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EXECUTIVE SUMMARY  

 

This report contains the results of a hydrogeologic investigation of central and western Rio 

Grande County, Colorado.  The study was requested and funded by Rio Grande County, by 

means of a grant from the State Water Supply Reserve Account through the Rio Grande Basin 

Roundtable and Colorado Water Conservation Board.  Applications to drill two oil exploration 

wells in the County were submitted to the Colorado Oil and Gas Conservation Commission in 

2012.  The proposed Dan A. Hughes Company DAHC-San Francisco Creek #1 well is located in 

the San Francisco Creek area, and the proposed First Liberty Energy, Inc. Basin #1 well is 

located in the Old Woman Creek area.  The proposed oil wells prompted the County to initiate 

efforts to better understand the hydrogeology of the area in the vicinity of the proposed oil wells. 

 

The project scope included the following: 
 

(1) Summarize the geology as it pertains to oil and gas resources, including identification of 

which parts of the County may be underlain by potential oil or gas resources and that may 

experience future drilling; 

(2) Summarize the history of oil and gas exploration in the County, including a brief description 

of the proposed oil wells; 

(3) Describe the geology and hydrogeology of the Conejos Formation, which supplies ground 

water to wells near the proposed oil wells and is the most important bedrock aquifer in the 

mountainous part of the County; 

(4) Perform a baseline sampling and chemical analysis of thirty-six existing water wells and 

springs in about a one-mile radius of the proposed wells to develop a water-quality baseline; 

(5) Perform sampling and chemical analyses of six deep water wells to better understand water 

quality in the deeper parts of the Conejos aquifer; 

(6) Evaluate the ground water hydrology and geology using the water well records of the 

Colorado Division of Water Resources and the geophysical logs and drill stem tests from 

previously drilled oil wells; 

(7) Analyze and interpret the collected data; and  

(8) Make recommendations to the County regarding how to protect ground water resources from 

potential impacts to ground water that might result from petroleum exploration and drilling.  

 

Areas within the County where there is potential for future oil and gas exploration coincide with 

a geologic structure called the San Juan Sag.  The sag is an elongate, trough-like structural 

depression in sedimentary rocks concealed beneath the thick pile of volcanic rocks and 

volcaniclastic rocks (sedimentary rocks consisting almost entirely of material eroded volcanoes) 

within the San Juan Volcanic Field.  The San Juan Sag contains thick deposits of Mesozoic-age 

petroleum source rocks, including the Cretaceous Lewis Shale and Mancos Shale.  The sag is a 

northeastward extension of the San Juan Basin, a well known prolific producer of petroleum.    

 

The eastern margin of the San Juan Sag reportedly is controlled by a generally north-south-

trending fault, the Cimarron Fault, whose trace is about at the longitude of Del Norte.  The fault 

was located along the western margin of an ancient mountain range called the San Luis Uplift or 
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Highland.  East of the fault the Mesozoic-age petroleum source rocks were eroded off the 

mountain uplift and there is little to no potential for oil and gas deposits in the eastern part of the 

County east of the fault.  The petroleum source rocks are present in the subsurface west of the 

Cimarron Fault, and there is potential for oil and gas deposits and for exploration and production 

drilling in the part of the County that is west of the fault. 

 

The primary water-bearing geologic deposits or aquifers that supply water to wells in the 

mountainous areas of Rio Grande County include shallow unconsolidated deposits such as the 

alluvium of the Rio Grande and streams tributary to the Rio Grande, and the widespread Conejos 

Formation.  Due to the fact that most, if not all, of the water wells in the San Francisco Creek 

watershed and the Old Woman Creek watershed derive their water from the Conejos Formation 

aquifer, and because the Conejos previously has received very little attention in terms of its 

aquifer characteristics, this study concentrates on the Conejos Formation aquifer and its 

hydrologic relationship to the underlying petroleum reservoir rocks of interest for oil and gas 

exploration. 

 

The water quality and the hydrologic properties of the Conejos Formation aquifer are discussed 

in this report in considerable detail, particularly in regard to the hydrogeology of the areas in the 

watersheds of San Francisco Creek and Old Woman Creek within approximately 1 ½ miles of 

the oil and gas test wells that recently have been permitted in those areas. 

 

In summary, this study has found the Conejos Formation aquifer to be highly heterogeneous and 

anisotropic (that is, highly variable in its water-bearing characteristics and directions of ground 

water movement).  This is mainly for two reasons:   
 

¶ The deposits that make up the Conejos Formation vary widely in their water storage and 

transmitting capacity.  In some areas the Conejos Formation consists of hard, but highly 

fractured, lava flows and related rocks; and in other areas it is composed of layered but 

variable sedimentary deposits of sandstone, siltstone, and other rocks originally derived 

from volcanic deposits (i.e. volcaniclastic rocks).  
 

¶ Faulting, fracturing, and igneous intrusions associated with young volcanic activity have 

created potential pathways for ground water movement between shallow depth zones 

within the Conejos aquifer, such as the zone generally less than 1,500 feet deep from 

which most water wells draw their water, and deeper formations. 

 

Results of several of the tasks done as part of this study, including water quality sampling of 

shallow and deeper water wells, analysis of geophysical logs, and analysis of water well records, 

all indicate to the study team that there is evidence of relatively deep circulation of ground water 

(to several thousand feet depth) and shallow (less than 1,000 feet depth) presence of oil and gas.   

Overall, this means there is evidence that there are no highly impermeable formations that would 

serve to hydrologically separate the underlying petroleum-bearing reservoir rocks and source 

rocks from the shallower fresh-water aquifers used by water wells in the mountainous areas of 

the County. 

 

For this reason, the study team believes that the most prudent course of action is to make sure 

that the hydrogeology of the study area is well understood with greater accuracy than the present 
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study allows, particularly in areas that will be of interest for petroleum development, and that 

certain reasonable protective measures are in place to make sure any risks of ground water 

contamination due to oil and gas drilling and production activities are minimized. 

 

Accordingly, the study team makes several recommendations to the County based on the results 

of this hydrogeologic study and baseline water quality investigation.  Our recommendations are 

contained in Section 11.0 of this report.  Our recommendations, and the reasoning leading to 

each one, are repeated below in their entirety for the convenience of the Commissioners and 

residents of the County. 

 

1. Recommended oil and gas well drilling/completion/testing precautionary measures 

to protect against contamination of surface water and near-surface (i.e. alluvial) 

ground water within the immediate watershed.  
 

This study has found that there is substantial evidence of deep circulation of ground water, at 

least to several thousand feet depth in the Conejos Formation, and that there is significant 

permeability in the Conejos Formation that may serve to provide pathways for movement of 

water between deeper formations, the Conejos Formation, and near-surface (alluvial) ground 

water.   For this reason, the study team recommends: 
 

¶ An appropriate precautionary measure would be to require petroleum exploration or 

production wells to be cased and grouted (cemented) from the base of the Conejos 

Formation back up to ground surface, and that the grouted interval be tested for integrity 

by use of a CBL (cement bond log), pressure testing, or other means, before drilling and 

testing of the target formations for petroleum production. 

¶ Drilling within 1,000 feet of an alluvial floodplain or an intermittent or ephemeral 

streambed should be avoided, unless precautionary measures are taken to prevent the 

escape of drilling fluids.  For example, the conductor casing should be extended to 

adequate depths and cement grouted to protect shallow aquifers.  The exact depth will 

depend on local aquifer conditions, which as yet have not been well characterized. 

