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A B STR A C T

Analysis of reflection seismic data from the Great Salt Lake provides clues 

for investigation of the faulting history and possible reactivation of Sevier- 

age thrust-fault ramps by Neogene listric normal faults in the eastern Basin 

and Range P rovince. N ortheast-sou thw est reflection  p ro files  in the 

southern part o f Great Salt Lake image a north to northwest-trending, 4-km- 

deep half-graben. This structure is bounded by a listric normal fault along 

the west side of Antelope Island where Precam brian crystalline basem ent 

rocks in the hanging wall of the Crawford, Absaroka and Hogsback thrust 

systems are exposed. A 27-km-long dip profile, located northwest of Antelope 

Island, shows a Tertiary listric normal fault that appears to be part o f a large 

normal-fault system flanking the main western part of the Great Salt Lake. A 

listric-fault geometry is indicated by fault-plane-reflection curvature and 

grow th-related ro llover of sedim entary rocks. The Tertiary normal fault 

merges with an apparently older ramp-like fault surface that is interpreted to 

have experienced both reverse (thrust) and norm al displacem ents. E ast

dipping events to the east o f the main basin-bounding normal fault terminate 

at the possibly older thrust fault. Localization o f the Neogene normal faults at 

th ru s t-fau lt ram ps con tro l lis tr ic -fau lt geom etries and may resu lt in 

reactivation of the thrust surface at depth to accommodate regional extension.
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IN T R O D U C T IO N

D uring  the T e rtia ry , com plex in te rac tio n s  b e tw een  lith o sp h eric  

extension, pre-existing crustal structure, b rittle-fa ilure and ductile flow of 

crustal rocks, and climatic variations contributed to the tectonic evolution of 

the Great Salt Lake basin. The Great Salt Lake itself is a recent feature of the 

Great Basin, and lies just west of the Wasatch Front (Fig. 1). The lake is one 

of the few remnants of Pleistocene Lake Bonneville. At 1,280 m above sea 

level, the Great Salt Lake occupies one of the lowest parts of eastern Great 

Basin, making it a terminal lake with no natural outlet. A scant sedimentation 

rate of 245 years/meter (Davis, 1993) has been insufficient to fill the lake and 

expel the water. The Great Salt Lake also is one of the largest, and possibly the 

oldest. Tertiary basin in the eastern Basin and Range topographic province 

and records one of the m ost com plete N eogene-Recent sedim entary-rock 

sequences on the planet (Stewart, 1978).

Interpretation of reflection seismic data from the Great Salt Lake area 

shows that the basin-bounding faults, which are listric in nature, sole out at 

depth. N orm al-fault reactivation o f a Sevier-age (?) th rust-fau lt ram p-flat 

system evident in the seismic data suggests that the maximum depth of 

penetration  and soling of the listric  fau lts may have been controlled 

principally by older structures. Horizon flattening provides new insight on 

the com plex interplay of sedim entation and deform ation o f the eastern 

margin of the Basin and Range. The three m ajor intervals considered for 

analysis are the M iocene, Pliocene and Quaternary.
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Fig. 1. Generalized map of the Great Salt Lake, with locations of significant 
wells and seismic lines GP-1, BG-2 , GM-4, GP-2 and GP-3.
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This study investigates the structural link between Tertiary normal faults 

and M esozoic thrust faults beneath the Great Salt Lake u tiliz ing  seismic 

reflection data that image subsurface structure west of Antelope Island. The

seismic data, shown in Figures 2 through 7 (in pocket), show a steep, west

dipping, younger, listric normal fault that merges with an older ramp-like 

surface. Parts o f this structure may have experienced both (reverse and 

norm al) d isp lacem ents.

GEOLOGIC OUTLINE OF TH E GREAT SALT LAKE

P re -C e n o z o ic  G eo lo g ic  E v o lu tio n

The geologic evolution of the Great Salt Lake area spans the entire 

Phanerozoic and its complex geologic history is traceable into the Archean. 

