/yr was reported by Unruh  and others 
( 1 993b) based on two episodes of fau lting which produced a total of about 1 3  m of vertical 
offset in Pinedale age ( 1 0-40 ka) fan deposits . 

Earthquake notes: 

A moment magnitude (Mw) 6 3/4 maximum cred ible earthquake was assigned to this fau lt by 
Unruh and others ( 1 993b). 
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1 50 QS1 - Frontal Fault 

Structure type: Simple fau lt 

Structure number: Q51 
Comments: Fault 50 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 1 8 1 in Witkind ( 1 976) ;  fau lt 2302 in 
the U.S.  Geological Survey Quaternary fault  and fold database. 

Structure name: Frontal Fault 
Comments: The Frontal Fault is a northwest-trending fault on the east flank of the Gore and 
Tenmi le Ranges. On its northern end the fault branches from the Gore Fault southwest of 
Sheephorn Mountain and extends south to Hoosier pass. The fault was orig inally referred to 
as the Blue River Fault, but is now general ly called the Frontal Fault after Tweto and others 
( 1 970) . 

Synopsis: 

The Frontal Fault is a range-front fau lt that forms the east marg in  of the Gore and Tenmile 
Ranges. The fau lt was orig inal ly called the Blue River Fault but more recently is known as 
the Frontal Fault. Tweto and others ( 1 970) reported geomorphic features along the fault 
trace that they interpreted as evidence for Quaternary movement, but West ( 1 977; 1 978) 
argued that the features could be attributed to normal alpine mass movement and other 
erosional processes. Unruh and others ( 1 993b) stud ied two sites along the fau lt and 
concluded the fault has probably experienced mu ltiple episodes of late Quaternary 
movement. The most recent paleoevent on the Frontal Fault is herein considered to have 
occurred during the late Quaternary .  

Date of compilation : 6/5/97 

Compiler and affiliation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Summit, Eagle, Park 

10 x 20 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N24W 

Number of traces: 8 

T2S, R8 1 W- T6S, R78W 

End to end length : 74.99 km 

Cumulative length : 1 05.70 km 

Reliabil ity of location :  Good 
Comments: The Frontal Fault was mapped at a scale of 1 : 1 2 ,000 by West ( 1 977), 1 :48,000 
by Tweto and others ( 1 970), 1 :62,000 by Tweto ( 1 973a; 1 973b), and 1 :250,000 by Tweto and 
others ( 1 978). The trace used herein is from Tweto and others ( 1 978). 

Geologic setting :  

The Frontal Fault is a high-angle fau lt del ineated by left-stepping ,  en echelon , down-to-the
northeast fau lts. Movement on the fault is predominately normal but in some locations may 



Q51 - Frontal Fault 

be reverse. It is a range-front fau lt that forms the east margin of the Gore and Tenmi le 
Ranges. The Frontal Fault  is a lso part of the Precambrian l ise-Gore Fault  system (Ki rkham 
and Rogers, 1 98 1 ) .  

Sense of movement: NR 
Comments: Movement on the fault i s  predominately normal ,  but in some locations reverse 
(Behre ,  1 953). 

Dip: 78°W, 83°E 
Comments: Behre ( 1 953) records two measurements for the Frontal Fault although the 
exact location of the field measurements is unknown . He measured a normal section of the 
fault as d ipping 78 oW, and a reverse section of the fau lt as d ipping 83°E. 

Dip direction :  W, E 

Geomorphic expression : 

The Frontal Fault is marked by a major bedrock scarp up to 6 1 0  m h igh near Boulder Creek. 
Several geomorphic features suggest Quaternary movement on the fau lt. These features 
include scarps up to 1 8  m high in g lacial moraine deposits, ridge-top springs, gouge boi ls up 
to 12 m h igh ,  landsl ides, al igned drainages, and other topographic and vegetation 
l ineaments (Tweto and others,  1 970; West, 1 977). Unruh and others ( 1 993b) described 
n ickpoints in d rainages and a 5- to 7-m-high ,  northeast-facing scarp along the fault trace. 

Age of fau lted deposits : 

Tweto and others ( 1 970) reported g lacial moraine deposits as being offset by the fault and 
suggested historic movement on the fault based on a 1 920 earthslump. West ( 1 977) argued 
that M iocene-Pliocene deposits are offset by the fau lt but that offset in Quaternary deposits 
is a resu lt of normal alpine fluvial and colluvial processes rather than tectonic processes. 
Unruh and others ( 1 993b) conducted stud ies at two sites on the fault. They described as 
much as 7 m of offset in  late Pleistocene fluvial deposits of Pinedale age. They concluded 
that Holocene sed iments are in  depositional contact with the fault and are therefore not 
faulted . 

Detai led studies :  

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Tweto and others ( 1 970) ind icated fau lting in  middle to early g laCial deposits but 
also suggested h istoric movement on the fault based on a 1 920 earth slump that created 
scarps and a ridge top stream north of Boulder Creek. West ( 1 977; 1 978) argued that a l l  of 
the geomorph ic features that Tweto and others ( 1 970) attributed to young faulting are the 
resu lt of normal alpine fluvial and col luvial processes and are not tectonic in  orig in .  He 
suggested the latest movement on the fault occurred during the Miocene or P l iocene. Tweto 
( 1 979a) indicated movement on the fault as recently as the Quaternary. Kirkham and 
Rogers ( 1 98 1 )  suggested that the latest movement on the fau lt occurred prior to the Bul l  
Lake g laciation ,  possibly during the early Quaternary .  Howard and others ( 1 978) and 
Colman ( 1 985) indicated the most recent paleoevent on this fault occurred during the 
Quaternary.  An i nvestigation at two sites along the fault by Unru h  and others ( 1 993b) 
revealed that Pinedale g lacial deposits are offset by the fau lt ind icating the fault has moved 
during the Quaternary. The most recent paleoevent of this fault is i nterpreted to have 
occurred during the late Quaternary based on Unruh and others ( 1 993b) . 
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1 52 QS1 - Frontal Fault 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (C) 0.2-1 mm/yr 
Comments: Tweto and others ( 1 970) reported an 1 8-m-h igh scarp in young g lacial deposits 
and reCent landsl ide deposits, but d id not ind icate how much of the scarp is in g lacial 
deposits versus bedrock. Unruh and others ( 1 993b) reported 5 to 7 m of offset in  Pinedale 
d�posits ( 1 3 to 35 ka) ,  which ind icates a sl ip rate of 0 . 1 4  to 0 .54 mm/yr. 

Earthquake notes: 

A moment magn itude (Mw) 7 maximum credible earthquake was assigned to this fault by 
Unruh and others ( 1 993b). 
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1 54 Q52 - Mosquito Fau lt 

Structure type: Simple fault 

Structure number: Q52 
Comments :  Fault 56 in Kirkham and Rogers ( 1 981 ) ;  fault 1 82 in  Witkind ( 1 976) ;  fault 2303 in  
the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Mosquito Fault 
Comments: The north-trending Mosqu ito Fault forms the west flank of the Tenmi le and 
Mosquito Ranges and represents the southern extension of the Gore Fau lt. The northern 
end of the fault is near Si lverthorne. It extends south between Cl imax and Leadvi l le, and 
then bends to the southwest where it truncates against fau lts which form the northeast 
marg in  of the upper Arakansas Valley. Unruh and others ( 1 993b) included the Mosquito 
Fault in what they referred to as the Northeastern Boundary Fault systm which forms the 
northeastern marg in  of the upper Arkansas Valley basin .  

Synopsis: 

The Mosquito Fault is a range-front fault on the west flank of the Tenmile and Mosquito 
Ranges. Tweto and Sims ( 1 963) suggested a possible Precambrian orig i n  for the fau lt with 
major movement occuring during the Laramide orogeny. Neogene activity is evident by the 
offset of the Miocene-Pl iocene Dry Union Formation (Tweto and Case, 1 972; Tweto and 
Reed , 1 973b; Tweto, 1 974a). Fault activity may have continued into the Quaternary with 
offset of possible late Pleistocene or g lacial deposits (Kirkham and Rogers,  1 98 1 ) .  

Date of compilation : 6/1 2/97 

Compiler and affiliation :  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Summit, Chaffee, Lake 

10 x 20 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N9E 

Number of traces: 8 

T1 1 S, R80W- T5S, R78W 

End to end length : 5 1 . 54 km 

Cumulative length : 72.65 km 

Reliabil ity of location : Good 
Comments: The Mosquito Fault was mapped at a scale of 1 :62, 500 by Tweto ( 1 973a; 
1 974a; 1 974b) and Tweto and Reed ( 1 973b) and 1 :250,000 by Tweto and others ( 1 978) . 
The trace used herein is from Tweto and others ( 1 978). 

Geologic setting:  

The Mosqu ito Fault is a high-ang le normal fault that is down to the west and northwest. I t  is  
a range-front fault that forms the west marg in  of  the Tenmi le and Mosquito Ranges. The fault 
extends north from the upper Arkansas Val ley and is l inked to the Rio Grande Rift (Tweto, 
1 979a). 



Q52 - Mosquito Fault 

Sense of movement: NS 
Comments :  Wallace and others ( 1 968) ind icated 458 m of  left-lateral  s l ip and 2 ,745 m of 
normal d isplacement. 

Dip: 700W 
Comments: According to Wal lace and others ( 1 968) the fau lt d ips 700W near the town of 
Cl imax. The exact location of the measurment was not reported . 

Dip direction :  W 

Geomorphic expression : 

The Mosquito Fault is a range-front fault with several d istinctive scarps up to 1 2  m h igh in 
. morainal and landsl ide deposits (Kirkham and Rogers, 1 98 1 ) .  

Age of fau lted deposits:  

Tweto and Case ( 1 972) ,  Tweto and Reed ( 1 973b) and Tweto ( 1 974a) showed the M iocene
Pl iocene Ory Un ion Formation as being offset by the fau lt. Kirkham and Rogers ( 1 98 1 ) 
ind icated offset of morainal and landslide deposits of Wisconsinan age, but state that 
Holocene deposits are not offset by the fau lt. The fault primarily displaces Precambrian 
bedrock against Tertiary intrusive and sedimentary deposits and Pennsylvan ian-Permian 
bedrock. Only about 1 0% of the fau lt l ies in or beneath Quaternary depOSits. 

Detai led studies :  

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Tweto ( 1 973a; 1 974a; 1 974b) and Tweto and Reed ( 1 973b) did not show offset 
of Quaternary deposits. Witkind ( 1 976) designated the fault as late Quaternary based on oral 
commun ication with Ogden Tweto. Kirkham and Rogers ( 1 981 ) indicated offset of 
Wisconsinan age ( 1 0-1 30 ka) deposits and stated that Holocene deposits are not offset by 
the fau lt. Colman ( 1 985) assigned the fau lt to the late Pleistocene. Latest movement on 
the fault is herein considered to have occurred during the late Pleistocene. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (0) <0.2 mm/yr 
. Comments: This sl ip rate is estimated from evidence cited in Kirkham and Rogers ( 1 981 ) of 
fault scarps up  to 1 2  m high in morainal and landslide deposits of Wisconsinan age ( 1 0-1 30 
ka) .  

Earthquake notes : 
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Q53 - U nnamed Fau lt South of Leadvi l le 

Structure type: Simple fau lt 

Structure number: Q53 
Comments: Fault 1 63 in Kirkham and Rogers ( 1 98 1 ) ;  fault 1 83 in  Witkind ( 1 976);  fau lt 2305 
in  the U . S. Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault South of Leadvi l le 
Comments: Th is unnamed fault is part of the upper Arkansas Val ley Graben system near 
Leadvi l le between the Sawatch Fault and the Mosquito Fault . 

Synopsis: 

This unnamed fault l ies in the northern end of the upper Arkansas Val ley Graben which is a 
major Neogene structure that is the northernmost topograph ical ly prominent feature of the 
Rio Grande Rift. The graben developed along the axial crest of the Laramide Sawatch 
Anticl ine. Tweto and Reed ( 1 973b) mapped this fault as an inferred fault that offsets the 
M iocene Dry Union Formation and younger unconsolidated Quaternary deposits. Late 
Quaternary movement was reported by Witkind ( 1 976) based on personal commun ication 
with Ogden Tweto. However, no detai led studies have been conducted on faults in this area. 
Thus, Quaternary movement on this fau lt is not defin itive. The most recent paleoevent on 
this fau lt is herein considered to have occurred during the Quaternary « 1 .6  Ma). 

Date of compilation : 6/1 9/97 

Compiler and affil iation:  Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Lake 

10 x 20 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N49E 

Number of traces: 1 

T1 0S, R8 1 W- T9S, R80W 

End to end length : 1 2 .84 km 

Cumulative length : 1 3 .28 km 

Reliabil ity of location: Poor 
Comments: Th is fau lt was mapped at at a scale of 1 :24 ,000 by Tweto and Reed ( 1 973b) and 
Tweto ( 1 974c) and 1 :250,000 by Tweto and others ( 1 978) . The trace used herein is from 
Tweto and Reed ( 1 973b). 

Geologic setting:  

This fault l ies in  the northern end of the upper Arkansas Val ley Graben wh ich is a major 
Neogene structure that is the northernmost topograph ical ly prominent feature of the Rio 
Grande Rift. The graben developed along the axial crest of the Laramide Sawatch Anticl ine. 
The fau lt is h igh-angle and downthrown to the west and northwest. 
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Sense of movement: N 
Comments: Witkind ( 1 976) ind icated normal movement on this fau lt. 

Dip: 

Comments :  

Dip direction: NW 

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported. 

Age of fau lted deposits: 

Tweto and Reed ( 1 973b) mapped this fault as an inferred fau lt that offsets the Miocene Dry 
U nion Formation and younger unconsolidated Quaternary deposits. 

Detai led studies: 

No detai led studies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Tweto and Reed ( 1 973b) suggested Quaternary deposits are offset by th is fau lt. 
Witkind ( 1 976) reported probable late Quaternary movement on this fault based on oral 
communication with Ogden Tweto. However, no detai led stud ies have been conducted on 
fau lts in  th is area and Quaternary movement on th is fau lt is not defin itive. The most recent 
movement on the fau lt is herien tentatively considered to have occurred during the 
Quaternary. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: 

Earthquake notes : 
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Structure type: Simple fau lt 

Structure number: Q54 
Comments: Fault 2306 in the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Fau lts Northwest of Leadvi l le 
Comments: This structure includes several general ly northeast- to northwest-trending fau lts 
west and north of Leadvi l le. The faults are part of the Arkansas Val ley Graben system. 

Synopsis : 

These faults l ie between the Mosquito Fault and the northern section of the Sawatch Fault 
west and north of Leadvi l le. Tweto ( 1 974c) described the faults as inferred concealed fau lts 
of the upper Arkansas Val ley Graben system. The upper Arkansas Val ley Graben is a major 
Neogene structure that is the northernmost topograph ical ly prominent feature of the Rio 
Grande Rift. The graben developed along the axial crest of the Laramide S�watch Anticl ine. 
Tweto ( 1 974c) stated "from subsurface data and from a few exposures south of [the] 
quadrangle fau lts are known to d isplace [the] bedrock surface, strata of the concealed upper 
Tertiary Dry Un ion Formation , and some of the older Pleistocene un its such as pre-Bul l  Lake 
g lacial d rift (Qdpb) and Malta Gravel (Qm}". However, Quaternary movement on each of 
these faults has not been defin itively demonstrated . Although lacking conclusive evidence, 
the most recent movement on these faults is herein considered to have occurred during the 
Quaternary « 1 .6  Ma). 

Date of compilation : 6/26/97 

Compiler and affil iation: Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Lake 

1° x 2° Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N31 E 

Number of traces: 1 3  

T9S, R80W 

End to end length : 5.24 km 

Cumulative length : 9. 1 3  km 

Reliabil ity of location: Poor 
Comments: The fau lts were mapped at a scale of 1 :24 ,000 by Tweto ( 1 974c) , 1 : 1 25 ,000 by 
Tweto and Case ( 1 972) , and 1 :250,000 by Tweto and others ( 1 978). Fault traces were 
interpreted by Tweto ( 1 974c) from subsurface data and nearby surface exposures and were 
considered approximate or conjectural .  Tweto and Case ( 1 972) mapped these fau lts as 
inferred fau lts in Cenozoic deposits .  The traces used herein is from Tweto ( 1 974c) . 

Geologic setting:  

These faults were described as inferred concealed faults of  the Arkansas Val ley Graben 
system (Tweto, 1 974c). The faults l ie in an area of complex fau lting between the Mosqu ito 
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Fault and the northern section of the Sawatch Fault and are part of the upper Arkansas 
Val ley Graben ,  a Neogene west-tilted structure that forms the northernmost topograph ically 
prominent expression of the Rio Grande Rift. The graben developed along the axial crest of 
the Laramide Sawatch Anticl ine. 

Sense of movement: N 
Comments: 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits : 

Tweto ( 1 974c) described the faults as i nferred concealed faults of the Arkansas Val ley 
Graben system. Tweto ( 1 974c) stated "from subsurface data and from a few exposures 
south of [the] quadrangle fau lts are known to displace [the] bedrock surface, strata of the 
concealed upper Tertiary Dry Un ion Formation, and some of the older Pleistocene un its 
such as pre-Bul l  Lake g lacial drift (Qdpb) and Malta Gravel (Qm)". However, Quaternary 
movement on each of these faults has not been defin itively demonstrated . 

Detai led studies: 

No detai led stud ies have been conducted on these fau lts. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Tweto ( 1 974c) suggested the Miocene Dry Un ion Formation and perhaps pre
Bu l l  Lake Quaternary deposits were offset by these fau lts , based on subsurface data and a 
few exposures south of the quadrang le. Without more defin itive evidence for Quaternary 
movement, the last paleoevent on these fau lts is herein considered to have occurred during 
the Quaternary, but may actually have occurred prior to the Quaternary. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 
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Q55 - U nnamed Faults near Twin Lakes Reservoi r  

Structure type: Simple fau lt 

Structure number: Q55 
Comments:  A few of these fau lts were previously mapped as fault 1 60 by Kirkham and 
Rogers ( 1 98 1 ) ;  fault 2307 in the U .S .  Geological Survey Quaternary fault and fold database. 

Structure name: Unnamed Faults near Twin Lakes Reservoir 
Comments:  This series of unnamed fau lts l ies in the upper Arkansas Val ley south of 
Leadvi l le. The fau lts are perpendicular to the south end of the northern section of the 
Sawatch Fault and the southern end of the Mosqu ito Fault. 

Synopsis: 

These faults l ie in the northern end of the upper Arkansas Val ley Graben which is a major 
Neogene structure that is the northernmost topographically prominent feature of the Rio 
Grande Rift. The graben developed along the axial crest of the Laramide Sawatch Anticl ine. 
Two of the fau lts bound Twin Lakes Reservoir  on the north and south sides, four  fau lts 
bound the Clear Creek Reservoir, and several of the other faults form closed depressions. 
Tweto and Case ( 1 972) suggested faulting in late Cenozoic depOSits based on geolog ic 
mapping ,  dr i l l  hole data, and gravity and magnetic data which revealed a northeast-trending 
magnetic low in  the vicin ity of Twin Lakes Reservoir. Tweto and Reed ( 1 973b) mapped 
these faults as inferred fau lts in Miocene Dry Un ion Formation and younger unconsolidated 
Quaternary deposits . No detai led stud ies have been conducted in this area and Quaternary 
movement on these fau lts is not defin itive. The most recent paleoevent on these fau lts is 
herein tentatively considered to have occu rred during the Quaternary « 1 .6 Ma). 

Date of compilation : 6/1 9/97 

Compiler and affiliation :  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Lake 

10 x 20 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N9E 

Number of traces: 1 3  

T1 1 S , R80W 

End to end length : 1 3 .95 km 

Cumulative length : 55.46 km 

Rel iabil ity of location :  Good 
Comments :  The fau lts were mapped at 1 :62 ,000 by Tweto and Reed ( 1 973b), at 1 : 1 25 ,000 
by Tweto and Case ( 1 972),  and at 1 :250,000 by Tweto and others ( 1 978) . The trace used 
herein is from Tweto and Reed ( 1 973b). 

Geologic setting :  

The fau lts l i e  on the north margin of  the Precambrian h igh  that separates the northern and 
southern sections of the Sawatch Fau lt. Twin Lakes and Clear Creek Reservoirs l ie in basins 
bound by several of these faults. The fau lts are part of the upper Arkansas Val ley Graben ,  a 
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Neogene west-ti lted structure that forms the northernmost topograph ical ly prominent 
expression of the Rio Grande Rift. The graben developed along the axial crest of the 
Laramide Sawatch Anticl ine. Gravity and magnetic data revealed a northeast-trending 
magnetic low in  the vicin ity of Twin Lakes Reservoi r  (Tweto and Case, 1 972). 

Sense of movement: N 
Comments: 

Dip: 

Comments: 

Dip direction: 

Geomorphic expression : 

Geomorphic ind icators of youthfu l fau lting have not been reported . 

Age of fau lted deposits :  

Test holes d ri l led in the area by the U .S .  Bureau of  Reclamation i ndicated late Cenozoic 
deposits ( including the Miocene Dry Un ion Formation) are deeply fau lted against 
Precambrian rocks on the south side of Twin Lakes Reservoir  (Tweto and Case , 1 972) .  
Tweto and  Reed ( 1 973b) inferred offset of the Miocene Dry Un ion Formation and younger 
unconsolidated Quaternary deposits. 

Detai led stud ies : 

No detai led studies have been conducted on these faults . 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Based on geologic mapping,  d ri l l  hole data,  and magnetic features, Tweto and 
Case ( 1 972) ind icated probable faulting in  late Cenozoic deposits. Tweto and Reed ( 1 973b) 
mapped these fau lts as inferred fau lts in Miocene Dry Un ion Formation and younger 
unconsol idated Quaternary deposits . Without more defin itive evidence for Quaternary 
movement, the last paleoevent on these faults is herein considered to have occurred during 
the Quaternary ,  but may actually have occurred prior to the Quaternary .  

Recurrence interval:  ND 

Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 
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Structure type: Simple fau lt 

Structure number: Q57 
Comments: Fault 1 61 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2309 in  the U .S .  Geological 
Survey Quaternary fault and fold database. 

Structure name: Northeastern Boundary Fault System 
Comments: This series of eight northwest-trending fau lts forms the northeast marg in  of the 
upper Arkansas Val ley Graben and is the southern extension of the Mosqu ito Fault (Unruh 
and others, 1 993b) between Leadvi l le and Buena Vista. The northernmost fau lt is called the 
I ron Fault and the fau lt exending from the south end of the I ron Fault is the Dome Fault 
(Behre, 1953) . The I ron and Dome Faults were collectively known as the Un ion Fault by 
Tweto and Case ( 1 972) .  The fau lt that splays to the southeast from the I ron Fault was 
referred to as the Mike Fault by Behre ( 1 953) and Tweto ( 1 974b) but was cal led the Weston 
Fault by Tweto and Case ( 1 972) ,  Chronic ( 1 974) ,  and Tweto ( 1 974b).  These fau lts, as wel l 
as the Mosquito Fault, are col lectively referred to as the Northeastern Boundary Fault systm 
by Unruh and others ( 1 993b) because the faults form the northeastern marg in  of the upper 
Arkansas Val ley .  

Synopsis: 

The Northeastern Boundary Fault systm forms the northeastern margin of the upper 
Arkansas Val ley Graben between Leadvi l le and Buena Vista . The graben is a major 
Neogene structure that is the northernmost topograph ically prominent feature of the Rio 
Grande Rift. The graben developed along the axial crest of the Laramide Sawatch Anticl ine. 
Several fau lt traces are marked by west-facing scarps in  Quaternary landsl ide deposits. Pre
Bu l l  Lake glacial d rift and Kansan (?) al luvium is mapped as offset by the fau lt. The fault 
system was previously considered to be a late Cenozoic feature (e.g . ,  Tweto, 1 978; Kirkham 
and Rogers, 1 98 1 ; Colman , 1 985) despite Quaternary offset shown on maps by Scott 
( 1 975b) and Tweto and others ( 1 978). Subsequent reports by Unruh and others ( 1 992) ,  
Unruh and others ( 1 993b) and Lettis and others ( 1 996) ind icated late Pleistocene fau lt 
activity with in  this system. The most recent paleoevent on the Northeastern Boundary Fault 
systm is herein considered to have occurred during the middle and late Quaternary .  

Date of compilation: 6/1 7/98 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Lake, Park, Chaffee 

1° x 2° Sheet: Montrose, Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N 1 8W 

Number of traces: 6 

T9S, R80W- T1 4S, R78W 

End to end length : 47.50 km 

Cumulative length : 1 45 .91 km 
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Reliabil ity of location :  Good 
Comments: The fault system was mapped at a scale of 1 :62,500 by Tweto and Reed 
( 1 973b), Tweto ( 1 974b),  and Scott ( 1 975b), at 1 : 1 25 ,000 by Tweto and Case ( 1 972) ,  and at 
1 :250, 000 by Tweto and others ( 1 976;  1 978) Unruh and others ( 1 992) ,  Unruh and others 
( 1 993b), and Lettis and others ( 1 996) .  The trace used herein is from Tweto and others 
( 1 976; 1 978) and Lettis and others ( 1 996) .  

Geologic setting:  

The Northeastern Boundary Fault systm forms the northeastern margin of  the upper 
Arkansas Val ley Graben , a west-tilted Neogene structure that is the northernmost 
topographical ly prominent feature of the Rio Grande Rift. The graben developed along the 
axial crest of the Laramide Sawatch Anticl ine. Fau lts in this system are typical ly h igh-angle 
normal and down to the west, with step-down displacement toward the upper Arkansas 
Valley. 

Sense of movement: N, R 
Comments :  Most of the fau lts are normal fau lts (e . g . ,  Beh re, 1 953; Tweto and Case, 1 972, 
Kirkham and Rogers,  1 98 1 ; Unruh and others, 1 992). The Mike Fault (the northernmost 
fau lt) has reverse movement (Behre, 1 953; Tweto and Case, 1 972) .  

Dip:  65°-800W 
Comments: Most of the fault planes dip to the west. The Dome and I ron Fau lts dip 6rW 
and 68°W according to Behre ( 1 953). The Mike Fault is the only fau lt of this system to dip to 
the east at 80° (Behre, 1 953). 

Dip d irection: W, E 

Geomorphic expression: 

This fau lt system is marked by west-facing scarps and l ineaments in Quaternary landsl ide 
deposits .  The scarps occur at the base of a west-facing escarpment in the M iocene
Pliocene Dry Un ion Formation (Unruh and others,  1 993b) . 

. Age of fau lted deposits:  

The Miocene-Pl iocene Dry Un ion Formation is offset by th is fau lt system. Tweto and others 
( 1 978) mapped offset of pre-Bul l  Lake g lacial drift along the westernmost fau lts, and Scott 
( 1 975) mapped offset of Kansan (?) al luvium.  Scarps are developed in late Pleistocene 
landsl ide depOSits but Bul l  Lake and Holocene deposits are not deformed across the fau lt 
(Unruh and others,  1 992; Unruh and others, 1 993b; Lettis and others ,  1 996). The western 
fau lts lie primarily in Precambrian to Pennsylvanian bedrock with Quaternary depOSits 
mapped along less than 5% of the fau lt trace. The eastern faults drop Precambrian and 
Tertiary deposits down i nto the upper Arkansas Valley Graben.  

Detai led studies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (3) Quaternary-middle and late « 750ka) 
Comments: Tweto ( 1 978) mapped this system of faults as Neogene in age. Kirkham and 
Rogers ( 1 98 1 ) ind icated late Cenozoic movement on this fau lt system based on recogn ized 
offset of the Miocene-Pl iocene Dry Un ion Formation. Likewise, Colman ( 1 985) did not report 
Quaternary movement on this system. However, Scott ( 1 975) and Tweto and others ( 1 978) 
both mapped offset of Quaternary depOSits on the westernmost fau lts. Based on the 
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presence of l inear scarps in late Pleistocene deposits ,  Unruh and others ( 1 992), Unruh  and 
others ( 1 993b), and Lettis and others ( 1 996) suggested late Quaternary movement with in  the 
fault system. Unruh and others ( 1 992) ,  Unruh and others ( 1 993b), and Lettis and others 
( 1 996) were careful to add that the scarps cou ld be related to landsl id ing ,  although they 
favored a tectonic orig in  for the scarps. The most recent movement on this fault system is 
herein classified as occurring during the middle and late Quaternary based on offset of 
Kansan and pre-Bul l  Lake deposits. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 

A moment magn itude (Mw) 7 maximum credible earthquake was assigned to the 
Northeastern Boundary Fault systm by Unruh and others ( 1 993b) and Lettis and others 
( 1 996) .  
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1 70 Q58 - U nnamed Fault West of Buena Vista 

Structure type: Simple fau lt 

Structure number: Q58 
Comments: Fault 231 0 in the U .S. Geological Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault West of Buena Vista 
Comments: This unnamed fau lt is perpend icular to the north end of southern section of the 
Sawatch Fau lt. The fau lt is north of and parallel to Cottonwood Creek and is west of Buena 
Vista. 

Synopsis : 

This fau lt is perpendicular to the southern section of the Sawatch Fault which forms the 
western margin of the upper Arkansas Val ley Graben, a Neogene west-ti lted structure that 
forms the northernmost topographical ly prominent expression of the Rio Grande Rift. The 
graben developed along the axial crest of the Laramide Sawatch Anticl ine. Tweto and others 
( 1 976) mapped pre-Bul l  Lake gravel deposits as abutting against the fau lt. 

Date of compilation : 6/1 0/98 

Compiler and affiliation: Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Chaffee 

10 x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N85E 

Number of traces: 1 

End to end length : 2.73 km 

Cumulative length : 2.74 km 

Reliabil ity of location : Good 
Comments: The fault was mapped at a scale of 1 :250,000 by Tweto and others ( 1 976). 

Geologic setting : 

The Sawatch Fault is a high-angle, down-to-the-east normal fau lt. It forms the eastern 
marg in  of the Col leg iate Peaks and l ies on the west marg in  of the upper Arkansas River 
V�lIey Graben, a Neogene west-tilted structure that forms the northernmost topograph ically 
prominent expression of the Rio Grande Rift. The graben developed along the axial crest of 
the Laramide Sawatch Anticl ine. Th is unnamed fault is perpendicular to the Sawatch Fault 
and is down to the south . 

Sense of movement: N 
Comments: 



Q58 - U nnamed Fault West of Buena Vista 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported. 

Age of fau lted deposits : 

Tweto and others ( 1 976) mapped pre-Bul l  Lake gravel deposits as offset by the fault. The 
western two-th i rds of the fau lt l ies in Precambrian bedrock and the eastern one-th i rd is in  pre
Bu l l  Lake gravel deposits. 

Detai led stud ies: 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Tweto and others ( 1 976) mapped Quaternary pre-Bul l  Lake deposits as offset 
by the fault. Without better age constraints the most recent movement on the faultis herein 
considered to have occurred during the Quaternary. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 

References Cited : 

Tweto, Ogden , Steven ,  TA , Hai l ,  W.J . ,  Jr. ,  and Moench , R .H . ,  1 976 , Prel iminary geolog ic 
map of the Montrose 1 0  x 20 quadrangle, southwestern Colorado: U.S. Geological Survey 
Miscel laneous Field Stud ies Map MF-76 1 . 
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1 72 Q59 - U nnamed Fault South of S havano Peak 

Structure type: Simple fault 

Structure number: Q59 
Comments: Fau lt 231 1 in the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault South of Shavano Peak 
Comments: This unnamed fault extends from the south end of southern section of Sawatch 
Fau lt. I t  is nearly perpend icular to the Sawatch Fault at this location just north of the 
Arkansas River on the flank of Taylor Mountain .  

Synopsis: 

The fau lt l ies at the south end of the wouthern section of the Sawatch Fault on the flank of 
Taylor Mountain .  The Sawatch Fault forms the western margin of the upper Arkansas Val ley 
Graben, a Neogene west-tilted structure that forms the northernmost topograph ically 
prominent expression of the Rio Grande Rift. Tweto and others ( 1 976) mapped pre-Bul l  Lake 
g lacial d rift as abutting against the fau lt, and mapped Bu l l  Lake and younger g lacial deposits 
as conceal ing the fau lt. Without better age constraints, and stronger evidence for actual 
Quaternary offset, the fault is herein only tentatively considered to have moved during the 
Quaternary . 

Date of compilation : 6/1 0/98 

Compiler and affil iation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Chaffee 

1 0  x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N 1 5W 

Number of traces: 1 

End to end length : 5.83 km 

Cumulative length : 6.39 km 

Reliabil ity of location :  Good 
Comments: The fau lt was mapped at a scale of 1 :250,000 by Tweto and others ( 1 976) .  

Geologic setting:  

The Sawatch Fault is a high-angle, down-to-the-east normal fau lt. I t  forms the eastern 
margin of the Col leg iate Peaks and l ies on the west marg in  of the upper Arkansas Val ley 
Graben, a Neogene west-tilted structure that forms the northernmost topograph ical ly 
prominent expression of the Rio Grande Rift. The graben developed along the axial crest of 
the Laramide Sawatch Anticl ine. Th is unnamed fault is generally perpend icular to the south 
end of the Sawatch Fault and is down to the east. 

Sense of movement: N 
Comments: 



Q59 - U nnamed Fault South of S havano Peak 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Geomorphic indic�tors of youthfu l  faulting have not been reported . 

Age of fau lted deposits : 

Tweto and others ( 1 976) mapped pre-Bul l  Lake g lacial drift as abutting against the fau lt. Bu l l  
Lake and younger deposits conceal the fau lt. The fault l ies primarily in Precambrian bedrock 
with about 30% of the fau lt extending into Quaterary deposits. 

Detai led stud ies : 

Timing of most recent paleoevent: (4) Quaternary (< 1 .6 Ma) 
Comments: Tweto and others ( 1 976) mapped Quaternary pre-Bul l  Lake deposits as abutting 
the fau lt. Without better age constraints, and stronger evidence for actual Quaternary offset, 
the fau lt is tentatively herein considered to have moved during the Quaternary. 

Recurrence interval:  NO 

Comments: 

Slip rate: unknown ; (O) <0.2 mm/yr 
Comments :  

Earthquake notes: 

References Cited : 

Tweto, Ogden, Steven , TA , Hai l ,  W.J . ,  Jr. ,  and Moench , R. H . ,  1 976, Prel imin�ry geologic 
map of the Montrose 1 0  x 20 quadrangle, southwestern Colorado:  U .S. Geolog ical Survey 
M iscel laneous Field Stud ies Map MF-76 1 . 
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1 74 Q60 - U nnamed Fault of M issouri Park 

Structure type: Simple fau lt 

Structure number: Q60 
Comments: Fault 1 58 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 1 46 in Witkind ( 1 976) ;  fault 23 1 2  
i n  the U .S .  Geological Survey Quaternary fault and fold database. 

Structure name: Unnamed Fault of Missouri Park 
Comments: Th is unnamed northwest-trending fault extends th rough Missouri Park to 
Poncha Springs in the south end of the upper Arkansas Valley .  

Synopsis: 

This unnamed , northwest-trending fau lt l ies in the southern end of the upper Arkansas Val ley 
near Poncha Springs. Pinedale outwash deposits are offset by the fau lt, but Holocene 
deposits cover the fault. 

Date of compilation: 9/30/97 

Compiler and affiliation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Chaffee 

1° x 2° Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N49W 

Number of traces: 1 

T50N, R8E- T49N ,R8E 

End to end length : 5.85 km 

Cumulative length : 5 .92 km 

Reliabil ity of location : Good 
Comments: The fault was mapped at a scale of 1 :62,500 by Scott and others ( 1 975) and 
1 : 1 25,000 by Colman and others ( 1 985) .  The trace used herein is from Colman and others 
( 1 985). 

Geologic setting:  

This fau lt l ies i n  an area of  complex faulting in the southern end of  the upper Arkansas 
Val ley .  I t  is a normal fault that is down to the southwest. 

Sense of movement: N 
Comments: Witkind ( 1 976) and Kirkham and Rogers ( 1 98 1 ) reported normal movement on 
this fault. 

Dip: 

Comments: 

Dip direction : 



Q60 - U n named Fault of M issouri Park 

Geomorphic expression: 

Geomorphic ind icators of youthfu l  faulting have not been reported. 

Age of fau lted deposits : 

Pinedale outwash deposits ( 1 1 -40 ka) are the youngest deposits offset by this fau lt 
accord ing to Colman and others ( 1 985). Bu l l  Lake deposits are also offset by the fau lt but 
U pper Holocene al luvium is not offset by the fault (Scott and others,  1 975) .  

Detai led stud ies: 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Scott and others ( 1 975) and Colman and others ( 1 985) indicated offset of 
Pinedale outwash deposits . Colman and others ( 1 985) reported these faulted deposits as 
being 1 1  to 40 ka. More recent Holocene deposits are not offset, suggesting that the fault 
has not been active s ince the late Pleistocene. Kirkham and Rogers ( 1 98 1 ) ,  Colman ( 1 985) 
and Lettis and others ( 1 996) also reported Quaternary activity movement for this fault. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: 

Earthquake notes : 
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Mesa dams, Smith Fork project-Crawford dam, west-central Colorado: unpubl ished d raft 
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1 76 Q61 - Western Boundary Fault 

Structure type: Simple fau lt 

Structure number: Q61 
Comments: Fau lt 1 1 9 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 23 1 3  in the U .S .  Geological 
Survey Quaternary fault and fold database. 