 

2. Recommended longer-term water quality baseline studies to establish a fund of 

information against which to compare post-drilling water quality.  
 

This study has developed a strong initial sampling of water wells that provides a valuable fund of 

water quality data.  However, this one-time sampling does not afford the opportunity to 

understand any seasonal variance in natural, background water quality.  Also, several wells and 

springs within or near to the one-mile radius of the two proposed wells were not sampled during 

this study for various reasons (see section 6.8).  Accordingly, the study team recommends that 

the County procure funding to sample the wells and springs identified in section 6.8 and for an 

annual sampling of a selected subset of the wells and springs sampled during this study.  

Particular wells chosen for further baseline water quality studies should be at least 30% to 50% 

of the wells sampled in this study, and should be selected on the basis of best information on the 

depth horizons from which the well draws water; a range of shallow to deep wells sampled; and 

wells that are in areas most likely to be of interest for future petroleum exploration drilling or 

that are located in the direction from a proposed oil well that ground water might be moving. 
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3. Recommended longer-term hydrogeologic investigations designed to fill significant 

gaps in the knowledge base about ground water occurrence and movement of 

significance to Rio Grande County.  
 

This study provides a strong framework with which to begin to understand the hydrogeology of 

the aquifers in the mountainous areas of Rio Grande County.  However, there remain significant 

data gaps.  Accordingly, the study team recommends a longer-term hydrogeologic investigation.  

Potential components of a more comprehensive hydrogeologic study may include: 
 

¶ Sampling and analysis of other deep water wells in the County, including those described 

in section 7.8. 

¶ Field investigations to check the nature of mapped faults and identified lineaments 

(possible fault or fracture traces) that may enhance ground water movement.  Field 

investigations should also attempt to better understand the distribution of various rock 

types within the Conejos Formation and their hydrologic properties.  

¶ Development of an aquifer water level elevation contour map (or maps), to enable better 

identification of local (creek subdrainage) and regional (basin or sub-basin) ground water 

flow paths. 

¶ Development of water balance estimates for individual creek subdrainages, to allow 

estimation of ground water recharge, discharge, changes in ground water storage, and 

other critical parameters. 

¶ Perform properly instrumented pumping tests on selected existing wells, to help narrow 

the uncertainty in transmissivity, hydraulic conductivity, and storage characteristics of the 

Conejos Formation aquifer.  

¶ Development of Piper trilinear diagrams of major anions and cations, to help understand 

the pathways of ground water movement and chemical changes in the subsurface. 

¶ Consider a program of water sampling to include environmental isotope analyses, such as 
18

O, 
14

C, tritium, deuterium, and chlorofluorocarbon (CFC).  These would allow 

estimation of ground water travel times since recharge, and thereby help understand the 

time of travel from the recharge (source) areas to water wells and to the San Luis Valley 

aquifers.  Other methods of age dating ground water would support this effort. 

¶ Ultimately, to best understand the ground water in the deeper part of the Conejos aquifer 

one or more deep hydrologic monitoring wells should be designed, drilled, completed, 

and monitored specifically for this purpose. 

 

4.   Recommended measurements, water quality sampling, or other short-term activities 

to be undertaken by the County, by individual well owners, or by others, before, 

duri ng, and after exploratory oil and gas drilling.  
 

COGCC Rule 609 Statewide Groundwater Baseline Sampling and Monitoring (draft as of this 

writing) includes a provision that the operator must sample at two sites located within two 

ñgroundwater sources or springs within a İ mile radius of the proposed Oil and Gas Locationò.  

Draft Rule 609 goes on to impose several criteria for selection of sampling locations.  Based on 

this study, and the uniqueness of the geologic formations identified, the study team believes that 

only two sites within ½ mile are not adequate due to the strong evidence of ground water 

migration to several thousand feet depth, in a highly heterogeneous, fractured rock geologic 

environment.  Accordingly, the study team recommends that the operator of a proposed 
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petroleum well, the County, or individual well owners sample all available water wells and 

utilized springs that are within about one mile of a proposed petroleum exploration or production 

well for major ions, BTEX, and the other constituents as stated in Rule 609 (e) (2).  The 

chemical analyses should also test for hydrocarbon gases, as was done during this project.  If 

hydrocarbon gases are detected, then additional testing should be conducted to determine if the 

gas is biogenic or thermogenic in origin.  If insufficient water wells are located within one mile 

of the well, then the radius of investigation should be expanded. 

 

5.  Other recommendations.  
 

The majority of oil and gas exploratory drilling programs include geophysical logging only from 

the bottom of the surface casing (typically 1,000 feet deep or more) through the depth of interest 

to the operator.  The study team recommends that the County require that the uppermost depth 

range of the oil and gas borehole be geophysically logged before it is cased and cemented.  As a 

minimum, the study team recommends a suite of logs consisting of induction, gamma ray, 

caliper, SP, and a density or porosity log.  This requirement would provide valuable data on the 

upper portion of the borehole at each drilling site that can aid in filling data gaps in the detailed 

stratigraphy, water quality, and porosity characteristics of the Conejos Formation for use in 

assessing local impacts to ground water resources. 

 

We also recommend that a geologist selected by the County be allowed access to drilling 

locations to periodically observe the drilling of future petroleum wells in the County and that 

drill cuttings from the Conejos Formation be collected, properly labeled, and made available to 

the County-selected geologist for examination.  These drill cuttings would improve the 

interpretation of geophysical logs recorded in the Conejos Formation. 

 

The County should also work with State legislators to develop regulations that would require 

disclosure of mineral rights during real estate transactions.  Potential buyers of real estate should 

be advised of ñsplit estateò situations where the mineral rights are severed from surface rights.  It 

should be relatively easy to determine if severed mineral rights are held by the Federal or State 

government, and whether those mineral rights are leased at the time of the real estate transaction.  

Unpatented mining claims on lands with Federal mineral rights also could be disclosed at that 

time to potential buyers of real estate.  If the severed mineral rights are privately held, it may be 

difficult to ascertain exactly who owns the mineral rights, but at least the buyer would be aware 

that the property of interest is a split estate.   

 

Another recommendation involves both education and improvement of the water-quality 

database.  We recommend that the County encourage the school districts to include water-quality 

education, especially ground water, in their curriculum.  As part of this effort, an on-going 

program to periodically test wells and springs for field parameters (e.g. temperature, pH, and 

conductivity) would provide educational opportunities for students and help to develop a long-

term, basic water-quality baseline for the County.  The County could also encourage graduate 

students at universities to do their thesis on the hydrogeology of the area.  Grants or stipends 

would be ideal, but even in-kind support (e.g. housing) might entice students to conduct their 

research in the area. 
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1.0 INTRODUCTION AND BACKGROUND  

 

During 2012 two oil and gas exploration wells were proposed in Rio Grande County, one about 5 

miles south of the Town of Del Norte and another about 5 miles northwest of Del Norte.  Several 

petroleum exploration wells have been drilled in the western portion of Rio Grande County in 

the past.  Several wells found evidence of oil or gas, and one reportedly produced 30 barrels of 

oil.  The last well was drilled more than 20 years ago.  The new proposed oil wells and the 

possible use of improved development techniques have caused community members and County 

officials to seek more information regarding potential negative environmental impacts.  Of 

particular concern are potential impacts to the quality and quantity of ground water in aquifers at 

and near drill sites. 