In Antelope Island and the Wasatch Range north of Salt Lake City, Proterozoic 

and A rchean  F arm ing ton  C anyon gneiss  rests  on low er P aleozo ic

tectonostratigraphic units along the east-dipping Ogden Thrust (Bryant, 1984; 

Hedge and others, 1983). Follow ing one or perhaps several Proterozoic

rifting events, the final of which started at about 600 Ma, the study area was 

part of the passive Paleozoic continental margin where the m iogeocline of 

the C ord illera  was estab lished . T hick m iogeoclinal u n its  o f la test 

Precam brian to m id-Paleozoic age are composed dominantly o f m arine-shelf 

carbonates and clastic strata (Tooker, 1983). Thick Ordovician, Silurian and 

D evonian deposits are found in the Stansburry M ountains and Lakeside 

M ountains (Hintze, 1988). In latest Paleozoic time, the w estward-thickening 

o f the sedim entary sequence was reversed. Roberts and others (1965)
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o b se rv ed  a g e n e ra l th in n in g  o f  s tra ta  to  th e  w est in  th e

Pennsylvanian/Permian Oquirrh basin to the south of the Great Salt Lake.

W ithin the Great Salt Lake, the early Mesozoic Cordilleran section is

missing. During the Cretaceous, the region was within the Sevier orogenic 

system and a w estw ard-thickening pile o f m iogeoclinal tectonostratigraphic 

units moved east along several thrusts with tens of kilometers of displacement 

to form the classic thin-skinned Cordilleran fold and thrust belt. In the 

Cordilleran hinterland, deep-seated crustal extension and magmatism played 

a sign ifican t role in the collapse and reshaping o f the gravity-driven

orogenic wedge (Coney, 1987; Constenius, submitted).

Recent investigations by Coogan (1992) divide the thrust faults in the

W yom ing-Idaho-Utah thrust belt into two separate geom etric and mechanical 

thrust systems: (1) the western thrust system defined by a sole detachment

surface in the Proterozoic metasedim ents beneath the Paleozoic m iogeoclinal 

sequence carried by the W illard, Paris, and M eade-Laketown thrusts; (2) the 

eastern thrust system composed by the Crawford, Absaroka, and Hogsback- 

Darby and Prospect thrusts which are linked along a sole detachment system

in Cambrian shales at the base of the thin Wyoming shelf sequence. The 

geometric, temporal, and mechanical separation between these two systems is 

displayed in the W asatch Range near Ogden, Utah, which marks the eastern

m argin o f the Basin and Range Province and has large structural and

paleotopographic relief. The faults which bound the Great Salt Lake basins 

and the  M organ  V a lle y -H u n tsv ille , F a rm in g to n -W asa tch  F ro n t are 

interpreted as westward-dipping listric normal faults that ultim ately sole into

the basal Cambrian detachment (Coogan, 1992).
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C en o zo ic  G eo lo g ic  E v o lu tio n

T ertiary taphrogeny, or b lock-fau lting , on a regional scale in the 

western body o f the Great Salt Lake has influenced the evolution of two 

linked, asymmetric Neogene basins, informally called the "northern" and the 

"southern" basins. These sedimentary basins formed as grabens or half- 

grabens in the hanging walls of active normal faults. Both basins are filled 

w ith M iocene, P liocene and Q uaternary syntectonic c lastic  sedim entary 

sequences; seismic evidence shows that an older Paleocene wedge exists in  the 

no rthern  basin .

At Rozel Point, west of the Promontory Range, deposits of Pliocene 

basalt flows with local thicknesses o f 75 m occur. The Rozel Point basalt is 

described by Doelling (1980) as dark gray to brown, crystalline, and vesicular 

w ith o livine, augite and labradorite m inerals. This P liocene basalt was 

penetrated  by boreholes in the northern  basin. These tw o basins are 

separated  by a northeast-p lung ing , P recam brian-cored  ho rs t that trends 

northeast between Carrington and Fremont Islands (Bortz and others, 1985). 

The southern basin is made of three norm al-fault-controlled , north-south

trending syntectonic sub-basins, each approxim ately 3 km wide and 10 km 

long; they are oriented en echelon  along the trend o f the lake basin 

(Viveiros, 1986).

The development of regional "tilt domains" is a characteristic feature o f 

the later phases of Cenozoic extension in the Great Basin and adjacent areas in 

which norm al-fault-bounded blocks all have the same sense o f structural 

rotation (Stewart, 1980). Fault blocks generally tilt toward the master fault 

which dips in the opposite direction beneath the tilt blocks. Seismic studies
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show that the Great Salt Lake is itse lf a large tilt domain com prised of

Paleozoic and Cenozoic block faulting.