Structure name: Western Boundary Fault 
Comments: The Western Boundary Fault is a curvi l inear north-south oriented fault that 
beg ins north of Starvation Creek and ends near Kerber Creek midway between Brewer 
Creek and Little Kerber Creek. The fau lt l ies on the east flank of Sheep and Flagstaff 
Mountains in the southern Sawatch Range and on the west side of the San Luis Val ley near 
the Bonanza Caldera.  

Synopsis: 

The Western Boundary Fault forms the western rim of the Bonanza Caldera.  The fault 
orig inated as a reverse fault in the early to middle Oligocene with the col lapse of the Bonanza 
Caldera,  but has also experienced post-Oligocene movement associated with continued 
collapse and perhaps activity associated with the Rio Grande Rift. The fault is marked by a 
prominent fault scarp, cold springs, fau lt gouge, and anomalous drainages and topography. 
Ol igocene to M iocene volcan ics are clearly offset by the fau lt, whi le offset of Pleistocene 
al luvium is less defin itive. The most recent movement on th is fau lt is herein considered to 
have occurred during the late Quaternary. 

Date of compilation : 9/29/97 

Compiler and affil iation :  Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Saguache, Chaffee 

10 x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N 1 6W 

Number of traces : 1 

T48N , R7E- T46N.R ,8E 

End to end length : 20.08 km 

Cumulative length : 23. 1 0 km 

Reliabil ity of location :  Good 
Comments: The fault was mapped at a scale of 1 :20,000 by Marrs ( 1 973), 1 :62,500 by 
Knepper ( 1 974b), and 1 :250,000 by Tweto and others ( 1 976) .  The trace used herein is from 
Tweto and others ( 1 976).  

Geologic setting:  

The Bonanza Caldera is  located along the western marg in  of  the north end of  San Luis 
Valley .  The Western Boundary Fau lt is a high-angle normal ,  l istric fault that is down to the 
northeast and east. The fault l ies with in a pattern of concentric faults and defines the 
western rim of the Bonanza Caldera.  The fault probably orig inated during the early to middle 



Q61 - Western Boundary Fault 

Ol igocene as a reverse fault in response to doming of the Bonanza Caldera due to a 
pressure increase in the magma chamber below. Normal movement on the fault is related to 
col lapse of the magma chamber and subsequent local readjustment (Marrs ,  1 973).  

Sense of movement: N 
Comments: The fau lt orig inated as a reverse fau lt in the early to middle Ol igocene but has 
experienced subsequent normal reactivation associated with the col lapse of the Bonanza 
Caldera (Marrs, 1 973) . 

Dip: 

Comments: Marrs ( 1 973) descibed the Western Boundary Fault as a high-angle, concentric 
fault that d ips northeast and east towards the Bonanza Caldera.  

Dip direction :  NE 

Geomorphic expression : 

The Western Boundary Fault is defined by a prominent cl iff that appears to be a fau lt-l ine 
scarp that is marked by bouldery fau lt gouge. Cold water springs are present along the fault 
trace. Stream beds that cross the fault trace have an anomalous character, topography on 
the downthrown side of the fault is hummocky, and drainage patterns are not wel l  developed 
(Marrs, 1 973) .  

Age of fau lted deposits:  

Oligocene volcanic flows associated with the Bonanza Caldera are offset by the fault (Marrs ,  
1 973; Knepper, 1 974b).  Knepper ( 1 974b) mapped Quaternary deposits as conceal ing the 
fau lt. Tweto and others ( 1 976) mapped offset of mid-Tertiary intrusives of Ol igocene to 
Miocene age. Lettis and others ( 1 996) ind icated that the fault offsets early to middle 
Pleistocene and possibly late Pleistocene al luvium. The fault l ies almost entirely in  Tertiary 
volcanics with Precambrian bedrock exposed only at the north end of the fault on the 
upthrown side. 

Detai led stud ies: 

No detai led stud ies have been conducted on this fau lt. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Movement on the fault is clearly documented by offset of Ol igocene to M iocene 
volcanics. More recent movement on the fau lt is less definitive. Marrs ( 1 973) suggested 
youthfu l  fault movement based on stream beds, topography and drainage patterns.  He 
observed evidence for increased stream energy and steepened profi les in  stream beds that 
cross the fault trace, which seemed to indicate recent flood ing .  However, he found no 
evidence for flooding in other drainages and no historical documentation of flood ing in the 
area. He concluded that the apparent flood indicaters could be related instead to youthfu l  
fau lting . Further, topography on the downthrown side of  the fau lt i s  hummocky with poorly 
defined drainage patterns. Marrs ( 1 973) ackowledged that there is no defin itive evidence for 
youthfu l  fau lt ing but suggested that these anomal ies may in fact be indicators for Quaternary 
fault activity .  Kirkham and Rogers ( 1 98 1 )  classified this fault as a possible Quaternary fau lt. 
Colman ( 1 985) ind icated that this fault offsets early to middle Pleistocene al luvium .  Lettis 
and others ( 1 996) concluded the fault is potentially active based on offset of Quaternary 
al luvial fans and geomorphic evidence ind icative of late Pleistocene fau lting .  The fault is 
herein considered to have last moved during the late Quaternary .  
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1 78 Q61 - Western Boundary Fault 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mmlyr 
Comments: 

Earthquake notes: 

A moment magn itude (Mw) 6 3/4 maximum credible earthquake was assigned to this fault by 
Lettis and others ( 1 996) .  
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Q62 - Lucky Boy Fault 

Structure type: Simple fau lt 

Structure number: Q62 
Comments: Fault 1 20 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 231 4  in the U .S .  Geological 
Survey Quaternary fau lt and fold database. 

Structure name: Lucky Boy Fault 
Comments: The Lucky Boy Fault is a northwest-trending fault that splays from the Western 
Boundary Fault near Flagstaff Mountain and continues southeast into Little Kerber Creek on 
the west side of San Luis Val ley. 

Synopsis : 

The Lucky Boy Fault is a branch fault of the Western Boundary Fau lt wh ich forms the 
western rim of the Bonanza Caldera.  The Lucky Boy Fault orig inated as a reverse fau lt in the 
early to middle Ol igocene with the col lapse of the Bonanza Caldera,  but has experienced 
post-Ol igocene movement associated with continued col lapse and perhaps activity 
associated with the Rio Grande Rift. Quaternary terrace gravels are reportedly s l ightly offset 
across the fau lt (Marrs, 1 973). The most recent movement on this fault is herein considered 
to have occurred during the late Quaternary. 

Date of compilation : 9/29/97 

Compiler and affiliation:  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Saguache 

10 x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N29W 

Number of traces: 1 

T47N , R7R- T46N . R8E 

End to end length : 1 1 . 06 km 

Cumulative length : 1 1 .66 km 

Reliabil ity of location:  Good 
Comments: The fault was mapped at a scale of 1 :20,000 by Marrs ( 1 973), 1 :62, 500 by 
Knepper ( 1 974b) ,  and 1 :250,000 by Tweto and others ( 1 976) . The trace used herein is from 
Tweto and others ( 1 976) .  

. 

Geologic setting:  

The Bonanza Caldera is  located along the western margin of  the northern end of  San Luis 
Val ley . The Lucky Boy Fault is a high-angle normal ,  l istric fault that is down to the northeast. 
The fault is a branch fau lt of the Western Boundary Fault which defines the western rim of the 
Bonanza Caldera.  The Lucky Boy Fault probably orig inated during the early to middle 
Ol igocene as a reverse fault in response to doming of the Bonanza Caldera due to a 
pressure increase i n  the magma chamber below. Normal movement on the fau lt is related to 
col lapse of the magma chamber and subsequent local readjustment (Marrs, 1 973).  
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1 80 Q62 - Lucky Boy Fault 

Sense of movement: N 
Comments: The fault orig inated as a reverse fault in the early to middle Ol igocene but has 
experienced subsequent normal reactivation associated with the col lapse of the Bonanza 
Caldera (Marrs , 1 973) .  

Dip: 

Comments: Marrs ( 1 973) descibed the Lucky Boy Fault as a h igh-angle, concentric fault that 
d ips northeast towards the Bonanza Caldera.  

Dip direction :  N E  

Geomorphic expression : 

A subtle, fau lt-control led topographic change across the drainage was recogn ized on color 
aerial photographs by Marrs ( 1 973) .  Lettis and others ( 1 996) recognized subdued 
geomorphic indicators of late Pleistocene faulting in th is area but did not describe these 
ind icators . 

Age of fau lted deposits:  . 

Ol igocene volcanic flows associated with the Bonanza Caldera and Quaternary terrace 
gravels are offset by the fault accord ing to Marrs ( 1 973). Knepper ( 1 974b),  however, d id not 
show Quaternary offset along the fault trace. Tweto and others ( 1 976) mapped Ol igocene to 
Miocene intrusives as being offset by the fau lt. Lettis and others ( 1 996) ind icated offset of 
early to middle Pleistocene al luvium. The fault l ies almost entirely in Tertiary volcan ics. 

Detai led stud ies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Marrs ( 1 973) reported Quaternary movement on the fau lt based on offset of 
Quaternary terrace gravels. Tweto ( 1 978) mapped the Lucky Boy Fault as a pre-Neogene 
fau lt. Kirkham and Rogers ( 1 981 ) classified this fault as a possible Quaternary fau lt. Colman 
( 1 985) and Lettis and others ( 1 996) indicated the fau lt was active during the late 
Pleistocene. Latest movement on the fau lt is herein considered to have occurred during the 
late Quaternary « 1 30 ka) . 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (0) <0.2 mm/yr 
Comments: Based on the subdued nature of geomorphic features ind icative cif possible 
youthfu l  fau lting in  this area, a sl ip rate of <0.2 mm/yr is estimated for th is system. 

Earthquake notes : 
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1 82 Q63 - Fau lts near Monte Vista 

Structure type: Simple fault 

Structure number: Q63 
Comments: Fault 1 00 in Kirkham and Rogers ( 1 98 1 ) ;  fault 23 1 5  in the U.S. Geological 
Survey Quaternary fau lt and fold database. 

Structure name: Fau lts near Monte Vista 
Comments: Th is is a series of about 1 0  general ly northwest-trending faults south of 
H ighway 1 60 between Del Norte and Monte Vista. The fault name was assigned during this 
compi lation . 

Synopsis: 

The fau lts near Monte Vista include a number of northwest- or north-trending faults in  the 
footh i l ls west of Monte Vista on the west side of San Luis Valley .  The fau lts are downthrown 
both to the southwest and southeast (Steven and others, 1 974; Lipman,  1 976) and appear to 
be minor fau lts developed along the hinge zone along the western marg in  of the Rio Grande 
Rift. The fau lts offset Pleistocene and Pl iocene fan deposits (Lipman, 1 976) . Two of the 
fau lts were investigated by Kirkham ( 1 992) and McCalpin ( 1 992) , who concluded the latest 
movement was during the Quaternary but was pre-Holocene. 

Date of compilation : 7/1 0/98 

Compiler and affil iation :  Robert M .  Kirkham, Colorado Geological Survey 

State: Colorado 

County: Rio Grande 

10 x 20 Sheet: Durango 

Province: Southern Rocky Mountains 

Township  and Range: 

Strike: N34W 

Number of traces : 1 1  

T38N , R7E- T39N ,R6E 

End to end length : 1 6 .24 km 

Cumulative length : 46. 1 9 km 

Reliability of location :  Good 
Comments: The trace of these fau lts is main ly from Lipman ( 1 976; scale 1 :48,000), and 
modified local ly based on Kirkham ( 1 992) and McCalpin ( 1 992) .  

Geologic setting:  

The fau lts near Monte Vista include several  northwest- and north-trending ,  minor normal 
fau lts in  the footh i l ls west of Monte Vista (Lipman,  1 976). The fau lts l ie along the east-ti lted 
hinge zone on the west side of the Rio Grande Rift. The faults offset und ifferentiated 
Pleistocene and Pl iocene fan deposits (Lipman , 1 976) but apparently have not moved during 
the Holocene (Kirkham, 1 992; McCalpin , 1 992) . 

Sense of movement: N 
Comments: 



Q63 - Fau lts near Monte Vista 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

Discontinuous, somewhat subtle scarps occur in surficial deposits along some of the fau lts 
(Kirkham, 1 992 ; McCalp in ,  1 992) .  

Age of fau lted deposits :  

Pleistocene and Pl iocene fan deposits are cut by  these fau lts (Lipman , 1 976; Kirkham, 1 992 ; 
McCalp in ,  1 992). 

Detai led stud ies : 

McCalpin ( 1 992) measured profi les on two of the faults near Monte Vista. Scarp profi les 
suggested the last rupture was during the Quaternary but was pre-Holocene. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Al l of the fau lts included in this group displace Pleistocene and P l iocene fan 
deposits (Lipman , 1 976). Two of the faults were studied by Kirkham ( 1 992) and McCalpin 
( 1 992) ,  who concluded they were Quaternary faults ,but had not moved during the Holocene. 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 
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1 84 Q64 - West-Side C hase Gulch Fault 

Structure type: Simple fau lt 

Structure number: Q64 
Comments: Fault 1 78 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 23 1 6  in the U .S .  Geolog ical 
Survey Quaternary fau lt and fold database. 

Structure name: West-Side Chase Gulch Fault 
Comments: The West-Side Fault is a northwest-trending fau lt on the west side of Spinney 
Mounta in ,  wh ich along with the East-Side Fau lt, is associated with the Laramide Chase 
Gu lch Fault system. The fau lt extends north from the S.  P latte River, northwest of Eleven 
Mi le Canyon Reservoir  to the southwest flank of Spinney Mountain .  The term Chase Gulch-
West-Side Fault was used by Shaffer ( 1 980) . I n  the fol lowing descriptions the fau lt is 
referred to simply as the West-Side Fault. 

Synopsis: 

The West-Side Fault l ies on the west side of Spinney Mountain in  the Laramide South Park 
basin . Due to its close proximity to Spinney Mountain dam, the fault was stud ied in  detai l  by 
Shaffer ( 1 980) who excavated eleven trenches. The fault trace is marked by a low scarp 
visible in low sun-angle photography. Trench ing investigations revealed Pinedale ped iment 
gravels offset by about 2.4 m. Latest movement on the fault is believed to have occurred 
between 1 3  to 30 ka. Shaffer ( 1 980) theorized that fault movement occurred sympathetic to 
movement on the East-Side Fault and was related to the Laramide Elkhorn th rust fault at 
depth . 

Date of compilation : 1 1 /25/97 

Compiler and affiliation :  Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Park 

10 x 20 Sheet: Pueblo 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N26W 

Number of traces: 1 

T1 2S, R74W 

End to end length : 2.65 km 

Cumulative length : 2.65 km 

Reliabil ity of location :  Good 
Comments: The fault was mapped in detai l  by Shaffer ( 1 980) at scale of 1 : 1 2 ,000. It was 
also mapped at a scale of 1 :250,000 by Scott and others ( 1 978). The trace used herein is 
from Shaffer ( 1 980). 

Geologic setting:  

The West-Side Fault l ies on the west flank of  Spinney Mountain ,  wh ich is an erosional 
remnant of the hanging wal l  of the Elkhorn th rust fault, and may merge with it at depth 
(Shaffer, 1 980).  The West-Side Fault is referred to as a reverse fault by Shaffer ( 1 980) but 
measured dip angles of less than 450 (Shaffer, 1 980) suggest it is a thrust fau lt. Movement is 



Q64 - West-Side Chase Gulch Fau lt 

down to southwest. The fault l ies with in the Laramide South Park basin  which is bounded by 
the Mosqu ito Range on the west, the Front Range on the north and east, and the Thirtynine 
M i le volcanic field on the south . 

Sense of movement: T 
Comments: Shaffer ( 1 980) reported reverse movement on the West-Side Fau lt. However, 
they measured dip ang les of 6° to 43° wh ich ind icates the fault is probably better described 
as a thrust fau lt. 

Dip:  6°-43°N E  
Comments: Shaffer ( 1 980) reported average d ips of 6 °  and 2 1  ° for the north and south 
sections of the West-Side Fau lt. The middle section of the fau lt is steeper with an average 
d ip  of 32° to 43° 

Dip direction :  E 

Geomorphic expression : 

The West-Side Fault is marked by a west-facing scarp on the west side of Spinney 
Mountain . Scarp heights in Bul l  Lake and early Pinedale deposits typically range from 1 .2 to 
1 . 8 m (Shaffer, 1 980) .  

Age of fau lted deposits:  

Pinedale ped iment g ravels are offset by about 2 .4 m across the West-Side Fault (Shaffer, 
1 980) .  The fau lt l ies almost entirely in P inedale deposits. 

Detailed studies : 

Shaffer ( 1 980) conducted a detai led site investigation of the fault d ue to its proximity to the 
Spinney Mountain dam. Eleven trenches were excavated but the trenches which he labeled 
T-402 , T-403, T-404 and T -405 were the only ones that were described ind ivudual ly in h is 
report. These faults are herein labeled 064-1 through 064-4, respectively. Other methods 
of investigation included low sun-angle photo analysis, geologic mapping,  radiocarbon age 
dating dri l l ing , electrical resistivity surveys, and siesmic refraction surveys. 

064-1 : The average d ip of the fault in this trench was 21 °E and the average vertical offset 
was 7 m. One al luvial sand deposit observed in this trench was offset by about 1 .2 m.  

064-2 : The average d ip  of the fau lt in th is trench was 32°E and the average vertical offset 
was 1 0 . 7  m. Drag folding and rotation of cobbles was observed in al luvial gravels with in  the 
fault zone. 

064-3: The average dip of the fault in this trench was 43°E and the average vertical offset 
was 1 5 .2  m. Two sl ip planes were observed in this trench . About 6 . 1  m of offset was 
recognized across the upper sl ip plane. 

064-4: The average d ip  of the fault in  this trench was 6°E and the average vertical offset 
was 4 .3  m .  

Data from these trenches as wel l  as  other trenches not specifically described by Shaffer 
( 1 980) revealed fau lt offset with in  the past 35, 000 years on the order of about 2 .5  m. It was 
concluded that the fau lt was orig inal ly a secondary plane of the Elkhorn Thrust and now 
branches at depth from the East-Side Fault plane. Movement on the fault is bel ieved to have 
been sympathetic to movement on the East-Side Fault Shaffer ( 1 980). 

1 85 



1 86 Q64 - West-Side C hase Gulch Fault 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Shaffer ( 1 980; 1 98 1 ) and Shaffer and Wil l iamson ( 1 986) concluded that the fault 
has not been active since the end of the Pinedale g laciation about 1 3 ,000 years ago, with 
latest movement on the fault occurring between 1 3  to 30 ka (Shaffer, 1 980).  

Recurrence interval :  ND 
Comments :  

Slip rate: (D) <0.2 mm/yr 
Comments: Shaffer ( 1 980) calcu lated a sl ip rate of <0. 1 4mrnlyr. 

Earthquake notes: 

Four earthquakes, the largest of which was about an M 3 .2 ,  have been felt with in 50 km of 
Spinney Mountain since 1 960 (Shaffer, 1 980). 
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Q6S - East-Side Chase G u lch Fault 

Structure type: Simple fau lt 

Structure number: Q65 
Comments: Fault 1 77 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 231 7 in the U .S .  Geological 
Survey Quaternary fault and fold database. 

Structure name: East-Side Chase Gulch Fault 
Comments: Th is is a northwest-trending fault in South Park that is paral lel to, but west of 
Chase Gu lch. The fau lt beg ins west of Schoolmarm Mountain ,  continues south past Spinney 
Mountain and onto the southwest side of E leven Mi le Canyon Reservoir. It ends at the 
southeast end of the Puma H i l ls in the Front Range. The East-Side Fau lt and associated 
West-Side Fault are closely l inked to the Laramide Chase Gulch Fault system. The term 
Chase Gu lch--East-Side Fault was used by Shaffer ( 1 980). Unruh and others ( 1 994) refered 
to this fau lt as the Chase Gu lch Fault. I n  the fol lowing descriptions the fau lt is referred to 
s imply as the East-Side Fau lt. 

Synopsis : 

The East-Side fau lt l ies between Schoolmarm Mountain and the Puma H i l ls on the west side 
of Eleven Mi le Canyon Reservoir. Due to its close proximity to Spinney Mountain dam, the 
fau lt was stud ied in  detai l  by Shaffer ( 1 980) , who excavated eleven trenches. The fau lt trace 
is marked by a low scarp visible in low sun-angle photography. Trenching i nvestigations 
revealed Pinedale ped iment gravels offset by the fault. Latest movement on the fau lt is 
believed to have occurred between 1 3  to 30 ka, as early Pinedale deposits are offset by 
about 2 .4 m. The East-Side Fault is a segment of an older fault system cal led the Chase 
Gu lch Fault, which most l ikely connects with the Laramide Elkhorn Thrust at depth (Shaffer, 
1 980) .  

Date of compilation : 1 1 /1 7/97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Park 

1° x 2° Sheet: Denver, Pueblo 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N23W 

Number of traces: 1 

T1 1 S, R74W- T1 3S, R73W 

End to end length : 30.68 km 

Cumulative length : 31 .98 km 

Reliabil ity of location :  Good 
Comments: The fau lt was mapped in detai l  by Shaffer ( 1 980) at scale of 1 : 1 2 ,000. It was 
also mapped at a scale of 1 :250,000 by Scott and others ( 1 978) and Bryant and others 
( 1 98 1 ) .  The trace used herein is from Scott and others ( 1 978) and Bryant and others ( 1 98 1 ) .  
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Geologic setting: 

The fault is h igh-angle normal , down to the northeast. The fau lt is l inked to the Laramide 
Chase Gu lch Fault system and steepens at depth before merging with the Laramide Elkhorn 
Thrust (Shaffer, 1 980; Shaffer and Wi l l iamson, 1 986) .  The fault l ies with in the Laramide 
South Park basin wh ich is bounded by the Mosqu ito Range on the west, the Front Range on 
the north and east, and the Thirtynine Mi le volcanic field on the south . 

Sense of movement: N 
Comments: Shaffer ( 1 980) reported normal movement on this fau lt. 

Dip: Soo-900N E  
Comments: The min imum d i p  near the surface i s  Soo , the fault steepens to nearly vertical at 
depth (Shaffer, 1 980) .  

Dip direction :  NE 

Geomorphic expression : 

The fau lt trace is marked by l ineaments and scarps (Unruh and others,  1 994) . Scarp 
heights in Bul l  Lake and early Pinedale deposits typical ly range from 1 .2 to 1 . 8 m, but one 
scarp 1 1 /2 mi les east of the Spinney Mountain dam has about 9 . 1 m of vertical releif. 

Age of fau lted deposits: 

Pinedale ped iment g ravels are offset by as much as 2 .4 m, and Bu l l  Lake terrace gravels 
are offset by about 9 . 1 m (Shaffer, 1 980; Shaffer and Wil l iamson ,  1 986) .  Less detai led 
maps by Scott and others ( 1 978) and Bryant and others ( 1 98 1 ) did not show offset of 
Quaternary deposits. 

Detai led stud ies : 

Shaffer ( 1 980) conducted a detai led site investigation of the East-Side Fault due to its 
proximity to the Spinney Mountain dam. E leven trenches were excavated in this area, but 
the trenches which he labeled T-407, T-408 and T -409 were the on ly ones that were 
described indivudual ly in his report. These faults are herein labeled Q6S-1 th rough Q6S-3, 
respectively . Other methods of investigation included low sun-angle photo analysis, geologic 
mapping,  rad iocarbon dating,  dri l l ing ,  electrical resistivity surveys, and seismic refraction 
surveys. 

Q6S-1 (T -407):  In this trench the fault contact between Precambrian bedrock and al luvium 
d ips 48°E .  The upper segments of  s l ip  planes are rol led over to 2So  to 300W. 

Q6S-2 (T-408): The upper segments of sl ip planes in this trench are ro l led over to 2So to 
300W. Bu l l  Lake terrace gravels are offset by 9. 1 m. A fau lted carbonate-cemented zone in 
the Bul l  Lake deposits was estimated to be 28 ka ± 1 .S ka. 

Q6S-3 (T -408A): Bu l l  Lake terrace gravels are offset by 9 . 1 m in this trench . 

Data from these trenches as wel l  as other trenches not specifical ly described by Shaffer 
( 1 980) revealed fau lt offset with in the past 3S,OOO years on the order of about 2 .S m. Shaffer 
( 1 980) concluded that "the control l ing tectonic structure was the East-Side Fau lt, whose 
surface rupture was . . .  estimated to occur along a 1 6-km trace roughly coincident with a 
segment of the old · Chase Gu lch Fault." 
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Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Shaffer ( 1 980; 1 98 1 ) and Shaffer and Wi l l iamson ( 1 986) concluded that the fault 
has not been active since the end of the Pinedale g laciation about 1 3 ,000 years ago, with 
latest movement on the fault occurring between 1 3  to 30 ka. Kirkham and Rogers ( 1 98 1 ) 
and Colman ( 1 985) also reported late Quaternary movement on the East-Side Fau lt. 

Recurrence interval:  ND 
Comments: 

Slip rate: (D) <0.2 mm/yr 
Comments:  Shaffer ( 1 980) calculated a s l ip rate of <0. 1 4mm/yr for the East-Side Fau lt. 

Earthquake notes : 

Four earthquakes, the largest of which was about an M 3 .2 ,  have been felt with in  50 km of 
Spinney Mountain since 1 960 (Shaffer, 1 980). Assuming a 1 6-km surface rupture length a 
Richter Magn itude of 6 .2 was correlated to the fau lt (Shaffer, 1 98 1 ; Wi l l iamson and Shaffer, 
1 982). Unruh and others ( 1 994) assigned a moment magn itude (Mw) 6 3/4 maximum 
cred ible earthquake to th is fau lt. 

. 
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Q66 - Eleven Mi le Fault 

Structure type: Simple fau lt 

Structure number: Q66 
Comments: Fault 1 76 in Kirkham and Rogers ( 1 98 1 ) ;  fault 231 8 in the U .S .  Geological 
Survey Quaternary fau lt and fold database. 

. 

Structure name: Eleven Mi le Fault 
Comments: The Eleven Mi le Fault is a northwest-trending fau lt that is obl ique to the East
Side Chase Gulch Fault south of Eleven Mi le Canyon Reservoi r. 

Synopsis: 

The Eleven M i le Fault branches from the East-Side Chase Gulch Fault near Eleven M i le 
Canyon Reservoir. The East-Side Chase Gu lch Fault is l inked to an older Laramide thrust 
at depth . The association with the East-Side Chase Gu lch Fau lt suggests that the Eleven 
M i le Fault may also be related in some way to the Laramide th rust. The fault is marked by a 
low scarp and ponded groundwater. Slocum Alluvium and Bul l  Lake deposits are each offset 
by about 1 .6 m across the fault. Shaffer ( 1 980) suggested the latest movement on the fault 
was during the Pinedale g laciation ( 1 3  to 30 ka) .  

Date of compilation : 1 1 /25/97 

Compiler and affiliation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Park 

10 x 20 Sheet: Pueblo 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N 1 0W 

Number of traces: 1 

T1 3S, R73W 

End to end length : 4.65 km 

Cumulative length : 4.65 km 

Reliabil ity of location :  Good 
Comments: The fau lt is mapped at a scale of 1 :62, 500 by Wobus and Epis ( 1 974) and 
1 :250,000 by Scott and others ( 1 978) . The trace used herein is from Scott and others ( 1 978) . 

Geologic setting:  

The fault branches from the East-Side Chase Gulch Fault, which is believed to be l inked to 
the Chase Gu lch Fault system that merges at depth with the Laramide Elkhorn Thrust 
(Shaffer, 1 980) .  The relationship  between the Eleven Mi le Fault, the East-Side Chase Gulch 
Fault and Laramide Elkhorn Thrust is not clear. The fault l ies with in the Laramide South Park 
basin which is bounded by the Mosqu ito Range on the west, the Front Range on the north 
and east, and the Th irtynine Mi le volcanic field on the south . The Eleven M i le Fault is down 
to the east which is consistent with throw on the East-Side Chase Gulch Fau lt. 
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Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 )  reported normal movement for this fau lt. 

Dip:  

Comments: 

Dip direction :  

Geomorphic expression : 

The Eleven Mi le Fault is recogn ized by a low scarp visible in low-sun-angle photos. 
Groundwater is ponded beh ind the trace of the fault at Un ion Creek and Balm of Gi lead 
Creek (Shaffer, 1 980). 

Age of fau lted deposits :  

Bul l  Lake al luvial deposits are offset by about 1 . 8 m across the fault. The older Slocum 
Alluvium is offset by about the same amount (Shaffer, 1 980).  Along most of the fau lt trace, 
Precambrian bedrock on the east is juxtaposed against the Ol igocene Th irtynine M i le 
Andesite on the west. Quaternary deposits are offset on ly at the north end of the fau lt. 

Detai led stUdies: 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Slocum Alluvium and Bul l  Lake deposits are offset across the Eleven Mi le Fault 
accord ing to Wobus and Epis ( 1 974),  Scott and others ( 1 978) , and Shaffer ( 1 980). Shaffer 
( 1 980) suggested that the last sign ificant movement on the fau lt occurred during the Pinedale 
g laciation ( 1 3  to 30 ka) .  

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mmlyr 
Comments: Shaffer ( 1 980) calculated a sl ip rate of <0. 1 4mm/yr for the East-Side Gulch 
Fau lt. Scarps and stratigraphic offset on the Eleven Mi le Fault are less than on the East-Side 
Chase Gu lch Fau lt, suggesting a lower sl ip rate for the Eleven Mile Fault. A slip rate of <0.2 
mm/yr is therefore estimated for the Eleven Mile Fau lt. 

Earthquake notes: 

Four earthquakes, the largest of which was about an M 3 .2 ,  have been felt with in  50 km of 
Spinney Mountain since 1 960 (Shaffer, 1 980). M icrogeophysics ( 1 991 ) located about 6 local 
events with magnitudes greater than 2 .0  between February 1 983 and December 1 99 1 . 
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Structure type: Simple fault 

Structure number: Q67 
Comments: Fault 1 1 8 in Kirkham and Rogers ( 1 98 1 ) ;  fault 1 32 in Witkind ( 1 976); fault 23 1 9  
i n  the U . S. c;eolog ical Survey Quaternary fault and fold database. 

Structure name: Vi l la Grove Fault Zone 
Comments: The Vil la Grove Fault zone is comprised of a series of northwest-trending fau lts 
and fault scarps southeast of the town of Vi l la Grove. 

Synopsis : 

The Vil la Grove Fault zone is a northwest-trending series of fau lts that cut obl iquely across 
the northern end of San Luis Val ley from near Val ley View hot springs to Vi l la Grove (Scott 
and others, 1 978; McCalpin ,  1 981  a; 1 982 ; Kirkham and Rogers,  1 98 1 ) .  The fau lt zone 
consists of about 40 scarps on the east side of San Luis Creek that are generally down to the 
southwest (McCalp in ,  1 98 1 a; 1 982) ,  and six scarps west of San Luis Creek that are down to 
the east or northeast (Scott and others, 1 978). The scarps offset pre-Bu l l  Lake, Bu l l  Lake, 
and P inedale a l luv ium up to 14 m, and appear to be related to deep-seated basement 
structures (Stoughton,  1 977; Huntley, 1 976a; 1 976b; McCalp in ,  1 98 1 a) .  McCalpin ( 1 98 1 a; 
1 982) measured several profi les and excavated one trench across scarps in the Vil la Grove 
Fault zone. Colman and others ( 1 985) also described profi les across the fau lt zone. 

Date of compilation : 7/1 0/98 

Compiler and affiliation :  Robert M .  Kirkham, Colorado Geological Survey 

State: Colorado 

County:  Saguache 

10 x 20 Sheet: Pueblo 

Province:  Southern Rocky Mountains 

Township and Range: 

Strike: N42W 

Number of traces: 28 

T45N , R 1 0 E- T47N , R9E 

End to end length : 1 8 .95 km 

Cumulative length : 39.46 km 

Reliabil ity of location :  Good 
Comments: Fault traces east of San Luis Creek are modified from McCalpin ( 1 982 ; scale 
1 : 1 25,OOO) .  Fault traces west of San Luis Creek are from Scott and others ( 1 978; scale 
1 :250, OOO). McCalpin ( 1 98 1  a) mapped part of the Vi l la Grove Fault zone at scales of 
1 : 50,000 and 1 : 1 5 ,840. Colman ( 1 985) mapped these faults at 1 : 1 , 000, 000. 

Geologic setting:  

The Vil la Grove Fault zone is  a northwest-trending series of  fau lts that cut  obl iquely across 
the Rio Grande Rift in the northern end of San Luis Val ley from near Valley View hot springs 
to Vil la Grove . Most of the fault scarps are down to the southwest on the east side of San 
Luis Creek (McCalp in ,  1 98 1 a; 1 982) ,  and down to the east or northeast on the west side of 
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San Luis Creek (Scott and others,  1 978). Colman and others ( 1 985) do not show the fault 
scarps on the west side of the creek. The scarps d isplace pre-Bul l  Lake, Bu l l  Lake, and 
Pinedale al luvium as much as 14 m, and appear to be related to basement structures 
(Stoughton,  1 977; Huntley , 1 976a; 1 976b; McCalpin , 1 98 1 a). 

Sense of movement: N 
Comments: Witkind ( 1 976) ,  Kirkham and Rogers ( 1 98 1 ) ,  and McCalpin ( 1 98 1 a; 1 982) 
indicated normal movement on these fau lts . 

Dip: 

Comments: Most fau lts dip southwest, but a few may d ip  to the northeast (McCalpin ,  1 98 1 a ; 
1 982). 

Dip direction :  SW, N E  

Geomorphic expression : 

The fau lt is expressed as a series of low scarps in various aged al luvial deposits (McCalp in ,  
1 98 1  a ;  1 982) .  Most scarps face southwest, but several smal l ,  northeast-facing antithetic 
scarps are present, forming small horst ang graben features (McCalp in ,  1 98 1 a) .  

Age of fau lted deposits: 

Pre-Bul l  Lake, Bu l l  Lake, and Pinedale al luvium are cut by the Vi l la Grove Fault zone, but 
Holocene al luvium along San Luis Creek is not offset (McCalpin ,  1 98 1 a; 1 982 ; Scott and 
others,  1 978) .  

Detai led stud ies: 

McCalpin ( 1 98 1 a ; 1 982) measured several profi les across scarps associated with the Vil la 
Grove Fau lt zone and excavated a single trench across one scarp. Colman and others 
( 1 985) report on 64 profi les measured across the fau lt zone. 

Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5ka) 
Comments: Timing is based upon offset of middle to late Pinedale fans (about 1 3  ka) and 
scarp morphology (McCalpin ,  1 98 1 a;  1 982) .  

Recurrence interval:  60-1 00 ka 
Comments: McCalpin ( 1 982) suggested the recurrence interval for ruptures on the Vil la 
Grove Fault zone ranged from about 60 to 1 00 ka. 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 
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Q68 - Mi neral  Hot Springs Fault 

Structure type: Simple fault 

Structure number: Q68 
Comments: Th is fau lt is the same as the northern end of fau lt 1 84 in Kirkham and Rogers 
( 1 981 ) ;  fau lt 2 in Colman ( 1 985); fau lt 2320 in the U .S .  Geological Survey Quaternary fault 
and fold database. 

Structure name: Mineral Hot Springs Fault 
Comments: The M ineral Hot Springs Fault is a north-northwest-trending fau lt in the northern 
end of San Luis Valley. This structure name was assigned during this compi lation .  

Synopsis: 

The Mineral Hot Springs Fault is a north-northwest-trending , down-to-the-east fault along the 
western marg in  of the San Luis Valley at the point where the val ley abruptly narrows in 
width . Colman and others ( 1 985) and Kirkham and Rogers ( 1 98 1 ) suggested the fault 
d isplaces Quaternary deposits based on the presence of a possible fault scarp along the fault 
trend. The Mineral Hot Springs Fault may be related to the concealed fault on the east side 
of the buried , mid-val ley horst block beneath San Luis Val ley that was described by Tweto 
( 1 978; 1 979a) . Burroughs ( 1 98 1 ) and Brister and Gries ( 1 994) interpreted the structure on 
the east side of the buried horst as a fau lted fold. 

Date of compilation : 7/1 0/98 

Compiler and affiliation : Robert M. Kirkham, Colorado Geological Survey 

State: Colorado 

County: Saguache, Alamosa 

10 x 20 Sheet: Pueblo 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N23W 

Number of traces: 1 

T39N , R 1 2 E- T46N , R9E 

End to end length : 7.82 km 

Cumulative length : 7.83 km 

Reliabil ity of location :  Good 
Comments: Th is fau lt trace is from Colman and others ( 1 985; scale 1 :  1 25 ,000) . 

Geologic setting:  

The M ineral Hot Springs Fault l ies along the western margin of  the Rio Grande Rift at  the 
northern end of San Luis Val ley where the val ley narrows abruptly as it approaches Poncha 
Pass. This h igh-angle, north-trending fault is downthrown to the east. 