 

The land use near the proposed oil and gas exploration wells is predominately rural residential 

with homes on large subdivision lots or ± 40 acre tracts.  The domestic water supply for these 

residences is from individual private wells.  Further, it is believed that ground water availability 

for many agricultural and municipal wells located down-gradient is supplied in part from flow in 

the deeper ground water aquifers near these proposed oil and gas wells.  

 

This new concern prompted the Rio Grande County Commissioners to seek funding for a study 

of the ground water aquifers and subsurface geologic formations in the western portion of the 

County, with a focus on the two proposed oil exploration well sites.  Funding for the study was 

obtained from the State Water Supply Reserve Account through the Rio Grande Basin 

Roundtable and Colorado Water Conservation Board.   

 

A specific objective of this study and report was to present information to improve the 

understanding of the existing ground water and related geologic formations near the proposed 

exploration sites.  Further, it was proposed to utilize this information in developing and 

presenting oil and gas well drilling and casing recommendations that would provide reasonable 

protection of the usable ground water in the aquifers.  

 

The study has included collection and interpretation of new data, as well as data from past 

studies and reports that focused on the area of interest.  New data includes sampling and 

chemical analysis of water from most existing wells within about a one-mile radius of the two 

proposed drilling sites and similar sampling and chemical analysis of water from deeper wells, 

most of which are near the Town of South Fork. In addition, collection, new analysis and 

interpretation of existing data from drillerôs logs from water wells, and analysis of geologistôs 

logs and geophysical logs from oil exploration wells have been performed.  Past geologic and 

hydrogeological studies and reports have been collected, reviewed and interpreted to improve 

descriptions of subsurface geologic formations. 

 

This report presents the findings of the study.  A map showing the study area boundary and 

location of proposed oil wells is in Figure 1.1.  The report includes several appendices that are 

available as separate digital PDF files.  The appendices are: 
 

Appendix A. ACZ Laboratory Analytical Results for COGA Baseline Samples 

Appendix B. Sangre de Cristo Laboratory Analytical Results for Deep Well Samples 
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Appendix C. Reported Production Test Data for Wells in San Francisco Creek Area  

Appendix D. Reported Production Test Data for Wells in Old Woman Creek Area 

Appendix E. Evaluation of Water Salinities from Selected Wells, Rio Grande County, Colorado, 

by Digital Formation, Inc., Denver, Colorado 

Appendix F. Preliminary Lineament Analysis 

 

The study team included the following participants:  Davis Engineering Service, Inc.: Allen 

Davey and Clinton Phillips; GeoLogical Solutions: Robert Kirkham; and HRS Water 

Consultants, Inc.: Eric Harmon, Eric Saenger, and Jimmy Schloss. 

 

 

 

 

Figure 1.1.  Map of study area boundary and location of proposed oil wells.  The green line 

denotes the study area boundary, which approximately coincides with the mountainous part of 

Rio Grande County. 
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2.0 REVIEW OF PAST WORK  

 

This section presents a summary of previous geologic and hydrogeologic studies that pertain to 

the study area, which is the mountainous area of Rio Grande County.   This discussion is 

organized by major topic:  first we summarize important published research on the geology of 

the San Juan foothills and mountains, and second we discuss significant research reports on the 

hydrogeology that describes ground water recharge and movement, and the nature of the 

geologic units of the study area in terms of their hydrologic characteristics.   Discussion of the 

geology, oil and gas exploration, based in part on these previous studies, is included in Section 3 

of this report. 

 

Not all of the sources of basic information relevant to the geology and hydrology of the study 

area have been published, nor are all of the unpublished data sources particularly well known.    

This review summarizes the maps or papers that are considered particularly relevant to this 

study, and is not intended to be a complete summary of all published work.  Where the authors 

have personal knowledge or experience in the study area that we believe is relevant, we have 

tried to incorporate that into our discussion and interpretations in later sections of this report.  

Also, much work has been done on the hydrogeology and ground water characteristics of the San 

Luis Valley, adjacent to the study area on its east side.  Because the study area is considered a 

ground water recharge area to the aquifers in the San Luis Valley, we have reviewed several 

reports for that area also, even though strictly speaking they are not part of the study area.   

 

2.1 Past Work on Geology of the Study Area 

 

Likely the first published work on the geology of the San Juan Mountains, including the study 

area, was done as part of the 1877 Geological And Geographical Atlas Of Colorado And 

Portions Of Adjacent Territory by F.V. Hayden.  This work describes many of the volcanic and 

sedimentary formations that we now recognize as key elements of the overall geography, 

stratigraphy, and geologic structure of the San Juan Mountains, and also contains more general 

descriptions of the foothills region and the San Luis Valley. 

 

The more recent and near-surface geologic deposits, such as glacial moraines and streambed 

sediments in and adjacent to the study area were studied in depth and the results published in the 

1932 publication:  Physiography and Quaternary Geology of the San Juan Mountains, Colorado 

by W.E. Atwood and K.F. Mather (U. S. Geological Survey Professional Paper 166).   This report 

provides detailed descriptions of the alluvial (stream-deposited) and glacial deposits that make 

up many of the water-bearing near-surface sediments along the Rio Grande and its perennial and 

intermittent tributary streams.  This report also recognized that the topography of the study area 

that we observe today is chiefly controlled by the geologic structure of the underlying volcanic 

and sedimentary rocks.   

 

There are U.S. Geological Survey geologists who have spent many years studying the geology of 

the San Juan Mountains, with particular emphasis on the volcanic rocks that comprise the aquifer 

and aquitard layers in much of the San Juans, including the San Francisco Creek and Old 

Woman Creek drainages and adjacent areas.  A useful although somewhat general geologic map, 
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published at a scale of 1:250,000 (1 inch equals approximately 4 miles) that covers the entirety 

of the study area as well as adjacent areas is:   

 
Steven, T.A., P.W. Lipman, W.J. Hail, Jr., F. Barker, and R.G. Luedke. 1974. Geologic map of 

the Durango quadrangle, southwestern Colorado. U.S. Geological Survey Miscellaneous 

Investigations Series Map Iï764. 

 

This map primarily depicts the bedrock formations in the study area.  The primary bedrock 

aquifer in the study area from which water is pumped by residential and stock watering wells is 

the Conejos Formation, which is clearly mapped and identified on this map.   The Conejos is 

broken down into two (sometimes more) distinct facies:  the near-vent or lava flow facies, and 

the volcaniclastic facies.   A ñfaciesò in geologic terms is a body of rock that has certain general 

characteristics, due to a certain set of circumstances that led to its deposition.  Further, and of 

importance to this study, the different facies of the Conejos have generally distinct characteristics 

that affect its ability to store and transmit ground water. 
 

Other geologic maps that are more detailed (scale of 1:48,000; 1 inch equals approximately ¾ 

mile) that cover parts (although not all) of the study area and that have been reviewed for this 

study are:   

 
Lipman, Peter.  Geologic Map of the Del Norte Area, Eastern San Juan Mountains, Colorado [map].  

1:48,000.  Denver, CO.  United States Department of the Interior, USGS, 1974; Generated using the 

National Geologic Map Database < http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html > 23 Oct. 2012 

 

Lipman, Peter.  Geologic Map of the Platoro Quadrangle Caldera Area, Southeastern San Juan Mountains, 

Southwestern Colorado [map].  1:48,000.  Denver, CO.  United States Department of the Interior, USGS, 

1974; Generated using the National Geologic Map Database < 

http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html > 23 Oct. 2012 

 

Lipman, Peter and Thomas, Steven.  Geologic Map of the South Fork Area, Eastern San Juan Mountains, 

Southwestern Colorado [map].  1:48,000.  Denver, CO.  United States Department of the Interior, USGS, 

1976; Generated using the National Geologic Map Database < 

http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html > 23 Oct. 2012 

 

These maps were used primarily to provide more detail on the mapped formations within the 

study area, and to give a more accurate mapping of faults that may be important in terms of 

pathways for ground water movement. 