R e g io n a l  T e c to n ic s

The Great Salt Lake region is a part o f the western Cordilleran orogenic 

system, one of the longest-lived orogenic belts on the planet. A clearer 

perspective of tectonic events that shaped the present-day crustal geometry 

of the study area can be derived by considering the tim ing of regional

tectonic events in the Cordilleran orogenic system.

The interpretable tectonic history of the eastern Great Basin began with

one or several Proterozoic episodes of rifting of the proto-N orth American 

craton  w hich resu lted  in the fo rm ation  o f  a p assive , A tl an tic-sty le

continental m argin trending northw est through eastern N evada and western 

Utah (Stewart, 1972). The crust east of Utah's hingeline was the site of a large 

m iogeoclinal shelf province (H intze, 1988; M iller and others, 1992), and

w estw ard-th ickening sedim entary rocks were deposited on the subsiding 

continental margin throughout early Paleozoic. During the Late Paleozoic, 

the C ordilleran passive m argin was reestablished as structures along the 

western transform boundary were truncated. W ith the closure o f a marginal 

basin, and the accretion of the Sonomia super-terrane to North America, the

western margin of the continent shifted westward (Coney and others, 1980;

Burchfiel and others, 1992). In addition, widespread magmatism occurred in

the Cordillera.

Early Mesozoic formation of an Andean-type margin coincided with the 

opening o f  the Atlantic Ocean-Gulf o f M exico (Coney, 1978). This plate- 

tectonic setting  was controlled by three large-scale processes: (1) North
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A m erica m oved northw estw ard  w ith respect to  the h o tspo t fram e o f 

reference. The model o f Engebretson and others (1985) is based on the 

assum ption that the hotspots in the A tlantic region have rem ained fixed 

rela tive to hotspots in the Pacific basin . (2) A rc-related  batholith ic 

magmatism ceased at about 80 Ma (Coney and Reynolds, 1977), and (3) there 

was continuous subduction at the Farallon plate.

Starting in the mid-Cretaceous, the region was within the hinterland of 

Armstrong's (1968) Sevier erogenic system. Miogeoclinal strata were thrust 

eastw ard  by low -angle th ru sts  form ing  the east-v e rg in g , th in -sk inned  

Cordilleran fold and thrust belt. Palinspastic restorations constructed by 

Royse and others (1975) indicate that the strata flanking the craton was 

shortened and that the present width of the belt is about 50 percent of the 

original width. Beginning in the latest Cretaceous and completed by the early 

Tertiary (80-40 Ma), Laramide com pressive deform ation affected the region 

and formed basement-cored uplifts (Coney 1976; 1978). There was a tectonic 

inheritance  o f m id-T ertiary  s tructu ra l g rain  from  M esozoic structu res; 

structu re  of all these ages have typ ical northerly  trends except the 

id iosyncratic  U inta arch, a 250-km -long, w est-trending  u p lift w hich is 

anomalous with respect to the regional north-south tectonic alignm ent of the 

Sevier and Laram ide structures in northern  Utah and adjacent parts of 

Wyoming. This trend is due in part to the Proterozoic structure of the Uinta 

sedimentary basin; Bryant and Nichols (1988) consider the Uinta structure as 

a site of inversion tectonics localized along a failed arm of a Proterozoic triple 

ju n c t io n .

Throughout the Paleozoic deposition, the Uinta region was a positive area 

as suggested by onlaping relationships of Cambrian to M ississippian strata.
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The westward continuation o f the Uinta arch west of the W asatch Mountains 

is the Tooele Arch which was a positive topographic feature during the 

Pennsylvanian and Perm ian deposition o f the Oquirrh group. The present

configuration of the Uinta arch is a Laramide basem ent-cored uplift, which 

began in Cam panian tim e according to Bryant and N ichols (1988). The 

structural relation between the Uinta arch and the southern end of the Sevier 

belt is that the Laram ide portion o f the U inta arch coincided with the 

displacem ent o f the easternm ost and youngest part o f the Sevier belt 

(Hogsback Thrust). The Uinta arch folds the older Absaroka arch and was 

uplifted at the same time as the displacement of the Hogsback thrust. This is 

explained by a component o f right-lateral, strike-slip faulting on the north 

flank of the Uinta Mountains (Bradley and Bruhn, 1988).

