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ABSTRACT 
Examrnation of a variety of remotely sensed data and geochemistry suggest that specific diagenetrc mrneral assemblages 

wrthrn the Wingate Formatron are closely assocrated wrth hydrocarbon production at Lisbon Valley, Utah. The Wingate 
Formation, exposed along the southwestern flank of the antiche has a relatrvely unrform composrtion and appearance 
over the entrre Colorado Plateau, except at rsolated localrtres such as Lisbon Valley, where rt is locally bleached Prevrous 
workers have suggested that hydrocarbon microseepage may account for the bleaching of the Wingate Sandstone and 
the presence of uranrum minerahzatron m rocks overlying the reseworr at Lrsbon Valley. Broad-band Landsat Multispec- 
tral Scanner (MSS) and arrborne Thematic Mapper Srmulator (TMS) data were used to map the bleached facies on 
the bass of brrghtness and lack of femc iron The TMS data provided further drscrrminatron of bleached facres based 
on the relatrve abundances of clay mrnerals detectable wrth thrs sensor: 

Analysis of high-resolution alrborne spectroradiometr~c data, thin sections, and x-ray diffraction data suggests that 
bleached rocks overlying the reseworr at Lisbon Valley contarn abundant kaolrnite and mrnor amounts of feldspar: Unbleach- 
ed exposures contain substantrally less clay and abundant feldspar This study shows a correlatron between the abun- 
dance of clay minerals, part~cularly kaolrnite, and hydrocarbon productron at Lisbon Valley Because one of the principal 
mmeralogical differences between the bleached and unbleached rocks IS the relative abundance of clay mrnerals, and 
the TMS (and Landsat Thematic Mao~erJ data are verv sensitive to clays, areas of potential hydmarbon tnduced diagenetic 
alteratlor; may be mapped using broad-band sen& 

INTRODUCTION 
L~sbon Valley IS a northwest-trendlng doubly plunglng antlcllne 

located In San Juan County, Utah (F~gure 1). The anticlme is a 
nond~aplrlc salt-cored fold whlch has been breached by eroslon 
and undergone subsequent collapse. Cuestaform r~dges and 
hogback structures are well developed on the southwest llmb 
of the antlcllne 

The strat~graphic sequence exposed at Llsbon Valley ~ncludes 
units from the Pennsylvanlan Hermosa Group through the 
Cretaceous Dakota Sandstone. Pre-Paradox format~ons of 
Mlss~ss~ppian, Devonian, and Cambrian age underhe the expos- 
ed sequence Mlss~ss~pp~an, Devon~an, Pennsylvanlan, and Per- 
mian rocks produce hydrocarbons at Llsbon Valley. 

The Late Tr~assic Wmgate Format~on IS easily recogn~zed as 
an orange red, thlck bedded, erosion reslstant, chff formmg sand- 
stone prommently displayed In the southwest d~pp~ng cuesta of 
the west flank of the L~sbon Valley antlchne. Steep to vertlcal 
cliffs d~splay pervasive vert~cal jomts, tangential cross-bedding 
on a grand scale, and may show the effects of spalling of huge 
blocks of sandstone along vertical jolnt faces. 

The Wingate Format~on IS bleached on the southwest flank 
of L~sbon Valley anticline rn the Three Step Hill and Llsbon f~eld 
areas (F~gure 1). In these areas the Wmgate IS gray and dlsplays 
anomalous mmeralog~cal and weather~ng patterns Effects In- 
clude anomalous carbonate and l~mon~te concentrations and the 
transformation of the Wlngate Format~on from an eros~onally 
reslstant sandstone to a fr~able unlt whlch weathers eas~ly into 
small bleached mounds. 

1 Manuscript rece~ved Aprll 4. 1985, rev~sed August 6, 1985. 

accepted November 12. 1985 

2 Earth Satelhte Corporat~on. 7222 47th Street. Chevy Chase. Maryland 20815 

(301) 951-0104 

The Mountain Geologist 
Vol. 23, No. 2 (April, 1986) p. 51-62 

Petroleum Geology 
The L~sbon fleld produces 011 and gas from the southwest flank 

of a faulted anticlmal trap In the Devon~an McCracken Sandstone 
and the M~ss~ssipp~an Redwall (Leadville) Limestone. Add~tional 
gas product~on from the Redwall along thls flank of the antlchne 
IS present at the L~ttle Valley fleld (Latch, 1978), located about 
1 mi (1.6 km) upd~p from the Three Step H~ l l  area. The crest of 
the M~sslss~ppian structure is located approximately 4 mi (6.4 km) 
west of the axls of the Llsbon Valley salt anticlme. The disparity 
of the pre- and post-Pennsylvan~an structures suggests that field 
product~on IS related to basement structure that predates the salt 
depos~tion (Clark, 1978) Accumulat~on In the Mississ~ppian at 
the Llsbon field IS controlled by a fault on the northeast s~de of 
the structure, whlch exh~blts a throw of 1,200-1,600 ft ( 366488  
m), and by an 011 water contact downd~p Closure of the struc- 
ture is estimated at 1,900 ft (579 m), with an assoc~ated 1,800 
ft (549 m) 011 column (Clark, 1978). Thus, the hydrocarbon reser- 
volr IS f~lled almost to the spdl point, making it an  deal locatlon 
for study of the effects of vert~cal leakage. 

Conel and Ne~sen (1981) have documented the close spatlal 
correlation between commercial uranlum depos~ts, exposures 
of bleached Wmgate Sandstone, and the spatlal distribution of 
oil and gas product~on at Llsbon Valley (F~gure 2) Sour gas leak- 
Ing from the hydrocarbon reservoir is believed to have created 
a reducmg and ac~d~c environment that mobilizes and redeposits 
previously stable ferr~c iron ox~de mlnerals as sulfides, contr~butes 
to uranium m~neralizat~on, and geochem~cally controls many of 
the other mmeralog~cal anomahes present In the rocks overly- 
Ing the production 

Hydrocarbon Microseepage 
011 and gas seeps have long been used In exploration for 

hydrocarbons. Roberts (1980) defmed a hydrocarbon trap as a 
dynam~c membrane that leaks aqueous fluids and Impedes the 
flow of hydrocarbons, ~mplymg that mlcroseepage of hydrocar- 
bons from a resemior IS a more common occurrence than 
prev~ously recogn~zed. Direct evidence of microseepage of 
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