 

Several more recent geologic studies of importance to understanding the subsurface stratigraphy 

and geologic structure of the region, with emphasis on the oil and gas potential of the eastern San 

Juan Mountains, including the study area, have been done since the mid-1980ôs by several 

authors, notably Robbie R. Gries and Brian S. Brister.  The study team has reviewed and drawn 

upon these publications in summarizing our understanding of the geology of the area (Sections 3 

and 4 of this report), including the origin and characteristics of the geology as related to the 

petroleum resources in the area.  These publications include the following: 

 
Brister, B.S., 1991, Tertiary sedimentation and tectonics: San Juan Sag-San Luis Basin region, Colorado 

and New Mexico: Socorro, New Mexico Institute of Mining and Technology, Ph.D. thesis, 267 p. 
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Brister, B.S., and Chapin, C.E., 1994, Sedimentation and tectonics of the Laramide San Juan Sag, 

southwestern Colorado: The Mountain Geologist, v. 31, p. 2-18.  

 

Brister, B.S., and Gries, R.R., 1994, Tertiary stratigraphy and tectonic development of the Alamosa Basin 

(northern San Luis Basin), Rio Grande Rift, south-central Colorado, in Keller, 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. 39-58. 

 

Gries, R.R., 1985, San Juan Sag: Cretaceous rocks in a volcanic-covered basin, south central Colorado: The 

Mountain Geologist, v. 22, no. 4, p. 167-179. 

 

Gries, R.R., 1989, San Juan Sag; Oil and gas exploration in a newly discovered basin beneath the San Juan 

volcanic field, in Lorenz, J.C., and Lucas, S.G., eds., Energy frontiers in the Rockies: Albuquerque 

Geological Society, New Mexico, p. 69-78. 

 

Gries, R.R., and Brister, B.S., 1989, New interpretations of seismic lines in the San Luis Valley, south-

central Colorado, in Harmon, E.J., ed., Water in the valley: Colorado Ground-Water Association, 8th 

annual field trip, p. 241-254. 

 

Gries, R.R., Clayton, J.L., and Leonard, C., 1997, Geology, thermal maturation, and source rock 

geochemistry in a volcanic covered basin: San Juan Sag, south-central Colorado: American Association of 

Petroleum Geologists Bulletin, v. 81, no. 7, p. 113-1160. 

 

Some of the most important interpretations of the geology that were useful for this study are 

derived from these publications, in particular the structural and stratigraphic configuration of the 

older formations that underlie the Conejos Formation, such as the Blanco Basin Formation, 

Lewis Shale, Mancos Shale, Dakota Formation, their relationship to the Conejos Formation, and 

the presence and configuration of the geologic structure called the San Juan Sag.  These 

relationships are shown in later figures and maps in this report, and are explained in Section 3.  

For example, one unusual aspect of the petroleum potential in the study area as compared to 

most petroleum producing areas is that some natural petroleum has been found in the Conejos 

Formation. 

 

2.2 Past Work on the Hydrogeology of the Study Area 

 

The occurrence and movement of ground water through the study area is complex, generally 

being characterized by ground water recharge and movement through near-surface soils and, 

where present, glacial and stream deposits.  Ground water movement through bedrock 

formations in the study area, dominantly the Conejos Formation, takes place by two modes:  

water movement in the interstices between the rock grains (intergranular permeability) and water 

movement through fractures and joints in the rocks (fracture permeability).  Although there have 

been many studies of ground water in the San Luis Valley east of the study area and some 

studies, as discussed previously, have been done relating to the geology and oil and gas potential 

of the eastern San Juan mountains,  relatively few scientific investigations have sought to 

determine the aquifer characteristics and potential ground water pathways between the deeper 

strata targeted by oil and gas exploration, and the shallower strata (largely the Conejos 

Formation) that provide water to domestic wells in the study area and that may provide ground 

water recharge to the confined aquifer layers of the western SLV.  This section is a brief 

summary of studies on ground water in or near the study area relevant to these questions. 
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Dr. David Huntley, in his Ph.D. thesis and in subsequent papers, presented estimates of the 

permeability of the Conejos Formation and also the joint-controlled fracture permeability of the 

ash-flow tuff formations that overlie the Conejos in some areas.  Dr. Huntleyôs publications 

include: 
 

Huntley, D., 1979, Ground-water recharge to the aquifers of northern San Luis Valley, Colorado: 

Summary: Geological Society of America Bulletin, part 1, v. 90, p. 707-709. 

 

Huntley, D., 1976, Ground water recharge to the aquifers of northern San Luis Valley, Colorado: Golden, 

Colorado School of Mines, Ph.D. thesis, 240 p. 

 

Although Dr. Huntleyôs work was more directly related to the Saguache Creek drainage and the 

Closed Basin of the San Luis Valley, his work is relevant and useful to this study.   

 

Based on several field observations, Dr. Huntley concluded that the Conejos Formation and the 

younger ash-flow tuff units have significant hydraulic conductivity.  For the Conejos, in volcanic 

material including at least two lava flows reported on the drillerôs log, on the basis of a pumping 

test of a Town of Saguache municipal well, Dr. Huntley reported a hydraulic conductivity (K) in 

the range of 1.06 x 10
-3

 to 1.3 x 10
-3

 cm/sec (3.0 to 3.7 ft/day).  This value is indicative of an 

aquifer with moderate production rates from wells.   

 

For the purposes of this report, the terms permeability and hydraulic conductivity are the same, 

although in a strict sense permeability is an intrinsic property of the rock, and hydraulic 

conductivity, in addition, includes factors for the specific gravity and the viscosity of the fluid 

moving through the rock. 

 

Huntley reported an estimate of K for fractured, welded ash-flow tuff of the Fish Canyon 

Formation of approximately 5 x 10
-2

 cm/sec (140 ft/day) based on observed flow from a spring 

and a simple flownet analysis at Big Springs picnic ground, near Houghland Hill, in Saguache 

County.   This is a high K value, and probably indicates an upper range for fractured, welded 

ash-flow tuffs in the eastern San Juan Mountains.   

 

Huntley hypothesized that the underlying, fractured volcanic bedrock of the San Juan Mountains 

has relatively high bulk permeability (taking intergranular and fracture permeability together) 

and, partly due to the high K, has a regional-scale water table with a low water table gradient 

(Caine and Wilson, 2011).  For ground water movement from the San Juan Mountains into the 

Closed Basin, Huntley estimated a range of relatively low hydraulic gradient values (0.0002ï

0.0008).  Although this is an important hypothesis worthy of investigation, later studies have 

shown that an overall high K and low water table gradient is probably valid on a local basis, and 

is probably not applicable for the Conejos Formation as a whole over the study area.  

 

In 1986-87, HRS Water Consultants, Inc. (HRS), on behalf of the Colorado Water Resources and 

Power Development Authority (CWRPDA), researched the feasibility of developing ground 

water from deep within the confined aquifer layers of the San Luis Valley ï generally below 

3,000 feet depth.  That study resulted in several task reports, which were summarized in: 
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HRS Water Consultants, Inc., 1987, San Luis Valley Confined Aquifer Study Phase 1 Final Report: 

Colorado Water Resources and Power Development Authority. 