Regional tectonics and magmatic systems changed at the end of the

Laram ide orogeny. M ajor post-Laram ide tectonic events tha t shaped the 

present-day structural geometry of the Great Salt Lake basin are diachronous 

and span most of the Cenozoic. Evidence o f early pre-B asin and Range 

extension is found south of the Snake River Plain where metamorphic core 

complexes occur (Coney, 1980a). Dike swarms, thickness and distribution of 

stratigraphic units, and coarse clastic strata are additional evidence relevant 

to the pre-basin-range extensional episodes reviewed by Zoback and others, 

(1981).

The kinem atics and thermal state of the subducting lithosphere beneath

the North American plate had a significant influence on Basin-Range fault- 

block structure. Late Cenozoic extension represents oblique fragmentation of 

the crust in response to northwest directed relative slip between the partially 

coupled Pacific and North American plates (Atwater, 1970). During the
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middle to late Cenozoic, transition of tectonic regimes caused the replacement

of the subduction system by the San Andreas boundary (Atwater, 1970). In

D ickinson and Snyder's (1979) classic account o f Cenozoic geom etry and 

therm al state o f the subducting slabs beneath  w estern  N orth Am erica, 

evidence was presented suggesting that a triangular slab-free region, a "slab 

w indow," developed and grew beneath N orth A m erica during the Late 

Cenozoic. The consequence of the growth of the “slab window” was that when 

com pression stopped, extensional tectonism started in the Cordilleran orogen. 

This change coincided with the beginning of the M id-Cenozoic gravitational 

co llapse o f  the C ordilleran  foreland fold and th ru st b e lt (C onstenius, 

submitted). The Great Salt Lake is one of the extensional basins resulting 

from such tectonic activity, where listric normal faulting reactivated pre

existing thrust faults to accommodate crustal extension.
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SEISM IC DATA

A c q u is i t io n  a n d  R e p ro c e s s in g  P a r a m e te r s

The reflection seismic data used in this study was acquired in 1973 and 

1979 by Amoco Production Company; lines GP-1, BG-2 and GM-4 are part o f a 

grid of approximately 2>700 line-kilometers recorded by Digicon Inc. Record 

lengths extend to two-way travel times of 5 s. A marine-type airgun array was 

used as the source. Locations of seismic lines GP-1, BG-2 and GM-4 are shown 

in Figure 1. The acquisition parameters used to record these seismic lines are 

listed in Table 1.

Lines GP-1, BG-2, and GM-4 were reprocessed at the University of Arizona 

using ProMAX seismic data processing software. Reprocessing included: (1) 

ca re fu l n o ise -red u c tio n /s ig n a l enhancem en t p ro cessin g  to  p rov ide  an 

accurate im age of the pre-N eogene structures and (2) optim ization of the 

im aging of steep dips near fault planes through steep-dip finite-difference 

time migration. Time-migrated sections were converted to depth sections to 

provide the input for sequential backstripping used for ongoing extension 

m easurements across the Great Salt Lake basin. The reprocessing sequences 

for seismic data are listed in Table 2. The velocity functions used for 

reprocessing line GP-1 and for time-depth conversions are listed in Table 3.
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TABLE 1. Acquisition Parameters For Reflection Seismic Data

Parameter Line GP-1, BG-2 and GM-4

C lien t Am oco P ro d u c tio n  Co.

Contractor Digicon Inc.

Dates 1973 & 1979

Source A irg u n

Instrument DFS - III, SEG - Y

Sample Rate 4 ms

Recording Filters 8Hz/36db slope

Nominal Data Length 5 s

Station Interval 61 m (200')

Source Interval 15 m (50')

Nominal Common Midpoint 15 m (50')

Number of Channels 24

Layout Configuration e n d -o n

Nominal Fold 12

Geophone Pattern in - l in e

Geophone Spread 122 m (400’) - 152 m

(5 0 0 ')
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Line GP-1, BG-2 and GM-4_______________________________________

D em ultip lex

Trace Editing

Line Geometry D efinition

True Amplitude Recovery (spherical spreading 1/dist, db/sec correction

constant = 4, max. application time = 3 s)

Trace Equalization

Trace Muting (top, ramp 30 ms)

Bandpass Filter 5-10-55-70 Hz

Spiking Deconvolution (minimum phase, OL = 80 ms)

T V Spectral Whitening (No of frequency panels = 6, spectral balancing

frequencies 5, 10, 65, 70 Hz 

Bandpass Filter 5-10-55-70 Hz 

Interactive V elocity Analysis 

Normal M oveout Correction (stretch mute 30%)