Sense of movement: N 
Comments: Kirkham and Rogers ( 1 98 1 )  described this fault as a normal fau lt. Colman and 
others ( 1 985) mapped the northern section as a normal fault downthrown to the east. Unruh 
and others ( 1 994) ind icated normal movement on th is fault based on gravity data. 
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Dip:  

Comments: 

Dip direction : E 

Geomorphic expression : 

Geomorphic ind icators of youthfu l  fau lting have not been reported . 

Age of faulted deposits: 

Colman and others ( 1 985) mapped the fau lt as offsetting upper to midd le Pleistocene Bu l l  
Lake deposits and upper Pleistocene Pinedale deposits. Kirkham and Rogers ( 1 98 1 ) 
reported this fault offsets Wisconsin age deposits .  James McCalpin ( 1 997, personal 
commun . )  suspects the scarp mapped by Colman and others ( 1 985) and Kirkham and 
Rogers ( 1 98 1 ) is a non-tectonic erosional feature. 

Detai led stud ies: 

No detai led stud ies have been conducted on th is fault. 

Timing of most recent paleoevent: 

Comments: 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (0) <0.2 mm/yr 
Comments: 

Earthquake notes : 
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Structure type: Simple fau lt 

Structure number: Q70 
Comments: Fault 1 1 2 in Kirkham and Rogers ( 1 98 1 ) ;  fault 2322 in the U .S .  Geological 
Survey Quaternary fault and fold database. 

Structure name: Fau lts of the Northern Basaltic H i l ls 
Comments: The name of this group of fau lts was assigned during th is compilation .  

Synopsis: 

The fau lts of the northern Basaltic H i l ls include several general ly northwest-trending fau lts, 
on ly n ine of wh ich are shown on the 1 :250,OOO-scale map that accompanies this compi lation 
due to the close spatial proximity of the fau lts (Colton, 1 976; Kirkham, 1 977b) . This g roup of 
fau lts l ies in the northern Basaltic H i l ls about ,6 to 1 6  km south and southeast of the town of 
Blanca .  The fau lts offset basalt flows of the Pl iocene Servi l leta Formation that cap the 
Basc;lltic H i l ls .  Kirkham and Rogers ( 1 98 1 ) indicated the fau lts d isplace deposits of 
Wisconsinan age, whi le Colman ( 1 985) suggested the most recent movement is middle to 
early Pleistocene. Colman and others ( 1 985) report a Quaternary age for these fau lts . The 
fau lts of the northern Basaltic H i l ls may also be related to non-tectonic slope fai lure 
processes along the northeast margin of the Basaltic H i l ls .  Without further detai led study the 
fau lts of the norhtern Basaltic H i l ls are herein tentatively considered to have moved during 
the Quaternary .  

Date of compilation : 5/4/98 

Compiler and affil iation : Robert M .  Kirkham, Colorado Geolog ial Survey 

State: Colorado 

County: Costi l la 

1° x 2° Sheet: Trin idad 

Province:  Southern Rocky Mountains 

Township and Range: Costi l la County 

Strike: N 3 1 W  

Number of traces : 1 0  

End to end length : 1 2 .64 km 

Cumulative length : 24.63 km 

Reliabil ity of location :  Good 
Comments: The fau lts have in part been mapped by Colton ( 1 976; scale 1 :250,OOO) ,  
Kirkham and Rogers ( 1 98 1 ; scale 1 : 500,OOO), Colman ( 1 985; scale 1 : 1 , OOO,OOO) and Colman 
and others ( 1 985; scale 1 : 1 25 ,OOO) .  The traces used for this compi lation were simpl ified 
from unpubl ished mapping by Ki rkham ( 1 977b; scale 1 :24,OOO).  

Geologic setting:  

The fau lts of  the northern Basaltic H i l ls l ie  along the eastern margin of  San Lu is  Basin 
between Blanca and San Luis. Most of the faults trend northwest and are downthrown to the 
northeast. 
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Sense of movement: N 
Comments: 

Dip: 

Comments: Most of the faults in th is g roup d ip to the northeast but d ip  ang les are not known . 

Dip direction :  N E  

Geomorphic expression : 

Several fau lts with in this group are associated with l inear or arcuate topographic 
escarpments up to about 35 m h igh .  

Age of fau lted deposits:  

The Pl iocene Servi l leta Formation is displaced by these faults (Kirkham, 1 977b; Colman and 
others, 1 985) .  Kirkham and Rogers ( 1 98 1 ) reported that Quaternary Wisconsin-age 
deposits are offset by the faults , and Colman and others ( 1 985) ind icated pre-Bul l  Lake 
deposits are cut by some of these fau lts . 

Detai led stud ies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: The timing of the most recent paleoevent is unknown . The P l iocene Servi l leta 
Formation is offset by these faults. Kirkham and Rogers ( 1 98 1 ) reported that Wisconsinan 
deposits are offset by the fau lts, and Colman and others ( 1 985) suggested some of the fau lts 
cut pre-Bul l  Lake deposits . Colman ( 1 985) indicated the latest documented movement was 
during the middle or early Pleistocene or Pleistocene undifferentiated . Because of these 
discrepancies, the most recent paleoevent on this fault series is herein classified as 
Quaternary . 

Recurrence interval:  NO 

Comments: 

Slip rate: unknown ; (0) <0 .2 mm/yr 
Comments: 

Earthquake notes: 
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Q72 - Mesita Fault 

Structure type: Simple fault 

Structure number: Q72 
Comments: Fault 1 08 in Kirkham and Rogers ( 1 98 1 ) ; fau lt 1 89 in Witkind ( 1 976); fault 201 5 
in the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Mesita Fau lt 
Comments: The north-trending Mesita Fault was mapped by Colton ( 1 976) and Thompson 
and Machette ( 1 989) in southern Colorado, and by Machette and Personius ( 1 984) in 
northern New Mexico. The fault name was first used by Kirkham and Rogers ( 1 98 1 ) and is 
derived from Mesita H i l l ,  a prominent Pl iocene (?) cinder cone offset by the fau lt in southern 
Colorado .  The fault extnds from the eastern flank of Ute Mountain in New Mexico to about 5 
km north of Mesita cone in southern Colorado. The southern end of the fau lt is about 4 km 
east of Ute Mountain ,  and the fau lt crosses the New Mexico-Colorado border about 7 km 
north-northeast of Ute Mountain .  Several small fau lts that l ie west of the main trace of the 
Mesita Fault in Colorado have been mapped by Thompson and Machette ( 1 989) and are 
included in this description of the Mesita Fau lt. 

Synopsis: 

The Mesita Fault is a north-striking normal fau lt with in the southern San Luis basin ;  the fault 
l ies 7 to 14 km west of the Sangre de Cristo Fault and has the same down-to-the-west sense 
of displacement. In southern Colorado ,  the fau lt forms prominent topographic scarps of less 
than 1 . 5 m on latest Pleistocene al luvi um, 2 to 3 m on late Pleistocene al luvium,  2 to 8 m on 
middle Pleistocene al luvium, and 8 t01 0  m on Pl iocene (?) basalt. In  New Mexico, the fault is 
marked by 2- to 5-m-h igh scarps in middle to late (?) Pleistocene al luvium. 

Date of compilation : 1 1 /1 4/97 

Compiler and affi liation: Keith I .  Kelson,  Wi l l iam Lettis and Associates, I nc. 
Stephen F .  Personius, U .S.  Geological Survey 
Robert M. Kirkham, Colorado Geological Survey 

State: Colorado ,  New Mexico 

County: Costi l la ,  Taos 

10 x 20 Sheet: Trin idad , Raton 

Province:  Southern Rocky Mountains 

Township and Range: Costi l la County 

Strike: N5E 

Number of traces : 8 

End to end length : 1 9.44 km 

Cumulative length : 25.44 km 

Reliabil ity of location :  Good 
Comments: The fault trace in Colorado is from the 1 :50 ,000-scale map by Thompson and 
Machette ( 1 989) .  In New Mexico the fault trace is from the 1 :250,000-scale map by 
Machette and Personius ( 1 984).  The Mesita Fault has also been mapped at a scale of 
1 :250,000 by Colton ( 1 976), 1 : 500,000 by Witkind ( 1 976) ,  1 : 5 ,000,000 by Howard and others 

203 



204 Q72 - Mesita Fault 

( 1 978), 1 : 500,000 by Kirkham and Rogers ( 1 98 1 ) , 1 : 1 ,000,000 by Colman ( 1 985) , and 
1 : 1 25 ,000 by Colman and others ( 1 985). 

Geologic setting:  

The west-down Mesita Fault l ies with in the southern San Lu is  Basin and is paral lel to the rift
marg in  Sangre de Cristo Fault to the east. 

Sense of movement: N 
Comments: 

Dip: 600W 
Comments: No deep structural data have been publ ished for the Mesita Fault, so down-d ip 
fau lt geometry is unknown . Deep seismic reflection data and two-d imensional model ing of 
g ravity data suggest that the most l ikely d ip  of the Sangre de Cristo Fault is 60° (Kluth and 
Schaftenaar, 1 994) .  Based on the presence of simi larly west-d ipping fau lts in seismic 
reflection data g iven by Kluth and Schaftenaar (1 994) and Brister and Gries ( 1 994) , a 60° d ip 
is reasonable for the Mesita Fau lt. 

Dip direction :  W 

Geomorphic expression : 

The Mesita Fau lt has prominent geomorphic expression along most of its mapped length. 
The fault displaces the Pl iocene (?) Mesita cone in southern Colorado, and crosses 
Pleistocene al luvium on the flaoor of the San Luis basin in Colorado and northern New 
Mexico. Thompson and Machette ( 1 989) ind icate that a d ip  reversal occurs across the fault 
in geomorphic surfaces developed on middle Pleistocene al luv ium. 

Age of fau lted deposits: 

I n  Colorado, total d isplacements across the Mesita Fault are 1 5  to 30 m in Pl iocene 
Servi l leta Basalt (Burroughs, 1 978) , 8 to 1 3  m in Pl iocene (?) Andesite of Mesita H i l l  
(Kirkham and Rogers ,  1 98 1 ; Thompson and Machette, 1 989) , 2 to 8 m i n  middle Pleistocene 
(200 to 600 ka) al luvium, 2 to 3 m in uppermost middle Pleistocene ( 1 25 t01 50 ka) al luvium,  
and about 1 . 5 m in  late Pleistocene ( 1 5 to 25 ka) al luvium (Thompson and Machettte, 
1 989). I n  New Mexico, the fault is marked by 2- to 5-m-h igh scarps on middle to late (?) 
Pleistocene al luvium (Machette and Person ius, 1 984; Personius and Machette, 1 984) .  
Holocene-aged « 1 0 ka) al luvial deposits bury the fault at  Costi l la Creek in  southern 
Colorado (Thompson and Machette, 1 989). 

Detai led stud ies : 

There have been no detai led paleoseismic investigations along the Mesita Fault although 
Machette and Personius ( 1 984) , Personius and Machette ( 1 984) ,  and Thompson and 
Machette ( 1 989) measured fault scarp profi les and estimated ages of offset deposits along 
the fau lt. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: The most recent event post-dates midd le to late (?) Pleistocene al luvium in  New 
Mexico (Machette and Personius, 1 984; Personius and Machette, 1 984) ,  and late 
Pleistocene ( 1 5  to 25 ka) al luvium in  southern Colorado (Thompson and Machette, 1 989) .  
The fau lt is buried by Holocene « 1 0 ka) al luvium in Colorado (Thompson and Machette, 
1 989).  



Recurrence interval:  ND 
Comments: 

Q72 - Mesila Fault 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Personius and Machette ( 1 984) noted that the Mesita Fault d isplaces late 
Pleistocene al luvium approximately 2 to 5 m, but that the al luvium probably is older than 
about 25 ka. Assuming an age range of 25 t01 30 ka for the late Pleistocene al luvium and a 
displacement of 2 to 5 m, a sl ip rate of 0 .0 1  to 0.20 mm/yr can be estimated for the fault in  
New Mexico. I n  southern Colorado,  offsets of  about 1 . 5 m in latest Pleistocene ( 1 5 to 25 ka) 
deposits and 8 m in middle Pleistocene (200 to 600 ka) deposits (Thompson and Machette, 
1 989) yield estimated sl ip rates of 0 .01  to 0 . 1 0  mm/yr. 

Earthquake notes : 
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Q73 - Fau lts near Garcia 

Structure type: Simple fau lt 

Structure number: Q73 
Comments: Fault 2323 in the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Fau lts near Garcia 
Comments: This name was assigned during the compi lation of this database. 

Synopsis : 

The fau lts near Garcia include th ree short, north-south-trending faults mapped by Thompson 
and Machette ( 1 989) that offset late and midd le Pleistocene al luvium near Costi l la Creek. 
These fau lts l ie between the Mesita Fault and the San Pedro Mesa section of the Southern 
Sangre de Cristo Fault. 

Date of compilation : 4/30/98 

Compiler and affil iation: Robert M .  Kirkham, Colorado Geological Survey 

State: Colorado 

County: Costi l la 

1° x 2° Sheet: Trin idad 

Province :  Southern Rocky Mountains 

Township and Range: 

Strike: N5W 

Number of traces: 2 

End to end length : 3.43 km 

Cumulative length : 5.89 km 

Reliabil ity of location : Good 
Comments: The faults near Garcia were mapped by Thompson and Machette ( 1 989) at a 
scale of 1 : 50 ,000. 

Geologic setting:  

The fau lts near Garcia l ie  with in the San Lu is  basin part of  the R io  Grande Rift. They include 
three small d isplacement, short length faults that l ie between the Mesita Fault and the San 
Pedro Mesa section of the Southern Sangre de Cristo Fau lt. The two north- and northwest
trending fau lts south of Costi l la Creek are downthrown to the west and merge about 2 .8  km 
south of the Costi l la Creek. A single, down-to-the-east, north-northeast-trending fault 
extends northward from near Costi l la Creek. 

Sense of movement: N 
Comments: Sense of movement is inferred from Thompson and Machette ( 1 989). 

Dip: 

Comments: The two fau lts south of Costi l la Creek probably dip west and the one north of the 
creek probably d ips east, based on mapping by Thompson and Machette ( 1 989). 
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Dip direction :  W, E 

Geomorphic expression : 

Although geomorphic ind icators of youthfu l fau lt ing have not been reported in the l iterature, 
subtle scarps and topographic l inears can be seen fairly clearly on aerial photographs 
(B.Widmann) .  

Age of fau lted deposits : 

Thompson and Machette ( 1 989) ind icated the two faults south of Costi l la Creek displace late 
middle Pleistocene al luvium ( 1 25 to 1 50 ka) and late Pleistocene al luvium ( 1 5 to 25 ka) , and 
they end the fau lts at the contact with early (?) Holocene floodplain al luvium. The fault north 
of Costi l la Creek offsets late middle Pleistocene al luvium and is terminated where it 
encounters the contact with late Pleistocene al luvium ( 1 5 to 25 ka) and early (?) Holocene 
flood-plain al luvium.  

Detai led stud ies : 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Thompson and Machette ( 1 989) mapped the fau lts as offsetting late midd le and 
late Pleistocene deposits and as terminating against or being covered by early (?) Holocene 
and late Pleistocene deposits. 

Recurrence interval :  ND 

Sl ip rate: unknown ; (D) <0.2 mm/yr 

Earthquake notes: 

References cited : 
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Q76 - G raben near Golden 

Structure type: Simple fau lt 

Structure number: Q76 
Comments: The graben near Golden was previously included as part of the Golden Fault 
(fault #1 66) by Kirkham and Rogers ( 1 981 ) .  It is also fau lt 2326 in the U .S .  Geological 
Survey Quaternary fau lt and fold database. 

Structure name: Graben near Golden 
Comments: The graben near Golden l ies about 1 .2 km northwest of downtown Golden . It is 
about 2 1 0 m east of the mapped trace of the Golden Fault (Kirkham and Rogers,  1 98 1 ) .  The 
graben includes several small Quaternary faults , but due to their very close spatial proximity 
they are shown as a single fau lt on the map that accompan ies this database. Dames & 
Moore ( 1 98 1 )  mapped the graben in detai l .  

Synopsis: 

The graben near Golden is a local ized structure along the east side of the Front Range near 
Golden , .  Colorado. The graben does not have any geomorphic expression .  It was fi rst 
described by Scott ( 1 970) based on an exposure in a clay exploration trench . The graben 
was trenched by Kirkham ( 1 977a) and Kirkham and Rogers (1 98 1 )  who inferred it was 
related to the Golden Fau lt, and by Dames & Moore ( 1 98 1 )  who concluded it was not a 
tectonic feature and was very short in length . The graben has ruptured twice since 
deposition of Verdos Al luvium and prior to development of a Sangamon(?) or perhaps 
younger soi l .  

Date of compilation : 4/24/98 

Compiler and affil iation : Robert M .  Kirkham, Colorado Geological Survey 

State: Colorado 

County:  Jefferson 

1° x 2° Sheet: Denver 

Province: Great Plains 

Township and Range: 

Strike: N9W 

Number of traces: 1 

T3S, R70W 

End to end length : 0.60 km 

Cumulative length : 0.60 km 

Reliabil ity of location :  Good 
Comments: The fault trace is from Van Horn ( 1 972; scale 1 :24,000). The graben is also 
shown by Scott ( 1 970) and Kirkham ( 1 977a; scale about 1 : 32 ,700), and by Kirkham and 
Rogers ( 1 98 1 ; scale about 1 :29,500) . 

Geologic setting:  

The graben near Golden is  a local ized structure along the east flank of  the Front Range near 
Golden , Colorado .  The graben l ies about 21 0 m  east of the trace of the Golden Fault 
mapped by Van Horn ( 1 972),  and is with in the structural h inge zone that bounds the east 
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flank of the Front Range. The graben is a bedding-plane sl ip structure. Verdos Alluvium is 
offset up to 5 .5  m by the graben but there is no overal l  displacement of these gravel deposits 
across the ends of the graben (Kirkham, 1 977a) . The 620 ka Lava Creek B ash is also cut 
by the g raben . Relationships between the graben and the Golden Fault are poorly 
understood . Kirkham ( 1 977a) and Kirkham and Rogers ( 1 98 1 )  associated the graben with 
the Golden Fau lt. Subsequent investigations by Dames & Moore ( 1 981 ) concluded the 
graben was non-tectonic in orig in .  

Sense of movement: N , R  
Comments: Ind ividual fau lts with in the graben are primarily normal ,  but reverse movement 
occurred on one fau lt. I nterestingly ,  there is no overal l  net displacement of the Verdos 
Alluvium across the graben. 

Dip: 700-83°SW 
Comments: Trenching investigations by Kirkham and Rogers ( 1 98 1 )  revealed that the fau lts 
bound ing the g raben d ip 83° to the southwest. Dames & Moore ( 1 981 ) reported d ips of 70° 
to 75° on the east-bounding fau lt of the graben in trenches excavated during their 
investigation .  

D i p  direction :  SW 

Geomorphic expression : 

Geomophic features ind icative of late Cenozoic faulting are absent in this area. 

Age of fau lted deposits : 

Kansan or Yarmouth Verdos Alluvium,  the 0 .62 Ma Lava Creek B ash , and a middle 
Pleistocene col luvial deposit are disp laced by the graben (Kirkham, 1 977a; Kirkham and 
Rogers, 1 98 1 ; Dames & Moore, 1 98 1 ) . The volcanic ash was orig inally described by 
Kirkham ( 1 977a) and Kirkham and Rogers ( 1 98 1 ) as being 0.6 to 0.7 Ma. Subsequent work 
by Izett and Wi lcox ( 1 982) correlated the ash with the Lava Creek B ash , which is general ly 
considered to be 0 .62 Ma. 

Detai led stud ies : 

Two trenches were excavated across the graben by Kirkham ( 1 977a) and Kirkham and 
Rogers ( 1 98 1 ) . Dames & Moore ( 1 98 1 )  excavated several trenches in this vicin ity , includ ing 
th ree in it ial exploratory trenches and eight more comprehensive trenches. Locations of these 
trenches are not depicted individual ly on the map accompanying this database because of 
the close spacing of the trenches and the small scale of the map. Rather, al l  of the trenches 
are represented by a single trench labeled Q76-1 . The east-bound ing fault was exposed in  
several  trenches. I t  consisted of  a' shear zone in bedrock (Cretaceous Laramie Formation) 
and a zone of shingled or rotated g ravel clasts with the outwash gravel .  The Verdos Al luvium 
is offset up to 5.5 m across the east-bounding fau lt. The west-bound ing fault was 
encountered in only a few trenches and was well-exposed only in the Colorado Geological 
Survey trench , where it consisted of a series of paral lel ,  west-d ipping reverse faults. Work by 
Dames & Moore ( 1 98 1 ) suggested the graben is of l imited lateral extent and of non-tectonic 
orig in .  Evidence of the graben was recently removed by earthwork activities associated with 
the construction of the H ighway 92 by-pass around Golden. 

Timing of most recent paleoevent: (3) Quaternary-middle and late « 750ka) 
Comments: The most recent paleoevent occurred after deposition of the 620 ka Lava Creek 
ash and a middle Pleistocene col luvial deposit, and prior to development of a soil considered 
to be Sangamon in age by Kirkham ( 1 977a) and Kirkham and Rogers ( 1 981 ) .  Dames & 
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Moore ( 1 98 1 ) reported that no d iscernable offset has occurred on the graben for at least 
35, 000 to 40,000 years.  

Recurrence interval:  NO 

Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 
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Structure type: Simple fau lt 

Structure number: Q77 
Comments: Fault 1 44 in Kirkham and Rogers ( 1 981 ) ;  fault 1 42 in Witkind ( 1 976) ; fau lt 2327 
in  the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Ute Pass Fault Zone 
Comments: The Ute Pass Fault zone is defined by a series of about five general ly northwest
trending fau lts west of Colorado Springs. The main fault is paral lel to the southwest flank of 
the Rampart Range and Fountain Creek. The fau lt series beg ins east of Deckers near 
Devi l 's Head in  the Rampart Range and terminates in a series of splay fau lts at the southern 
end of the east flank of the Front Range near Gray Back Peak. 

Synopsis : 

The Ute Pass Fault zone defines the west and southwest marg in  of the Rampart Range. 
Tonal and vegetation l ineaments and bedrock scarps are d iscontinuous along the southern 
trace of the fault but are lacking along the northern trace. Late Cenozoic movement on the 
fault is strongly supported along the length of the fault (e. g . ,  Taylor, 1 975; Scott and others,  
1 978; Kirkham and Rogers, 1 981 ; Dickson, 1 986) .  Quaternary deposits do not appear to be 
offset across the north end of the fault (Bryant and others,  1 98 1 ; Dickson and others,  1 986). 
Scarps developed in Quaternary (Yarmouth to I l l inoian age) rockfall  deposits are cited as 
evidence for recent fau lt activity on the south end of the fault by Scott and Wobus ( 1 973) and 
Kirkham and Rogers ( 1 98 1 ) .  Unruh and others (1 994) d id not recogn ize any evidence to 
support mid-Pleistocene to Holocene d isplacement. However, they d id not address the 
scarps in rockfall  deposits as previously presented by Scott and Wobus ( 1 973) and Kirkham 
and Rogers ( 1 98 1 ) .  The fau lt most recent paleoevent on this fau lt is herein tentatively 
classified as having occurred during the middle to late Quaternary. 

Date of compilation : 1 1 /6/97 

Compiler and affiliation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: EI Paso, Teller, Doug las 

10 x 20 Sheet: Pueblo, Denver 

Province: Southern Rocky Mountains, Great Plains 

Township and Range: 

Strike: N28W 

Number of traces : 8 

T1 6S, R67W- T9S, R69W 

End to end length : 71 .40 km 

Cumulative length : 1 26 .88 km 

Reliabil ity of location :  Good 
Comments: Faults in th is system were mapped by Wobus and Scott ( 1 977) at a scale of 
1 :24,000, by Scott and Wobus ( 1 973) at a scale of 1 :62,500, and by Bryant and others 
( 1 981 ) and Scott and others ( 1 978) at a scale of 1 :250,000. The trace used herein is from 
Scott and others ( 1 978) and Bryant and others ( 1 981 ) .  
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Geologic setting:  

The Ute Pass Fault zone l ies along the western marg in  of  the Rampart Range from near 
Devils Head to Gray Back Peak and bounds the east side of the Pikes Peak massif west of 
Colorado Springs. Throw on the fault varies along its length . At the north end the fault plane 
is nearly vertical .  The middle part of the fau lt near Woodland Park is defined by steeply 
d ipping fault planes that are graben-forming. The south end of the fault is characterized by 
west-d ipping reverse fau lts that d ip as l ittle as 30° (Epis and others, 1 976a) . Throw can be 
general ized as down to west in the north , and down to the east in the south . 

Sense of movement: NR 
Comments: Witkind ( 1 976) and Bryant and others ( 1 98 1 ) showed the fau lt system as  h igh
angle normal .  Harms ( 1 959) and Epis and others ( 1 976a) mapped the middle section of the 
fault as moderate-angle reverse. 

Dip: 200-500NE ,SW 
Comments: The fau lt d ips southwest at the north end and northeast at the south end (Epis 
and others,  1 976a) . Dip ang les are considered to be between 20°-50° (Harms, 1 959; Epis 
and others,  1 976a) .  

Dip direction :  NE ,SW 

Geomorphic expression : 

The fau lt system is marked by subtle, d iscontinuous, anomalous l ineaments, visible on aerial 
photos,  that extend through rockfal l  deposits at the south end of the fault (Kirkham and 
Rogers ,  1 98 1 ) . A prominent scarp is present in Verdos Alluvium at the south end of the fault 
(Scott and Wobus, 1 973). Unruh and others ( 1 994) reported discontinuous tonal and 
vegetation l ineaments, as wel l  as an east-facing bedrock scarp and a southwest-facing 
scarp on the south end of the fault. 

Age of fau lted deposits: 

The fau lt l ies primarily in Precambrian bedrock. Scott and Wobus ( 1 973) and Wobus and 
Scott ( 1 977) mapped the fault as concealed by Quaternary depOSits. P l iocene and M iocene 
gravel deposits were mapped by Scott and others ( 1 978) as offset by the fau lt. Pleistocene 
fan al luvium abuts against the fau lt accord ing to Bryant and others ( 1 98 1 ) .  The best 
evidence for Quaternary fault activity is l imited to the south end of the fau lt system near 
Cheyenne Mountain where development of a prominent scarp in  Verdos Alluvium and 
scarps extending through Pleistocene rockfal l  deposits ind icate youthfu l  fault activity 
(Ki rkham and Rogers, 1 98 1 ) .  Unruh and others ( 1 994) however, found no evidence of offset 
in late Pleistocene to Holocene deposits along the south end of the fau lt. Pleistocene to 
Holocene depOSits are not d isturbed across the north end of the fault (Dickson and others,  
1 986; Geotechn ical Advisory Committee, 1 986) . 

Detailed stUd ies: 

No deta i led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (3) Quaternary-middle and late « 750ka) 
Comments: Neogene fau lt activity is apparent based on offset of Pl iocene and M iocene 
gravels (Scott and Wobus, 1 973) , and 300 m of throw on the fault since the Eocene was 
recorded by Epis and Chapin ( 1 975). Evidence for Quaternary movement is not observed 
north of Woodland Park (Dickson and others,  1 986) . Although evidence for Quaternary 
movement on the fault is not defin itive, geomorphic features on the south end of the fault 
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near Cheyenne Mountain suggest the possibl ity of two ruptures during the Quaternary .  
Scarps and l ineations in rockfal l  deposits are believed to  represent the second of  the two 
ruptures, whi le the rockfal ls themselves are interpretted as resu lting from an earthquake 
during the Yarmouth interg lacial period (Scott and Wobus, 1 973).  Howard and others ( 1 978) 
showed this as a fau lt with late Quaternary movement. Kirkham and Rogers ( 1 98 1 )  stated 
that the Slocum Al luvium is not offset across the fault, thus constrain ing the t iming of the 
second period of activity to between the Yarmouth interg lacial period and the I l l inoisan g lacial 
period . Unruh and others ( 1 994) found no evidence of offset in  late Pleistocene to Holocene 
depOSits along the south end of the fault and concluded that scarp features are fau lt-l ine 
scarps or  the resu lt of diferential erosion. Evidence against Quaternary movement provided 
by Unruh and others ( 1 994) does not address al l  of the arguments for Quaternary movement 
presented by Scott and Wobus ( 1 973) , Kirkham and Rogers ( 1 981 ) ,  and Dickson and others 
( 1 986) and is considered insufficient to warrant d iscounting the fau lt system as a Quaternary 
fau lt. 

Recurrence interval :  ND 
Comments: 

Slip rate : (D) <0.2 mm/yr 
Comments: Despite the possibi l ity of two events during the Yarmouth to I l l inoian, a long-term 
s l ip rate of <0.2 mm/yr is estimated for th is fault based on the small size of the scarps and 
the fact that the fault apparently has not ruptured since the in itial deposition of the Slocum 
Alluvium (about 1 30 ka) .  Jack Benjamin and Associates and Geomatrix Consu ltants ( 1 996) 
calcu lated a long-term average slip rate of 0 .01  mm/yr for the Ute Pass Fault zone. 

Earthquake notes: 

Young fault movement may be related to earthquake activity near Colorado Springs during 
the Yarmouth to I l l inoian (Scott and Wobus, 1 973; Kirkham and Rogers,  1 98 1 ) .  Jack 
Benjamin and Associates and Geomatrix Consu ltants ( 1 996) assigned a 0.4 probabi l ity of a 
6 .5  to 7 .0  magn itude earthquake occurri ng on this fau lt. 
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Structure type: Simple fau lt 

Structure number: Q78 
Comments: Fault 1 45 in Kirkham and Rogers ( 1 98 1 ) ;  fault 1 43 in Witkind ( 1 976) ;  fault 2328 
in  the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Rampart Range Fault 
Comments: The north-trending Rampart Range Fault forms the eastern margin of the 
Rampart Range north of Colorado Springs. The fau lt beg ins near Larkspur and continues 
south towards Colorado Springs, ending near Highway 24. 

Synopsis : 

The Rampart Range Fault trends north-south along the Front Range north of Colorado 
Springs. It is a range-front fau lt that experienced reverse movement during the Laramide, 
but normal movement during the late Cenozoic. The fau lt is marked by topographic breaks 
and vegetation l ineaments. Approximately 8 m of down-to-the-west Quaternary 
displacement was reported by Scott ( 1 970). Trenching by Dickson ( 1 986) demonstrated the 
fault offset the Kansas or Yarmouth Doug lass Mesa gravel 29 . 3  m sometime between 600 
and 30 to 50 ka . 

Date of compilation : 1 1 /06/1 997 

Compiler and affil iation:  Beth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County:  EI Paso, Doug las 

10 x 20 Sheet: Pueblo, Denver 

Province :  Great Plains 

Township and Range: 

Strike: N9W 

Number of traces: 4 

T1 4S, R67W- T9S, R68W 

End to end length : 45.73 km 

Cumulative length : 51 .75 km 

Reliabil ity of location :  Good 
Comments: Wobus and Scott ( 1 977) mapped the south part of the fau lt at a scale of 
1 :24,000. The fault was also mapped at a scale of 1 :62,500 by Scott and Wobus ( 1 973) , 
1 : 1 00 ,000 by Trimble and Machette ( 1 979a; 1 979b), 1 :250,000 by Scott and others ( 1 978) 
and Bryant and others ( 1 98 1 ) , 1 : 1 , 000,000 by Colman ( 1 985) and 1 :5 ,000,000 by Howard 
and others ( 1 978). The trace used herein is from Trimble and Machette ( 1 979a; 1 979b) .  

Geologic setting :  

The Front Range is  defined by  a 500- to  1 ,000-m-high ,  east-facing escarpment that i s  
both a tectonic and erosional feature .  Estimations of  Neogene offset across the Front Range 
are as l i ttle as 30 m and as much as 2 ,200 m. Scott ( 1 970), Epis and Chapin ( 1 975) ,  and 
Trimble ( 1 980) suggested much of the topographic rel ief across the escarpment is related to 
Neogene fault activity . Jacob and Albertus ( 1 985), Leonard and Langford ( 1 994) ,  and Steven 
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and others ( 1 997) ind icated that Neogene fault activity only acounts for a minor amount of 
topographic rel ief across the escarpment. Steven and others ( 1 997) noted anomal ies in  
paleo- and modern , range-front stream flow d i rections which they interpretted to ind icate 
ti lt ing of the Front Range off the northeast flank of the Rio Grande Rift during the Miocene, 
and regional upl ift during the early Pl iocene and possibly early Quaternary .  Jacob and 
Albertus ( 1 985) and Chapin and Kel ley ( 1 997) argued that the Front Range escarpment is 
primarily a product of d ifferential erosion . 

The Rampart Range Fault forms the east flank of the Rampart Range wh ich is part of the 
Colorado Front Range. I t  is a west-d ipping , high-angle, range-front, Laramide reverse fault 
with renewed late Cenozoic normal displacement (Dickson,  1 986) . Scott ( 1 970) reported 
down-to-the-east movement in early Tertiary time, and down-to-the-west movement in 
Quaternary t ime. Overal l  stratigraphic offset indicates down-to-the-east reverse movement, 
while offset in  Quaternary deposits ind icates down-to-the-west, normal displacement. 

Sense of movement: N 
Comments: Late Cenozoic normal movement was reported by Witkind ( 1 976) ,  Dickson 
( 1 986), and Unruh and others ( 1 994).  Scott ( 1 970) indicated reverse movement in early 
Tertiary time and normal movement in Quaternary time. 

Dip:  500W 
Comments: A dip of 500W was measured from a cross section by Harms ( 1 959) . D ickson 
( 1 986) and Dickson and others ( 1 986) reported fault d ips of 45°-80oW in trenches excavated 
near the U .S .  Air Force Academy. 

Dip direction :  W 

Geomorphic expression : 

Discontinuous topographic breaks and vegetation l ineaments mark the trace of this fau lt 
(Scott, 1 970 ; Unruh  and others, 1 994) . A wel l  developed fau lt-l ine scarp is visable along 
much of the fault trace (Kirkham and Rogers, 1 98 1 ) .  

Age of fau lted deposits:  

The majority of the fault extends through Precambrian and early Tertiary rocks. Scott ( 1 970) 
described about 8 m of offset in the Douglass Mesa Gravel ,  which is considered to be 
Kansan or Yarmouth in age. Epis and Chapin ( 1 975) suggested 450 m of Neogene offset, 
as evidenced by offset of the Ol igocene Wall Mountain Tuff. Taylor ( 1 975) suggested 370 m 
of Neogene offset across the fau lt. Trimble ( 1 980) described as much as 700 m of offset on 
this fault based on stratigrahic offset of the late Eocene surface and the Wal l  Mountain tuff. 
Jacob and Allbertus ( 1 985) ind icated less than 230 m of Neogene offset across this fau lt. 
Trenching investigations by Dickson ( 1 986) demonstrated that Quaternary d ip-sl ip 
d isplacement i n  the Douglass Mesa Gravel amounts to nearly 30 m, and that there has not 
been any movement on the Rampart Range Fault during the past 30 to 50 ka. Leonard and 
Langford ( 1 994) suggested only 90 to 95 m ± 60 m of of post-Eocene displacement across 
the Front Range based on contouring of paleo-surfaces and the base of the Wal l  Mountain 
tuff and Castle Rock conglomerate on either side of the range front fau lts. 

Detai led studies : 

Dickson ( 1 986) excavated and logged two trenches, wh ich he labeled AF-1 and AF-2 , on the 
section of the fau lt that extends through the southwest corner of the Air Force Academy 
property south of the Colorado Springs fi ltration plant. These trenches are labeled as Q68-1 
and Q68-2 on the map that accompanies this database. Trenching investigations ind icated 
that the last displacement on this fault occurred between 600 ka and 30 to 50 ka. 
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Q68-1 (AF-1 ) :  This 1 52-m-long trench revealed sl ip surfaces d ipping 45° to 800W in the 
Doug lass Mesa Gravel .  The gravel was offset 29 .3 m in a d ip-sl ip mammer. 

Q68-2 (AF-2) :  Th is 23-m-long trench exposed sl ip surfaces in the Doug lass Mesa Gravel 
that are overlain by an unfaulted paleosol estimated to be 30 to 50 ka . 

Timing of most recent paleoevent: (3) Quaternary-middle and late « 750ka) 
Comments: Scott ( 1 970) described offset Kansan or Yarmouth deposits. Trenching 
investigations by Dickson ( 1 986) ind icated the latest movement on the fault was between 600 
ka and 30-50 ka. Airphoto analysis and aerial reconnaissance by Unruh and others ( 1 994) 
revealed no evidence for Holocene fault activity . 

Recurrence interval:  N O  

Comments: 

Slip rate: (D) <0.2 mm/yr 
Comments: Based on offset of  8 m (Scott, 1 970) and a paleoevent ocurring between 600 
and 30 ka (Dickson ,  1 986), a sl ip rate of <0.2 mm/yr is estimated for th is fau lt. Jack 
Benjamin and Associates and Geomatrix Consu ltants ( 1 994) calculated slip rates of 0 .0 1  to 
0 .07 mm/yr based on d ip-sl ip values of 8 .8  to 43 m as determined from trench ing 
investigations by Dickson ( 1 986) .  