 

Although the focus of the CWRPDA study was the SLV basin, part of that investigation involved 

estimation of the recharge to the deep confined layers from the eastern San Juan Mountains, 

including the study area.  In that study, HRS concluded that on the order of 600,000 acre-feet per 

year (ac-ft/y) of water were recharged to the aquifers of the San Luis Valley from water that 

enters the SLV as streamflow or shallow, alluvial ground water, and subsequently is recharged to 

the SLV aquifers as ground water by percolation in the alluvial fans; and about 90,000 ac-ft/y are 

recharged as ground water to the SLV from the San Juans through bedrock formations, of which 

approximately 50,000 ac-ft/y flow through the Conejos Formation and the overlying ash-flow 

tuff formations (see table below). 

 
Estimates of Ground Water Inflow from the San Juan Mountains 

By HRS Water Consultants, Inc. (1987) on behalf of CWRPDA 
 

Formation Estimated Ground Water Inflow (ac-ft/yr)  

 

Alluvium, unconfined, and upper confined 

(called HSU 1 and HSU 2) 

NOTE:  This estimate included rim inflow 

600,000 

Conejos Fm. And Ash-Flow Tuff Formations 

(called HSU 3 and 4) 

50,000 

Sedimentary Formations below Conejos Fm. 

(called HSU 5) 

40,000 

Total of Bedrock Formation Inflow 90,000 

 

TOTAL (including rim inflow)  

 

690,000 

  
 

In addition, during the CWRPDA 1987 study, the Waggoner-Baldridge # 1-19 San Francisco 

Creek oil well was being drilled (note: this well is called the San Francisco Creek Ranch #1 well 

in the Colorado Oil and Gas Commission records, and this name is used elsewhere in the report).  

CWRPDA used the opportunity to have additional geophysical and geologic logging done.  The 

resulting information was useful in identifying the lithologic characteristics of the Conejos 

Formation at that location, and has been useful in the petrophysical analysis done as part of this 

study.  At the time of the 1987 study, HRS tentatively concluded that potable water and 

relatively permeable Conejos volcaniclastic materials could be found down to approximately 

1,700 feet depth. 

 

Later studies helped refine estimates of aquifer characteristics of the Conejos Formation in the 

eastern San Juan Mountains.  This work included a study of water well records in the eastern San 

Juan Mountains, including much of the study area, done by HRS for Davis Engineering, Inc. in 

1999, and a further refinement of the same area, also done by HRS on behalf of the Colorado 

Water Conservation Board and the Colorado Division of Water Resources, as part of the Rio 

Grande Decision Support System (RGDSS): 
 

HRS Water Consultants, Inc., 1999, Estimates of Ground Water Inflow, San Juan Mountains to the San 

Luis Valley, Colorado:  Unpublished consultantôs report, 14 p. plus figures. 

 

HRS Water Consultants, Inc., 2004, Task 4 Final Report Ground Water Boundary Flow and Storage 

Change:  CWCB and SEO, unpublished consultantôs report, 54 p. plus figures. 
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Key conclusions from the 1999 study were that the average potentiometric (water table) gradient 

toward the San Luis Valley from the eastern San Juan Mountains was in the range of 0.007 feet 

per foot eastward (considerably higher than Huntleyôs estimates), but that there are many 

different slopes and directions of the ground water gradient, depending on the aquifer conditions 

in local subdrainages.  That study also concluded that there are approximately 165,000 ac-ft/y of 

ground water that flow through the Conejos Formation and enter the SLV as ground water in 

total, between the CO-NM state line on the south, and Saguache Creek on the north.  The 2004 

RGDSS study revisited the inputs to the 1999 study, parsed the entire San Juan Mountain front 

into three parts, and overall found less ground water entering the SLV, based primarily on a 

lower estimate (0.5 to 1.0 ft/day) for the permeability of the Conejos Formation as shown in the 

following table. 

 

 
 

Some significant studies have concentrated on the San Luis Valley, and relate to the study area 

only peripherally.  Notable studies include: 
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Mayo, A.L., Davey, A., and Christiansen, D., 2007, Groundwater flow patterns in the San Luis Valley, 

Colorado, USA revisited: an evaluation of solute and isotopic data: Hydrogeology Journal, v. 15, p. 383-

408. 

 

Brendle, D.L., 2002, Geophysical Logging to Determine Construction, Contributing Zones, and 

Appropriate Use of Water Levels Measured in Confined-Aquifer Network Wells, San Luis Valley, 

Colorado, 1998ï2000:  U.S. Geological Survey, Water Resources Investigations Report 02-4058, 58 p. 

 

These studies contain relatively little information directly applicable to this study, although the 

studies do add to the overall understanding of the ground water flow characteristics from the San 

Juan Mountains to the San Luis Valley.  The study by Mayo and other does contain relevant 

information on the general chemical composition of the streams entering the San Luis Valley 

from the San Juan Mountains (Mayo and others, p. 393): 

 

 

 
 

Also, the isotopic composition of the ground water clearly shows the strong contribution of water 

from the San Juan Mountains that recharges the aquifers of the San Luis Valley. 

 

The USGS (Brendle) 2002 study summarized well logging, including temperature, fluid 

conductivity, and downhole flowmeter logging, of a number of wells in the SLV.  Although not 

directly applicable to the study area, these logs do demonstrate the strong dependence of ground 

water flow to the lithology and the degree of fracturing. 

 

A recent in-depth study of ground water relevant to the San Juan Mountains (although it was not 

done within the study area) was the Ph.D. thesis of Dr. Marty Frisbee: 
 

Frisbee, M.D., 2010, Streamflow generation processes and residence times in a large, mountainous 

watershed in the southern Rocky Mountains of Colorado, USA:  Ph.D. Thesis, New Mexico Institute of 

Mining and Technology, 229 p. 

 

The Frisbee study involved research in the Saguache Creek drainage that sought to help shed 

light on the physical processes that generate streamflow from ground water contributions, at 

larger watershed scales than small tributary streams.  Correlative questions involve solute 

transport processes and aquifer residence times of ground water tributary to streams.  Overall, 

while the processes that help drive ground water contribution amount and timing to mountain 

streams is useful, it may not be directly applicable to watersheds outside the authorôs study area. 

 

A recent study by Caine and Wilson uses a water budget approach to explore how ground water 

recharges, moves, and discharges in relatively small subdrainages in the San Juan Mountains.  
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Caine, J.S. and Wilson, A.B., 2011, The hydrogeology of the San Juan Mountains, in Blair, R. and 

Bracksieck, G., editors, The Eastern San Juan Mountains: their geology, ecology and human history: 

University Press of Colorado, p. 79-98. 

 

The authors estimate the inflow and outflow of a small creek basin at reconnaissance level to 

explore various questions, including:   
 

¶ How do steep slopes, as are common in the San Juan Mountains, allow for ground water 

recharge rather than simply causing precipitation to run off?  

¶ How do the steep slopes translate into hydraulic (water table) gradients that drive ground 

water flow?  

¶ Can extremely high water table gradients drive large volumes of meteoric (i.e. 

precipitation or snowmelt) water into the subsurface as recharge in this geologic 

environment? 

¶ How does complex geology influence these processes and control ground water flow 

paths? 