CDP Stack

Predictive Deconvolution (OL = 80 ms, a -  35°)

Automatic Gain Control (window = 500 ms)

Steep-Dip F inite-D ifference Time M igration 

T im e/D epth  conversion  

Stack Display

TABLE 2. Reprocessing Sequence for Seismic lines GP-1, BG-2 and GM-4



24

TABEL 3. Velocity Functions Used for Reprocessing Line GP-1

CDP= 103.0
Time= 173.53 
Time= 280.51 
Time= 456.42 
Time= 679.87 
Time= 848.65 
Time= 1347.86 
Time= 2334.39 
Time= 2774.17 
Time= 3000.00

Velocity (RMS)= 4910.92 
Velocity (RMS)= 5446.21 
Velocity (RMS)= 5996.24 
Velocity (RMS)= 6627.85 
Velocity (RMS)= 7162.33 
Velocity (RMS)= 8200.06 
Velocity (RMS)= 12851.03 
Velocity (RMS)= 14260.28 
Velocity (RMS)=15550.46

CDP= 201.0
Time= 173.53 
Time= 318.54 
Time= 677.50 
Time= 1048.34 
Time= 1352.61 
Time= 1718.70 
Time= 2593.50 
Times 3010.00

Velocity (RMS)= 4953.57 
Velocity (RMS)= 5552.62 
Velocity (RMS)= 6292.81 
Velocity (RMS)= 7188.60 
Velocity (RMS)= 8029.14 
Velocity (RMS)= 9370.85 
Velocity (RMS)=13329.16 
Velocity (RMS)=14415.01

CDP= 301.0
Times 183.04 Velocity (RMS)= 4940.66 
Times 306.66 Velocity (RMS)= 5260.85 
Times 392.23 Velocity (RMS)= 5446.21 
Times 492.08 Velocity (RMS)= 5758.27 
Times 784.47 Velocity (RMS)= 6507.03 
Times 977.02 Velocity (RMS)= 7010.55 
Times 1183.84 Velocity (RMS)= 7834.06 
Times 1445.33 Velocity (RMS)= 8066.19 
Times 2187.00 Velocity (RMS)=11403.09 
Times 3010.00 Velocity (RMS)=14254.54

CDPs 399.0
Times 187.80 
Times 335.18 
Times 577.65 
Times 746.43 
Times 115055 
Times 1267.04 
Times 1661.65 
Times 2367.67 
Times 2923.93 
Times 3010.00

Velocity (RMS)= 4957.90 
Velocity (RMS)= 5318.74 
Velocity (RMS)= 5935.85 
Velocity (RMS)= 6223.11 
Velocity (RMS)= 7162.33 
Velocity (RMS)= 7395.28 
Velocity (RMS)= 8909.91 
Velocity (RMS)=11299.11 
Velocity (RMS)= 13960.71 
Velocity (RMS)=14145.74

CDP= 503.0
Times 173.53 Velocity (RMS)= 4919.36 
Times 263.87 Velocity (RMS)= 5060.66 
Times 427.89 Velocity (RMS)= 5389.67 
Times 572.90 Velocity (RMS)= 5646.23 
Times 927.10 Velocity (RMS)= 6003.92 
Times 2046.75 Velocity (RMS)= 9255.98 
Times 2774.17 Velocity (RMS)= 12630.48 
Times 3010.00 Velocity (RMS)= 13327.83

CDP= 599.0
Time= 166.40 
Times 297.15 
Times 539.62 
Times 698.89 
Times 886.69 
Times 1571.32 
Times 2030.11 
Times 2893.03 
Times 3010.00

Velocity (RMS)= 4915.13 
Velocity (RMS)= 5189.85 
Velocity (RMS)= 5834.42 
Velocity (RMS)= 5921.04 
Velocity (RMS)= 6497.26 
Velocity (RMS)= 7338.43 
Velocity (RMS)= 9284.30 
Velocity (RMS)=13163.91 
Velocity (RMS)= 13467.46

CDP= 707.0
Times 173.53 Velocity (RMS)= 4923.60 
Times 311.41 Velocity (RMS)= 5155.41 
Times 482.57 Velocity (RMS)= 5463.52 
Times 1343.11 Velocity (RMS)= 7201.84 
Times 1606.97 Velocity (RMS)= 8010.80 
Times 1982.57 Velocity (RMS)= 9200.11 
Times 2160.86 Velocity (RMS)=10053.08 
Times 2878.76 Velocity (RMS)= 12489.61 
Times 3010.00 Velocity (RMS)=12878.33