Earthquake notes: 

Late Cenozoic fault activity may be related to earthquake activity near Colorado Springs 
(Kirkham and Rogers ,  1 98 1 ) .  Jack Benjamin and Associates and Geomatrix Consu ltants 
( 1 996) assigned a 0 .6 probabil ity for a magn itude 7 earthquake. I n  Apri l 1 99 1 , 
M icrogeophysics ( 1 991 ) located a swarm sequence with magn itudes 2 .6 to 2 .8  on the south 
end of this fault system. 
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Structure type: Simple fault 

Structure number: Q79 
Comments: Fault 1 27 in Kirkham and Rogers ( 1 98 1 ) ;  fault 1 40 in Witkind ( 1 976) ;  fault 2329 
in the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Goodpasture Fault 
Comments: The Goodpasture Fault is a northwest-trending fau lt east of Hogback Mountain 
in  the Wet Mountains between the North St. Charles River and the Spring Branch of the St. 
Charles River. The fau lt is south of the town of Goodpasture and was named by Unruh  and 
others ( 1 994) . 

Synopsis : 

The Goodpasture Fault was named by Unruh and others ( 1 994) .  A fairly prominent 
escarpment and vegetation l ineation defines the fault trace (Kirkham, 1 977b). Scott and 
others ( 1 978) mapped the Verdos and Slocum Alluviums as abutting against the fau lt. 
Kirkham and Rogers ( 1 981 ) classified this fault as a Quaternary fau lt based on the mapping 
of Scott and others ( 1 978). Colman ( 1 985) l isted the most recent fault movement as 
occurring during middle to early Pleistocene. More recent investigation by Unruh and others 
( 1 994) d iscounted late Quaternary activity based on field and air photo interpretation ,  but did 
not enti rely ru le out early to middle Quaternary movement on the fault. 

Date of compilation : 1 0/3/97 

Compiler and affil iation: Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Pueblo 

10 x 20 Sheet: Pueblo 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N32W 

Number of traces: 

End to end length : 

Cumulative length : 

T23S, R67W 

4.92 km 

4 .92 km 

Reliabil ity of location :  Good 
Comments: The fau lt was mapped at a scale of 1 :24,000 by Scott and Taylor ( 1 973) and 
1 :250, 000 by Scott and others ( 1 978) . The trace used herein is from Scott and others ( 1 978) . 

Geologic setting :  

The Goodpasture Fault i s  a h igh-angle normal fault that i s  down to  the northeast. Neogene 
and younger movement (normal) is opposite to reverse Precambrian movement (Scott and 
Taylor, 1 973).  The fault may be associated with other fau lts that bound the east flank of the 
Wet Mountains.  
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Sense of movement: N 
Comments: Scott and Taylor ( 1 973) and Witkind ( 1 976) ind icated normal movement on this 
�� 

. 

Dip: 

Comments :  Witkind ( 1 976) ind icated normal movement on a northeast-d ipping plane. 

Dip direction :  N E  

Geomorphic expression : 

A fairly prominent escarpment and vegetation l ineation defines the fault trace (Kirkham, 
1 977b) . The fault is marked by an east-facing scarp about 2 m high in  Cretaceous bedrock 
that is overlain by a layer of col luvium <2 m thick. Geomorphic features in Quaternary 
deposits ind icative of youthfu l  faulting were not observed in aerial reconnaissance by Unruh 
and others ( 1 994) .  

Age of fau lted depOSits:  

Scott and Taylor ( 1 973) mapped the Verdos and Slocum Alluviums as abutting against and 
conceal ing the fault. Scott and others ( 1 978) mapped the same gravels as abutting against 
the Goodpasture Fau lt. The Slocum Alluvium (the younger of the two) is considered to be 
Sangamon or I l l inoian in age (about 1 30 ka) .  Unruh and others ( 1 994) concluded that the 
fault has not moved during the late Quaternary. The fault trace l ies almost entirely with in 
Cretaceous bedrock with only two smal l  fingers of Quaternary deposits offset by the fault. 

Detai led stud ies: 

No detai led stud ies have been conducted on this fault. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments :  Scott and Taylor ( 1 973) mapped the Slocum and Verdos Alluvium as conceal ing 
and abutting against the fault. They indicated west-Side-down movement on the fault based 
on truncation of these deposits against the fault. Witkind ( 1 976) and Ki rkham and Rogers 
( 1 98 1 ) l isted this fault as a Quaternary fau lt. Colman ( 1 985) ind icated the most recent 
activity on the fault occurred during the midd le to early Pleistocene. Unruh and others ( 1 994) 
d iscounted late Quaternary movement on the fau lt suggesting that the gravels previously 
mapped as Slocum and Verdos Al luvium by Scott and Taylor ( 1 973) represented instead the 
Stroup loam soi l .  Field mapping by Unruh and others ( 1 994) revealed no west-Side-down 
late Quaternary movement on the fault, and geomorphic ind icators of late Pleistocene fault ing 
were not observed in  aerial reconnaissance. While Unruh and others ( 1 994) have shown 
that there is l ittle evidence for late Pleistocene movement, early Pleistocene movement 
cannot be ru led out since they were unable to examine exposures cited by Scott and Taylor 
( 1 973) as ind icating youthfu l  faulting .  Without further study the most recent paleoevent on 
this fau lt is tentatively considered to have occurred during the Quaternary « 1 .6Ma). 

Recurrence interval:  ND 

Comments: 

Slip rate: unknown; (D) <0.2 mmlyr 
Comments: 

Earthquake notes: 
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Structure type: Simple fau lt 

Structure number: Q80 
Comments: Fault 1 73 in Kirkham and Rogers ( 1 981 ) ;  fault 1 56 in Witkind ( 1 976) ;  fault 2330 
in the U . S. Geolog ical Survey Quaternary fault and fold database. 

Structure name: Cheraw Fault 
Comments: The Cheraw Fault was first recogn ized during reg ional mapping in the late 
1 960's and 1 970's (Sharps, 1 976) but was not formally named unti l Kirkham and Rogers 
( 1 98 1 ) associated it with the small town of Cheraw, Colorado, which is located about 1 0  km 
south of the scarp. 

Synopsis: 

The Cheraw Fault was orig inal ly mapped by Sharps ( 1 976) as part of a regional mapping 
program ( 1  :250,000 scale). Scott ( 1 970) first suggested that the fault might be a potential 
source of earthquakes , but despite Scott's suggestion , no detai led stud ies of the fau lt were 
conducted during the next two decades. In 1 994 M .N .  Machette, A.J .  Crone, and collegues 
(Crone and others,  1 997) trenched the scarp and documented a record of late Quaternary 
surface ruptures on the fault and confirmed the fau lt as a potential source of future strong 
earthquakes. Th is documentation establ ishes the Cheraw Fault as only the second 
confirmed (after the Meers Fault ,  Oklahoma) late Quaternary fau lt in  the stable continental  
reg ion of the west-central U .S .  

Date of compilation :  1 0/3 1 /97 

Compiler and affil iation :  Anthony J .  Crone, U .S .  Geological Survey 

State: Colorado 

County: Crowley, Kiowa, Otero 

10 x 20 Sheet: Lamar 

Province:  High Plains 

Township and Range: 

Strike: N44E 

Number of traces: 1 

T22S, R55W- T1 8S, R52W 

End to end length : 44. 31  km 

Cumulative length : 45.44 km 

Reliabil ity of location :  Good 
Comments: The fau lt was previously mapped at 1 :250,000 by Sharp ( 1 976) and Scott and 
others ( 1 978). The trace herein is from 1 :24 ,000-scale mapping ,  transferred to a 1 :250,000 
base and dig itized (Crone and others,  1 997; figure 2) .  Along much of its trace, the fault is 
conspicuous because of its down-to-the-northwest sense of th row that opposes the 
southeasterly regional slope. This sense of motion resu lts in overland flow forming local 
ponds against the scarp and enhancing vegetation adjacent to the scarp (the reg ion has a 
semi-arid cl imate , and vegetation is sparse) .  The increase in the density of vegetation along 
the scarp makes it a d istinctive feature that is relatively easy to map on aerial photographs. 
For this reason ,  the rel iabi l ity of the fau lt's location is considered to be good . 
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Geologic setting:  

The Cheraw Fau lt is located on the High Plains of  southeastern Colorado,  about 1 00 km 
east of Pueblo, and about 1 40 km east of the range front of the Rocky Mountains (Crone and 
others, 1 997) .  Structural ly, the fau lt is located above the west-northwesterly sloping 
basement surface between the north-trending Las An imas arch to the east and the Denver 
basin to the northwest (Curtis, 1 988); accordingly ,  the fau lt l ies on the western side of the 
arch and along the southeastern marg in  of the basin .  The down-to-the-northwest sense of 
motion that occurred during late Quaternary faulting events has the same vertical sense as 
the cumulative tecton ic rel ief on the Precambrian crystal l ine rocks.  

The Las An imas arch is a prominent, but relatively low-rel ief, 300-km-long ,  positive 
structural element in southeastern Colorado.  The crest of the arch is approximately 20 to 40 
km east of the fau lt. Minor upl ift probably occurred along the arch in late Paleozoic time, but 
most of the present structural rel ief formed in  Laramide time when the gentle westward slope 
on the western side of the arch developed as a result of downwarping of the Denver basin 
(Curtis, 1 988). As the basin subsided , Cretaceous rocks were ti lted westward from their 
orig inal eastward-sloping depositional g rad ient. 

There is l ittle evidence that throw on the fau lt has substantially offset the bedrock (only 
tens of meters is demonstrable), thus the fau lt does not appear to have a long h istory of 
recurrent movement. For example, the cumulative throw on the fault is less than the 
th ickness of the Smoky Hi l l  Shale Member ( 1 50 to 2 1 5  m th ick) , because neither the Fort 
Hays Limestone Member nor the Pierre Shale (al l upper Cretaceous), which are 
stratig raphically below and above the Smoky Hi l l  Shale Member, respectively, are exposed 
along the fault. 

As part of h is reg ional mapping ,  Sharps ( 1 976) drew a structure-contour map on the top of 
the lower Cretaceous Dakota Sandstone. The subsurface control  for the structure contours 
is sparse, and the elevation control suggests that the contours could contain a sign ificant 
amount of uncertainty .  Nevertheless, a d i rect interpretation of the contours indicates an 
estimated 6 to 8 m of down-to-the-northwest throw on the fault, wh ich is comparable with the 
amount of throw on early Quaternary al luvial deposits. The Cheraw Fault d isrupts the 
gradual westward gradient of Cretaceous rock that rises up onto the arch;  immediately east 
of the fau lt, these rocks have a gradient of about 5 m/km, and west of the fault they have a 
gradient of about 8 m/km. Even if the cumulative offset of Cretaceous rocks is four  or five 
times greater than the estimated 6 to 8 m, the average Neogene sl ip rate on the fault is very 
low, and the fau lt could not have a long h istory of movement at rates comparable to the latest 
Pleistocene rate. 

Sense of movement: N 
Comments: The sense of motion on the fau lt is not wel l  known , but is inferred to be down-to
the-northwest motion on a normal fau lt based on the attitude of the faults exposed in the 
trench across the scarp (Crone and others, 1 997) . 

Dip: 66°NW 
Comments: Dip measurment is based on the average dip of the main fault as mapped by 
Crone and others ( 1 997) in the trench across the fau lt. This 3 to 4 m high trench provided 
the only known exposure of the fault. 

Dip direction :  NW 

Geomorphic expression : 

I n  h is regional mapping , Sharps ( 1 976) showed the fault as approximately located where 
it crosses the u pper Cretaceous Smoky H i l l  Shale Member of the N iobrara Formation,  and 

225 



226 Q80 - Cheraw Fault 

showed it as inferred or concealed where it crosses lower Pleistocene Rocky Flats Alluvium 
and middle (?)  Pleistocene Verdos Alluvium.  Kirkham and Rogers ( 1 98 1 ) reported that 
vegetation changes, l inear ponds, breccia, and perhaps tecton ical ly blocked stream 
channels were associated with the weathered but d istinct scarp. Unruh and others ( 1 994) 
recogn ized low topog raphic scarps 3 to 4 m high ,  vegetation l ineaments, s inkholes, and 
ponded sed iments .  Local ly ,  the fau lt forms a rounded but d istinct scarp on lower 
Pleistocene Rocky Flats Alluvium; this scarp vertical ly offsets the al luvium about 7 to 8 
meters (Crone and Machette, 1 995b).  

At the trench site of Crone and others ( 1 997), the scarp is 3 .6 m high and has a 
maximum slope angle of 1 1 0 . Based on fault-scarp morphology studies in the nearby Basin 
and Range Province of the western U .S . , a fault scarp of this size having this morphology 
would be inferred to be considerabley older than the Holocene age ind icated by the 
trench ing studies.  However, comparing the scarp on the Cheraw Fault with Basin and 
Range fau lt scarps is complicated by the fact that the Cheraw scarp is the product of 
mu ltiple surface-fault ing events, whereas Basin and Range scarp-morphology stud ies tend 
to focus on single rupture events. In add ition ,  eolian deposition and ponded al luvium has 
partia l ly buried the hanging wal l  of the Cheraw scarp fau lt, both of which contribute to the 
scarp's subdued morphology . The net resu lt is that, morphological ly ,  the scarp appears to 
be an older feature than was documented by the trenching study. 

Age of fau lted deposits : 

Lower Pleistocene (Rocky Flats Alluvium), middle (?) Pleistocene Verdos Alluvium,  local ly 
unnamed latest Pleistocene loess and al luvium, and Holocene col luvium.  

Detai led stud ies : 

The only detai led paleoseismic study of the fau lt conducted to date is that reported by 
Crone and others ( 1 997). I n  that study ,  they excavated a 1 1 0-m-long trench across a 3 .6-m
high scarp and reported evidence of two latest Pleistocene fau lting events and an early 
Holocene event. This trench is labeled Q80- 1 on the map that accompan ies this database. 
The timing of these events was constrained by one rad iocarbon age on charcoal fragments, 
four  radiocarbon ages on soi l  organic concentrates, and nine thermoluminescence (TL) age 
estimates. The trench exposed Cretaceous Smoky Hil l Shale bedrock in  the footwal l  of the 
fau lt, but only exposed a mixture of scarp-derived col luvium and paludal deposits on the 
hanging wal l  side. With in the col luvial sequence, there is clear evidence of mu ltiple (3) 
events , includ ing fau lted organic-rich soi l A horizons. 

The timing of the latest Pleistocene events, which are l isted in  the fol lowing section ,  raises 
the possibi l ity that the surface-faulting events have occurred in a pattern of temporal 
clustering .  The latest Pleistocene deposits at the trench site described by Crone and others 
( 1 997) were deposited in a low-grad ient paleo-stream channel that was cut into Cretaceous 
shale. The length of time required to erode this wide channel down through older Pleistocene 
al luvial deposits and into the bedrock is thought to be on the order of 1 00, 000 years or 
longer. The cumulative vertical offset on the Pleistocene erosional surface cut on the 
Cretaceous shale is 3.2 to 4. 1 m, which represents the total offset from the three post-latest 
Quaternary « 25 ka) events . In contrast, lower Pleistocene Rocky Flats Alluvium, which has 
an estimated age of about 1 .2 Ma, is only offset about 7 to 8 m by the fau lt. Thus, the 
frequency of surface-faulting earthquakes that occurred in  latest Quaternary time (about 25 
ka) ,  could not have been sustained throughout al l  of the Pleistocene because, if th is 
frequency had been sustained ,  the scarp on the Rocky Flats Al luvium would be more than 
1 00 m h igh .  

Timing of most recent paleoevent: ( 1 ) Holocene and post g lacial « 1 5ka) 
Comments: The age of the most recent event is relatively wel l  constrained by radiocarbon 
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and TL age estimates (Crone and others,  1 997), although these estimates only provide 
maximum l imit on the timing of events. Detrital charcoal fragments deposited with in a faulted 
A-horizon (soi l ) have a cal ibrated AMS radiocarbon age of 8 .4 ka. Based on the proximity of 
these charcoal fragments to the paleo-ground surface, Crone and others ( 1 997) argued that 
the most recent event has an age of about 8 ka (early Holocene). Earl ier, less detai led 
investigations by Unruh and others ( 1 994) suggested latest movement was early to middle 
Pleistocene. 

Recurrence interval:  Average of 8 ka in latest Quaternary time « 25 ka) 
Comments: Crone and others ( 1 997) estimated that surface-rupturing events on the fault 
occurred at about 8 ka, 12 ka, and 20 to 25 ka based on their trenching study. They also 
specu lated that events older than about 25 ka must have occurred before about 1 00 ka 
because of the time needed to incise, widen, and backfi l l  the paleo-stream channel that is 
now fi l led with latest Pleistocene deposits. Based on this temporal pattern , they specu lated 
that the fault's long-term behavior is characterized by temporal  clustering of earthquakes, in  
which relatively short time intervals of  activity (e.g . ,  15  to 20 ka) are separated by long 
intervals of qu iescence (e.g . ,  1 00 ka) .  If correct, this pattern of temporal clustering makes it 
d ifficult to assign a real istic recurrence interval for the fau lt. The 8 ka average recurrence 
interval suggested is based solely on the estimated timing of the latest Pleistocene and 
Holocene events documented in  the trench ing study. This recurrence interval may only apply 
to periods of time when the fault is in an active phase; during a quiescent phase, surface
fau lting earthquakes may not occur for hundreds of thousands of years.  Unruh and others 
( 1 994) estimated a recurrence interval of 1 0  to 50 ka. 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: The latest Pleistocene to Holocene sl ip rate on the Cheraw Fau lt is much less 
than 1 mm/yr. Unruh and others ( 1 994) calcu lated a sl ip rate of 0 .01  to 0 .001 mm/yr. A 
rigorous calculation of latest Pleistocene to Holocene sl ip rates yields values of 0 .23 to 0 .09 
mm/yr based on the data of Crone and others ( 1 997). During the time interval between 20 to 
25 ka and 8 ka, two surface-faulting events occurred . The cumulative vertical offset of these 
two events ranges between 1 .6 m and 2 .7  m. A maximum latest Pleistocene sl ip rate would 
be based on the shortest t ime interval between these events (20 ka to 8 ka) and the 
maximum vertical offset in that time interval (2 . 7  m); th is yields a s l ip rate of 0 .225 mm/yr. 
S imi larly , a min imum latest Pleistocene sl ip rate wou ld be calculated by taking the longest 
time interval between events (25 ka and 8 ka) and the min imum vertical offset during that 
time interval ( 1 .6  m); th is yields a sl ip rate of 0.094 mm/yr. These sl ip-rate values apply to 
periods of time when the fau lt is in an active phase. 

More simpl istic calcu lations (but not rigorously correct) of latest Pleistocene-Holocene 
s l ip rates are between 0 . 1 4  to 0 . 1 8  mm/yr. These rough s l ip rates are determined by d ividing 
the amount of offset (3.6 m) on the oldest faulted deposits by the age of the deposits (20 to 
25 ka) ;  these resulting sl ip rates are simi lar to the more rigorous values described above. 

The long-term slip rate on the Cheraw Fault would be extremely low if one were to include 
the effect of quiescent phases of activity . The best estimate of a long-term sl ip rate is less 
than or equal to 0 .007 mm/yr based on a cumulative offset of about 8 m on the 1 .2 Ma Rocky 
Flats Alluvium. However, because of the apparent temporal clustering of events , one might 
question whether using a single sl ip-rate value is an appropriate way to characterize the rate 
of movement on this fau lt. 

Earthquake notes: 

Jack Benjamin and Associates and Geomatrix Consu ltants ( 1 996) assigned a 0 .4 probabi l ity 
of a magn itude 7 earthquake occurring on this fault. 
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SECTIONED QUATERNARY FAULTS 

A sectioned fault is a fault that appears to consist of two or more sections that have ruptured 
independently, but each section has not been carefully evaluated in detail to accurately 

characterize the rupture history of each section. 
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Q40a-d - Cimarron Fault: Overview 

Structure type: Sectioned fault 

Structure number: Q40 a-d 
Comments: Fault 94 in Kirkham and Rogers ( 1 98 1 ) coincides with the Blue Mesa section of 
the Cimarron Fault (94d) ;  faults 2290a-d in the U .S .  Geolog ical Survey Quaternary fau lt and 
fold database. 

Structure name: Cimarron Fault 
Comments: The Cimarron Fault is a northeast-trending fault between Montrose and Blue 
Mesa Reservoir. Much of the fault is parallel to H ighway 50 and the Gunn ison River. The 
fault beg ins at the south end of the B lack Canyon of the Gunn ison National Monument and 
continues southeast past I ron Hi l l  where it terminates south of Huntsman Mesa. The fault 
was described as segmented by Lettis and others ( 1 996) ,  but studies were not extensive 
enough on each section of the fau lt to warrant designation as a segmented fau lt for this 
database. Instead , the fau lt is d ivided into five sections which i nclude from west to east: the 
Bostwick Park section ,  the El l ison Gulch section ,  the Poverty Mesa section,  the Blue Mesa 
section , and the Powderhorn section. Only the first four  sections have evidence for 
Quaternary movement and are included in this database. The fifth section ,  the Powderhorn 
section, is considered a late Cenozoic fault and is not d iscussed in this database. Names for 
these sections are based on segment names used by Lettis and others ( 1 996) .  

Synopsis: 

The fol lowing is summarized from Lettis and others ( 1 996) .  The Cimarron Fault is made up 
of five fault sections. The Bostwick Park section is marked by a series of fau lt scarps or fault
l ine scarps and offsets middle to late Pleistocene depOSits. The El l ison Gu lch section is 
defined by a 1 - to 2-m-high scarp that offsets late Pleistocene to Holocene fan deposits. This 
scarp was tentatively interpreted as a possible landsl ide feature but may also reflect 
secondary deformation along the southern end of the Bostwick Park section .  A 300-m-high 
escarpment and smal ler scarps offset middle to late Pleistocene deposits on the Poverty 
Mesa section . Trenching stud ies at two sites along the Poverty Mesa section supported a 
tectonic orig i n  at one site but a landslide orig in at the second site . The Blue Mesa section is 
represented by a 1 -km-wide graben with low rel ief that offsets Ol igocene-Pl iocene volcanic 
tuff, and may also have experienced Quaternary movement. Paleoseismic trench 
investigations were conducted on the Poverty Mesa and Blue Mesa sections. 

Date of compilation :  1 1 /1 7/97 

Compiler and affil iation: Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Gunnison , Montrose, Saguache 

1 0  x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: T47N , R3W- T48N, R4W 

Strike: N58W 

Number of traces: 6 

End to end length : 57.26 km 
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Cumulative length : 78.80 km 

Geologic setting:  

Fau lts included in the Cimarron Fault system are generally h igh-angle normal .  Parts of  the 
fau lt are northeast- d ipping Laramide reverse or tear fau lts that have been reactivated during 
the late Cenozoic i n  a normal sense (Hansen , 1 971 ; Lettis and others, 1 996) .  Lettis and 
others ( 1 996) suggested the Cimarron Fault may merge with the Red Rocks Fault at a depth 
of 5 to 9 km and then flatten to merge with a bl ind thrust or detachment at a depth of 8 to 1 0  
km. Hansen ( 1 971 ) documented 5 .5  km of left lateral Larmide d isplacement across the fault. 

Number of sections: 4 
The Cimarron Fault was described as segmented by Lettis and others ( 1 996) ,  but stud ies 
were not extensive enough on each section of the fault to warrant designation as a 
segmented fault in this database. The Cimarron Fault is herein d ivided into four  sections that 
show evidence for Quaternary movement. They include include from west to east, the 
Bostwick Park section , the El l ison Gulch section ,  the Poverty Mesa section ,  and the Blue 
Mesa section . A fifth section , the Powderhorn section , has moved during the late Tertiary but 
lacks evidence of Quaternary movement. Therefore, it is not d iscussd herein .  

Structure number: Q40 a-d 

Section name: Overview 

Reliabil ity of location :  Good 
Comments: The Cimarron Fault was mapped at a scale of 1 :24, 000 and 1 :250,000 by Lettis 
and others ( 1 996) and 1 :250 ,000 by Tweto and others ( 1 976) .  The Blue Mesa and Poverty 
Mesa sections of the Cimarron Fault was also mapped at a scale of 1 : 3 1  ,680 by Hansen 
( 1 971 ) .  The trace used herein is from Lettis and others ( 1 996) .  

Sense of movement: N 
Comments: Overal l  movement on the fau lts indicates reverse faulting ,  but offset of late 
Cenozoic depOSits suggests reactivation in a normal sense (Hansen , 1 97 1 ; Wong and 
Humphrey , 1 986; Lettis and others, 1 996) .  

Dip:  -700N E  
Comments: A cross section by Hansen (1 97 1 )  showed a d i p  of about 70° for the Poverty 
Mesa section . 

Dip direction : N E  

Geomorphic expression : 

The fol lowing is summarized from Lettis and others ( 1 996) .  The Bostwick Park section is 
marked by a series of fault scarps or fau lt- l ine scarps; the El l ison Gulch section is defined by 
a 1 - to 2-m-high scarp; a 300-m-h igh escarpment and smaller scarps are present on the 
Poverty Mesa section ;  the Blue Mesa section is represented by a 1 -km-wide graben with low 
rel ief. 

Age of fau lted deposits :  

Middle to late Pleistocene deposits are offset in the Bostwick Park and Poverty Mesa 
sections. Late Pleistocene to Holocene deposits are offset on the El l ison Gulch section .  
Late Pleistocene sed iments are ti lted by the B lue Mesa section (Lettis and others ,  1 996) .  



Q40a-d - Cimarron Fault: Overview 

Detai led studies: 

Trenching investigations were conducted by Lettis and others ( 1 996) on the two sections of 
the Cimarron Fault. Four trenches were excavated on the Poverty Mesa section ,  and th ree 
trenches were excavated. on the Blue Mesa section .  See ind ividual fau lt reports for 
summaries of these trenching investigations. 

Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5ka) 
Comments: Movement along the Cimarron Fault ranges from Oligocene-Pl iocene to 
Holocene and post glacial (Lettis and others, 1 996). 

Recurrence interval:  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mmlyr 
Comments: There are no publ ished s l ip rates for the Cimarron Fault. 

Earthquake notes : 

The Cimarron Fault may be capable of generating a magn itude 6 314 earthquake (Unruh 
and others, 1 993a) .  

References Cited : 

Colman ,  S .M . ,  1 985, Map showing tectonic features of late Cenozoic orig in in Colorado: U .S .  
Geological Survey Miscellaneous Geologic I nvestigations Map 1-1 566. 

Hansen ,  W. R ,  1 971 , Geologic map of the Black Canyon of the Gunnison River and vicin ity ,  
western Colorado: U .S .  Geolog ical Survey Miscel laneous GeologiC I nvestigations Map 1-584.  

Kirkham, R M . ,  and Rogers,  W. P . ,  1 981 , Earthquake potential in  Colorado: Colorado 
Geolog ical Survey Bul letin 43, 1 7 1 p.  

Lettis, W. , Nol ler, J . ,  Wong, I . ,  Ake, J . ,  Vetter, U . ,  and LaForge, R, 1 996, Draft report, 
Seismotectonic evaluation of Colorado River storage project-Crystal ,  Morrow Point, Blue 
Mesa dams, Smith Fork project-Crawford dam, west-central Colorado: unpubl ished d raft 
report prepared by Wi l l iam Lettis & Associates, I nc. , Woodward-Clyde Federal Services, and 
Seismotecton ics and Geophysical Group of the U .S .  Bureau of Reclamation i n  Denver, 
Colorado, 1 77 p .  

Tweto, Ogden, Steven ,  TA , Ha i l ,  W.J . ,  Jr. ,  and Moench , R H . ,  1 976 , Prel iminary geologic 
map of the Montrose 1 0  x 20 quadrangle, southwestern Colorado: U .S. Geological Survey 
Miscel laneous F ield Studies Map MF-761 . 

Unruh ,  J . R ,  Nol ler, J .S . ,  Lettis , W. R ,  Sawyer, T. L. , and Bott, J . D . J . ,  1 993a, Quaternary 
fau lts of the Central Rocky Mountains, Colorado; a new seismotectonic evaluation [abs . ] :  
Geolog ical SOCiety of  America Abstracts with Programs, v.  25, no. 5 ,  p .  1 57 .  

Wong,  I . G . ,  and Humphrey , J . R ,  1 986, The 1 4  August 1 983 Cimarron , Colorado earthquake 
and the C imarron Fau lt: The Mountain Geologist, v. 23, no. 1 ,  p. 1 4- 18 .  

233 



234 Q40a - Cimarron Fault: Bostwick Park Section 

Structure type: Sectioned fault 

Structure number: Q40 a 
Comments: Fau lt 2290a in the U .S .  Geolog ical Survey Quaternary fau lt and fold database 

Structure name: Cimarron Fau lt 
Comments: The Cimarron Fault is a northeast-trending fau lt between Montrose and Blue 
Mesa Reservoir. Much of the fau lt is paral lel to H ighway 50 and the Gunn ison River. The 
fau lt beg ins at the south end of the Black Canyon of the Gunn ison National Monument and 
continues southeast past I ron Hil l  where it terminates south of Huntsman Mesa. This 
description addresses only the Bostwick Park section of the fau lt which extends about 12 km 
from the mouth of Red Rock Canyon to Bostwick Park. 

Synopsis: 

Lettis and others ( 1 996) referred to this section of the Cimarron Fault as the Bostwick Park 
section .  This section is marked by a series of fault scarps or fau lt-l ine scarps that offset 
middle to late Pleistocene deposits. 

Date of compilation : 1 1 /1 7/97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County:  Montrose 

10 x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: T49N , R93W- T50N , R93W 

Strike: N45W 

Number of traces: 1 

End to end length : 1 1 . 1 9  km 

Cumulative length : 1 2 .0 1  km 

Geologic setting :  

The Cimarron Fault was described by Lettis and others ( 1 996) as a h igh-angle reverse fault 
with late Tertiary to possibly Holocene normal movement. This section of the fau lt is down to 
the northeast. Throw on the fau lt is consistent with local topography, and a tributary to the 
Gunnison River general ly flows along the fault trace. Lettis and others ( 1 996) suggested this 
section of the Cimarron Fault may merge with the Red Rocks Fault at a depth of 5 to 9 km 
and then flatten to merge with a bl ind thrust or detachment at a depth of 8 to 1 0  km. 
Bostwick Park is underlain by about 50 m of Quaternary deposits that include the Lava Creek 
B ash , which is dated at 620 ka (Hansen , 1 97 1 ; cited in Lettis and others,  1 996). 

Number of sections: 4 
The Cimarron Fault was described as segmented by Lettis and others ( 1 996) ,  but stud ies 
were not extensive enough on each section of the fault to warrant designation as a 
segmented fault in this database. The Cimarron Fault is herein d ivided into four  sections that 
show evidence for Quaternary movement. They include include from west to east, the 
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Bostwick Park section ,  the El l ison Gulch section ,  the Poverty Mesa section, and the B lue 
Mesa section . A fifth section , the Powderhorn section ,  has moved during the late Tertiary but 
lacks evidence of Quaternary movement. Therefore, it is not d iscussed herein .  

Structure number: Q40 a 

Section name: Bostwick Park Section 
Lettis and others ( 1 996) referred to th is section as the Bostwick Park segment of the 
Cimarron Fau lt. As d iscussed previously, fault segments described by Lettis and others 
( 1 996) are herein referred to as sections. 

Reliabil ity of location:  Good 
Comments: Th is Cimarron Fault was mapped at a scale of 1 :24, 000 and 1 :250, 000 by Lettis 
and others ( 1 996) ,  and 1 :250,000 by Tweto and others ( 1 976) .  The trace used herein is from 
Lettis and others ( 1 996). 

Sense of movement: N 
Comments: Lettis and others ( 1 996) suggested th is section is a northeast-d ipping , normal 
fau lt. 

Dip: 

Comments: 

Dip d irection :  NE 

Geomorph ic expression : 

The Bostwick Park section of the Cimarron Fault is marked by a series of d iscontinuous 
northeast-facing fau lt scarps or fau lt-l ine scarps (Lettis and others, 1 996) .  

Age of fau lted deposits :  

Quaternary a l luvial fans are truncated by the Bostwick section of  the Cimarron Fault. A 3- to 
5-m-th ick soi l with a stage 1 / +  calcic horizon is developed on the al luvial fans. The soi l is 
estimated to be middle to late Pleistocene ( 1 00-1 50 ka) in age. Latest Pleistocene and 
Holocene depOSits are not offset across the fault (Lettis and others, 1 996). The fault l ies 
primarily in Quaternary deposits. 

Detai led stud ies: 

No detai led studies have been conducted on th is section. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Lettis and others ( 1 996) reported that middle to late Pleistocene deposits ( 1 00-
1 50 ka) are cut by the fault, but not latest Pleistocene and Holocene fans. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (0) <0.2 mm/yr 
Comments: Scarps or fault- l ine scarps are present in middle to late Pleistocene depOSits, but 
the height of the scarps is not documented (Lettis and others, 1 996). Based on sl ip rates 
calcu lated for other sections on the Cimarron Fault, a s l ip rate of <0.2 mrnlyr is estimated for 
this section . 
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Earthquake notes : 

The Cimarron Fault may be capable of generating a magn itude 6 3/4 earthquake (Unruh  
and  others,  1 993a) . 
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Q40b - Cimarron Fault: E l l ison G u lch Scarp Section 

Structure type: Sectioned fault 

Structure number: Q40 b 
Comments: Fault 2290b in the U .S .  Geolog ical Survey Quaternary fault and fold database 

Structure name: Cimarron Fault 
Comments :  The Cimarron Fault is a northeast-trending fault between Montrose and Blue 
Mesa Reservoir. Much of the fau lt is parallel to H ighway 50 and the Gunn ison River. The 
fau lt beg ins at the south end of the Black Canyon of the Gunn ison National Monument and 
continues southeast past I ron H i l l  where it terminates south of Huntsman Mesa. This 
description addresses only the El l ison Gu lch Scarp section of the fau lt, which is defined by a 
scarp that del ineates a northwest-trending fau lt that l ies south of the main fault trace and 
south of the east end of the Bostwick Park. The scarp was first mapped and named by Lettis 
and others ( 1 996). 

Synopsis: 

Lettis and others (1 996) were the first to map the El l ison Gulch Scarp section of the Cimarron 
Fau lt. It is defined by a 1 - to 2-m-h igh scarp and a possible spring-fed pond at the base of 
the scarp. Late Pleistocene to Holocene fan deposits are offset by the fau lt. They suggested 
the scarp may reflect secondary deformation related to the Bostwick Park section of the 
C imarron Fault or may reflect slope fai lure at the south end of Bostwick Park. They 
tentatively concluded the scarp is not tecton ic based on the sl ightly arcuate nature of the 
south end of the scarp. However, the fault is herein included as a Quaternary structure 
based on its association with other sections of the Cimarron Fault that have evidence of 
Quaternary movement. 

Date of compilation :  5/1 5/97 

Compiler and affil iation :  Beth L .  Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County: Montrose 

10 x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N31W 

Number o f  traces: 1 

End to end length : 

Cumulative length : 

Geologic setting:  

T49N ,  R92W 

1 .20 km 

1 . 1 8 km 

The Cimarron Fault was described by Lettis and others ( 1 996) as a h igh-angle reverse fault 
with late Tertiary to possibly Holocene normal movement. The El l ison Gu lch Scarp section 
l ies south of the main trace of the Cimarron Fault and is down to the southwest. Throw on 
the fault is consistant with local topography. The fau lt may reflect secondary deformation 
related to the Bostwick Park section of the Cimarron Fault or may reflect slope fai lure at the 
south end of Bostwick Park (Lettis and others, 1 996) .  
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Number of sections : 4 
The Cimarron Fault was described as segmented by Lettis and others ( 1 996) ,  but stud ies 
were not extensive enough on each section of the fault to warrant designation as a 
segmented fault in this database. The Cimarron Fault is herein d ivided into four sections that 
show evidence for Quaternary movement. They include include from west to east, the 
Bostwick Park section ,  the El l ison Gulch section ,  the Poverty Mesa section,  and the Blue 
Mesa section . A fifth section, the Powderhorn section ,  has moved during the late Tertiary but 
lacks evidence of Quaternary movement. Therefore, it is not d iscussed herein .  

Structure number: Q40 b 

Section name: El l ison Gulch Scarp Section 
Lettis and others ( 1 996) referred to this section as the El l ison Gulch scarp ofthe northwest 
end of the Cimarron Fau lt. 

Reliabil ity of location : Good 
Comments: The El l ison Gu lch Scarp section of the Cimarron Fault was mapped at 
1 :250,000 by Lettis and others ( 1 996) .  The trace used herein is from Lettis and others 
( 1 996) .  

Sense of movement: N 
Comments: 

Dip: 

Comments: 

Dip direction :  

Geomorphic expression : 

This section of the Cimarron Fault is marked by a 1 - to 2-m-high scarp in late Pleistocene to 
Holocene fan deposits near El l ison Gu lch (Lettis and others, 1 996) .  

Age of fau lted deposits :  

Late Pleistocene to  Holocene fan deposits are offset by the scarp (Lettis and others ,  1 996) .  

Detailed studies: 

No detai led stud ies have been conducted on this section .  

Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5ka) 
Comments: Lettis and others ( 1 996) indicated late Pleistocene to Holocene fan deposits are 
offset by the El l ison Gulch Scarp section . Although they tentatively concluded that the scarp 
is related to slope fai lure they also suggested "it may reflect secondary deformation along the 
southern end of the Bostwick Park section . "  

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Lettis and others ( 1 996) reported a 1 - to 2-m-high scarp in late Pleistocene to 
Holocene deposits. Based on this information a sl ip rate of <0.2 mm/yr is estimated for th is 
section of the C imarron Fau lt. 



Q40b - Cimarron Fault: E l l ison Gulch Scarp Section 

Earthquake notes: 
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Lettis , W. , Nol ler, J . ,  Wong,  I . ,  Ake, J . ,  Vetter, U . ,  and LaForge, R . ,  1 996, Draft report, 
Seismotecton ic evaluation of Colorado River storage project-Crystal ,  Morrow Point, Blue 
Mesa dams, Smith Fork project-Crawford dam, west-central Colorado: unpublished draft 
report prepared by Wi l l iam Lettis & Associates, I nc. , Woodward-Clyde Federal  Services, and 
Seismotecton ics and Geophysical Group of the U .S .  Bureau of Reclamation in  Denver, 
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Structure type: Sectioned fault 

Structure number: Q40 c 
Comments: Fault 2290c in the U .S .  Geological Survey Quaternary fault and fold database 

Structure name: Cimarron Fault 
Comments: The Cimarron Fault is a northeast-trending trending fau lt between Montrose and 
Blue Mesa Reservoi r. Much of the fault is paral lel to H ighway 50 and the Gunn ison River. 
The fau lt begins at the south end of the Black Canyon of the Gunn ison National Monument 
and continues southeast past I ron H i l l  where it terminates south of Huntsman Mesa. This 
description addresses only the Poverty Mesa section of the fau lt, wh ich extends for about 23 
km from El l ison Gulch to Fitzpatrick Mesa. 

Synopsis: 

Lettis and others ( 1 996) referred to th is section as the Poverty Mesa section of the Cimarron 
Fau lt. It is defined by a 300-m-h igh escarpment as wel l  as mu ltip le uphi l l-facing scarps, 
l ineations, and ponded sed iments. This section of the fault was studied in  detai l  at two 
locations. A scarp at their site 1 1  on the flank of Poverty Mesa was examined but not 
trenched . This scarp was determined to be a tectonic feature of late Quaternary age. Fou r 
trenches were excavated across a scarp at the Curecanti site (their site 1 2) southeast of 
Morrow Point Dam. Offset of late Pleistocene col luvium and a Bt soi l ( 1 00 to 200 ka) was 
revealed by the trench investigations. Lettis and others ( 1 996) concluded that uphi l l-facing 
scarps at site 1 2  were probably the result of slope fai lure but d id not rule out the possib i l ity of 
tectonic activity along the larger escarpment. The Poverty Mesa section is herein considered 
a possible late Quaternary feature. 

Date of compilation: 1 1 /1 7/97 

Compiler and affiliation: Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Montrose, Gunnison 

1° x 2° Sheet: Montrose 

Province :  Southern Rocky Mountains 

Township and Range: 

Strike: N58W 

Number of traces: 2 

End to end length : 

Cumulative length : 

Geologic setting:  

T48N, R93W- T49N ,R91 W 

24.09 km 

27.39 km 

The Cimarron Fault was described by Lettis and others ( 1 996) as a high-angle normal fau lt. 
This section of the fault is down to the northeast. Throw on this section is not consistent with 
local topography, as Poverty Mesa forms a topographic h igh on the down-thrown (northeast) 
side of the fau lt .  Lettis and others ( 1 996) suggested this section of the Cimarron Fault may 
merge with the Red Rocks Fault at a depth of 5 to 9 km and then may flatten to merge with a 
bl ind thrust or detachment at a depth of 8 to 1 0  km. 



Q40c - Cimarron Fault: Poverty Mesa Section 

Number of sections: 4 
The Cimarron Fault was described as segmented by Lettis and others ( 1 996) ,  but stud ies 
were not extensive enough on each section of the fault to warrant designation as a 
segmented fault in this database. The Cimarron Fault is herein d ivided into four  sections that 
show evidence for Quaternary movement. They include include from west to east, the 
Bostwick Park section ,  the El l ison Gulch section ,  the Poverty Mesa section,  and the Blue 
Mesa section .  A fifth section, the Powderhorn section ,  has moved during the late Tertiary but 
lacks evidence of Quaternary movement. Therefore, it is not d iscussed herein .  

Structure number: Q40 c 

Section name: Poverty Mesa Section 
Lettis and others ( 1 996) referred to this section as the Poverty Mesa segment of the 
Cimarron Fau lt. As discussed previously, fault segments described by Lettis and others 
( 1 996) are herein refered to as sections. 

Reliabil ity of location :  Good 
Comments: This section of the Cimarron Fault was mapped at a scale of 1 : 3 1 ,680 by 
Hansen ( 1 97 1 ) , 1 :24,000 and 1 :250,000 by Lettis and others ( 1 996) ,  and 1 :250,000 by Tweto 
and others ( 1 976) .  The trace used herein is from Lettis and others ( 1 996) .  

Sense of movement: N 
Comments: The Poverty Mesa section of the Cimarron Fault is a northeast-d ipping fault with 
reverse movement during the Laramide (Hansen,  1 97 1 ) and normal movement during the 
Neogene (Lettis and others, 1 996) .  

Dip: 65°-700N E  
Comments: A cross section by Hansen ( 1 97 1 )  showed a d i p  o f  about 70° for the Poverty 
Mesa section . 

Dip direction : N E  

Geomorphic expression : 

The Poverty Mesa section is wel l  defined by a south-facing , 300-m-h igh escarpment, 
numerous north-facing (uphi l l ) ,  5- to 20-m-high scarps in landsl ide deposits, vegetation 
l ineaments, and ponded sed iments (Lettis and others, 1 996) . 

Age of fau lted deposits : 

Quaternary landsl ide deposits and middle to late Pleistocene col luvium (50 to 1 00 ka) are 
offset across the fau lt, but Holocene depOSits are not offset (Lettis and others ,  1 996) . 

Detai led stud ies: 

Lettis and others ( 1 996) conducted paleoseismic investigations in four trenches that they 
labeled CST-1 th rough CST -4, located at the Curecanti site (their site 1 2) southeast of the 
town of Cimarron .  The location of these trenches is general ized and represented by a single 
trench labeled Q40-C-1 on the accompanying map. The trenches cross a northeast-facing 
scarp which ranges from 8-35 m h igh ,  and a l inear trough in between the scarp and the 
southwest-facing escarpment. The trenches were not described individual ly by Lettis and 
others ( 1 996) ,  rather a geologic summary is g iven based on the combined findings in the four 
trenches. They presented the fol lowing sequence of events for activity along the fault trace: 

1 .  Deposition of late Pleistocene col luvium. 
2 .  Formation of a Bt soi l  horizon estimated to be 1 00 to 200 ka or sl ightly younger. 
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3.  Development of the scarp and back-ti lting of Pleistocene deposits toward the axis of 
the trough .  

4.  Deposition of undeformed Holocene col luvial and fluvial sed iments.  

Lettis and others ( 1 996) concluded that the fault scarp at th is location is 50 to1 00 ka but is 
probably not tectonic in orig in .  Formation of the scarp was attributed to slope fai lure based 
on the fol lowing:  

- Most scarps in th is area were d iscontinuous and closely associated with landsl ides. 
- Scarps were coincident with the steepest part of the escarpment in an area of extensive 

slope fai lu re in the Mancos Shale. 
- There was no evidence for brittle faulting or shearing in Pleistocene or Holocene 

deposits .  
- The scarp formed during a d iscrete time period (between 1 00 to 400 ka and 8 ka) ,  which 

suggested a sing le-event landslide orig in  rather than a multiple-event tectonic orig in .  
- A sing le-event tectonic orig in wou ld require about a magnitude 8 earthquake to produce 

the 8- to 35-m-high scarp. Such a large earthquake is un l ikely for a relatively short section of 
fau lt. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: The scarp at their site 1 1  was considered by Lettis and others ( 1 996) to be a 
tectonic feature based on offset at the toe of a landsl ide, ponded sed iments, and extension 
of the scarp and l ineaments beyond the margins of the landsl ide. Trench investigations at 
the Curecanti site (site 1 2) revealed offset of a Bt soi l horizon dated at 1 00 to 200 ka, with no 
offset of Holocene or younger deposits .  Lettis and others ( 1 996) suggested that most of the 
uphi l l-facing scarps at their site 1 2  were related to landslides rather than to tectonic forces 
but did not ru le out the possibi l ity of tectonic movement along the larger escarpment. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: A sl ip rate of <0.2 mm/yr is estimated for this section of the fault based on a 
maxium scarp height of 35 m and an average scarp age of 1 50 ka (Lettis and others , 1 996). 

Earthquake notes : 

The Cimarron Fault may be capable of generating a magn itude 6 3/4 earthquake (Unruh 
and others, 1 993a). 
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Structure type: Sectioned fau lt 

Structure number: Q40 d 
Comments: Fault 94 in Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2290d in the U .S .  Geological 
Survey Quaternary fau lt and fold database. 

Structure name: Cimarron Fault 
Comments: The Cimarron Fault is a northeast-trending trending fau lt between Montrose and 
Blue Mesa Reservoir. Much of the fau lt is paral lel to H ighway 50 and the Gunn ison River. 
The fault begins at the south end of the Black Canyon of the Gunn ison National Monument 
and continues southeast past I ron Hil l  where it terminates south of Huntsman Mesa. This 
description addresses only the Blue Mesa section of the fault, which extends for about 22 km 
from Fitzpatrick Mesa to Gateview as defined by Lettis and others (1 996) .  

Synopsis: 

LeUis and others ( 1 996) refer to this 22-km-long section as the Blue Mesa section of the 
C imarron Fau lt. I t  is defined by a 1 -km-wide graben with low rel ief. Three trenches were 
excavated across this section by LeUis and others (1 996) near Wil low Creek Mesa. 
Trench ing i nvestigations revealed Oligocene to P l iocene volcanics are offset across the fau lt 
and Quaternary deposits dated at 33.4 ka. are back-tilted against the fau lt. 

. 

Date of compilation : 1 1 /1 7/97 

Compiler and affil iation: Beth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County:  Gunn ison 

10 x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: T47N, R90W- T48N, R88W 

Strike: N63W 

Number of traces: 2 

End to end length : 22.47 km 

Cumulative length : 38.2 1  km 

Geologic setting:  

The Cimarron Fault was described by Lettis and others ( 1 996) as a h igh-angle reverse fault 
with late Tertiary to possibly Holocene normal movement. The Blue Mesa section of the 
Cimarron Fault forms a graben with throw down to the northeast and southwest on northwest
trending high-ang le faults. 

Number of sections: 4 
The Cimarron Fault was described as segmented by Lettis and others ( 1 996) ,  but stud ies 
were not extensive enough on each section of the fault to warrant designation as a 
segmented fault in this database. The Cimarron Fault is herein d ivided into fou r  sections that 
show evidence for Quaternary movement. They include include from west to east, the 
Bostwick Park section ,  the El l ison Gu lch section ,  the Poverty Mesa section ,  and the Blue 



Q40d - Cimarron Fault: B lue Mesa Section 

Mesa section . A fifth section , the Powderhorn section ,  has moved during the late Tertiary but 
lacks evidence of Quaternary movement. Therefore, it is not discussed herein .  

Structure number: Q40 d 

Section name: Blue Mesa Section 
Lettis and others ( 1 996) referred to this section as the Blue Mesa segment of the Cimarron 
Fau lt. As d iscussed previously, fault segments described by Lettis and others ( 1 996) are 
herein refered to as sections. 

Reliabil ity of location : Good 
Comments: This section of the Cimarron Fault was mapped at a scale of 1 : 3 1  ,680 by 
Hansen ( 1 971 ) , 1 :24,000 and 1 :250,000 by Lettis and others ( 1 996) , 1 :250, 000 by Tweto and 
others ( 1 976) ,  and 1 : 1 , 000,000 by Colman ( 1 985). Part of this section was also mapped 
at1 :24,000 by Olson and Hedlund ( 1 973). The trace used herein is from Lettis and others 
( 1 996) .  

Sense of movement: N 
Comments: Lettis and others ( 1 996) suggested normal Neogene movement on the Cimarron 
Fau lt. 

Dip: 65°-70° 
Comments: A cross section by Hansen ( 1 971 ) showed a dip of 65° to 70° NE for the 
southern fault in this section. 

Dip direction :  NE ,SW 

Geomorphic expression : 

The Blue Mesa section is defined by a 1 -km-wide graben with low rel ief, low scarps, closed 
depressions, and poorly developed d rainages (Lettis and others,  1 996) .  

Age of  fau lted deposits : 

Oligocene to Pl iocene volcan ics are offset across the fault and late Ple istocene (33.4 ka) 
carbon iferous sediments are back-ti lted against the fault (Lettis and others, 1 996) .  

Detai led stud ies : 

Lettis and others ( 1 996) conducted paleoseismic investigations in three trenches near Wi l low 
Creek Mesa. Two trenches (their WCT-1 and WCT-3) are on prominent northeast-facing 
scarps, and one trench (their WCT-2) is on a more subtle southwest-facing scarp and 
vegetation l ineament. These trenches are labeled Q40-d-1 through Q40-d-3 on the 
accompanying map for this database. 

Q40-d-1 (WCT-1 ) :  This trench revealed that the Blue Mesa section offsets Tertiary volcan ic 
tuff against Tertiary rhyol itic tuff. These rocks were overlain by 1 . 5 m of scarp-derived 
col luvium that contains two burried Bt soi l  horizons. The absense of fau lting in the upper soi l 
indicated that the fault has not been active during the late Pleistocene or Holocene. 

Q40-d-2 (WCT-2) :  This trench exposed coarse fluvial deposits over Tertiary volcanic tuff. 
The l ineament and scarp at this location coincide with the coarse fluvial deposits. Lettis and 
others ( 1 996) concluded that these features orig inated from non-tectonic fluvial deposits. 

Q40-d-3 (WCT-3): Quaternary col luvial and fluvial deposits overl ie Tertiary volcan ics in  this 
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trench . The contact between the Quaternary deposits and bedrock was sheared and some 
of the Quaternary beds are back-ti lted against the fault. The youngest ti lted bed yielded a C-
1 4  age of 33 ,400 B .P .  The shear plane d ips gently at the base of the trench and steepens 
near the surface, suggesting l istric movement of a rotational slump block. Striations on the 
shear plane indicated nearly pure dip s l ip .  

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Trench ing investigations and age dating by Lettis and others ( 1 996) indicated 
that 33.4 ka Quaternary deposits are tilted against the fau lt. The most most recent 
movement on the fau lt occurred after deposition of the 33.4 ka sediments and prior to the 
formation of a Bt soi l horizon estimated to be 1 0  ka. 

Recurrence interval :  ND 
Comments :  

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Scarp height in late Pleistocene depOSits was not reported by Lettis and others 
( 1 996). Based on s l ip rates calcu lated for others sections on the Cimarron Fau lt, a s l ip rate 
of <0.2 mm/yr is estimated for this section . 

Earthquake notes: 

The Cimarron Fau lt may be capable of generating a magn itude 6 3/4 earthquake (Unruh 
and others,  1 993a). 
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Q56a-b - Sawatch Fault: Overview 

Structure type: Sectioned fau lt 

Structure number: Q56 a-b 
Comments: Fau lts 1 59 ,  1 60, 1 64, and 1 65 in Kirkham and Rogers ( 1 98 1 ) ; fau lt 'G' in 
Knepper ( 1 974b); faults 1 48 ,  1 49, 1 51 ,  1 84, 1 85,  and 357 in Witkind ( 1 976) ;  faults 2308a-b in 
the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Sawatch Fault 
Comments: The Sawatch Fault is comprised of a series of more than 1 6  general ly north
trending faults .  The faults form the eastern margin of the Sawatch Range between Leadvi l le 
and Sal ida. Unti l  recently, the south section of the fau lt was known as the Sawatch Fault 
(e.g .  Witkind , 1 976 ; Kirkham and Rogers, 1 981 ) ,  and the faults comprising the north section 
of the fau lt were as yet unnammed . Ostenaa and others ( 1 98 1 ) described the Sawatch Fault 
as bounding the upper Arkansas Valley, wh ich they further subdivided into the north 
Arkansas Graben and the south Arkansas Graben. Unruh and others ( 1 992) used these 
physiograph ic d ivisions to define their north and south segments of the Sawatch Fau lt, which 
they termed the Northern Sawatch Fault and the Southern Sawatch Fault. Although this fault 
has been described in  the l iterature as segmented (Unruh and others, 1 992; Lettis and 
others,  1 996) ,  stud ies are not extensive enough on each section of the fault to warrant 
designation as a segmented fault. The fault is therefore herein described as a sectioned fault. 

Synopsis : 

The Sawatch Fault is a range-front fau lt on the east side of the Sawatch Range from about 
Leadvi l le south to the South Arakansas River west of Salida. The faults comprise the 
western boundary of the upper Arkansas Val ley Graben,  a Neogene west-ti lted structure that 
forms the northernmost topographical ly prominent expression of the Rio Grande R ift. The 
graben developed along the axial crest of the Laramide Sawatch Anticl ine. The fault is 
d ivided i nto two sections, a northern section and a southern section. Subdued scarps are 
present i n  Bul l  Lake deposits on the northern section of the fault. On the southern section , 
scarps u p  to 1 0 m high are present in Bul l  Lake deposits ,  and scarps average about 2 m h igh 
in  P inedale deposits. Trenching investigations on the southern section of the fault ind icated 
six surface ruptures since about 1 50 ka , suggesting a recurrence interval of 1 0  to 40 ka; the 
most recent fau lting event occurred less than 4 ka (Ostenaa and others,  1 98 1 ) .  

Date of  compilation: 1 2/31 /97 

Compiler and affiliation :  Beth L .  Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Chaffee 

1 0  x 20 Sheet: Montrose, Leadvil le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N3W 

Number of traces: 1 8  

End to end length : 

Cumulative length : 

T8S ,R8 1 W- T49N , R79W 

83.68 km 

85.22 km 
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Geologic setting:  

The Sawatch Fault is a high-angle, down-to-the-east normal fau lt. I t  l ies on the eastern 
marg in  of the Sawatch Range between Leadvil le and Salida and forms the western boundary 
of the upper Arkansas Val ley Graben,  a Neogene west-tilted structure that forms the 
northernmost topograph ically prominent expression of the Rio Grande R ift. The graben 
developed along the axial crest of the Laramide Sawatch Anticl ine. The fau lt is one of the 
larger fau lts in  the northern Rio Grande Rift. 

Number of sections: 2 
Ostenna and others ( 1 981 ) described the Sawatch fau lt as bounding two coeval g rabens 
which they referred to as the north Arkansas Graben and the south Arkansas Graben.  
Unruh and others ( 1 992) used these physiographic d ivisions to define their  northern and 
southern segments of the Sawatch fau lt. As discussed previously, fau lt segments described 
by Unruh  and others ( 1 992) ,  and Lettis and others (1996) are herein refered to as sections. 

Structure number: Q56 a-b 

Section name: Overview 
Unruh and others ( 1 992) used the terms Northern Sawatch fault and Southern Sawatch fault 
to describe parts of the fau lt to the north and south of the Twin Lakes area. Herein these 
sections are simply referred to as the northern and southern sections. 

Reliabil ity of location :  Good 
Comments: Parts of the fault were mapped at a scale of 1 :24,000 by Tweto ( 1 974c) , 
1 :62 , 500 by Tweto and Reed ( 1 973b), 1 : 1 25,000 by Tweto and Case ( 1 972) ,  and 1 :250, 000 
by Tweto and others ( 1 976 ; 1 978) . The fau lt was also mapped by Scott ( 1 975b) and Scott 
and others ( 1 975) at a scale of 1 :62 ,500. The southern section of the fault was mapped by 
Colman and others ( 1 985) at a scale of 1 :  1 25,  000. 

Sense of movement: N 
Comments: 

Dip: 

Comments: Witkind ( 1 976) reported a NE d ip for fau lts on the east flank of the Collegiate 
Peaks. 

Dip direction :  N E  

Geomorphic expression: 

There are minor scarps in Bul l  Lake deposits at the south end of the northern section.  There 
are several  scarps up  to 1 0 m high in Bul l  Lake deposits, and 2 m h igh i n  Pinedale deposits 
on the southern section (Ostenaa and others , 1 981 ) .  

Age of fau lted deposits:  

Bul l  Lake depOSits are offset on the northern section of the fau lt, and Bu l l  Lake and Pinedale 
deposits are offset on the southern section of the fau lt. 

Detai led stud ies : 

Ostenaa and others ( 1 981 ) conducted paleoseismic trenching investigations in five trenches 
on the southern section of the Sawatch Fau lt. See data sheet for Q56b for detai ls. 

Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5ka) 
Comments: Scarps are present in Bul l  Lake ( 1 00 to 1 40 ka) deposits on the northern 
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section , and Bu l l  Lake and P inedale ( 1 0  to 40 ka) g lacial deposits on the southern section. 
Carbon- 14  dating by Ostenaa and others ( 1 98 1 ) suggested most recent movement on the 
fault occurred less than 4 ka. Lettis and others ( 1 996) reported latest movement on the fault 
during the late Pleistocene to Holocene. The northern section of the fault, however, probably 
has not ruptured during the Holocene (Lettis and others, 1 996) . The latest movement on the 
northern section is considered to have occurred during the late Quaternary .  

Recurrence interval:  1 0-40 ka 
Comments: Ostenaa and others ( 1 98 1 ) calcu lated a recurrence interval of 1 0  to 40 ka based 
on trenching i nvestigations which revealed six surface ruptures since about 1 50 ka. 

Slip rate: unknown ; (D) <0.2 mmlyr 
Comments: Quaternary displacement on the northern section is less than or comparable to 
that of the southern section (Ostenaa and others,  1 98 1 ) .  Based on 2 m of offset in Pinedale 
deposits on the southern section ,  a sl ip rate of <0.2 mrnlyr is estimated for both sections of 
the fault. 

Earthquake notes : 

A moment magn itude (Mw) 7 1 14 maximum cred ible earthquake was reported by Lettis and 
others ( 1996) for the Sawatch Fault, assuming both sections rupture during a single event . 
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Q56a - Sawatch Fau lt: Northern Section 

Structure type: Sectioned fau lt 

Structure number: Q56 a 
Comments: Fau lts 1 64 and 1 65 in Kirkham and Rogers ( 1 981 ) ;  fau lt 1 84 in Witkind ( 1 976) ;  
fau lt 2308a i n  the U.S.  Geolog ical Survey Quaternary fault and fo ld database. 

Structure name: Sawatch Fault 
Comments: The Sawatch Fault is comprised of a series of more than 1 6  generally north
tr�nding fau lts. The fau lts form the eastern margin of the Sawatch Range between Leadvi l le 
and Sal ida. Unti l  recently, the south section of the fau lt was known as the Sawatch Fault 
(e .g .  Witkind,  1 976 ; Kirkham and Rogers, 1 981 ) ,  and the faults comprising the north section 
of the fau lt were as yet unnammed. Ostenaa and others ( 1 98 1 ) described the Sawatch Fault 
as bounding the upper Arkansas Valley, which they further subdivided into the north 
Arkansas Graben and the south Arkansas Graben. Unruh and others ( 1 992) used these 
physiographic d ivisions to define their north and south segments of the Sawatch Fault, which 
they termed the Northern Sawatch Fault and the Southern Sawatch Fault. Although this fault 
has been described in the l iterature as segmented (Unruh and others, 1 992; Lettis and 
others,  1 996) , stud ies are not extensive enough on each section of the fault to warrant 
designation as a segmented fau lt. The fau lt is therefore herein described as a sectioned 
fau lt. This description addresses only the northern section of the Sawatch Fau lt, which 
extends from near Leadvile to Quai l  Mountain south of the Twin Lakes area. 

Synopsis: 

The Sawatch Fau lt is a range-front fau lt on the east side of the Sawatch Range between 
Leadvi l le and Sal ida. The fau lt is d ivided into two sections, a north section and a south 
section.  This description addresses only the northern section of the Sawatch Fau lt, wh ich 
extends from near Leadvile to Quai l  Mountain south of the Twin Lakes area. Subdued 
scarps are present in Bul l  Lake deposits at the south end of the northern section of the 
Sawatch Fau lt. A recurrence interval of 1 0  to 40 ka was reported for both sections of the 
Sawatch Fault based on trench ing investigations conducted on the southern section by 
Ostenaa and others ( 1 98 1 ) .  

Date of  compilation : 1 2/3 1 /97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Lake, Chaffee 

1° x 2° Sheet: Leadvi l le 

Province:  Southern Rocky Mountains 

Township and Range: 

Strike: N3W 

Number of traces: 6 

End to end length : 

Cumulative length : 

Geologic setting:  

T8S ,R8 1 W- T1 2S, R80W 

33.95 km 

55.73 km 
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The Sawatch Fault is a high-angle, down-to-the-east normal fau lt. The northern section of 
the Sawatch Fault extends from near Leadvi l le to the area south of Twin Lakes and bounds 
the west side of the north Arkansas Graben (Ostenaa and others ,  1 981 ) .  

Number of sections: 2 
Ostenna and others ( 1 98 1 ) described the Sawatch fau lt as bound ing two coeval g rabens 
wh ich they referred to as the north Arkansas Graben and the south Arkansas Graben.  
Unruh and others ( 1 992) used these physiographic d ivisions to define their  north and south 
segments of the Sawatch fau lt. As d iscussed previously, fault segments described by Unruh 
and others ( 1 992) , and Lettis and others ( 1 996) are herein refered to as sections. 

Structure number: Q56 a 

Section name: Northern Section 
Unruh and others ( 1 992) used the term Northern Sawatch fau lt to describe that part of the 
Sawatch fau lt that extends north from the Twin Lakes area. Herein this section of the fault is 
s imply referred to as the northern section. 

Reliabil ity of location :  Good 
Comments: The northern section of the Sawatch Fault was mapped by Tweto ( 1 974c) and 
Tweto and Reed ( 1 973b) at a scale of 1 :62 ,500, by Tweto and Case ( 1 972) at a scale of 
1 : 1 25, 000, and by Tweto and others ( 1 978) and Unruh and others ( 1 992) at a scale of 
1 :250,000. The trace used herein is from Tweto and others ( 1 978) and Lettis and others 
( 1 996) .  

Sense of movement: N 
Comments: 

Dip: 72°E 
Comments: A d ip  of  72°E was measured from a cross section by  Tweto ( 1 974c) . 

Dip direction :  E 

Geomorphic expression : 

Minor scarps are present in Bul l  Lake deposits at the south end of the northern section of the 
Sawatch Fault (Ostenaa and others, 1 98 1 ) .  No scarps or l ineaments were found to indicate 
late Pleistocene activity along the north end of this section (Unruh and others ,  1 992) 

Age of fau lted deposits : 

Quaternary Bu l l  Lake deposits are d isplaced on the south end of the northern section of the 
Sawatch Fault (Ostenaa and others,  1 98 1 ) .  Much of the fau lt is concealed by Holocene and 
Pleistocene al luvium and g lacial drift. About 30% of the fau lt l ies in Precambrian and 
M iocene bedrock, and the remainder of the fau lt l ies in or beneath Quaternary deposits .  

Detailed studies : 

No detai led stud ies have been conducted on this section of the fault. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: Bu l l  Lake deposits estimated to be 1 00 to 1 40 ka are offset at the south end of 
the northern section of the Sawatch Fault, but 1 0  to 40 ka Pinedale deposits are not offset, 
ind icating this section of the fau lt has not been active during the late Pleistocene and 
Holocene (Ostenaa and others,  1 98 1 ) .  Howard and others ( 1 978) ,  Kirkham and Rogers 
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( 1 98 1 ) ,  and Colman ( 1 985) indicated late Quaternary movement on the north end of this 
section of the fau lt. 

Recurrence interval:  1 0-40ka 
Comments: Ostenaa and others ( 1 98 1 )  calculated a recurrence interval of 1 0  to 40 ka for 
both sections of the Sawatch Fau lt based on trench ing investigations on the south section 
which revealed six surface ruptures since about 1 50 ka. 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Sl ip rates for the northern section of the Sawatch Fault have not been 
publ ished. Quaternary displacement on the northern section is less than or comparable to 
that of the southern section (Ostenaa and others, 1 98 1 ) .  Based on 2 m of offset of 1 0  to 40 
ka P inedale deposits, a sl ip rate of 0 .05 to 0 .2 mm/yr can be calculated for the southern 
section of the fau lt. The slip rate for the northern section is therefore also estimated to be 
<0.2 mm/yr. 

Earthquake notes: 

Maximum cred ible earthquake moment magnitudes (Mw) 7 and 6 3/4 were reported for the 
northern section of the Sawatch fault by Unruh and others ( 1 993) and Lettis and others 
( 1 996) ,  respectively. 

References Cited : 

Colman , S . M . ,  1 985, Map showing tectonic features of late Cenozoic orig in in Colorado: U .S .  
Geological Survey Miscellaneous Geologic I nvestigations Map 1-1 566. 

Howard , K.A. , Aaron ,  J . M . ,  Brabb, E. E . ,  Brock, M . R ,  Gower, H . D . ,  Hunt, S .J . ,  Mi lton ,  D . J . , 
Muehlberger, W.R ,  Nakata, J . K, Plafker, G . ,  Prowel l ,  D .C . , Wal lace, R E . ,  and Witkind ,  I . J . ,  
1 978, Prel iminary map of young fau lts i n  the United States a s  a gu ide to possible fault 
activity : U .S .  Geological Survey Miscel laneous Field Studies Map, MF-91 6 .  

Kirkham, RM. ,  and Rogers, W. P . ,  1 981 , Earthquake potential in Colorado: Colorado 
Geolog ical Survey Bul letin 43, 1 71 p.  

Lettis ,  W. , Nol ler, J . ,  Wong,  I . ,  Ake, J . ,  Vetter, U . ,  and LaForge, R, 1 996, Draft report, 
Seismotectonic evaluation of Colorado River storage project-Crystal ,  Morrow Point, Blue 
Mesa dams, Smith Fork project-Crawford dam, west-central Colorado: unpubl ished draft 
report prepared by Wi l l iam Lettis & Associates, I nc. , Woodward-Clyde Federal Services, and 
Seismotecton ics and Geophysical Group of the U .S .  Bureau of Reclamation in  Denver, 
Colorado ,  1 77 p. 

Ostenaa, D .A. , Losh ,  S .L . ,  and Nelson , A R ,  1 981 , Evidence for recurrent late Quaternary 
fau lting ,  Sawatch Fau lt, upper Arkansas Valley, Colorado, ' in '  Junge, W. R ,  ed . ,  Colorado 
tectonics , seismiCity and earthquake hazards: Proceed ings and field trip gu ide: Colorado 
Geolog ical Survey Special Publ ication 1 9 , p .  27-29. 

Tweto, Ogden , 1 974c, Geolog ic map and section of the Holy Cross [1 5-minute] quadrangle, 
Eagle, Lake, P itkin and Summit Counties, Colorado: U .S .  Geological Survey Miscel laneous 
Geologic I nvestigations Map 1-830 . 

Tweto, Ogden, and Case, J .E . ,  1 972, Gravity and magnetic features as related to geology in 
the Leadvi l le 30-minute quadrang le, Colorado: U.S.  Geological Survey Professional Paper 
726-C , 31 p.  

253 



254 Q56a - Sawatch Fault: Northern Section 

Tweto, Ogden , Moench , R . H . ,  and Reed , J .C . ,  1 978, Geologic map of the Leadvil le 1 °  x 2° 
quadrang le, northwestern Colorado: U .S .  Geolog ical Survey Miscellaneous Geologic 
I nvestigations Map 1-999. 

Tweto, Ogden,  and Reed , J .C . ,  J r. ,  1 973b, Reconnaissance geologiC map of the Mount 
Elbert 1 5-minute quadrangle, Lake,  Chaffee, and Pitkin Counties, Colorado: U .S .  Geological 
Survey Open-fi le Report, 73-5279. 

Unruh ,  J . R . ,  Sawyer, T. L, and Lettis, W. R . ,  1 992 , Seismotectonic evaluation of Green 
Mountain Dam, Shadow Mountain Dam, Grandby Dam, and Wi l low Creek Dam, Colorado
Big Thompson Project: unpubl ished prel iminary report prepared by Wi l l iam Lettis & . 
Associates for U .S .  Bureau of Reclamation , Denver, Colorado,  78 p .  

Witkind ,  I . J . ,  1 976, Prel iminary map showing known and suspected active fau lts in Colorado: 
U .S .  Geological Survey Open-fi le Report 76-1 54 .  



Q56b - Sawatch Fault: Southern Section 

Structure type: Sectioned fault 

Structure number: Q56 b 
Comments: Fault 1 59 in Kirkham and Rogers ( 1 981 ) ;  fault 'G' in Knepper ( 1 974b);  fau lts 
1 48 ,  1 49 ,  1 5 1 and 357 in Witkind ( 1 976) ;  fault 2308b in the U .S .  Geolog ical Survey 
Quaternary fau lt and fold database. 

Structure name: Sawatch Fault 
Comments: The Sawatch Fault is comprised of a series of more than 1 6  general ly north
trending fau lts . The fau lts form the eastern margin of the Sawatch Range between Leadvi l le 
and Sal ida. Unti l  recently, the south section of the fau lt was known as the Sawatch Fault 
(e.g .  Witkind,  1 976 ; Kirkham and Rogers, 1 98 1 ) ,  and the faults comprising the north section 
of the fau lt were as yet unnammed . Ostenaa and others ( 1 981 ) described the Sawatch Fau lt 
as bounding the upper Arkansas Valley, wh ich they further subdivided into the north 
Arkansas Graben and the south Arkansas Graben. Unruh and others ( 1 992) used these 
physiographic d ivisions to define thei r northern and southern segments of the Sawatch Fault 
which they termed the Northern Sawatch Fault and the Southern Sawatch Fau lt. Although 
this fault has been described in the l iterature as segmented (Unruh and others, 1 992 ; Lettis 
and others, 1 996), stud ies are not extensive enough on each section of the fau lt to warrant 
designation as a segmented fau lt. The fault is therefore herein described as a sectioned 
fault. This description addresses only the southern section of the Sawatch Fault which 
extends from south of the Twin Lakes area to the South Arkansas River west of Salida. 

Synopsis : 

The Sawatch Fault is a range-front fau lt on the east side of the Sawatch Range between 
Leadvi l le and Sal ida. The fault is d ivided into two sections, a northern section and a southern 
section . This description addresses on ly the southern section of the Sawatch Fau lt, which 
extends from south of the Twin Lakes area to the South Arkansas River west of Sal ida. The 
youngest and g reatest amount of movement on the fault is on the southern section. Scarps 
up to 1 0 m h igh  are present in Bul l  Lake deposits, and scarps average about 2 m high in 
Pinedale deposits. Trenching investigations at Cottonwood Creek and south of Chalk Creek 
indicated six su rface ruptures since about 1 50 ka suggesting a recurrence interval of 1 0  to 40 
ka; the most recent faulting event occurred less than 4 ka (Ostenaa and others,  1 98 1 ) .  

Date of compilation: 1 2/31 /97 

Compiler and affil iation :  Beth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County: Chaffee 

10 x 20 Sheet: Montrose 

Province: Southern Rocky Mountains 

Township and Range: T1 1 S, R80W- T49N, R79W 

Strike: N3W 

Number of traces: 1 2  

End to end length : 41 .07 km 

Cumulative length : 29.49 km 
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Geologic setting:  

The Sawatch Fault is a high-angle, down-to-the-east normal fau lt. The southern section of 
the Sawatch Fault extends from the area south of Twin Lakes to the South Arkansas River 
west of Salida and bounds the west side of the south Arkansas Graben (Ostenaa and others, 
1 98 1 ) .  En echelon scarps show a left-lateral component of sl ip (Kirkham and Rogers ,  1 981 ) .  

Number of sections: 2 
Ostenna and others ( 1 981 ) described the Sawatch fault as bounding two coeval g rabens 
which they referred to as the north Arkansas Graben and the south Arkansas Graben .  
Unruh and others ( 1 992) used these physiographic d ivisions to define their north and south 
segments of the Sawatch fault. As d iscussed previously, fault segments described by Unruh 
and others ( 1 992), and Lettis and others ( 1 996) are herein refered to as sections. 

Structure number: Q56 b 

Section name: Southern Section 
Unruh  and others ( 1 992) used the term Southern Sawatch fau lt to describe that part of the 
Sawatch fault that extends south from the Twin Lakes area. Herein  this section of the fault is 
s imply referred to as the southern section.  

Reliabil ity of location : Good 
Comments: The southern section of the Sawatch Fault was mapped by Limbach ( 1 975) at a 
scale of 1 :24 ,000, by Scott ( 1 975b) ,  and Scott and others ( 1 975) at 1 :62 , 500, by Arestad 
( 1 977) at 1 : 1 87 ,500, by Colman and others ( 1 985) at 1 : 1 25 ,000, and by Tweto and others 
( 1 976) at 1 :250,000. The trace used herein is from Colman and others ( 1 985). 