 

The authors do not attempt to fully answer all of these questions in a relatively brief 

reconnaissance level study, but they do present several conclusions that we believe are relevant 

to this study.  Caine and Wilson state that the few hydraulic conductivity data available for 

volcanic bedrock in the San Juan Mountains indicate values in the general range of 

approximately 10
-6

 to 10
-9

 m/s, (0.28 ft/day to 0.00028 ft/day) inclusive of fracture and 

intergranular permeability.  These numbers generally are consistent with the range of values 

reported in earlier studies, and that are found in the Old Woman Creek and San Francisco Creek 

areas within the overall study area. 

 

The authors suggest that the available evidence of significant permeability, and the occurrence of 

ground water at various depths, indicate that the volcanic rocks that comprise the majority of the 

aquifer material in the San Juan Mountains is well connected, although through complex flow 

paths, from the surface to large depths.   In addition, the authors suggest that there may be a high 

degree of heterogeneity in the volcanic and volcaniclastic rock aquifers at the scale of a creek 

subdrainage or even a smaller area, that could cause contaminant transport through complex 

ground water flow paths.  The work done for this study in San Francisco Creek and Old Woman 

Creek on ground water chemistry and permeability leads us to agree with Caine and Wilsonôs 

general conclusion with respect to these creek drainages.  

 

3.0. GEOLOGIC SETTING 

 

3.1 Geologic Overview 

 

The geology of Rio Grande County is very complex, and much of it is buried deep below ground 

level and not apparent in the landscape that we see today.  To help understand the geologic 

setting and its relationships to hydrogeology and the potential oil resources, a geologic time 

chart, a stratigraphic column, a simplified regional geologic map, and a regional cross section are 
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included in the report.  This section draws upon the published works of many geologists.  To 

avoid cluttering the text with abundant reference citations, which might impede the reading of 

the section by non-geologists, only the most relevant references are cited. 

 

Figure 3.1 shows the geologic time periods, the approximate boundaries of the time periods, and, 

more importantly, the major geologic events that have occurred in the County and that are 

responsible for the areaôs complex geology.  Figure 3.2 is a stratigraphic column that shows the 

geologic formations present in the project area.  The regional geologic map (Figure 3.3) shows 

the distribution of the geologic formations in plan view.  The regionôs complex geology is 

apparent in Figure 3.4, a cross section or vertical slice through the earth that starts near Pagosa 

Springs, crosses the Continental Divide near Wolf Creek Pass, then extends past the South Fork 

and Del Norte areas, across San Luis Valley, and ends at Blanca Peak. 

 

The entire project area is underlain by a thick pile of volcanic lava flows, ash-flow tuffs, and 

associated sedimentary rocks that were eroded from or blown out of the volcanoes during the 

middle Tertiary, mostly from about 35 to 25 million years ago.  These rocks have attracted the 

attention of many geologists for over a century.  The general types of volcanic rocks and their 

distribution are fairly well known, as are the major geologic structures (faults and folds) that 

affect the volcanic rocks.  Much effort has gone into studying the ash-flow tuffs, but less 

attention has focused on the andesitic lava flows and volcaniclastic rocks (volcanic-rich 

sedimentary rocks) in the Conejos Formation.  Unfortunately, all of the sampled water wells, as 

well as most other bedrock wells in the project area produce their water from the less well 

understood volcanic and volcaniclastic rocks in the Conejos Formation.   

 

This thick pile of volcanic rock conceals the underlying rocks, about which little was known 

until the past few decades.  There are only a few places in the San Juan Mountains where erosion 

has carved ñwindowsò though the volcanic pile and the older and underlying rocks can be seen in 

outcrop.  Two of these windows are in the valley carved by the Conejos River where very 

ancient Precambrian igneous and metamorphic rocks are exposed beneath the volcanic rocks.  

Other windows through the San Juan volcanics lie north of Saguache.  There, either the volcanic 

rocks rest on Precambrian rocks or on rocks that are older than the Cretaceous marine shales that 

are the source of much of the petroleum produced in Colorado.  For these reasons, there was 

little interest in the rocks that underlie the volcanic rocks in the eastern San Juan Mountains. 

 

But the conventional geologic thinking began to change in the 1970s when core from holes 

drilled for mineral exploration in the mountains north of Del Norte (Summer Coon Volcano) was 

found to contain fractures filled with biodegraded oil (Gries, 1985).  Reports of oil seeping out of 

volcanic rocks, oil in mineral exploration core near Summitville, and analyses of soil along 

Embargo Creek prompted more interest in the oil potential of rocks beneath the San Juan 

Volcanic Field.  The oil was thought to come from previously unknown petroleum source rocks 

that were beneath the volcanic rocks. 

 

Oil exploration drilling and seismic investigations began in Rio Grande County in 1981 (Gries, 

1985, 1989; Gries and others, 1997).  Within a few short years these efforts demonstrated the 

existence of the San Juan Sag, a trough-like structural depression concealed beneath the San Juan 

Volcanic Field (Figure 3.5).  The San Juan Sag contains thick deposits of Mesozoic-age 
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petroleum source rocks, including the Cretaceous Lewis Shale and Mancos Shale.  The sag is a 

northeastward extension of the San Juan Basin, a well known prolific producer of petroleum.    

 

The eastern margin of the San Juan Sag is believed to be controlled by a generally north-south-

trending fault, the Cimarron Fault, whose trace is about at the longitude of Del Norte.  East of the 

fault the Mesozoic-age petroleum source rocks were eroded off the mountain uplift, but they 

were preserved in the San Juan Sag on the down-dropped west side of the fault.  The northern 

and southern margins of the San Juan Sag extend far beyond the county line in those directions.  

The San Juan Sag exists beneath all of Rio Grande County, except for the area east of about a 

north-south line drawn approximately through Del Norte.  Future oil and gas exploration 

potentially could occur in all areas underlain by the San Juan Sag.  

 

3.2 Precambrian and Paleozoic History 

 

Ancient Precambrian rock exists at depth almost everywhere beneath the County.  These rocks 

are often referred to as basement rock. The only areas where Precambrian basement rocks may 

not be present are where much younger igneous intrusions associated with the middle Tertiary 

calderas and stratovolcanoes of the San Juan Volcanic Field intruded into and replaced the 

basement rock (Tweto, 1987).  Because of this, Precambrian basement rock may not be present 

in the southwest part of the County in the vicinity of the Summitville Caldera and in a very small 

part of the northwest corner of the County along the margin of the La Garita Caldera (Lipman, 

2006).  The Precambrian also may be replaced by narrow, elongate igneous dikes related to the 

Summer Coon Volcano and Baughman Creek Volcanic Center north and northwest of Del Norte 

(Steven and others, 1974; Lipman, 1974, 2006). 

 

The Precambrian basement rocks beneath the County are not well understood because they are 

buried beneath thousands of feet of younger sedimentary and volcanic rocks.  The drill cuttings 

recovered from the six oil tests that extended to the Precambrian basement provide limited data 

with which to indentify the specific rock type penetrated by the well.  Assuming the Precambrian 

rocks are similar to nearby outcrops in the Sangre de Cristo Mountains and in the Conejos River 

valley, they may chiefly consist of intrusive granitic rocks or metamorphic rocks about 1.5 to 1.7 

billion years old.  The Precambrian basement rocks play a role in the oil exploration drilling, 

because when drill holes reach the top of the Precambrian most companies will stop drilling.   