CDP= 797.0
Times 185.42 
Times 320.92 
Times 508.72 
Times 962.76 
Times 1354.99 
Times 2191.76 
Times 2555.47 
Times 3010.00

Velocity (RMS)= 4932.11 
Velocity (RMS)= 5395.24 
Velocity (RMS)= 5691.56 
Velocity (RMS)= 6648.65 
Velocity (RMS)= 7528.19 
Velocity (RMS)= 9459.87 
Velocity (RMS)=11299.11 
Velocity (RMS)=12962.37

(Continued)
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TABEL 3 (Continued). Velocity Functions Used for Reprocessing Line GP-1

CDP= 899.0
Time= 216.32 Velocity (RMS)= 5097.93 
Time= 427.89 Velocity (RMS)= 5281.68 
Time= 1088.75 Velocity (RMS)= 6755.67 
Time= 1523.77 Velocity (RMS)= 7920.95 
Time= 1899.37 Velocity (RMS)= 8259.51 
Time= 2234.55 Velocity (RMS)= 8860.04 
Time= 2840.73 Velocity (RMS)=11969.85 
Time= 3010.00 Velocity (RMS)=12526.24

CDP= 1003.0
Time= 228.21 Velocity (RMS)= 5116.87 
Time= 335.18 Velocity (RMS)= 5834.42 
Time= 430.27 Velocity (RMS)= 5334.86 
Time= 484.94 Velocity (RMS)= 5522.44 
Time= 537.24 Velocity (RMS)= 5589.50 
Time= 1110.14 Velocity (RMS)= 6845.10 
Time= 1785.26 Velocity (RMS)= 7834.06 
Time= 2118.07 Velocity (RMS)= 8555.09 
Time= 2831.22 Velocity (RMS)=11248.17 
Time= 3010.00 Velocity (RMS)= 11912.48

CDP= 1105.0
Time= 204.44 Velocity (RMS)= 4970.95 
Time= 290.02 Velocity (RMS)= 5165.18 
Time= 456.42 Velocity (RMS)= 5417.72 
Time= 591.92 Velocity (RMS)= 5980.97 
Time= 1485.74 Velocity (RMS)= 7513.07 
Time= 1785.26 Velocity (RMS)= 7834.06 
Time= 2477.02 Velocity (RMS)=10126.10 
Time= 3010.00 Velocity (RMS)=12425.52

CDP= 1203.0
Time= 183.04 Velocity (RMS)= 4975.32 
Tune= 266.24 Velocity (RMS)= 5281.68 
Tiine= 1459J9 Velocity (RMS)= 7636.67 
Time= 2110.94 Velocity (RMS)= 8860.04 
Times 2938.19 Velocity (RMS)=12851.03 
Times 3010.00 Velocity (RMS)=13037.92

CDPs 1297.0
Times 244.85 Velocity (RMS)= 5015.20 
Times 313.79 Velocity (RMS)= 5652.64 
Times 587.16 Velocity (RMS)= 6401.89 
Times 2381.93 Velocity (RMS)=10956.36 
Times 3010.00 Velocity (RMS)=13331.15

CDPs 1360.0
Times 330.00 Velocity (RMS)= 4000.00 
Times 420.00 Velocity (RMS)= 6437.00 
Times 690.00 Velocity (RMS)= 8402.00 
Times 890.00 Velocity (RMS)= 8971.00 
Times 2381.00 Velocity (RMS)=11000.00

CDP= 1385.0
Times 300.00 Velocity (RMS)= 4000.00 
Times 450.00 Velocity (RMS)= 7871.00 
Times 740.00 Velocity (RMS)= 8400.00 
Times 2381.93 Velocity (RMS)= 10956.36 
Times 3010.00 Velocity (RMS)= 13331.15

CDP= 1410.0
Times 223.45 Velocity (RMS)= 4000.00 
Times 400.00 Velocity (RMS)= 6000.00 
Times 800.00 Velocity (RMS)= 6893.00 
Times 900.00 Velocity (RMS)= 8970.00 
Times 1616.00 Velocity (RMS)= 9890.00