Sense of movement: N 
Comments :  Limbach ( 1 975) and Witkind ( 1 976) indicated normal movement on this fault 
system. 

Dip: 700E 
Comments: Witkind ( 1 976) reported a NE dip for fau lts on the east flank of the Collegiate 
Peaks. A cross section by Limbach ( 1 975) showed a d ip  of about 700E just north of 
Cottonwood Creek. 

Dip direction :  E 

Geomorphic expression: 

Numerous scarps are present on the southern section of the Sawatch Fau lt. Scarps are 8 to 
1 0 m h igh in Bu l l  Lake deposits and about 2 m high in Pinedale deposits (Ostenaa and 
others,  1 98 1 ) .  The scarps form an en echelon series of left-stepping fau lts (Kirkham and 
Rogers ,  1 98 1 ) .  

Age of  fau lted deposits : 

Scarps up  to 1 0 m high cut Bul l  Lake deposits and scarps in Pinedale deposits average 
about 2 m high (Ostenaa and others,  1 981 ) .  Offset of Quaternary deposits was also shown 
by Scott ( 1 975b) ,  Scott and others ( 1 975), and Tweto and others ( 1 976) .  Limbach ( 1 975) 
reported 3 ,000 m of Neogene d isplacement across this section of the Sawatch Fau lt. 

Detai led stUd ies: 

Ostenaa and others ( 1 980; 1 981 ) excavated five trenches across scarps in the southern 
section of the Sawatch Fault. Trench investigations were not d iscussed individual ly by 
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Ostenaa and others ( 1 98 1 ) ,  rather, summaries of their find ings were presented . The exact 
location of the trenches was not ind icated, therefore, the trench sites are not shown on the 
accompanying map for this database. Trenches at the Cottonwood trench site near 
Cottonwood Creek and at the Eddy trench site south of Chalk Creek revealed at least six 
episodes of surface fau lting on the south section in the past 1 00 to 1 50 ka. Each event was 
inferred to have produced less than 0 .2 to 0 .3 m of surface disp lacement. The latest event 
on this section of the fault was carbon- 14  dated at less than 4 ka. A recurrence interval of 1 0  
to 40 ka was calcu lated based on the fau lt history revealed by the trenching investigations. 

Timing of most recent paleoevent: ( 1 )  Holocene and post g laCial « 1 5ka) 
Comments: Ostenaa and others ( 1 980) carbon-1 4 dated the most recent fau lting event at 
less than 4 ka. Scarps in Pinedale depOSits also suggest Holocene activity on the fault 
(Ostenaa and others, 1 981 ; Unruh and others, 1 992 ; Lettis and others,  1 996) . Howard and 
others ( 1 978) and Kirkham and Rogers ( 1 981 ) ind icated late Quaternary movement on this 
section of the fau lt, whi le Colman ( 1 985) ind icated Holocene movement. 

Recurrence interval :  1 0-40ka 
Comments: Ostenaa and others ( 1 981 ) calcu lated a recurrence interval of 1 0  to 40 ka based 
on trenching i nvestigations which revealed six surface ruptures since about 1 50 ka . 

Slip rate: unknown ; (D) <0.2 mmlyr 
Comments: Maximum sl ip has been concentrated along the southern section of the fault 
(Ostenaa and others, 1 98 1 ) .  Based on 2 m of offset in  1 0  to 40 ka Pinedale deposits on the 
southern section ,  a slip rate of 0 .05 to 0.2 mmlyr can be calcu lated for this section . 

Earthquake notes : 

A moment magn itude (Mw) 6 3/4 maximum cred ible earthquake was assigned to the 
southern section of the Sawatch Fault (Lettis and others, 1 996). Ostenaa and others ( 1 981 ) 
reported this section of the fau lt is capable of an earthquake with a local magn itude of 6 .25 
to 7 .25 based on a maximum probable rupture length of 29 km. 
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Q69a-d - Northern Sangre de Cristo Fault: Overview 

Structure type: Sectioned fault 

Structure number: Q69 a-d 
Comments: Faults 1 1 3 , 1 1 5 , and 1 1 6 in Kirkham and Rogers ( 1 98 1 ) ; fau lt 1 3 1 in Witkind 
( 1 976) ;  fau lt 3 of Colman ( 1 985); fau lts 232 1 a-d in the U .S .  Geolog ical Survey Quaternary 
fault and fold database. 

Structure name: Northern Sangre de Cristo Fault 
Comments: The Sangre de Cristo Fault zone borders the east side of San Luis basin from 
near Poncha Pass, Colorado, to near Taos, New Mexico. This fau lt zone has been 
subd ivided into two d iscrete faults for this compilation ;  the Northern Sangre de Cristo Fault 
and the Southern Sangre de Cristo Fau lt. Most of the Southern Sangre de Cristo Fau lt l ies 
with in New Mexico. The Northern Sangre de Cristo Fault is further subd ivided into fou r  
sections: the Crestone section; the Zapata section ;  the Blanca section;  and  the San Luis 
section . 

Synopsis : 

The Northern Sangre de Cristo Fau lt is a west-d ipping normal fau lt that is the structural 
boundary between the Sangre de Cristo Range / Cu lebra Range on the east and the San 
Luis basin on the west. The fau lt is d ivided into four sections for this compilation based on 
mountain-front geometry and fau lt-scarp morphology. All four sections show evidence of 
multiple late Quaternary movements, including ruptures during the Holocene. Scarp profi les 
are avai lable for all of the sections. The Crestone and Zapata sections have been trenched . 

Date of compilation : 6/22/98 

Compiler and affil iation :  Robert M .  Kirkham, Colorado Geological Survey 

State: Colorado 

County: Saguache, Costi l la ,  Alamosa 

10 x 20 Sheet: Trin idad, Pueblo 

Province :  Southern Rocky Mountains 

Township and Range: Costi l la County 

Strike: N 1 9W 

Number of traces: -6 

End to end length : 1 63 .58 km 

Cumulative length : 203 .36 km 

Geologic setting:  

The Northern Sangre de Cristo Fault is a major down-to-west normal fault with in the Rio 
Grande Rift. I t  forms the eastern boundary of the east-ti lted half-graben of San Luis basin .  
The deepest part of San Luis basin l ies adjacent to the Northern Sangre de Cristo Fault 
(Gaca and Karig , 1 965) .  Estimates of the maximum th ickness of synorogenic basin fi l l  i n  that 
part of San Luis basin have widely ranged . Gaca and Karig ( 1 965) suggested a maximum 
thickness of about 9 .7  km; Huntley ( 1 976a ; 1 976b) reported it at about 5 km; Stoughton 
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( 1 977) at 6 ,000 m; and Kluth and Schaftenaar (1 994) at 6 .4 km. Estimates of the amount of 
vertical d isplacement on the Northern Sangre de Cristo Fault also vary widely . Recently 
Kluth and Schaftenaar ( 1 994) suggested the Northern Sangre de Cristo Fault has 
approximately 9.2 km of vertical separation . 

Number of sections: 4 
McCalpin ( 1 982) defined three segments for part of the Northern Sangre de Cristo Fault from 
Poncha Pass to the south side of the Blanca Peak Massif. These three segments are herein 
called sections. A fourth section extends generally southward from the south side of the 
Blanca Peak Massif to Jarosa Creek near the Colorado - New Mexico state l ine. Jack 
Benjamin and Associates and Geomatrix Consu ltants ( 1 996) suggested the Crestone section 
used herein should be sub-segmented into a 38-km-long segment north of the Major Creek I 
Kerber Creek thrust fau lt zone, and a 52-km-long segment south of it, but this additional sub
segmenting,  although perhaps val id ,  has not been used in th is compi lation .  

Structure number: Q69 a-d 

Section name: Overview 
The Northern Sangre de Cristo Fault is subdivided into four sections . .  They include from 
north to south : the Crestone section ;  the Zapata section ;  the Blanca section;  and the San 
Luis section. 

Reliabil ity of location :  Good 
Comments: Portions of the Northern Sangre de Cristo Fault were mapped by Wychgram 
( 1 972; scale 1 :24 ,000), Tweto and others ( 1 976; scale 1 :250, 000), Witkind ( 1 976; scale 
1 : 500,000), Scott and others ( 1 978; scale 1 :250,000), Kirkham and Rogers ( 1 981 ; scale 
1 : 500,000) ,  McCalpin ( 1 982; scale 1 : 50,000), Colman and others ( 1 985; scale 1 : 1 25,000) 
and Wal lace ( 1 997a; scale 1 :24,000) . Fault traces are primari ly from McCalpin ( 1 982) and 
Colman and others ( 1 985). 

Sense of movement: N 
Comments: All four  sections show normal movement. 

Dip:  600W 
Comments: A dip of 60° is reported for the Crestone and Zapata sections (Kluth and 
Schaftenaar, 1 994) . Fault dip on the Blanca and San Luis sections is not reported in  the 
l iterature. Morel and Watkins ( 1 997) described evidence that the Crestone section is a low
angle detachment fault that flattens to subhorizontal in Precambrian rocks. 

Dip direction : W 

Geomorphic expression : 

The Northern Sangre de Cristo Fault is defined by several d iscontinuous scarps on al l  four  
sections of  the fault. 

Age of fau lted deposits: 

Trenching investigations and carbon- 14  dating by McCalpin ( 1 981  a; 1 982) indicated offset of 
Holocene fan al luvium along the Crestone section .  Simi lar age deposits are offset by 2 m 
across the Zapata section ,  and deposits ranging in age from mid-late Pinedale to Bu l l  Lake 
are d isplaced by the Blanca section (McCalpin ,  1 98 1 a; 1 982). Pre-Bul l  Lake to Holocene 
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deposits are offset by the San Luis section (Kirkham and Rogers, 1 98 1 ; Colman and others, 
1 985; Wal lace, 1 997a) .  

Detai led stud ies : 

Trench ing investigations were conducted on the Crestone and Zapata sections of the 
Northern Sangre de Cristo Fau lt. See data sheets Q69a and Q69b for more detai ls .  Scarp 
profi les were measured at all four  sections by McCalpin ( 1 98 1 a; 1 982) and Colman and 
others ( 1 985). 

Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5ka) 
Comments: All four  sections of the Northern Sangre de Cristo Fault show evidence of 
Holocene movement. Age of movement is wel l  constrained by trenching investigations, 
carbon- 1 4  dating ,  and scarp profi l ing conducted by McCalpin ( 1 98 1 a ; 1 982) .  

Recurrence interval:  

Comments: See data presented for each section .  

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: McCalpin ( 1 98 1 a; 1 982) calcu lated an average sl ip rate of 44 mm in  1 ka (0. 044 
mm/yr) for the Wi l low Creek area of the Crestone section . Based on this calcu lation and 
geolog ic information for the other sections, a sl ip rate of <0.2 mm/yr is estimated for each of 
the sections of the Northern Sangre de Cristo Fau lt. 

Earthquake notes : 

References Cited : 

Brister, B .S . , and Gries, R R ,  1 994, Tertiary stratigraphy and tectonic development of the 
Alamosa Basin (northern San Luis Basin) ,  Rio Grande Rift, south-central Colorado,  ' in' Kel ler, 
G .R . , and Cather, S .M . ,  eds. , Basins of the Rio Grande Rift: Structure, stratig raphy and 
tectonic setting :  Geolog ical Society of America Special Publ ication 291 , p .  39-58. 

Burroughs, R L. ,  1 98 1 , A summary of the geology of the San Luis Basin ,  Colorado-New 
Mexico, with emphasis on the geothermal potential for the Monte Vista Graben:  Colorado 
Geological Survey Special Publ ication 1 7 , 30 p.  

Colman ,  S .M . ,  1 985, Map showing tectonic features of late Cenozoic orig in  in Colorado: U .S .  
Geolog ical  Survey M iscel laneous Geologic I nvestigations Map 1-1 566. 

Colman , S . M . ,  McCalpin ,  James, Ostenaa, D.A. , and Kirkham, R M . ,  1 985,  Map showing 
upper Cenozoic rocks and deposits and Quaternary fau lts , Rio Grande Rift, south-central 
Colorado: U .S .  Geolog ical Survey Miscellaneous Geologic I nvestigations Map 1 - 1 594 . 

Gaca, J . R ,  and Karig ,  D .E . ,  1 965, Gravity survey in the San Luis Val ley area, Colorado:  
U .S .  Geological Survey Open-fi le Report. 

Huntley , David , 1 976a, Groundwater recharge to the aqu ifers of the northern San Luis Val ley ,  
Colorado: Golden , Colorado, Colorado School of  Mines, Ph .D .  d issertation T-1 864 , 298  p .  

26 1 



262 Q69a-d - Northern Sangre de Cristo Fault: Overview 

Huntley, David, 1 976b, Ground water recharge to aquifers of northern San Luis Valley, 
Colorado--a remote sensing investigation: Colorado School of M ines Remote Sensing 
Report, v .  76-3 , 247 p. 

Jack Benjamin and Associates and Geomatrix Consu ltants, 1 996, Probabi l istic seismic 
hazard assessment for the U .S .  Army chemical disposal faci l ity ,  Pueblo Depot Activity ,  
Colorado:  unpublished report prepared by Jack R Benjamin and Associates, I nc. and 
Geomatrix Consultants ,  for Science Appl ications I nternational Corporation ,  Maryland, J BA 
1 48-1 30-PU-002. 

Kirkham, R M . ,  and Rogers, W. P . ,  1 98 1 , Earthquake potential in  Colorado:  Colorado 
Geological Survey Bul letin 43, 1 7 1 p.  

Kluth , C .F . ,  and Schaftenaar, C .H . ,  1 994, Depth and geometry of the northern Rio Grande 
Rift in  the San Luis Basin ,  south-central  Colorado, ' in '  Kel ler, G. R , and Cather, S . M . ,  eds. , 
Basins of the Rio Grande Rift - Structure ,  stratigraphy and tectonic setting :  Geological 
Society of America Special Paper 291 , p .  27-37. 

McCalp in ,  James, 1 98 1 a, Quaternary geology and neotecton ics of the west flank of the 
northern Sangre de Cristo Mountains, south-central Colorado: Golden, Colorado, Colorado 
School of Mines, Ph. D. d issertation . 

McCalpin , J . P . ,  1 982 , Quaternary geology and neotecton ics of the west flank of the northern 
Sangre de Cristo Mountains, south-central Colorado: Colorado School of Mines Quarterly , v .  
77, no.  3 ,  97 p .  

Morel ,  J . ,  and Watkins, T. , 1 997, More data point to  potential in S. Colorado sub-basin :  O i l  
and Gas Journal ,  v .  95 ,  no .  35 ,  p. 78-80. 

Scott, G . R ,  1 970, Quaternary fau lting and potential earthquakes in east-central Colorado,  ' in '  
Geological Survey research 1 970, chapter C: U.S.  Geolog ical Survey Professional Paper 
700-C, p .  C 1 1 -C1 8 .  

Scott, G . R ,  Taylor, R B . ,  Epis, RC. ,  and Wobus, RA,  1 978, Geolog ic map of  the Pueblo 1 °  
x 2° quadrang le, south-central Colorado: U .S .  Geological Survey Miscel laneous Geologic 
I nvestigations Map 1-1 022. 

Stoughton ,  Dean,  1 977, Interpretation of seismic reflection data from the San Luis Valley, 
south-central Colorado:  Golden ,  Colorado, Colorado School of Mines, M .S .  Thesis T-1 960, 
1 00 p .  

Tweto, Ogden,  1 979a, The Rio Grande Rift system in Colorado, ' in '  Riecker, R E. ,  ed . ,  Rio 
Grande Rift: Tectonics and magmatism: American Geophysical Un ion,  Washington ,  D .C . ,  p .  
33-56. 

Tweto, Ogden, Steven , TA , Hai l ,  W.J . ,  Jr. ,  and Moench , R H . ,  1 976, Prel iminary geologic 
map of the Montrose 1 ° x 2° quadrangle, southwestern Colorado: U .S. Geolog ical Survey 
Miscel laneous F ield Stud ies Map MF-761 . 

Wal lace,  A. R ,  1 997a, Geologic map of the Fort Garland quadrang le, Costi l la County ,  
Colorado: U .S .  Geolog ical Survey Miscel laneous Field Stud ies Map MF-231 2-E. 



Q69a-d - Northern Sangre de Cristo Fault: Overview 

Witkind ,  I .J . ,  1 976, Prel iminary map showing known and suspected active fau lts in Colorado: 
U .S .  Geological Survey Open-fi le Report 76-1 54.  

Wychgram, D .C . ,  1 972 , Geolog ic remote sensing study of the Hayden Pass-Orient mine 
area, northern Sangre de Cristo Mountains, Colorado: Colorado School of Mines Remote 
Sensing Report, v. 72-3 . 

263 



264 Q69a - Northern Sangre de Cristo Fault: C restone Section 

Structure type: Sectioned fau lt 

Structure number: Q69 a 
Comments: Fault 1 1 6 in Kirkham and Rogers ( 1 98 1 ) ;  fault 1 3 1 in Witkind ( 1 976); fault 3 of 
Colman ( 1 985) ; fau lt 232 1 a  in the u .S .  Geolog ical Survey Quaternary fau lt and fold database. 

Structure name: Northern Sangre de Cristo Fault 
Comments: The Sangre de Cristo Fault zone borders the east side of San Luis basin from 
near Poncha Pass, Colorado ,  to near Taos, New Mexico. This fau lt zone has been 
subdivided into two d iscrete faults for th is compilation; the Northern Sangre de Cristo Fault 
and the Southern Sangre de Cristo Fault. Most of the Southern Sangre de Cristo Fault l ies 
with in  New Mexico. The Northern Sangre de Cristo Fault is further subd ivided into fou r  
sections: the Crestone section; the Zapata section;  the B lanca section;  and  the San Luis 
section. This description focuses on the Crestone section , which extends from near Poncha 
Pass on the north to the Great Sand Dunes National Monument on the south . 

Synopsis: 

The Northern Sangre de Cristo Fault is a west-d ipping normal fau lt that is the structural  
boundary between the Sangre de Cristo Range I Culebra Range on the east, and the San 
Luis Basin on the west. The Crestone section of the fau lt is marked by several 
d iscontinuous, prominent, west-facing scarps and striking triangular faceted spurs on the 
mountain front. Holocene fan al luvi um are the youngest deposits offset by the fau lt. 
McCalpin ( 1 98 1 a; 1 982) and Colman and others (1 985) profi led several scarps on this 
section ,  and th ree trenches were excavated by McCalpin ( 1 98 1 a; 1 982) .  

Date of compilation: 6/22/98 

Compiler and affiliation: Robert M .  Kirkham, Colorado Geolog ical Survey 

State: Colorado 

County: Saguache 

10 x 20 Sheet: Pueblo, Trin idad 

Province :  Southern Rocky Mountains 

Township and Range: Costi l la County 

Strike: N30W 

Number of traces: -2 

End to end length : 79.01  km 

Cumulative length : 78 .75 km 

Geologic setting:  

The Northern Sangre de Cristo Fault is a major down-to-west normal fault with in the Rio 
Grande Rift. I t  forms the eastern boundary of the east-ti lted half-graben of San Lu is  basin .  
The deepest part of San Luis basin l ies adjacent to the Northern Sangre de Cristo Fault 
(Gaca and Karig ,  1 965) .  Estimates of the maximum th ickness of synorogenic basin fi l l  i n  that 
part of San Luis basin have widely ranged . Gaca and Karig ( 1 965) suggested a maximum 
thickness of about 9 .7  km; Huntley ( 1 976a; 1 976b) reported it at about 5 km; Stoughton 
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( 1 977) at  6 ,000 m; and Kluth and Schaftenaar ( 1 994) at  6 .4 km.  Estimates of the amount of 
vertical displacement on the Northern Sangre de Cristo Fault also vary widely. Recently 
Kluth and Schaftenaar ( 1 994) suggested the Northern Sangre de Cristo Fau lt has 
approximately 9.2 km of vertical separation . 

Number of sections: 4 
McCalpin ( 1 98 1 a; 1 982) defined three segments for part of the Northern Sangre de Cristo 
Fault from near Poncha Pass to the south side of the Blanca Peak Massif. These th ree 
segments are herein cal led sections. A fourth section extends general ly southward from the 
south side of the Blanca Peak Massif to Jarosa Creek near the Colorado - New Mexico state 
l ine.  Jack Benjamin and Associates and Geomatrix Consu ltants ( 1 996) suggested the 
Crestone section used herein should be sub-segmented into a 38-km-long segment north of 
the Major Creek / Kerber Creek thrust fault zone, and a 52-km-long segment south of it, but 
this additional sub-segmenting,  although perhaps val id , has not been used in th is compi lation .  

Structure number: Q69 a 

Section name: Crestone Section 
The Crestone section of the Northern Sangre de Cristo Fault corresponds to segment 'A' of 
McCalp in ( 1 982) .  The name "Crestone section" is first used in this compi lation.  This section 
was recogn ized as a young fault by Scott ( 1 970) and has been studied by several 
investigations, including Wychgram ( 1 972), Huntley ( 1 976a; 1 976b),  Kirkham and Rogers 
( 1 981 ) ,  McCalpin ( 1 98 1 a; 1 982), and Colman and others ( 1 985) . 

Reliabil ity of location :  Good 
Comments: Al l or parts of this section were mapped by Wychgram ( 1 972; scale 1 :24,000), 
McCalp in ( 1 982; scale 1 :50 ,000) , Colman and others ( 1 985; scale 1 : 1 25 ,000) , Tweto and 
others ( 1 976; scale 1 :250,000), Scott and others ( 1 978; scale 1 :250,000), Witkind ( 1 976; 
scale 1 :500, 000) , Kirkham and Rogers ( 1 98 1 ; scale 1 :500,000) , and Colman ( 1 985; scale 
1 :  1 , OOO,OOO) .  The trace used for th is compi lation is from Colman and others ( 1 985) . 

Sense of movement: N 
Comments: 

Dip: 600W 
Comments: The dip of the Crestone section of the Northern Sangre de Cristo Fault is 
debatable. Scott ( 1 970) suggested it is near vertical .  Tweto ( 1 979a) , Burroughs ( 1 98 1 ) ,  and 
Brister and Gries (1 994) described it as a high-angle fau lt, a value supported by trench 
exposures mapped by McCalpin ( 1 98 1 a; 1 982) .  Based on seismic reflection and gravity 
data, Kluth and Schaftenaar ( 1 994) concluded the fault d ip  is about 60°, the value used 
herein .  Morel and Watkins ( 1 997), using seismic reflection and drill hole data, reported it is a 
low-angle detachment fau lt that flattens to subhorizontal in Precambrian rocks . 

Dip direction: W 

Geomorphic expression : 

A series of d iscontinuous, prominent, west-facing scarps are developed in late Quaternary 
deposits along the Crestone section of this fault. The mountain front is marked by striking 
triangu lar faceted spurs (Ki rkham and Rogers, 1 981 ; McCalpin , 1 982). 

Age of fau lted deposits:  

Scarps associated with the Crestone section cut pre-Bul l  Lake, Bu l l  Lake, Pinedale, and 
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Holocene fan al luvium in  several areas along the fau lt (Kirkham and Rogers, 1 98 1 ; McCalp in ,  
1 98 1 a; 1 982) .  

Detai led stud ies :  

McCalpin ( 1 98 1 a; 1 982) and  Colman and  others ( 1 985) profi led several scarps on the 
Crestone section .  Three trenches were also excavated across th is section by McCalpin 
( 1 98 1 ; 1 982) and are herein  labeled trenches Q69a-1 to Q69a-3. Trench Q69a-1 was 
excavated at M�jor Creek, and trenches Q69a-2 and Q69a-3 were excavated at Wi l low 
Creek. 

Q69a-1 : This trench crossed the fau lt at Major Creek and d isplayed evidence of two fault 
movements that were constrained in t ime by two carbon-1 4-dates. 

Q69a-2 : This trench was excavated in Holocene fan alluvium near Wi l low Creek and 
contained evidence of one fau lt rupture with 2.3 m of displacement. 

Q69a-3: This trench was excavated in  Bu l l  Lake al luvium near Wil low Creek and exposed 
evidence of perhaps three rupture events. 

Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5ka) 
Comments :  Trench Q69a-1 at Major Creek (McCalpin ,  1 98 1 a; 1 982) indicated the latest 
rupture occurred shortly before 7 .66 ± 0 . 1 2  ka and that a second movement occurred before 
1 0. 1  ± 0. 1 1  ka. 

Recurrence interval:  5 .0-1 1 .7 ka 
Comments :  McCalpin ( 1 98 1 a; 1 982) suggested the part of the Crestone section south of the 
Major Creek / Kerber Creek fault zone has a recurrence interval of 5.0 to 1 1 . 7 ka during post
early P inedale time, whereas the part north of this fau lt zone has a slower upl ift rate and 
longer recurrence interval .  He reported that the recurrence interval appears to be longer 
during P inedale to Bull Lake time and during pre-Bul l  Lake time. 

Slip rate: (D) <0.2 mm/yr 
Comments :  McCalpin ( 1 981 a ;  1 982) reported an average s l ip rate of 44 mm in 1 ka (0.044 
mm/yr) for the Wi l low Creek area. 

Earthquake notes: 
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Q69b - Northern Sangre de C risto Fault: Zapata Section 

Structure type: Sectioned fau lt 

Structure number: Q69 b 
Comments: Fault 1 1 6 in Kirkham and Rogers ( 1 981 ) ;  fault 1 3 1 in Witkind ( 1 976); fault 3 of 
Colman ( 1 985) ; fau lt 232 1 b in the U .S .  Geological Survey Quaternary fault and fold database. 

Structure name: Northern Sangre de Cristo Fault 
Comments: The Sangre de Cristo Fault zone borders the east side of San Luis basin from 
near Poncha Pass, Colorado,  to near Taos, New Mexico. This fau lt zone has been 
subdivided into two d iscrete fau lts for this compilation;  the Northern Sangre de Cristo Fault 
and the Southern Sangre de Cristo Fau lt. Most of the Southern Sangre de Cristo Fault l ies 
with in  New Mexico. The Northern Sangre de Cristo Fault is further subd ivided into fou r  
sections: the Crestone section ;  the Zapata section ;  the Blanca section; and the San Luis 
section.  This description focuses on the Zapata section, wh ich extends from the Great Sand 
Dunes National Monument on the north to Hobrook Creek on the south . 

Synopsis: 

The Northern Sangre de Cristo Fault is a west-d ipping normal fau lt that is the structural 
boundary between the Sangre de Cristo Range 1 Culebra Range on the east, and the San 
Luis Basin on the west. The Zapata section of the fault is marked by several d iscontinuous 
scarps. Pinedale and Holocene deposits are offset by the fau lt. McCalpin ( 1 982) and 
Colman and others ( 1 985) profi led several scarps on this section ,  and one trench was 
excavated across the fault by McCalpin ( 1 98 1 a; 1 982) .  

Date of compilation: 6/22/98 

Compiler and affil iation: Robert M .  Kirkham, Colorado Geolog ical Survey 

State: Colorado 

County: Alamosa, Saguache 

1° x 2° Sheet: Trin idad 

Province: Southern Rocky Mountains 

Township and Range: Costi l la County 

Strike: N3E 

Number of  traces: 1 8  

End to end length : 

Cumulative length : 

Geolog ic setting:  

25.81  km 

29.90 km 

The Northern Sangre de Cristo Fault is a major down-to-west normal fau lt with in the Rio 
Grande Rift. I t  forms the eastern boundary of the east-ti lted half-graben of San Luis basin .  
The deepest part of San Luis basin l ies adjacent to the Northern Sangre de  Cristo Fau lt 
(Gaca and Karig , 1 965). Estimates of the maximum th ickness of synorogenic basin fi l l  in  that 
part of San Luis basin have widely ranged. Gaca and Karig ( 1 965) suggested a maxium 
thickness of about 9 .7  km; Huntley ( 1 976a; 1 976b) reported it at about 5 km; Stoughton 
( 1 977) at 6 ,000 m;  and Kluth and Schaftenaar ( 1 994) at 6.4 km. Estimates of the amount of 
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vertical d isplacement on the Northern Sangre de Cristo Fault also vary widely . Recently 
Kluth and Schaftenaar ( 1 994) suggested the Northern Sangre de Cristo Fault has 
approximately 9 .2 km of vertical separation . 

Number of sections: 4 
McCalpin ( 1 981 a; 1 982) defined three segments for part of the Northern Sangre de Cristo 
Fau lt from near Poncha Pass to the south side of the Blanca Peak Massif. These three 
segments are herein called sections. A fourth section extends general ly southward from the 
south side of the Blanca Peak Massif to Jarosa Creek near the Colorado - New Mexico state 
l ine.  

Structure number: 069 b 

Section name: Zapata Section 
The Zapata section was named during this compi lation.  I t  corresponds to segment 'B' of 
McCalpin ( 1 982) . 

Reliabil ity of location :  Good 
Comments: All or parts of this section were mapped by McCalpin ( 1 982 ; scale 1 : 50 , 000), 
Colman and others ( 1 985; scale 1 :  1 25 ,000), Witkind ( 1 976; scale 1 : 500,000), and Kirkham 
and Rogers ( 1 981 ; scale 1 :500,000) .  The trace used for this compilation is from Colman and 
others ( 1 985). 

Sense of movement: N 
Comments: 

Dip: 600W 
Comments: The dip of the Zapata section is poorly understood . Tweto ( 1 979a) , Burroughs 
( 1 98 1 ) ,  and Brister and Gries ( 1 994) described the fault as h igh ang le, an interpretation 
supported by the trench exposures mapped by McCalpin ( 1 981 a; 1 982) .  Using seismic 
reflection and gravity data, Kluth and Schaftenaar ( 1 994) concluded the fault dip is about 600 , 
the value used here in .  

Dip direction : W 

Geomorphic expression: 

The northern part of th is section of the fault is characterized by fairly prominent, 
d iscontinuous scarps, but they are less numerous south of North Zapata Creek (McCalp in ,  
1 982; Colman and others, 1 985). I n  the northern part, the scarps are general ly at or near the 
range front, but the most prominent scarp in the southern part l ies about 1 .2 km west of the 
range front ( 1 981 a; McCalp in ,  1 982) .  

Age of fau lted deposits : 

McCalpin ( 1 98 1 a ; 1 982) reported that Pinedale and Holocene deposits are fau lted along the 
Zapata section . 

Detai led stud ies : 

McCalp in ( 1 98 1 a ; 1 982) and Colman and others ( 1 985) profi led several scarps on the Zapata 
section .  One trench was also excavated across th is section by McCalpin ( 1 981 a; 1 982) and 
is herein labeled as trench 069b-1 . This trench was excavated at Uracca Creek. 
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Q69b�1 :  This trench was excavated across a Holocene scarp near Uracca Creek that is 
about 1 .2 km west of the range front. The fault exposed in  this trench moved about 2 .0  m 
during a sing le event between 8 .0  and 5 .64 ka (McCalp in ,  1 98 1 a; 1 982) ,  which is simi lar in 
t ime and perhaps contemperaneous with the last fau lt event at Major Creek on the Crestone 
section .  

Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5ka) 
Comments: Based on trench ing of a scarp on Uracca Creek about 1 .2 km west of the range 
front, McCalpin ( 1 98 1  a;  1 982) reported the last rupture on this section occurred between 8 .0  
and 5 .64 ± 0 . 1 ka. 

Recurrence interval :  8 .0  ka 
Comments: McCalpin ( 1 981 a; 1 982) suggested the post-Pinedale recurrence interval for this 
section is about 8.0 ka , but may be much longer (2 1 .5 to 47.5 ka) during pre-Bul l  Lake or 
P inedale to Bul l Lake time. 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: 

Earthquake notes : 
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Structure type: Sectioned fault 

Structure number: Q69 c 
Comments: Fault 1 1 6 in Kirkham and Rogers ( 1 98 1 ) ;  fault 1 3 1 in Witkind ( 1 976) ;  fault 3 of 
Colman ( 1 985) ; fault 232 1 c  in the U .S .  Geolog ical Survey Quaternary fau lt and fold database. 

Structure name: Northern Sangre de Cristo Fault 
Comments: The Sangre de Cristo Fault zone borders the east side of San Luis basin from 
near Poncha Pass, Colorado,  to near Taos, New Mexico . This fau lt zone has been 
subd ivided into two d iscrete faults for this compilation;  the Northern Sangre de Cristo Fault 
and the Southern Sangre de Cristo Fault. Most of the Southern Sang re de Cristo Fault l ies 
with in  New Mexico. The Northern Sangre de Cristo Fault is further subd ivided into four  
sections: the Crestone section; the Zapata section;  the Blanca section;  and the San Luis 
section . This description focuses on the Blanca section , wh ich extends from Hobrook Creek 
eastward around the south flank of the Blanca Peak massif. 

Synopsis: 

The Northern Sangre de Cristo Fault is a west-d ipping normal fau lt that is the structural 
boundary between the Sangre de Cristo Range / Culebra Range on the east, and the San 
Luis Basin on the west. The Blanca section of the fau lt is marked by a prominent graben with 
scarps up to 28 .3 m h igh .  Deposits ranging in age from mid-late Pinedale to Bul l  Lake are 
offset by this graben. McCalpin ( 1 98 1a ;  1 982) measured several scarp profi les on this 
section . 

Date of compilation:  6/22/98 

Compiler and affil iation : Robert M .  Kirkham, Colorado Geological Survey 

State: Colorado 

County:  Costi l la ,  Alamosa 

1° x 2° Sheet: Trin idad 

Province: Southern Rocky Mountains 

Township and Range: Costi l la County 

Strike: N58W 

Number of traces: 3 

End to end length : 

Cumulative length : 

Geologic setting:  

6 .72 km 

9 .09 km 

The Northern Sangre de Cristo Fault is a major down-to-west normal fault with in the Rio 
Grande Rift. I t  forms the eastern boundary of the east-ti lted half-graben of San Luis basin .  
The deepest part of  San Lu is  basin l ies adjacent to the Northern Sangre de Cristo Fau lt 
(Gaca and Karig , 1 965). Estimates of the maximum th ickness of synorogenic basin fi l l  in  that 
part of San Luis basin have widely ranged. Gaca and Karig ( 1 965) suggested a maxium 
th ickness of about 9 .7 km; Huntley ( 1 976a ; 1 976b) reported it at about 5 km; Stoughton 
( 1 977) at 6 ,000 m; and Kluth and Schaftenaar (1 994) at 6.4 km. Estimates of the amount of 
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vertical d isplacement on the Northern Sangre de Cristo Fault also vary widely . Recently 
Kluth and Schaftenaar ( 1 994) suggested the Northern Sangre de Cristo Fault has 
approximately 9 .2 km of vertical separation . 

Number of sections: 4 
McCalpin ( 1 98 1 a; 1 982) defined three segments for part of the Northern Sangre de Cristo 
Fault from near Poncha Pass to the south side of the Blanca Peak massif. These three 
segments are herein cal led sections. A fourth section extends general ly southward from the 
south side of the Blanca Peak massif to Jarosa Creek near the Colorado - New Mexico state 
l ine.  

Structure number: Q69 c 

Section name: Blanca Section 
The name of this section was assigned during th is compi lation .  The Blanca section coincides 
with segment 'C' of McCalpin ( 1 982). 

Reliabil ity of location : Good 
Comments: The fault was mapped by McCalpin ( 1 982 ; scale 1 :50, OOO), Colman and others 
( 1 985; scale 1 : 1 25, OOO) , and Kirkham and Rogers ( 1 98 1 ; scale 1 : 500,000) . The trace used 
for this compilation is from Colman and others ( 1 985). 

Sense of movement: N 
Comments: 

Dip:  

Comments: Th is  section of  the Northern Sangre de Cristo Fault d ips to the south , but  the 
amount of dip is unknown . 

Dip direction : S 

Geomorphic expression : 

A prominent 2 . 1 -km-long graben with scarps ranging from 3 .2 m to 28.3 m h igh cuts g lacial 
and al luviual deposits of five ages in the Blanca section (McCalpin ,  1 981 a; 1 982). The 
graben stays with in 200 m of the range front. The h igh ,  south-facing scarp exaggerates the 
net th row across the graben (McCalpin ,  1 98 1 a; 1 982). 

Age of fau lted deposits :  

Deposits ranging in age from middle to late Pinedale to  Bul l  Lake are d isplaced by the graben 
in  the Blanca section. 

Detai led stud ies : 

McCalpin ( 1 98 1 a; 1 982) measured several scarp profi les across the graben ,  but no trenching 
investigations were conducted on th is section .  

Timing of  most recent paleoevent: ( 1 ) Holocene and post g lacial « 1 5ka) 
Comments: McCalpin ( 1 98 1 a; 1 982) reported that middle to late Pinedale deposits are offset 
by the graben . This impl ies that the last movement was post-g lacia l .  

Recurrence interval :  25 .0  ka 
Comments: McCalpin ( 1 981 a; 1 982) reported the recurrence interval for this section is about 
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25 .0 ka, which is rough ly twice as long as the recurrence interval for the Crestone and 
Zapata sections. McCalpin suggested the recurrence interval during Pinedale to Bu l l  Lake 
and pre-Bul l  Lake times was sign ificantly larger (47 .5  ka and 46 .0  ka , respectively) . 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: 

Earthquake notes: 
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Structure type: Sectioned fau lt 

Structure number: Q69 d 
Comments: Fau lts 1 1 3  and 1 1 5 in Kirkham and Rogers ( 1 981 ) ;  fau lt 1 3 1 in Witkind ( 1 976) ;  
fau lt 3 of Colman ( 1 985) ; fault 232 1 d in the U.S.  Geological Survey Quaternary fault and fold 
database. 