 

During the early and middle parts of the Paleozoic Era Rio Grande County may have been 

episodically covered by shallow seas, as were areas further north in Saguache County near 

Bonanza.  If the episodic early and middle Paleozoic seas covered the County, then sandstone, 

limestone, and shale would have been deposited.  But when the Ancestral Rocky Mountains rose 

during the late Paleozoic, the entire County was uplifted to form mountains; any early and 

middle Paleozoic rocks that might have existed here would have been eroded off the uplift, 

exposing the underlying Precambrian basement rock.  Figure 3.6 shows the paleogeography of 

the region about 300 million years ago.  Rio Grande County was located in the heart of the 

ancestral mountain range called the Ancestral Uncompahgre-San Luis Uplift at that time. 
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Oil is produced from the early and middle Paleozoic rocks in other parts of Colorado.  But there 

is no potential to produce oil from the early and middle Paleozoic rocks in the County because 

they were stripped off by erosion about 300 million years ago and do not exist in the subsurface 

beneath the County.  

 

3.3 Triassic and Jurassic Periods 

 

During the Triassic and Jurassic Periods the County continued to be elevated above sea level.  

Continental sediment probably was episodically deposited in the County during this time, but 

much of it was removed during several major periods of erosion (Berman and others, 1980).  The 

only rocks of this time period found so far in drill holes in the County include the Jurassic-age 

Entrada Sandstone, Wanakah Formation, and Morrison Formation (Brister and Chapin, 1994) 

(see Figure 3.2).    

 

3.4 Cretaceous Period and the Western Interior Seaway 

 

During the early part of the Cretaceous Period (late Mesozoic Era) a major incursion of the sea 

spread across the interior of the North American continent.  The seaway encroached from both 

the north and the south.  By about 85 million years ago, both arms of the sea eventually joined to 

form a continuous seaway that spanned north-south across the interior of the continent (Figure 

3.7).  The seaway is often called the Western Interior Seaway, but it also has been known as the 

Cretaceous Seaway, the Niobraran Sea, and the North American Inland Sea.   

 

As the sea transgressed (advanced) and regressed (retreated) across the continental interior, 

including Rio Grande County, thick sequences of marine and near-shore marine sediment were 

deposited.  The sediments deposited by the Western Interior Seaway in the County were 

originally thousands of feet thick.  

 

The Lewis Shale and Mancos Shale (Figure 3.2) are the thickest organic-rich shale formations in 

the project area; they are the primary petroleum source rocks in the County.  In the western part 

of the County a section of non-marine sediment consisting of sandstone, mudstone, and perhaps 

coal lies between the Lewis and the Mancos.  These non-marine rocks, called the Mesaverde 

Group, thin eastward and eventually pinch out in the subsurface beneath the County.  In the 

eastern part of the County, the Lewis directly overlies the Mancos Shale and no Mesaverde rocks 

are present.  The organic-rich shale was subsequently buried by more sediment and volcanic 

rocks, which slowly caused the temperature and pressure to increase. This increase encouraged 

the organics to ñmatureò into petroleum.   

 

The sand deposited along the shore of the ocean as it spread across the region became the Dakota 

Formation, and the sand deposited along the shore as the ocean retreated became the Pictured 

Cliffs Sandstone.  The Dakota Formation (also known as the Dakota Sandstone) is an important 

petroleum reservoir rock in other parts of Colorado, and it was the primary target of past drilling 

efforts in the project area.  To the west and southwest, in the San Juan Basin, the Pictured Cliffs 

Sandstone also is a major reservoir rock for petroleum, but only small remnants of the Pictured 
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Cliffs are thought to remain in the County.  Most of the Pictured Cliffs Sandstone was stripped 

off by erosion during a second period of mountain building called the Laramide Orogeny, which 

is described in the next section. 

 

3.5 Late Cretaceous to early Tertiary Laramide Orogeny 

 

Near the end of the Cretaceous Period tectonic forces once again caused major deformation 

affecting the Earthôs crust in a large part of the western United States, including Rio Grande 

County.  Major igneous intrusions and local volcanism accompanied the crustal deformation.  

This period of tectonism and igneous activity is called the Laramide Orogeny (Tweto, 1975; 

1980).  It began about 72 to 70 million years ago, and continued into the early Tertiary, lasting 

for about 20 million years.   

 

The Laramide Orogeny was responsible for much of the geology that lies concealed beneath the 

San Juan Volcanic Field.  One of the large Laramide uplifts, the Laramide San Luis Uplift, rose 

in part in the same location as the late Paleozoic Ancestral Uncompahgre-San Luis Uplift.   

Much of modern San Luis Valley was the site of former ancient mountain ranges that rose up 

during the late Paleozoic and Laramide episodes of mountain building.   The western margin of 

the Laramide San Luis Uplift was located further east than the western edge of the late Paleozoic 

uplift; it runs north-south through Rio Grande County.  A major fault along the western margin 

of the Laramide San Luis Uplift, the Cimarron Fault, was responsible for the uplift of the 

Laramide mountain range (Brister and Chapin, 1994). 

 

According to published information, the Cimarron Fault trends generally north-south 

approximately through Del Norte (Brister and Chapin, 1994).  The Cimarron Fault controls the 

presence and distribution of petroleum source rocks in the County.  East of the fault, on the 

uplifted mountain block, the Cretaceous rocks were stripped off by erosion.  Hence, petroleum 

source rocks do not exist east of the fault in eastern Rio Grande County.  The San Juan Sag 

formed on the west side of the Cimarron Fault, and the petroleum source rocks are preserved in 

the sag on the west side of the fault.  

 

The San Juan Sag is a trough-like structural depression.  In map view the sag is elongated in a 

north-south direction, extending from west Del Norte to near Pagosa Springs (Figure 3.5).  The 

up-arched Archuleta Anticlinorium near Pagosa Springs forms the southwest side of the sag 

(Figure 3.4), and the San Juan Basin, well known for its oil and gas production, lies west of the 

Archuleta Anticlinorium.  The northern and southern flanks of the San Juan Sag are less well 

understood, but they apparently do extend beyond the County line in both directions.   

 

Sediment eroded off the Laramide San Luis Uplift was deposited in the San Juan Sag.  These 

sediments are rich in quartz and feldspar eroded from the Precambrian rocks exposed in the 

uplift.   This Laramide ñsynorogenicò sediment is called the Blanco Basin Formation (Brister, 

1991; Brister and Chapin, 1994). 
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3.6 Middle Tertiary Volcanism  

 

During the middle of the Tertiary Period, starting at about 36 million years ago, a major phase of 

igneous activity initiated (Steven, 1975).  By the time it ended around 25 million years ago, an 

extensive middle Tertiary volcanic field may have blanketed much of central Colorado and 

north-central New Mexico, including all of Rio Grande County (Figure 3.8).  The project area is 

located in San Juan Volcanic Field, the most widespread and best preserved remnant of the very 

large middle Tertiary volcanic field.   

 

The San Juan Volcanic Field was formed during two major phases of volcanic activity and one 

relatively minor one (Lipman and others, 1970; Steven, 1975; Lipman, 1974, 1976, 2006).  

Numerous andesitic stratovolcanoes were active during the first phase of activity, which started 

about 35 million years ago.  The stratovolcanoes continued to erupt during the next phase of 

activity, but at a reduced level.  By about 30 million years ago phase two had begun in earnest.  

Huge, abrupt, catastrophic explosions of silica-rich ash roared downslope from calderas 

(caldron-like features formed by explosion and later collapse of a volcano) during phase two.  

These ash clouds were extremely hot clouds of ash and gas that flowed rapidly across the 

landscape for many miles.  Some ash flows extended eastward all the way across San Luis 

Valley (Figure 3.4). 

 

After the rapid extrusion of the large volumes of molten material from a caldera, they often 

collapsed inward, forming deep, steep walled, collapsed calderas.  The eruption from the La 

Garita Caldera is currently thought to be the largest well-documented volcanic eruption 

anywhere in the World.  Starting about 26 million years ago, near the end of the middle Tertiary, 

the volcanism evolved into mostly basaltic volcanoes that produced relatively slow moving lava 

flows and minor amounts of ash during a minor third phase of volcanism.  This phase of 

volcanism continued into the late Tertiary and the Quaternary, and is discussed in the following 

section. 

 

The distribution of the volcanic rocks from the three phases of San Juan volcanism is shown in 

Figure 3.3, a simplified geologic map of the study area and adjacent areas.  More detailed 

geologic maps showing the distribution of volcanic rocks in the County include Steven and 

others (1974), Lipman (1974, 1976, 2006), and Lipman and Steven (1976).   

 

Rocks associated with the first phase of volcanic activity are lumped together into the Conejos 

Formation.  They crop out at the ground surface in a north-south-oriented belt in the central part 

of the study area (Figure 3.3).  The outcrop belt of Conejos Formation extends from near Del 

Norte in the east to South Fork in the west, and it narrows from north to south.  Much of the 

developed land in the mountainous part of Rio Grande County lies within the outcrop belt of the 

Conejos Formation.  The Conejos Formation also exists in the subsurface at relatively shallow 

depths beneath much of the rest of the study area. 

 

The Conejos Formation is subdivided into two units in the study area.  The rocks located near the 

old stratovolcanoes consist mostly of lava flows with minor amounts of ash and other types of 

material.  These rocks are included in the vent facies of the Conejos Formation (Lipman, 1976).  

The lava flows typically are hard, dense rocks with no intergranular permeability, but fractures 
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within them do provide permeability.  In the outcrop shown in Figure 3.9 the fracture density is 

high in the central and right sides of the outcrop and much lower in the left side.  A water well 

drilled in the highly fractured rocks, more often than not, would produce more ground water than 

a well drilled into the less fractured rocks. 

 

 The mudflows and streams coming off the Conejos stratovolcanoes were composed almost 

entirely of material eroded from the volcanoes.   These sedimentary deposits are included in the 

volcaniclastic facies of the Conejos Formation.  In places the volcaniclastic facies includes well 

indurated (i.e. hardened) beds of conglomerate that form good outcrops, but other parts of the 

formation are finer grained, less indurated, and tend to erode easily (Figure 3.10).  The Conejos 

also includes the intrusive stocks (the feeder pipes for the volcano), dikes (narrow, vertical sheets 

of cooled magma), and sills (tabular igneous intrusions that follow the layering in rocks they 

intrude into).   

 

Two of the stratovolcanoes formed north of the study area: the Summer Coon Volcano and the 

Baughman Creek volcanic center (Lipman, 1976).  Dikes that radiate from the Summer Coon 

Volcano extend into the Old Woman Creek area.  Some dikes form prominent landforms, such as 

Indian Head.  Another stratovolcano was located in the southwest part of the County near 

Summitville. 

 

Ash-flow tuffs from the second phase of volcanic activity crop out in much of the western part of 

the study area (Figure 3.3).  They are broken by numerous northwest-southeast oriented faults, 

most of which are related to the Rio Grande Graben, a downdropped block of rock bounded by 

faults.  An outcrop belt of ash-flow tuffs also borders the west side of San Luis Valley.  Here the 

ash-flow tuffs are broken by relatively small displacement faults.  The ash-flow tuffs formerly 

blanketed the area where the Conejos now crops out, but the ash-flow tuffs were removed from 

the area by erosion.  The ash-flow tuffs were erupted from several different calderas, including 

the Summitville Caldera in the southwest part of the County.  Intrusive igneous rocks crop out 

across widespread areas where the calderas once existed.  These large intrusions perforated and 

replaced all older rocks, including the Precambrian and Cretaceous rocks.  

 

3.7 Late Tertiary and Quaternary Tectonism, Volcanism, and Sedimentation 

 

As the middle Tertiary volcanism waned, the regionôs crust began to pull apart in response to 

east-west extension.  Deep faults and fractures caused by the extension allowed molten rock 

from the mantle to move upward and erupt as low-silica basaltic volcanoes during the third phase 

of volcanism.  Minor amounts of high-silica rhyolitic volcanism erupted locally.   

 

All the basaltic flows from the third phase of volcanism in Rio Grande County are classified as 

Hinsdale Basalt.  Today, only relatively small remnants of Hinsdale Basalt remain in the County.  

One of the largest remnants is on the drainage divide between Pinos Creek and Beaver Creek.  

Other prominent remnants are in the southeast corner of the study area, and on the top of Bennett 

Peak.  No well preserved basaltic volcanoes remain in the County, but good examples can be 

seen at Los Mogotes in Conejos County (5 million years old) and at Mesita Volcano in Costilla 

County (1 million years old; Appelt, 1998). 
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The east-west extension tore apart the Earthôs crust and created the Rio Grande Rift (Tweto, 

1979a).  The rift is a major north-south-trending tear in the Earthôs crust that extends from 

Mexico and west Texas northward, through New Mexico and into Colorado (Figure 3.11).   

 

As the rift gradually pulled apart, normal faults downdropped the crust within the rift, and 

sediment and volcanic rocks accumulated in the tectonically lowered basins within the rift.  The 

sediment and volcanic rocks that fill the rift from San Luis Valley southward through New 

Mexico are called the Santa Fe Group.  Rio Grande County is situated on the western flank of the 

San Luis Basin, one of the large structural basins formed within the Rio Grande Rift.   

 

San Luis Basin is an east-tilted block bounded on the east by a major fault located at the base of 

the Sangre de Cristo Mountains, the Sangre de Cristo Fault (Brister and Gries, 1994).  The east 

tilting of the Precambrian basement and overlying ash-flow tuffs and Santa Fe Group is obvious 

in the regional cross section shown in Figure 3.4.  The volcanic rocks in the County also are east 

tilted; they dip east and extend into the subsurface beneath San Luis Valley.  Many of the 

fractures and faults in the volcanic rocks in the study area may be a result of the regional 

extension and east tilting associated with the Rio Grande Rift. 

 

Some of the faults in the study area were, or continue to be, active during rifting.  They include 

the faults associated with the Rio Grande Graben near South Fork, and the faults that cut the ash-

flow tuffs in the foothills west of Monte Vista.   

 

During the Quaternary the climate repeatedly cooled during multiple, relatively long periods of 

glaciation, and then warmed during relatively short, warm, intervening interglacial periods 

between the ice ages.  This part of the Quaternary is referred to as the Pleistocene.  Glaciers 

slowly grew high in the mountains in the headwaters upstream of Rio Grande County.  As the 

glaciers melted during the final phases of an ice age, tremendous volumes of glacial melt water 

flowed down the Rio Grande, carrying with it the gravel and sand found in the river terraces in 

the study area, as well as the thick deposits of gravel and sand found in the Rio Grande Fan that 

starts near the east edge of the study area and spreads out into eastern Rio Grande County and 

beyond. 
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Figure 3.1. Geologic time chart.  Also shows ages of the geologic eras and periods, and the 

major geologic events that have shaped the complex geology of Rio Grande County.  
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Figure 3.2. Stratigraphic column.  Shows the geologic formations present in the project area.  






























































































































































