Structure name: Northern Sangre de Cristo Fault 
Comments: The Sangre de Cristo Fault zone borders the east side of San Luis basin from 
near Poncha Pass, Colorado, to near Taos, New Mexico. This fau lt zone has been 
subdivided into two d iscrete fau lts for this compi lation ;  the Northern Sangre de Cristo Fault 
and the Southern Sangre de Cristo Fau lt. Most of the Southern Sangre de Cristo Fault l ies 
with in  New Mexico. The Northern Sangre de Cristo Fault is further subd ivided into fou r  
sections: the Crestone section ;  the Zapata section;  the Blanca section ; and  the San Luis 
section . This description focuses on the San Luis section , which extends from the Blanca 
Peak massif southward to Jaroso Creek near the state l ine.  This section also includes a 
northeast-trending fault mapped by Wal lace ( 1 997a) north of Fort Garland that l ies a short 
d istance east of the main fault trace . 

Synopsis: 

The Northern Sangre de Cristo Fau lt is a west-d ipping normal fau lt that is the structural 
boundary between the Sangre de Cristo Range / Culebra Range on the east, and the San 
Luis Basin on the west. The San Luis section of the fault is marked by a series of 
d iscontinuous scarps. Surficial deposits as young as Holocene are offset across this section 
of the fau lt. Kirkham and Rogers ( 1 98 1 )  reported a carbon-1 4 age of 4 .71 5 ± 0. 1 7  ka on 
charcoal collected from fau lted depOSits along Rito Seco. Colman and others ( 1 985) 
measured scarp profi les at three locations on this section .  

Date of compilation: 6/22/98 

Compiler and affil iation :  Robert M .  Kirkham, Colorado Geological Survey 

State: Colorado 

County: Costi l la 

1° x 2° Sheet: Trin idad 

Province: Southern Rocky Mountains 

Township and Range: Costi l la County 

Strike: N 1 2W 

Number of traces: 1 6  

End to end length : 59.08 km 

Cumulative length : 85.61 km 

Geologic setting:  

The Northern Sangre de Cristo Fault is a major down-to-west normal fau lt with in the R io 
Grande Rift. I t  forms the eastern boundary of  the east-ti lted half-graben of  San Lu is  basin .  
The deepest part of San Luis basin l ies adjacent to the Northern Sangre de Cristo Fault 
(Gaca and Karig , 1 965) .  Estimates of the maximum th ickness of synorogenic basin fi l l  i n  that 
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part of San Luis basin have widely ranged. Gaca and Karig ( 1 965) suggested a maxium 
th ickness of  about 9 .7  km;  Huntley ( 1 976a; 1 976b) reported it at  about 5 km;  Stoughton 
( 1 977) at 6 ,000 m; and Kluth and Schaftenaar ( 1 994) at 6.4 km. Estimates of the amount of 
vertical d isplacement on the Northern Sangre de Cristo Fault also vary widely . Recently 
Kluth and Schaftenaar ( 1 994) suggested the Northern Sangre de Cristo Fault has 
approximately 9.2 km of vertical separation . 

Number of sections : 4 
McCalpin ( 1 98 1  a; 1 982) defined three segments for part of the Northern Sangre de Cristo 
Fault from near Poncha Pass to the south side of the Blanca Peak Massif. These three 
segments are herein cal led sections. A fourth section extends general ly southward from the 
south side of the Blanca Peak Massif to Jarosa Creek near the Colorado - New Mexico state 
l ine.  

Structure number: Q69 d 

Section name: San Luis Section 
The name of the San Luis section was assigned during this compi lation . 

Reliabil ity of location :  Good 
Comments: The trace used for th is compilation is chiefly based upon Colman and others 
( 1 985; scale 1 :  1 25 ,000) except where recent, more detai led mapping by Wallace ( 1 997a; 
scale 1 :24, 000) is available . .  

Sense of movement: N 
Comments: 

Dip: 

Comments: This section of the Northern Sangre de Cristo Fault  d ips to the west, but the 
amount of dip is unknown. 

Dip direction :  W 

Geomorphic expression : 

The San Luis section of the Northern Sangre de Cristo Fault is characterized by a 
discontinous series of scarps in late Quaternary deposits (Kirkham and Rogers,  1 98 1 ; 
Colman and others, 1 985; Wallace, 1 997a). The section l ies wel l  to the west of the Cu lebra 
Range, wh ich lacks the triangular faceted spurs common to the Crestone and Zapata 
sections. The fault l ies at the western edge of low hi l ls which for the most part are underal in 
by the late Tertiary Santa Fe Formation and locally capped by P l iocene Sevi l leta basalt 
(Wallace, 1 997a). 

Age of fau lted deposits:  

Scarps with in the San Lu is section offset surfical deposits rang ing in age from pre-Bul l  Lake 
to Holocene in age (Kirkham and Rogers, 1 981 ; Colman and others,  1 985; Wal lace, 1 997a) .  

Detai led stud ies :  

A charcoal sample from a natural exposure of  fau lted deposits along Rito Seco yielded a 
carbon- 1 4  age of 4 .7 1 5  ± 0. 1 7  ka (Kirkham and Rogers,  1 98 1 ) .  Colman and others ( 1 985) 
measured scarp profi les at three locations, but no trench ing investigations were conducted 
on this section . 
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Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5ka) 
Comments: Kirkham and Rogers ( 1 98 1 ) reported a carbon- 14  age of 4 .7 1 5 ± 0. 1 7  ka on 
charcoal collected from a natural exposure of fan deposits a long Rito Seco that were offset 

. by the San Luis section of the Northern Sangre de Cristo Fault. 

Recurrence interval:  NO 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments :  

Earthquake notes : 
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Structure type: Sectioned fault 

Structure number: Q71 a 
Comments :  Fau lt 1 09 in Kirkham and Rogers ( 1 981 ) ;  fault 1 in Colman ( 1 985) ; fault 201 7a 
in Machette and others ( 1 998); fault 201 7a in the U .S .  Geological Survey Quaternary fault 
and fold database. 

Structure name: Southern Sangre de Cristo Fault 
Comments: The Southern Sangre de Cristo Fault consists of five sections. Four sections 
are in New Mexico and one, the San Pedro Mesa section, is in Colorado. The Southern 
Sangre de Cristo Fault borders the eastern margin of the San Luis basin .  I n  New Mexico the 
fault l ies at the west edge of the Sangre de Cristo Mountains, but where is crosses into 
Colorado, there is an embayment in the range front that causes it to deflect eastward . The 
Southern Sangre de Cristo Fault bounds the western edge of San Pedro Mesa in Colorado, . 
and other faults l ie at the western range front of the Sangre de Cristo Mountains in Colorado. 

Synopsis: 

The Southern Sangre de Cristo Fault is a west-d ipping fault that in New Mexico forms the 
border between the Sangre de Cristo Mountains and the San Luis bas in ,  and in Colorado 
forms the border between San Pedro Mesa to the east and San Luis Val ley to the west. The 
fau lt is d ivided into five sections, only one of which is in Colorado. In New Mexico the fault 
sections show evidence of mu ltiple late Quaternary movement, includ ing possible ruptures 
during the late to middle Holocene. The section of the Southern Sangre de Cristo Fault that 
extends into Colorado has been mapped at a scale of 1 : 1 25, 000 by Colman and others 
( 1 985) and i n  part at 1 : 50,000 by Thompson and Machette ( 1 989) but has not been 
evaluated in detai l .  

Date of compilation: 4/27/98 

Compiler and affil iation: Robert Kirkham, Colorado Geological Survey 

State: New Mexico, Colorado 

County: Taos, Costi l la 

1° x 2° Sheet: Raton ,  Trin idad 

Province: Southern Rocky Mountains 

Township  and Range: Costi l la County 

Strike: N 1 0W 

Number of traces: 3 

End to end length : 21 .26 km 

Cumulative length : 29.66 km 

Geologic setting:  

The Southern Sangre de Cristo Fault is part of a major rift-marg in  structure of Neogene age 
that borders the eastern margin of the Rio Grande Rift in  south-central Colorado and north
central New Mexico. The entire Sangre de Cristo Fault zone general ly forms the boundary 
between the San Luis basin ,  a narrow ( 1 0  to 25 km wide), east-ti lted, assymetrical half-
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graben on the west, and the Sangre de Cristo Mountains on the east. There is 7 to 8 km of 
structural rel ief on Precambrian basement rock across the Sangre de Cristo Fault zone 
(L ipman and Mehnert, 1 975; Keller and others, 1 984; Brister and Gries, 1 994) .  Wong and 
others ( 1 995) reported that a few well-located earthquakes appear to have occurred in the 
vicinity of the fau lt. 

Number of sections: 5 
Comments: The Southern Sangre de Cristo Fault is d ivided into 5 sections. The four  
sections in  New Mexico are better exposed and have been stud ied in more detai l  than the 
section in Colorado.  Menges ( 1 988; 1 990a; 1 990b) defined 4 geometric segments and 1 3  
subsegments along this fau lt in New Mexico on the basis of physiographic and geomorph ic 
expression of the fault zone and the morphology of the Sangre de Cristo range front in  New 
Mexico, but d id not investigate the part of this fau lt that is in Colorado. 

Structure number: Q71 a 

Section name: San Pedro Mesa Section 
Comments: The San Pedro Mesa section of the Southern Sangre de Cristo Fault is 
essentia l ly the same structure as fault 1 09 of Kirkham and Rogers ( 1 98 1 ) .  The fault begins 
at Costi l la Creek in  New Mexico, extends a long the west s ide of San Pedro Mesa, and 
terminates or is covered �y younger deposits a long Culebra Creek. 

Reliabil ity of location : Good 
Comments: The trace of this section of the fault is based on two sources. Most of the trace 
is from Colman and others ( 1 985) at a scale of 1 : 1 25,000. I n  this reach the fau lt is concealed 
by landsl ide deposits and is poorly located . The splays that extend to the northwest off the 
northern end of the fault were mapped by Thompson and Machette ( 1 989) at a scale of 
1 :50 ,000,  and are better located . The fault was also mapped at 1 :250,000 by Colton ( 1 976) , 
1 : 500, 000 by Kirkham and Rogers ( 1 98 1 ) ,  and 1 : 1 ,000,000 by Tweto ( 1 978). 

Sense of movement: N 
Comments: 

Dip: 600W 
Comments: Deep seismic-reflection data and two-d imensional model ing of g ravity data 
suggest that the Sangre de Cristo Fault d ips about 60° (Kluth and Schaftenaar, 1 994) .  
Tandon ( 1 992) concluded the fau lt d ips about 60°  to  a t  least 26  to 28  km depth , which i s  
probably below the brittle-ductile transition zone. Wong and  others ( 1 995) used a preferred 
value of 60° for the southern Sangre de Cristo Fault and assumed other possible d ips of 50° 
and 70° for the fault with in  the seismogenic crust. 

Dip direction : W 

Geomorphic expression : 

The San Pedro Mesa section is generally obscured by Quaternary landslide deposits along 
most of its length . The splays that extend to the northwest off the northern end of the fault 
are mapped by Thompson and Machette ( 1 989) and have subtle scarps associated with 
them. 

Age of fau lted deposits:  

Thompson and Machette ( 1 989) ind icated middle Pleistocene al luvium (un it Qa) is offset by 
this fault . 
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Detai led stud ies : 

No detai led stud ies have been cond ucted on th is section of the fault. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30ka) 
Comments: The exact t iming of the latest paleoevent is unknown . A late Quaternary age is 
postu lated for this fau lt because it offsets middle Pleistocene al luvium but apparently is 
general ly concealed by undifferentiated Quaternary landslide deposits (Thompson and 
Machette, 1 989).  Machette and others ( 1 998) indicate that other sections of the Southern 
Sangre de Cristo Fault which l ie in New Mexico have moved as recently as Holocene and 
post-g lacial « 1 5 ka) .  

Recurrence interval:  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Burroughs ( 1 978) reported that the Servi l leta Formation is offset 600 m by the 
fault near the Colorado - New Mexico l ine. Thompson and Machette ( 1 989) reported dates 
ranging from 3 .6  to 4 .5  Ma for the Servil leta basalts, suggesting a long-term sl ip rate for the 
fault of 0 . 1 3  to 0. 1 7  mm/yr. It is unknown whether the sl ip rate applies to any or al l  of the 
Quaternary. 

Earthquake notes: 
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SUSPECT QUATERNARY FAULTS 

A fault is described as a suspect feature when the literature is not conclusive or when it 
leaves doubt as to the structure's Quaternary activity. 
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Structure type: Suspect feature 

Structure number: Q74 

Q74 - Golden Fault 

Comments: This fault was previously mapped as a potentially active Quaternary fau lt (fault 
#1 66) by Kirkham and Rogers ( 1 98 1 ) ;  fau lt 2324 in the U .S .  Geolog ical Survey Quaternary 
fault and fold database. 

Structure name: Golden Fault 
Comments: The Golden Fault is one of the structures that bounds the eastern side of the 
Front Range near the town of Golden,  Colorado. 

Synopsis: 

The Golden fault is a major Laramide thrust fault along the eastern marg in  of the Front Range 
near Golden that may have been reactivated during the Neogene. Kirkham and Rogers. 
( 1 98 1 ) inferred the Golden Fault was a Quaternary structure based on its possible relationship 
to the graben near Golden described by Scott ( 1 970) and Kirkham ( 1 977a) .  A detai led study 
of the Golden Fault by Dames & Moore ( 1 98 1 ) concluded the Golden Fault was not a capable 
fau lt. Technical review of the Dames & Moore ( 1 98 1 ) report by the Colorado Geological 
Survey (Rogers, 1 98 1 ) and U .S . Geological Survey (Colman and others, 1 98 1 ) questioned the 
Dames & Moore ( 1 98 1 ) conclusions regarding possibi l ity of Quaternary movement on the 
Golden Fault. Because of these remaining doubts the Golden Fau lt is herein considered a 
suspected Quaternary fau lt, although definitive evidence of Quaternary movement is lacking.  

Date of compilation :  4/22/98 

Compiler and affiliation :  Wil l iam P.  Rogers, Colorado Geological Survey 
Robert M. Kirkham, Colorado Geolog ical Survey 
Beth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County: Jefferson 

10 x 20 Sheet: Denver 

Province: Great Plains 

Township and Range: 

Strike: N23W 

Number of traces : 4 

TSS, R69W- T2S, R70W 

End to end length : 30.74 km 

Cumulative length : 39. 1 S km 

Rel iabil ity of location :  Good 
Comments: The Golden Fault was mapped at a scale of 1 :24, 000 (VanHorn ,  1 972; 1 976) , 
1 : 1 00 ,000 by Trimble and Machette ( 1 979), and 1 :2S0, OOO by Bryant and others ( 1 98 1 ) .  The 
trace used herein is from Trimble and Machette ( 1 979). 

Geolog ic setting :  

The Front Range is  defined by  a SOO- to 1 , OOO-m-high ,  east-facing escarpment that i s  both 
a tectonic and erosional feature. Estimations of Neogene offset across the Front Range are 
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as l ittle as 30 m and as much as 2 ,200 m. Scott ( 1 970), Epis and Chapin ( 1 975), and Trimble 
( 1 980) suggested much of the topographic rel ief across the escarpment is related to Neogene 
fau lt activity .  Jacob and Albertus ( 1 985), Leonard and Langford ( 1 994) , and Steven and 
others ( 1 997) indicated that Neogene fault activity only acounts for a minor amount of 
topographic rel ief across the escarpment. Steven and others ( 1 997) noted anomal ies in 
paleo- and modern, range-front stream flow d i rections which they interpretted to indicate ti lt ing 
of the Front Range off the northeast flank of the Rio Grande Rift during the Miocene, and 
regional up l ift during the early Pl iocene and possibly early Quaternary. Jacob and Albertus 
( 1 985) and Chapin and Kel ley ( 1 997) argued that the Front Range escarpment is primari ly a 
product of d ifferential erosion. 

The Golden Fault is a major, down-to-the-east Laramide thrust fault along the eastern 
margin of the Front Range near Golden that may have been reactivated during the Neogene. 
Weimer and Ray ( 1 997) suggested the Golden Fault may at least local ly merge with their 
Basin Margin Fau lt. 

Sense of movement: T 
Comments: Style of deformation along the Golden Fault has been debated , but most current 
researchers believe it was predominately thrust (Weimer and Ray, 1 997). 

Dip: 50° -700W 
Comments: Weimer and Ray ( 1 997) estimated the Golden Fault d ips on average 50° to 70° W. 

Dip d irection: W 

Geomorphic expression : 

Geomorphic indicators of youthfu l  fau lting have not been reported . 

Age of fau lted deposits: 

Rocks ranging in age from Precambrian to Paleocene are clearly cut by the Golden Fault 
(Scott, 1 970; VanHorn , 1 972) ,  but the age of the most recently faulted deposits is debated . 
Kansan-age Verdos Al luvium and the 620 ka Lava Creek B ash are offset by the graben near 
Golden ,  which l ies about 0 .2 km east of the Golden Fault, but the structural relationsh ip 
between th is Quaternary graben and the Golden Fault is d isputed (Kirkham, 1 977a; Kirkham 
and Rogers, 1 98 1 ; Dames & Moore, 1 98 1 ) . The orig in of anomolous features in basal Verdos 
Al luvium near the Golden Fault exposed in trenches by Dames & Moore also is debateable 
(Dames & Moore, 1 981 ; Rogers,  1 98 1 b) .  

Detai led studies :  

The fault was stud ied in  detai l  for a seismic hazards investigation for the U .S .  Department of 
Energy's Rocky Flats Plant. The complete results of that investigation were publ ished in 
Dames & Moore ( 1 98 1 ) and summaries of it are reported in Darrow and Krusi ( 1 98 1 ; 1 982). 
Dames & Moore ( 1 98 1 ) excavated six trenches across the Golden Fault at three sites (GF-1 
through GF-3) . They concluded there was no evidence to indicate the Golden fault had moved 
since deposition of the Verdos Alluvium (500 ka) .  Several anomalous features were observed 
in their trenches, including "tongues" of bedrock with in  Quaternary deposits and normal fau lts 
i n  Quaternary al luvium. They interpreted these features as being non-tectonic in orig in but 
cou ld not defin itively ru le out a tectonic orig in .  The three trench sites are labeled on the map 
that accompanies this database, from north to south , as trenches Q74-1 through Q74-3 . 

Q74-1 (GF-2) :  Two trenches and three test pits were excavated at this site located i n  the 
emergency spi l lway area at the northern end of Ralston Reservoir  Dam. The Upper 
Cretaceous Pierre Shale was observed on both sides of the fault and was overlain by Verdos-
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age debris-flow deposits and stream deposits. Bedding in  the P ierre Shale d ips 60° to 800W 
and three shear zones marked by clay gouge 0 . 5  m to 1 . 0 m thick, dip 85° to 900W. The 
bedrock/al luvium contact is not displaced by the Golden Fault ind icating no movement on the 
fau lt for at least 500 ka. 

Q74-2 (GF-3): Two trenches were excavated at this site on Coors property near the mouth of 
Clear Creek Canyon .  Precambrian metamorph ic rocks and Pennsylvanian Fountain 
Formation were observed on the west in  fault contact with Upper Cretaceous Pierre Shale on 
the east, and al l  were overlain by unfaulted Verdos gravel and pre-Pinedale (50 ka) col luvium 
and/or eol ian deposits .  The fau lt d ips 65°E and is marked by a 20- to 30-m-wide gouge zone. 
A 5-m-wide shear zone was found east of the fault in  Pierre Shale. Tongues of Pierre Shale 
were reported to project into overlying Quaternary alluvium but were not found to be bound by 
fau lts or shears .  Dames & Moore ( 1 98 1 ) concluded the tongues were non-tectonic in orig in 
and were related to plastic deformation of the shale in  response to un loading of overburden or 
downslope creep. 

Q74-3 (GF-1 ) :  Two trenches and two test pits were excavated at th is s ite located west of 
H ighway 6 and Tripp Road . The Jurassic Morrison Formation was observed on the west in 
fault contact with the Upper Cretaceous Pierre Shale on the east, and both were overlain by 
unfaulted Verdos-age al luvium,  debris-flow deposits ,  and sheetwash .  The fau lt d ips 1 5°W and 
is marked by a 1 0-cm-wide gouge zone; Morrison Formation bedd ing is overtu rned 200W. 
Tongues of Morrison Formation were reported to project into overlying Quaternary a l luvium but 
were not found to be bound by faults or shears.  A cummulative d isplacement of about 1 5  cm 
was reported in  gravel lenses displaced along down-to-the-west (normal)  shears. Dames & 
Moore ( 1 981 ) concluded "wh i le a tectonic orig in cannot be precluded , the tongues are 
interpreted to represent bedrock surface deformation due to downslope creep" and normal 
d isplacement a long shears appears to be related to the tongues. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: The Golden Fault was first suggested to be a Quaternary fault by Scott ( 1 970) 
based upon evidence in a clay exploration trench in a graben about 2 1 0 m east of the trace of 
the Golden Fau lt. Kirkham and Rogers ( 1 981 ) classified the Golden Fau lt as a Quaternary 
fau lt based on its possible association to this Quaternary graben.  Trench ing investigations by 
Dames & Moore ( 1 98 1 )  revealed that the bedrock/al luvium contact at al l three trench sites was 
not offset by the Golden Fau lt. However, they did find several anomolous features in basal 
Verdos Al luvium that may ind icate Quaternary movement on this fau lt. Dames & Moore 
( 1 98 1 ) concluded that these features resu lted from downslope creep, but they also stated that 
a tecton ic orig in cou ld not be precluded. They further indicated that the Golden Fault had not 
moved for at least 500 ka. Techn ical reports by Colman and others ( 1 981 ) and Rogers 
( 1 981 b) questioned the Dames & Moore ( 1 98 1 ) conclusions regarding possib i l ity of 
Quaternary movement on the Golden Fau lt. Based on the debateable orig in of anomolous 
features in Quaternary depOSits the Golden Fault is herein considered to be a suspect feature 
that may have moved during the Quaternary. 

Recurrence interval :  ND 
Comments: 

Slip rate: unknown ; (D) <0.2 mm/yr 
Comments: Any estimate of the Quaternary sl ip rate is h igh ly speculative as there is not a 
consensus of opinion on wheter or not the Golden Fault is a Quaternary fau lt. 

Earthquake notes: 
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Structure type: Suspect feature 

Structure number: Q75 

Q75 - Valmont Fault 

Comments: Fault 1 67 in Kirkham and Rogers ( 1 981 ) ;  fault 1 54 in Witkind ( 1 976) ;  fau lt 2325 in 
the U .S .  Geolog ical Survey Quaternary fault and fold database. 

Structure name: Valmont Fault 
Comments: The Val mont Fault is an east-northeast-trending fau lt southeast of the town of 
Val mont. The fau lt l ies at the northeast end of the Valmont Reservoir  and is exposed in  the 
east side of the roadcut for North 75th Street east of Bou lder. The fau lt is paral lel in  strike to 
the Valmont d ike. The fault was d iscovered in 1 957 by Frank Ri ley (U .S .  Geological Survey) 
and was fi rst mapped by Scott and Cobban ( 1 965). 

Synopsis : 

The Valmont Fault is southeast of Valmont near the Valmont Reservoir. There is no surface 
expression of the fau lt, but the fault is exposed in  a roadcut on North 75th Street. A fau lt zone 
is defined by d isrupted and shingled stones of the Slocum Alluvium. Scott ( 1 970) and Ki rkham 
and Rogers ( 1 981 ) suggested movement on the fau lt is Sangamon or younger. Unruh  and 
others ( 1 996) ,  however, concluded that the fault is related to the Valmont d ike and that the 
sh ing led stones are depositional in orig in ,  not tectonic. Without more detai led investigation of 
this structure, it is herein considered to be a suspect feature, and Quaternary tectonism is not 
ruled out. 

Date of compilation: 1 1 /1 7/97 

Compiler and affil iation : Beth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County: Boulder 

. 1° x 2° Sheet: Greeley 

Province: Great Plains 

Township and Range: 

Strike: N75E 

Number of traces : 1 

T1 N , R69W- T1 N , R70W 

End to end length : 1 .27 km 

Cumulative length : 1 .28 km 

Reliabil ity of location :  Good 
Comments: The fault was mapped at a scale of 1 :24 ,000 by Trimble ( 1 975), 1 :48,000 by Scott 
and Cobban ( 1 965) and 1 :250,000 by Unruh and others ( 1 996). The trace used herein is from 
Unruh and others ( 1 996) .  

Geologic setting : 

The Valmont Fault l ies in the Great Plains province east of Boulder. It is in close proximity to 
and has a strike simi lar to the Valmont d ike, but the relationsh ip  between the two features is 
not clear. The fault is a high-angle normal fault, down to the southeast. 



Q75 - Val mont Fault 

Sense of movement: N 
Comments: Witkind ( 1 976) and Kirkham and Rogers ( 1 98 1 ) reported normal movement on 
the fault. 

Dip: Nearly vertical 
Comments: The fault was described as vertical by Scott ( 1 970). 

Dip direction :  

Geomorphic expression : 

There is no surface expression of the fault (Scott, 1 970; Kirkham and Rogers ,  1 98 1 ) .  

Age of fau lted deposits : 

Slocum al luvium ( I l l inoisan or Sangamon) is offset by 1 . 5 m across the fault zone according to 
Scott ( 1 970). 

Detai led stud ies : 

Timing of most recent paleoevent: (3) Quaternary-middle and late « 750ka) 
Comments: The fault is characterized by a 1 3-m-wide zone of d isrupted and shingled stones 
in the Slocum al luvium (Scott, 1 970; Kirkham and Rogers, 1 98 1 ) .  Scott ( 1 970) reported that 
the stones were shingled due to movement on the Valmont Fau lt as opposed to depositional 
sh ing l ing ,  and that movement on the fau lt was Sangamon or younger. Unruh and others 
( 1 996) concluded that the stones were imbricated in accordance with paleo-transportation 
d i rection , and that apparent movement on the fault was related to the Valmont d ike and is not 
tectonic. With out more detai led investigation of this structure, it is herein classified as a 
suspect feature that may have moved as recently as the midd le and late Quaternary .  

Recurrence interval:  ND 
Comments: 

Slip rate: unknown; (D) <0.2 mm/yr 
Comments: Based on 1 . 5 m of offset of Sangamon deposits a s l ip rate of <0.2 mm/yr is 
estimated for th is fau lt. 

Earthquake notes: 

References Cited : 

Kirkham, R M . ,  and Rogers, W. P . ,  1 98 1 , Earthquake potential in Colorado:  Colorado 
Geological Survey Bul letin 43, 1 7 1 p.  

Scott, G . R ;  1 970, Quaternary fau lting and potential earthquakes in  east-central Colorado, ' in '  
Geologica l  Survey research 1 970, chapter C: U.S.  Geolog ical Suryey Professional Paper 700-
C,  p .  C 1 1 -C1 8 .  

Scott, G . R ,  and Cobban,  W.A. , 1 965, Geolog ic and biostratigraphic map of  the Pierre Shale 
between Jarre Creek and Loveland,  Colorado: U .S .  Geolog ical Survey Miscel laneous 
Geologic I nvestigations Map 1-439. 

293 



294 Q75 - Val mont Fault 

Trimble, D .E . ,  1 975, Geologic map of the N iwot quadrangle, Boulder County ,  Colorado :  U .S .  
Geological  Survey Geologic Quadrang le Map GQ-1 229. 

Unruh ,  J . R . ,  Wong,  l o G . ,  Knudsen, K. L. , Bott, J .D . J . ,  Becker, A, Silva, W.J . ,  and Lettis ,  W. R. , 
1 996, Seismotectoriic evaluation, Rattlesnake and Flati ron Dams, Colorado-Big Thompson 
Project, north-central Colorado: unpubl ished report prepared by Wi l l iam Lettis & Associates 
and Woodward-Clyde Consu ltants for U .S .  Bureau of Reclamation,  Denver, Colorado, 1 74 p .  

Witkind , I .J . ,  1 976 , Prel iminary map showing known and suspected active fau lts in Colorado: 
U .S .  Geological Survey Open-fi le Report 76- 1 54.  



295 

DISCOUNTED QUATERNARY FAULTS 

A discounted fault is a fault that was previously described in the literature as having been active during 
the Quaternary but more recent investigations have disproved Quaternary activity on the fault. 



QOO - Dud ley Gulch G raben 

Structure type: Discounted fau lt 

Structure number: aoo 

Comments: 

Structure name: Dudley Gu lch Graben 
Comments: The Dud ley Gu lch Graben is comprised of two northwest-trending fau lts in the 
Piceance Creek basin southwest of Meeker. The faults extend from just west of Ryan Gulch , 
southeast along Dud ley Bluffs to a gas field that l ies between Col l ins Gu lch and Old land 
Gulch . The graben structure is referred to as the Dudley Gulch Graben by Eckert ( 1 982) .  

Reason for exclusion :  

Dames & Moore ( 1 98 1 ) suggested historical movement occurred on fau lts bounding the 
Dud ley Gulch Graben during the November 7,  1 882 earthquake. Eckert ( 1 982) d iscounted 
historical movement on the fault and suggested that the graben has not been active since at 
least the Pleistocene. 

Eckert ( 1 982) concluded that al l  geomorphic features along the fau lts could be accounted 
for by processes other than recent tectonism. Eckert noted that Holocene and Pleistocene 
deposits were unfau lted by the graben fau lts. Add itional ly, Eckert concluded that the stress 
system responsible for forming the graben did not coincide with the cu rrent stress reg ime in 
the reg ion as measured by de la Cruz and Raleigh ( 1 972) .  

Date of compilation : 7/7/97 

Compiler and affiliation : Beth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County:  Rio Blanco 

1° x 2° Sheet: Grand Junction 

Province: Colorado Plateaus 
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298 QOO - U nnamed Faults South of Cathedral Bluffs 

Structure type: Discounted fault 

Structure number: QOO 
Comments: 

Structure name: Unnamed Faults South of Cathedral Bluffs 
Comments: These two unnamed faults l ie in the Piceance Creek basin .  One west-northwest
trending fault extends across Lake, Soldier, and Canyon Creeks. A northeast- trending fault 
crosses Soldier Creek only. 

Reason for exclusion :  

The fau lts were mapped by Ha i l  and Smith ( 1 997) as offsetting Quaternary deposits. W.  Hai l  
( 1 997; oral communication) stated that a drafting error occurred and these faults should have 
been depicted as dotted (concealed) instead of solid through the Quaternary deposits. 

Date of compilation : 1 1 /24/97 

Compiler and affil iation :  Beth L.  Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County:  Rio Blanco 

1° x 2° Sheet: Grand J unction 
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References Cited : 

Hai l ,  W.J . ,  J r. ,  and Smith ,  M .C . ,  1 997, Geolog ic map of the southern part of the Piceance 
Creek Basin ,  northwestern Colorado: U .S .  Geological Survey Miscellaneous Geolog ic 
I nvestigations Map 1 -2529. 



QOO - Unnamed Fault West of Oe8eque 

Structure type: Discounted fault 

Structure number: QOO 
Comments: 

Structure name: Unnamed Fault West of DeBeque 
Comments: Th is is a northeast- trending fault west of DeBeque. The fau lt l ies between Twin 
Peaks and Pyramid Rocks and is paral lel to the Coon Hol low drainage . 

Reason for exclusion :  

The fau lts were mapped by  Hai l  and  Smith ( 1 997) as  offsetting Quaternary deposits. W. Hai l  
( 1 997; oral communication) stated that a drafting error occurred and these fau lts should have 
been depicted as dotted (concealed) instead of solid through the Quaternary deposits .  
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300 QOO - U n named Faults on the East Side of Wi l l iams Fork Val ley 

Structure type: Discounted fault 

Structure number: QOO 
Comments: Th is fau lt was previously mapped as a potentially active fault (fault #54) by 
Ki rkham and Rogers ( 1 98 1 ) .  It also corresponds to fault 1 87 in Witkind ( 1 976) .  

Structure name: Unnamed Fau lts on the East Side of Wi l l iams Fork Val ley 
Comments: This series of unnamed fau lts includes three northwest-trending fau lts on the 
eastern margin of the Wi l l iams Fork drainage northeast of the Wi l l iams Fork Range and 
southeast of Kremml ing.  The faults are paral lel to and northeast of the Laramide Wi l l iams 
Range Thrust Fau lt. They l ie in the hanging wal l  of the Laramide Wi l l iams Range Thrust and 
form a graben with the Neogene Wi l l iams Fork Mountains Fault. 

Reason for exclusion:  

This fault series forms the eastern margin of the Neogene Wi l l iams Fork Valley Graben 
(Kirkham and Rogers ,  1 98 1 ) .  The fau lts are h igh-angle normal and downthrown to the 
southwest. The fau lts are parallel to the southwest-verg ing Laramide Wi l l iams Range Thrust 
to the west, and developed during Neogene extension in the hanging wal l  of the th rust (Unruh 
and others,  1 993b).  

Witkind ( 1 976; scale 1 : 500,000) and Howard and others ( 1 978; scale 1 : 5 ,000, 000) 
classified these fau lts as Quaternary. However , Tweto and Reed ( 1 973a; scale 1 :62 ,500) and 
Tweto and others ( 1 978; scale 1 :250, 000) mapped the M iocene Troublsome Formation as the 
youngest deposit offset by the fau lt. Tweto ( 1 978), Kirkham and Rogers ( 1 98 1 ) ,  and Colman 
( 1 985) i nd icated the latest movement on the fault occurred during the late Cenozoic. 

This fault series is herein d iscounted as a Quaternary fau lt based on the lack of evidence to 
support movement on the fault during the Quaternary .  
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302 QOO - Ridgway Quarry Faults 

Structure type: Discounted fau lt 

Structure number: QOO 
Comments: These fau lts were previously shown as a single, potentially active splay fau lt to 
the Ridgway fau lt (#1 79) in Kirkham and Rogers ( 1 98 1 ) .  

Structure name: Ridgway Quarry Fau lts 
Comments: The Ridgway Quarry Fau lts are located at the east end of the Ridgway Fau lt. 
They were recognized by Sul l ivan and others ( 1 980) in a quarry north of the town of Ridgway. 
The two faults trend north to northeast and were named the western and eastern Ridgway 
Quarry Faults by Lettis and others ( 1 996) .  

Reason for exclusion :  

The Ridgway Quarry Fau lts are located at  the east end of  the Ridgway Fau lt. The Ridgway 
Fault defines the southwest margin of the Uncompahgre upl ift. The western Ridgway Quarry 
Fau lt is down to the east and splays into two faults at its north end, and the eastern R idgway 
Quarry Fault is down to the west, both in accordance with local topography. The eastern 
Ridgway Quarry Fault is defined by a west-facing scarp (Sul l ivan and others, 1 980). 
Geomorph ic features indicative of youthfu l  faulting on the western Ridgway Quarry Fault are 
not documented . The eastern Ridgway Quarry Fault l ies on the margin (headscarp) of a 
southwest-verg ing Quaternary landsl ide. Lettis and others ( 1 996) reported that both fau lts 
coincide with the headscarps of landsl ides. 

The timing of latest movement on the faults is uncertain .  Sul l ivan and others ( 1 980) 
suggested that d isrupted Quaternary deposits and apparent d ip-Sl ip  movement in the area 
impl ied Quaternary fau lt movement. However, Lettis and others ( 1 996) later stud ied the faults 
and concluded that whi le Cretaceous bedrock is faulted , modern geomorphic features 
associated with the faults are related to landslide activity and are non-tectonic in orig in .  They 
were unable to find any evidence for Quaternary fau lt activity and therefore discounted the 
Quaternary age that was assigned by Sul l ivan and others ( 1 980). The Cretaceous Dakota 
Sandstone and Mancos Shale are the youngest rock un its that show evidence for fault 
movement, with up  to 60 m of throw on the western Ridgway Quarry Fault (Weisser, 1 982). 
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304 QOO - U nnamed Fault on West Side of Alamosa Horst 

Structure type: Discounted fault 

Structure number: QOO 
Comments: This fault was previously mapped as a potentially active Quaternary fau lt (fault 
#1 82) by Kirkham and Rogers ( 1 98 1 ) .  

Structure name: Unnamed Fault on  West Side of  Alamosa Horst 
Comments: Th is unnamed fault is a north-northwest-trending fault in the San Luis Val ley. The 
fault beg ins near Russell Lakes in the northeast corner of the Durango 1 0  x 20 quadrangle, 
extends southeast towards Alamosa, and ends north of Alamosa in  the Trin idad 1 0  x 20 
quadrang le. The fau lt forms the western margin of the burried mid-val ley Alamosa Horst block 
in San Luis Val ley (Tweto, 1 978; 1 979a). 

Reason for exclusion:  

Huntley ( 1 979a ,b)  and Brister and Gries ( 1 994) ind icated that this fau lt does not offset the 
P l iocene and Pleistocene Alamosa Formation.  Burroughs ( 1 98 1 )  suggested the fault does not 
cut the Ol igocene Fish Canyon and Carpenter Ridge tuffs.  
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306 QOO - U n named Fault on East Side of Alamosa Horst 

Structure type: Discounted fault 

Structure number: QOO 
Comments: This fault was previously mapped as a potentially active Quaternary fault (fault 
#1 83) by Kirkham and Rogers ( 1 98 1 ) .  

Structure name: Unnamed Fault on  East Side of  Alamosa Horst 
Comments: Th is unnamed fault is a north-northwest-trending fault in the San Luis Val ley . The 
fault begins at the Saguache/Alamosa county l ine east of Hooper, and ends near the rai l road 
tracks east of Alamosa where it intersects Manassa fault. The fault is one of at least two fau lts 
that form the eastern margin of the burried mid-val ley Alamosa Horst block in San Luis Val ley 
(Tweto, 1 978; 1 979a) .  

Reason for exclusion :  

Huntley ( 1 979a ,b) and Brister and Gries ( 1 994) showed that this fault does not offset the 
Pl iocene and Pleistocene Alamosa Formation. Burroughs ( 1 98 1 ) suggested the fault does not 
cut the late Eocene erosion surface. 

Date of compilation :  7/1 0/98 

Compiler and affil iation : Robert M .  Kirkham, Colorado Geological Survey 

State: Colorado 

County:  Alamosa 

1° x 2° Sheet: Trin idad 

Province: Southern Rocky Mountains 
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Structure type: Discounted fault 

Structure number: QOO 

QOO - Manassa Fault 

Comments: This fault was previously mapped as a Quaternary fault (#1 07) by Kirkham and 
Rogers ( 1 98 1 ) and by Witkind ( 1 976; fau lt 1 88) .  

Structure name: Manassa Fault 
Comments: The Manassa Fault is a northeast-trending fault in the San Luis Val ley along the 
northwest side of the San Luis H i l ls. The fault begins south of Manassa and extends 
northeast to near the west range front of the Sangre de Cristo Range. 

Reason for exclusion :  

The Manassa Fault was described as  a possible Quaternary fau lt by Witkind ( 1 976) ,  Kirkham 
and Rogers ( 1 98 1 ) and Colman ( 1 985) ,  probably based on its inferred relationship to a 
Quaternary fault scarp at Uracca Creek. S ince there is no reported evidence of Quaternary 
movmement on the main trace of the Manassa fault (McCalp in ,  1 982) ,  and the relationship 
between it and the known Quaternary fau lt at Uracca Creek is uncerta in ,  the Manassa Fault 
should be d iscounted as a Quaternary fault. The latest movement on this fau lt is considered 
to have occurred during the late Cenozoic. 
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Compiler and affiliation : Robert M .  Ki rkham, Colorado Geolog ical Survey 

State: Colorado 
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10 x 20 Sheet: Trin idad 

Province :  Southern Rocky Mountains 
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QOO - Un named Fault near Fort Garland 

Structure type: Discounted fau lt 

Structure number: QOO 
Comments: This fault was previously mapped as a potentially active Quaternary fault (fault 
#1 1 4) by Kirkham and Rogers ( 1 98 1 ) .  It was also shown by Colman and others ( 1 985) as a 
Quaternary fau lt. 

Structure name: Unnamed Fault near Fort Garland 
Comments: Th is fault was previously included in the Sangre de Cristo Fault zone by Kirkham 
and Rogers ( 1 98 1 ) .  

Reason for exclusion :  

This fau lt was original ly shown as a Holocene fault by  Kirkham and Rogers ( 1 98 1 ) and as a 
Quaternary fault by Colman and others ( 1 985) .  Recent mapping by Wal lace ( 1 997a) indicated 
the fau lt offsets the M iocene Santa Fe Formation , but is concealed beneath Quaternary 
deposits. 

Date of compilation : 6/24/98 

Compiler and affiliation : Robert M .  Kirkham, Colorado Geological Survey 

State: Colorado 

County:  Costi l la 
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Township and Range: 

References Cited : 

Colman, S . M . ,  McCalpin ,  James, Ostenaa, DA,  and Kirkham, R. M . ,  1 985, Map showing 
upper Cenozoic rocks and deposits and Quaternary fau lts , Rio Grande Rift, south-central 
Colorado: U.S. Geological Survey M iscel laneous Geologic I nvestigations Map 1-1 594 .  

Kirkham, R . M . ,  and Rogers, W. P . ,  1 98 1 , Earthquake potential in Colorado: Colorado 
Geolog ical Survey Bul letin 43, 1 7 1 p. 

Wal lace , A. R . ,  1 997a, Geologic map of the Fort Garland quadrang le, Costi l la County ,  
Colorado: U .S .  Geological Survey M iscel laneous Field Studies Map MF-23 1 2-E. 

309 



3 1 0  QOO - Fault West of Morrison 

Structure type: Discounted fault 

Structure number: QOO 
Comments: 

Structure name: Fau lt West of Morrison 
Comments: This fault was first described by Scott ( 1 970) as a minor fault along which 
Precambrian gneiss is raised about 3 m above the Verdos Al luvium.  Scott reported that the 
gravel clasts in the al luvium were "skewed" or shingled along the fau lt zone. Scott ( 1 972) 
mapped this deposit of g ravel in fau lt contact with Precambrian rocks. 

Reason for exclusion:  

The outcrop described by Scott ( 1 970) was examined by the staff of  the Colorado Geological 
Survey during their field work for the preparation of Kirkham and Rogers ( 1 98 1 ) .  They 
concluded the gravels were in depositional contact with the gneiss and chose not to include it 
as one of their "potential ly active" or late Cenozoic faults .  
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QOO - Perry Park - Jarre Canyon Fault 

Structure type: Discounted fault 

Structure number: aoo 

Comments: Th is fau lt was previously mapped as a potential ly active fault (fau lt #1 94) by 
Kirkham and Rogers ( 1 98 1 ) .  

Structure name: Perry Park - Jarre Canyon Fault 
Comments: The Perry Park - Jarre Canyon Fault system consists of six to seven fau lts 
general ly oriented north-south on the east flank of the Rampart Range. The fault begins west 
of the Louviers/Littleton Airport northeast of Castle Rock, and extends south along the Front 
Range to the east flank of Storm Peak. The fault is generally known as the Perry Park - Jarre 
Canyon Fault (e. g . ,  Bryant and others,  1 98 1 ; Dickson and others, 1 986) . Kirkham and others 
( 1 98 1 ) referred to it as the Jarre Creek Fault. 

Reason for exclusion : 

The Perry Park - Jarre Canyon Fau lt forms the east flank of the Rampart Range which is part 
of the Colorado Front Range. It is a west-d ipping ,  moderate-angle, range-front, Laramide 
reverse fault with renewed late Cenozoic displacement. Bryant and others ( 1 98 1 ) mapped 
Pleistocene Rocky Flats Alluvium as fau lted against Precambrian rocks. However, Tweto 
( 1 978) ,  Ki rkham and Rogers ( 1 98 1 ) ,  Colman ( 1 985) and Dickson and others ( 1 986) only 
recogn ized late Cenozoic movement on the fau lt. Dickson and others ( 1 986) further stated 
that Pleistocene deposits are not offset across the fau lt. 
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Structure type: Discounted fault 

Structure number: QOO 

QOO - Fowler Fault 

Comments: This fault was previously mapped as a potentially active Quaternary fault (fault 
#1 72) by Kirkham and Rogers ( 1 98 1 ) .  

Structure name: Fowler Fau lt 
Comments: The fault was first named by Kirkham and Rogers ( 1 981 ) although it was earl ier 
reported as an inferred fault by Scott ( 1 970) and mapped as a fault by Scott and others 
( 1 976) .  This feature is considered d iscounted fau lt because recent stud ies have not found 
compel l ing evidence of faulting associated with the surface scarp . 

Reason for exclusion:  

The Fowler Fault is considered to be a non-tectonic feature because of  the lack of 
compel l ing evidence that the prominent escarpment coincides with distinctive fau lts in the 
underlying bedrock. 

This N600W-trending feature is located about 5 km northwest of the town of Fowler, 
Colorado,  along the northeastern side of the Arkansas River Valley. The evidence orig inally 
reported by Scott ( 1 970) to infer the presence of a Quaternary fau lt was two-fold :  1 )  mapping 
of Quaternary deposits suggested that early Pleistocene Rocky Flats Alluvium was vertically 
offset about 1 8  m along an abrupt, l inear, 1 2-km-long trend;  and 2) three closely spaced 
northward-dipping faults in Upper Cretaceous Pierre Shale were recogn ized in an arroyo that 
crosses the inferred fau lt l ine. The 1 8  m vertical offset does not occur across a 
topograph ical ly continuous surface, but rather the offset is inferred on the basis of correlating 
gravel ly deposits of early Pleistocene Rocky Flats Alluv ium that are spaced on ly a few tens to 
hundreds of meters apart but are at markedly d ifferent altitudes. The gravels and their 
associated soi ls are very simi lar, leading to the conclusion that these non-concordant deposits 
were orig inal ly contiguous and had been offset by Quaternary faulting.  

I n  1 994, M . N .  M�chette and A.J .  Crone conducted a brief field reconnaissance specifical ly 
in search of demonstrable evidence of Quaternary faulting .  To date, the resu lts to these 
reconnaissance studies are only reported in a 1 994 Final Techn ical Report to the U .S .  Nuclear 
Regulatory Commission . The resu lts of their investigation of the Fowler Fau lt, as presented in 
their report, are summarized below. 

Although the top of the Rocky Flats Alluvium appears to be offset about 1 8  m,  changes in 
the atitude and elevation of the basal contact of the al luvium across the scarp provide 
evidence for a more plausible, non-tectonic explanation for the apparent offset. On the 
northeast (upthrown) side of the scarp, the al luvium is typically 3 to 4 m thick and has a 
general ly planar base, which is consistent with the gravelly al luvium being deposited as a th in 
sheet across a low-rel ief piedmont surface. I n  contrast, on the southwest (downthrown)  side 
the thickness of the al luvium varies considerably over a short distance, from only about 1 m 
adjacent to the trace of the inferred fault to several (pOSSibly 1 0  m) meters thick at a point a 
few hundred meters southwest of the inferred fau lt. The geometry of the base of the al luvium 
adjacent (southwest of) to the fau lt suggested that the al luvium has fi l led an ancient stream 
channel ;  the base of this channel sweeps upward in the d i rection of the scarp (toward the 
northeast) . Southwest of the inferred fau lt, the basal channel fi l l  is comprised of calcium 
carbonate-cemented pebbly sandstone that i s  d istinct compared to the typical Rocky Flats 
Al luvium.  The relatively wel l  sorted character of the sandstone suggests that it was deposited 
in a fluvial channel .  Along a 4-km-long section in the central part of the suspected fau lt, the 
base and the top of the Rocky Flats Al luvium show the same pattern of upward sweeping 
basal and upper contacts adjacent to the inferred fault. The nature of these contacts and the 
presence of the carbonate-cemented sand was interpreted by Machette and Crone as 
evidence of a major fluvial channel that defines the boundary between two stages of Rocky 
Faits Al luvium,  an older, h igher deposit (Qrf1 ) and a Sl ightly younger inset deposit (Qrf2) .  On 
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3 1 3 QOO - Fowler Fault 

the basis of their  field observations, Machette and Crone interpreted the escarpment not as a 
fau lt scarp, but rather as the boundary ( i .e . , terrace riser) between two sl ightly d ifferent age 
deposits of Rocky Flats Alluvium whose elevations are d ifferent because of downcutting along 
the ancient Arkansas River. 

Scott's ( 1 970) second l ine of evidence favoring a fault interpretation was the presence of 
closely spaced northward-dipping fau lts in the Pierre Shale beneath the trace of the inferred 
fau lt. Machette and Crone carefu lly searched the arroyo walls in the area where Scott 
reported these north-d ipping faults but could not find evidence of sign ificant fau lt displacement 
despite nearly continuous exposures along the arroyo wal ls. Furthermore, bedding in the 
shale could be traced almost continuously across the area where the trace of the fault would 
be present. The only features present in the shale were several north-d ipping fractures that 
strike 055° and dip 39° to 44°N (simi lar to Scott's notations). The fractures consist of 1 -cm
wide disruptions in  the near horizontal ly bedded shale, but there is no evidence of sign ificant 
offset across them. The small size of the fractures and the lack of disruption in the well
bedded shale suggest that it is un l ikely that the fractures could be responsible for the inferred 
1 8  m of Quaternary throw on the fau lt. On the basis of stratigraphic and structural evidence, 
Machette and Crone concluded that the inferred "Fowler Fault" is not a product of Quaternary 
tectonism, but rather an erosional escarpment associated with the early Quaternary h istory of 
the Arkansas River. 

Jack Benjamin and Associates and Geomatrix Consu ltants ( 1 996) conducted field 
reconnaissance in two small drainages that cross this fau lt. They d iscovered relatively 
continuous bedding in the Pierre Shale across the inferred trace of the fau lt, and an al luvial 
surface remnant inset about 1 7  m below the upper Rocky Flats surface. This suggested the 
lower surface was a younger fluvial channel rather than a downdropped fault block of Rocky 
Flats Al luvium. Based on their observations, they concurred that the Fowler Fault is an 
erosional escarpment rather than a Quaternary fault. 
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SIMPLE QUATERNARY FOLDS 

A simple fold is a fold that appears to consist of a single section all of which 
deformed during the last paleoevent. The term simple fault also serves as a default 

category for faults that have not been studied in enough detail to warrant designation 
as a sectioned or segmented fold. 
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Structure type: Simple fold 

Structure number: Qf2 

Qf2 - Cattle Creek Anticl ine 

Structure name: Cattle Creek Anticl ine 
Comments: The Cattle Creek Anticl ine the anticl inal flexure an the upper (eastern) l imb of the 
Grand Hagback manocl ine. The fald is a Laramide structure that has local ly been enhanced 
by Neogene and Quaternary diapirism assaciated with evaparite flawage from beneath the 
Grand Hogback manacl ine. The fald axis general ly fal laws the Raaring Fark River Val ley 
sauth from Glenwaad Springs to. Carbondale, then extends up the Crystal River south from 
Carbandale. The Cattle Creek Anticl ine was recogn ized as a diapiric feature by Mal lory ( 1 966) .  

Synopsis: 

The Cattle Creek Anticl ine is the anticl inal flexure on the upper (eastern) l imb af the Grand 
Hagback manocl ine. The anticl ine is a Laramide structure that has been lacal ly enhanced by 
Neagene and Quaternary diapirism assaciated with Pennsylvanian evaparitic rocks. The axis 
af the Laramide anticl ine follaws the Roaring Fork Valley fram Glenwaad Springs to near 
Carbandale and then turns up the Crystal River Val ley . The axial crest of the Quaternary 
d iapiric anticl ine general ly fol lows the Laramide axis, but it apparently terminates near 
Carbandale (Kirkham and athers, 1 996b; Ki rkham, 1 997; Kirkham and Widmann ,  1 997). 
Outwash terraces as yaung as Pinedale are ti lted away from the fald axis, and pre-Bul l  Lake 
debris-flow depasits at the mauth af Faurmile Creek are uparched at least 30 m (Kirkham and 
others, 1 995a; 1 997a; Kirkham, 1 997). 

Date of Compilation : 1 /23/98 

Compiler and affiliation : Robert M .  Kirkham, Calarado Gealogical Survey 
Beth L. Widmann,  Colorado Gealogical Survey 

State: Calorado 

County: Garfield 

10 x 0 Sheet: Leadvi l le 

Province :  Southern Rocky Mauntains 

Township and Range: 

Strike: N32W 

Number of traces: 1 

T6S, R89W- T8S , R87W 

End to end length : 8 .55 km 

Cumulative length : 9 .55 km 

Reliabil ity of location : Gaad 
Comments: The Laramide axis af the Cattle Creek Anticl ine was mapped at a scale af 
1 :24,000 by Kirkham and others ( 1 995a; 1 996b; 1 997a) and Kirkham and Widmann ( 1 997). 
The axis of the Quaternary d iapi ric anticl ine, wh ich is used herein as the fold trace, was 
mapped by Kirkham and athers ( 1 996b) and Kirkham and Widmann ( 1 997). 

Geological setting : 

The Laramide Cattle Creek Anticl ine is the anticl inal flexure on the upper (eastern) l imb af the 
Grand Hogback manacl ine. The fold has been reactivated during the Neogene and 
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3 1 8 Qf2 - Cattle C reek Anticl ine 

Quaternary by diapiric uparch ing due to flowage of underlying Pennsylvanian evaporitic rocks 
(Kirkham, 1 997; Kirkham and Widmann ,  1 997). The region is underlain by at least 900 m of 
evaporite deposits (Mallory,  1 966) . 

Geomorphic expression:  

Quaternary d iapirism on the Cattle Creek Anticl ine has caused outwash terraces and local ly 
overlying debris-flow deposits to t i ft away from the axis (Kirkham and others, 1 996b; 1 997a ; 
Kirkham, 1 997; Kirkham and Widmann ,  1 997). 

Age of folded deposits :  

Pennsylvanian bedrock, M iocene basalt flows, and various Quaternary deposits have been 
folded by the Cattle Creek Anticl ine. Bu l l  Lake deposits local ly dip up to 1 2° away from the 
fold axis (Kirkham and others, 1 996b); pre-Bul l  Lake debris-flow deposits at the mouth of 
Fourmile Creek have been uparched a min imum of 30 m (Kirkham, 1 997; Kirkham and others, 
1 997a) ; and Pinedale outwash terraces are sl ightly ti lted away from the fold axis (Ki rkham and 
others , 1 996b; Kirkham and Widmann ,  1 997). 

Detai led stud ies : 

There have not been any detai led studies conducted on this structure. 

Timing of most recent paleoevent: ( 1 )  Holocene and post g lacial « 1 5 ka) 
Comments: Since late Pinedale outwash terraces are sl ightly folded by diapirism along the 
crest of the Cattle Creek Anticl ine (Ki rkham and others, 1 996b), the most recent movement on 
this structure is probably post g lacial ,  however, defin itive folding of Holocene deposits has not 
been substantiated . 
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Qf3 - U n named Syncl i nal  Fold Southwest of Carbondale 

Structure type: Simple fold 

Structure number: Qf3 

Structure name: Unnamed Synclinal Fold Southwest of 
Comments: Th is unnamed structure is a northwest-southeast-trending syncl inal sag 
southwest of Carbondale , and the Crystal River. The sag l ies with in the Carbondale collapse 
center and is related to flowage and dissolution of evaporite from beneath the area (Kirkham 
and others, 1 997b). 

Synopsis: 

This unnamed , northwest-southwest-trending syncl inal sag l ies with in the Carbondale col lapse 
center east of the Gran'd Hogback monocl ine. It cuts across a midd le and early (?) outwash 
terrace and is roughly paral lel to and west of the Crystal River. The sag is interpreted to result 
from flowage and d issolution of evaporite from beneath the area . Middle and early (?) 
Pleistocene outwash gravels and overly ing 620 ka Lava Creek B ash and und ivided 

, Pleistocene "older" al luvium and col luvium are deformed by this structure (Kirkham and 
Widmann ,  1 997) 

Date of Compilation:  3/5/98 

Compiler and affiliation :  Robert M.  Kirkham, Colorado Geolog ical Survey 
Beth L. Widmann ,  Colorado Geolog ical Survey 

State: Colorado 

County: Garfield 

10 x 0 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N25W 

Number of traces : 1 

T7S, R88W- T8S, R88W 

End to end length : 3 .02 km 

Cumulative length : 3 .04 km 

Reliabil ity of location : Good 
Comments: This syncl inal sag was mapped at a scale of 1 :24 ,000 by Kirkham and Widmann 
( 1 997) . 

Geological setting : 

This unnamed, northwest-south east-trending syncl inal sag l ies with in the Carbondale collapse 
center, wh ich is reported to have experienced sign ificant Neogene collapse due to flowage and 
d issolution of evaporite deposits from beneath the area (Kirkham and others,  1 997b; Kirkham 
and Widmann ,  1 997).  The area is underlain by at least 900 m of evaporite (Mal lory ,  1 966). 
This sag created a prominent, elongate depression in a middle and early (?) outwash terrace;  
the 620 ka Lava Creek B ash and overlying "older" a l luvium and col luvium were deposited 
with in the depression and subsequently deformed by later movement on the syncl inal sag 
(Kirkham and Widmann,  1 997). Several sink holes occur in the depression associated with 
the sag . 
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320 Qf3 - U nnamed Syncl inal Fold Southwest of Carbondale 

Geomorphic expression : 

An elongate, subdued , partial ly sed iment-fi l led depression marks th is unnamed syncl inal  sag 
(Kirkham and Widmann ,  1 997) . Several sink holes occur in the depression associated with 
the sag . 

Age of folded deposits :  

Middle and early (? )  Pleistocene outwash gravels and overlying 620 ka Lava Creek B ash and 
Pleistocene "older" al luvium and col luvium are deformed by this synclinal sag (Kirkham and 
Widmann ,  1 997). 

Detai led stud ies : 

There have not been any detai led studies conducted on this structure. 

Timing of most recent paleoevent: (3) Quaternary-middle and late « 750 ka) 
Comments: Deformation of middle and early (?) outwash gravels, Lava Creek B ash ,  and 
overlying Pleistocene al luvium and col luvium suggests movement on this syncl inal sag during 
the past 620 ka (Kirkham and Widmann ,  1 997). 
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Qf4 - U nnamed Syncl inal  Fold Northeast of Carbondale 

Structure type: Simple fold 

Structure number: Qf4 

Structure name: Unnamed Synclinal Fold Northeast of C 
Comments: This unnamed structure is an east-west-trending syncl inal sag north of Highway 
82 near Carbondale at the mouth of Crystal Spring Creek. The sag l ies with in the Carbondale 
collapse center and is related to flowage and d issolution of evaporite from beneath the area 
(Kirkham and others, 1 997b). . 

Synopsis: 

This unnamed , east-west-trending syncl inal sag l ies with in the Carbondale col lapse center 
east of the Grand Hogback monocl ine. It is on the north side of the Roaring Fork River near 
the mouth of Crystal Spring Creek. The sag is interpreted to result from flowage and 
d issolution of evaporite from beneath the area. The sag has about 9 m of structural rel ief in 
late Pleistocene, Pinedale (?) outwash deposits (Kirkham, 1 997; Kirkham and Widmann ,  
1 997). Und ivided Pleistocene "older" al luvium and col luvium and Pleistocene col luvium and 
sheetwash also are deformed by th is structure (Kirkham and Widmann,  1 997) .  

Date of Compilation:  3/5/98 

Compiler and affil iation :  Robert M .  Kirkham, Colorado Geological Survey 
8eth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Garfield 

10 x 0 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N86W 

Number of traces : 1 

T7S, R88W 

End to end length : 1 .45 km 

Cumulative length : 1 .48 km 

Reliabil ity of location : Good 
Comments: This syncl inal sag was mapped at a scale of 1 :24,000 by Kirkham and Widmann 
( 1 997). 

Geological setting : 

This unnamed, east-west-trending synclinal sag l ies with in the Carbondale collapse center, 
which is reported to have experienced sign ificant Neogene col lapse due to flowage and 
d issolution of evaporite deposits from beneath the area (Kirkham and others, 1 997b; Kirkham 
and Widmann ,  1 997).  The area is underla in by at least 900 m of evaporite (Mal lory,  1 966). 

Geomorphic expression: 

This feature is a syncl inal sag developed in Pinedale (?) outwash deposits and other 
Pleistocene deposits; a topographic depression about 9 m deep occurs in  the terrace along 
the sag (Kirkham and Widmann ,  1 997). 
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322 Qf4 - U nnamed Synclinal Fold Northeast of Carbondale 

Age of folded deposits:  

The older of two late Pleistocene, P inedale (?)  outwash terraces and undivided Pleistocene 
"older" a l luvium and col luvium and Pleistocene col luvium and sheetwash are deformed by th is 
syncl inal sag (Kirkham and Widmann ,  1 997) . 

Detai led stud ies : 

There have not been any detai led studies conducted on this structure. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30 ka) 
Comments: Deformation of a late Pleistocene, Pinedale (?) outwash terrace, Pleistocene 
al luvium and col l uv ium, and Pleistocene colluvium and sheetwash suggests late Quaternary ,  
perhaps even post-glacial or Holocene movement on th is syncl inal sag (Kirkham and 
Widmann ,  1 997) .  
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Qf5 - U nnamed Syncl inal  Fold Northwest of Carbondale 

Structure type: Simple fold 

Structure number: Qf5 

Structure name: Unnamed Synclinal Fold Northwest of 
Comments: Th is unnamed structure is a northwest-trending syncl inal sag northwest of 
Carbondale. The sag l ies with in the Carbondale col lapse center (Kirkham, 1 997; Kirkham and 
Widmann ,  1 997) and is related to flowage and d issolution of evaporite from beneath the area . 

Synopsis: 

This unnamed, northwest-trending syncl inal sag l ies with in  the Carbondale col lapse center 
east of the Grand Hogback monocl ine. The sag is interpreted to result from flowage and 
d issolution of evaporite from beneath the area. Late Pleistocene "younger" and " intermed iate" 
terrace al luvium are deformed by this structure (Kirkham and Widmann ,  1 997) .  

Date of Compilation:  9/1 6/98 

Compiler and affil iation :  8eth L .  Widmann , Colorado Geolog ical Survey 

State: Colorado 

County: Garfield 

1 O x  ° Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N24W 

Number of traces : 1 

T7S, R88W 

End to end length : 1 . 9 1  km 

Cumulative length : 1 . 9 1  km 

Reliabil ity of location :  Good 
Comments: This syncl inal sag was mapped at a scale of 1 :24,000 by Kirkham and Widmann 
( 1 997). 

Geological setting : 

This unnamed , northwest-trend ing ,  synclinal sag l ies with in the Carbondale collapse center, 
wh ich is reported to have experienced sign ificant Neogene col lapse due to flowage and 
d issolution of evaporite deposits from beneath the area (Kirkham and Widmann ,  1 997) .  The 
area is underlain by at least 900 m of evaporite (Mal lory ,  1 966) .  

Geomorphic expression: 

This feature is a syncl inal sag developed in late Pleistocene terrace al luvium (Kirkham and 
Widmann ,  1 997). 

Age of folded deposits : 

Late Pleistocene "younger" and "intermediate" terrace al luvium are deformed by this structure 
(Kirkham and Widmann ,  1 997) 
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324 Qf5 - U n named Syncl inal  Fold Northwest of Carbondale 

Detai led stud ies: 

There have not been any detai led studies conducted on th is structure. 

Timing of most recent paleoevent: (2) Quaternary-late « 1 30 ka) 
Comments: Deformation of late Pleistocene terrace al luvium suggests late Quaternary 
movement on this syncl inal sag (Kirkham and Widmann ,  1 997) . 
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Qf6 - U n named Syncl i nal  Fold West of Carbondale 

Structure type: Simple fold 

Structure number: Qf6 

Structure name: Unnamed Synclinal Fold West of Carbo 
Comments: Th is unnamed structure is an east-northeast-trending syncl inal sag west of 
Carbondale near Edgerton Creek. The sag l ies with in the Carbondale collapse center 
(Kirkham, 1 997; Kirkham and Widmann ,  1 997) and is related to flowage and d issolution of 
evaporite from beneath the area. 

Synopsis: 

This unnamed, east-north east-trending syncl inal sag l ies with in the Carbondale collapse 
center east of the Grand Hogback monocl ine. The sag is interpreted to resu lt from flowage 
and d issolution of evaporite from beneath the area. Und ivided Pleistocene "older" al luvium 
and col luvium are deformed by this structure (Kirkham and Widmann ,  1 997) . 

Date of Compilation:  9/1 6/98 

Compiler and affiliation: Beth L. Widmann ,  Colorado Geological Survey 

State: Col.orado 

County:  Garfield 

10 x 0 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N70E 

Number of traces: 1 

T7S, R88W 

End to end length : 0 .59 km 

Cumulative length : 0 .61  km 

Reliabil ity of location:  Good 
Comments: This syncl inal sag was mapped at a scale of 1 :24 ,000 by Kirkham and Widmann 
( 1 997). 

Geological setting : 

This unnamed, east-northeast-trending synclinal sag l ies with in the Carbondale col lapse 
center, wh ich is reported to have experienced sign ificant Neogene col lapse due to flowage and 
d issolution of evaporite deposits from beneath the area (Kirkham and Widmann ,  1 997) . The 
area is underlain by at least 900 m of evaporite (Mal lory ,  1 966) .  

Geomorphic expression: 

This feature is a syncl inal sag developed in Pleistocene depOSits (Kirkham and Widmann ,  
1 997). 

Age of folded deposits :  

Pleistocene "older" a l luvium and col luvium are deformed by this synclinal sag (Kirkham and 
Widmann ,  1 997). 
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326 Qf6 - U n named Syncl inal Fold West of Carbondale 

Detailed studies: 

There have not been any detai led stud ies conducted on this structure. 

Timing of most recent paleoevent: (4) Quaternary « 1 .6 Ma) 
Comments: Deformation of Pleistocene deposits suggests Quaternary movement on th is 
syncl inal  sag (Kirkham and Widmann ,  1 997). 
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SUSPECT QUATERNARY FOLDS 

A fold is described as a suspect feature when the literature is not conclusive or when 
it leaves doubt as to the structure's Quaternary activity. 
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Qf1 - Grand Hogback Monocl ine 

Structure type: Suspect feature 

Structure number: Qf1 

Structure name: Grand Hogback Monocl ine 
Comments: The Grand Hogback monocl ine is a general ly north-south-trending,  down-to-the
west, late Laramide structure that extends from the Danforth H i l ls in the north to the Elk 
Mountains in the south . The section of the monocl ine that extends from near Glenwood 
Springs to southwest of Carbondale is herein considered a suspected Quaternary structure .  

Synopsis: 

The Grand Hogback monocl ine is a generally north-south-trending, down-to-the-west, late 
Laramide structure that extends from the Danforth H i l ls in the north to the Elk Mountains in the 
south . The section of the monocl ine from near Glenwood Springs to Thompson Creek 
southwest of Carbondale is suspected of unfold ing or relaxation during the Quaternary based 
on bedding-plane fau lts thought to be associated with the monocl ine that offset Quaternary 
deposits ,  and based on Quaternary diapirism in the anticl inal l imb of the monocl ine (Ki rkham, 
1 997; Kirkham and Widmann ,  1 997). The monocl ine is underlain by evaporite deposits that 
may exceed 900 m in th ickness (Mal lory , 1 966). Young movement on the monocl ine, which 
appears to involve relaxing or unfold ing of the monocl ine, is probably related to flowage or 
d issolution of underlying evaporite deposits (Kirkham and others , 1 997b; Kirkham, 1 997) .  

Date of Compilation:  9/1 /98 

Compiler and affiliation: Robert M .  Kirkham, Colorado Geological Survey 
Beth L. Widmann ,  Colorado Geological Survey 

State: Colorado 

County: Garfield 

10 x 0 Sheet: Leadvi l le 

Province: Southern Rocky Mountains 

Township and Range: 

Strike: N27W 

Number of traces: 1 

T6S ,R89W- T8S, R88W 

End to end length : 22.30 km 

Cumulative length : 21 .83 km 

Reliabil ity of location : Good 
Comments: The Grand Hogback Monocl i ne was mapped at a scale of 1 :20, 000 by Murray 
( 1 962) and 1 :250, 000 by Tweto and others ( 1 978). The section of the monocl ine that is herein 
suspected of Quaternary movement was mapped at a scale of 1 :24,000 by Kirkham and 
others ( 1 995a; 1 996b; 1 997a) and Carrol and others ( 1 996) . The trace used herein is from 
Tweto and others ( 1 978) and includes only that part of the fold suspected of Quaternary 
movement. 

Geological setting : 

The Grand Hogback Monocl ine is a late Laramide structure suspected local ly of Quaternary 
relaxation or unfold ing (Murray , 1 966 ; 1 969 ; Kirkham, 1 997) .  The section of the Grand 
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330 Qf1 - Grand Hogback Monocl ine 

Hogback Monocl ine that is suspected of Quaternary movement extends south from Glenwood 
Springs to Thompson Creek southwest of Carbondale. I n  this area the monocline is underlain  
by evaporite deposits that may exceed 900 m in  th ickness (Mal lory, 1 966). Young movement 
on the monocl ine may be related to relaxation or unfold ing of the monocl ine as evaporite 
deposits migrate or d issolve from beneath it. Evidence supportive of Quaternary movement 
on the monocl ine include bedd ing-plane faults associated with the monocl ine that cut 
Quaternary deposits and d iapirical ly folded late Pleistocene deposits along the anticl inal upper 
l imb (the Cattle Creek Anticl ine) of the monocl ine (Stover, 1 986 ; Kirkham and others,  1 996b; 
Kirkham, 1 997; Kirkham and Widmann ,  1 997) . 

Geomorphic expression : 

Age of folded deposits:  

I nd ividual bedding-plane faults associated with relaxation or unfold ing of the Grand Hogback 
monocl ine offset M iocene basalts as much as 90 m, late Tertiary-early Quaternary basaltic 
gravels as much as 30 m, and Holocene (?) and Pleistocene debris-flow depOSits about 3 m 
(Kirkham and Widmann ,  1 997). Pleistocene outwash terraces as young as late Pleistocene 
(Pinedale?) are folded by diapiric uparch ing along the upper anticl inal l imb (the Cattle Creek 
Anticl ine) of the monocl ine (Kirkham and Widmann ,  1 997) .  It is possible that Quaternary 
depOSits are being affected by the unfold ing of the Grand Hogback monocl ine, but there is not 
yet any d i rect evidence to show that Quaternary deposits are deformed in  association with this 
structure. 

Detai led stud ies: 

There have not been any detai led stud ies conducted on this section of the Grand Hogback 
Monocl ine.  

Timing of most recent paleoevent: (2) Quaternary - late « 1 30 ka) 
Comments: Although there is no d i rect evidence that conclusively demonstrates Quaternary 
movement on the Grand Hogback monocline, ind irect evidence suggests that the section of 
the monocline between Glenwood Springs and Thompson Creek has experience Quaternary 
movement. Fau lted and folded depOSits thought to result from relaxation or unfolding of the 
monocl ine are as young as late Pleistocene or Pinedale (?), and possibly even Holocene 
(Kirkham and others,  1 996b; Kirkham, 1 997) . 
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1.0–1.9

2.0–2.9

3.0–3.9

4.0–4.9

5.0–5.9

Epicentral location of instrumentally located 
earthquake. Size of dot indicates magnitude. 

F, I, II, III

IV

V

VI

Approximate epicentral location of pre-instrumental 
earthquake. Size of triangle indicates the modified 
Mercalli intensity. 

Approximate location of the November 8, 1882 
(Universal Coordinated Time) earthquake. The location 
and magnitude of this pre-instrumental earthquake has 
been estimated by several researchers using felt reports. 
The location used herein is that reported by Kirkham 
and Rogers (1986) and Spence and others (1996) and is 
probably accurate to only 0.5 to 1 degree of latitude or 
longitude. Recent studies report magnitudes that range 
between 6.0 and 6.8 for the earthquake.

Epicentral location of in-strumentally located 
earth-quake for which neither magnitude nor 
intensity are available.278

Location of earthquake generated by blast from 
mining operations or underground nuclear testing.
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QUATERNARY FAULT, FOLD AND
EARTHQUAKE MAP OF COLORADO

By Beth L. Widmann, Robert M. Kirkham, and William P. Rogers
GIS & Digital cartography by Matthew L. Morgan

EXPLANATION

Open-File Report 98-8

Simple or suspect fault—Dashed where inferred; dotted where concealed; bar 
and ball on side of fault downthrown during the Quaternary; each 
simple or suspect fault is assigned a unique identifier that is keyed to 
database

Sectioned fault—Dashed where inferred; dotted where concealed; bar and 
ball on side of fault downthrown during the Quaternary; each 
sectioned fault is assigned a unique identifier that is keyed to database; 
arrows mark endpoints of each section of a sectioned fault

Thrust fault—Sawtooth on upper plate; each thrust fault is assigned a unique 
identifier that is keyed to database

Trench—Showing location of excavated trench or trenches; each trench  is 
assigned a unique identifier consisting of the fault identification 
number or sectioned fault identification number followed by the 
number for each trench on a fault or fault section

Anticline—Showing trace of axial surface; dashed where inferred; dotted 
where concealed; each anticline is assigned a unique identifier that is 
keyed to database

Syncline—Showing trace of axial surface; dashed where inferred; dotted 
where concealed; each syncline is assigned a unique identifier that is 
keyed to database

Monocline—Showing approximate trace of a vertical plane placed about 
equidistant from anticlinal and synclinal fold axes; dotted where 
concealed; each monocline is assigned a unique identifier that is keyed 
to database

Timing of the most recent paleoevent on each fault, fault section, or 
fold is indicated by the color of the structure trace.

Holocene and post-glacial (<15 ka)

Late Quaternary (<130 ka)

Middle and late Quaternary (<750 ka)

Quaternary (<1.6 Ma)

Vicki Cowart, State Geologist
Colorado Geological Survey

Department of Natural Resources
Denver, Colorado

1998
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