CDP= 1435.0
Times 223.45 Velocity (RMS)= 4000.00 
Times 580.00 Velocity (RMS)= 7369.00 
Times 880.00 Velocity (RMS)= 8971.00 
Tunes 2300.00 Velocity (RMS)=11000.00

CDP- 1460.0
Times 223.45 Velocity (RMS)= 4000.00 
Times 430.00 Velocity (RMS)= 6893.00 
Times 630.00 Velocity (RMS)= 7870.00 
Times 840.00 Velocity (RMS)= 8970.00 
Times 2300.00 Velocity (RMS)=11000.00 
Times 3000.00 Velocity (RMS)=13000.00

CDP= 1485.0
Times 197.31 Velocity (RMS)= 4000.00 
Times 420.00 Velocity (RMS)= 6400.00 
Times 660.00 Velocity (RMS)= 7870.00 
Tunes 770.00 Velocity (RMS)=10250.00 
Times 3010.00 Velocity (RMS)=15478.45

CDP= 1510.0
Times 197.31 Velocity (RMS)= 4000.00 
Tunes 430.00 Velocity (RMS)= 6000.00 
Times 530.00 Velocity (RMS)= 7870.00 
Times 770.00 Velocity (RMS)= 8971.00 
Tunes 3010.00 Velocity (RMS)= 15478.45

(Continued)
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TABEL 3 (Continued). Velocity Functions Used for Reprocessing Line GP-1

CDP= 1535.0
Time= 197.31 Velocity (RMS)= 4000.00 
Time= 450.00 Velocity (RMS)= 6437.00 
Time= 700.00 Velocity (RMS)= 8400.00 
Time= 2260.70 Velocity (RMS)=11000.00 
Time= 3010.00 Velocity (RMS)= 15478.45

CDP= 1607.0
Time= 192.55 Velocity (RMS)= 4000.00 
Time= 251.98 Velocity (RMS)= 5155.41 
Time= 389.86 Velocity (RMS)= 5685.02 
Time= 532.49 Velocity (RMS)= 6458.60 
Time=: 779.71 Velocity (RMS)= 8047.60 
Time= 2015.85 Velocity (RMS)=14158.29 
Time= 3010.00 Velocity (RMS)= 16306.97
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D e sc rip tio n  o f Seism ic  D ata

Seismic data quality in the Great Salt Lake is high. The key lines used in 

this work (GP-1, BG-2 and GM-4; Figs. 2-7) all are located west of Antelope 

Island. Seismic profiles are displayed at approxim ately a 1:1 vertical-to- 

horizontal scale. Reprocessed lines tie with the original (1973) vintage but a 

-80 millisecond bulk shift was applied to the younger (1979) vintage in order 

to tie all Amoco lines in the western Great Salt Lake. Line GP-1 and GM-4 were 

m igrated  using steep-dip fin ite-d ifference tim e m igration. This process 

perform s a post-stack tim e m igration on a stack section using a finite- 

d ifference algorithm  capable o f enhancing steep dips. The m igration 

algorithm is implem ented in the time, frequency, space and depth domains 

Claerbout (1985). Steep-dip DMO was applied on line BG-2. Deregowski (1986) 

describes dip moveout, commonly referred to as DMO, as a method by which 

common midpoint (CMP) data may be transferred to common reflection point 

(CRP) data. DMO partially migrates reflections to their norm al-incidence or 

zero-offset positions allowing reflections from dipping layers to be stacked in 

phase as well as those from flat layers. This process produces a superior stack 

of all primary events, improves the signal-to-noise ratio especially at large 

offsets, and direct interpolation of dipping events is possible. Lines GP-1 and 

GM-4 were tim e/depth converted using stacking (RMS) velocities (Table 3). 

This process converts the section from two-way time to depth using a set of 

tim e-velocity  pairs.
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S e ism ic  R e f le c tio n  F a b r ic

The observed seismic reflection domains within the area imaged by the 

lines used are: (1) clastic-sedim ent-filled, low -velocity, east-dipping basins 

and (2) Precam brian and Paleozoic high-velocity  dom ains. The seismic 

profiles display an overall highly reflective signature in the sedim entary 

units; reflective segments define a well-layered seismic reflection fabric. An 

often distinctive, m ostly continuous reflection  from the basin-bounding

fault plane is observed on dip profiles. In the northern basin, the most 

striking feature of the data is the Rozel Point basalt. The reflectivity of the 

basalt is so high that little or no seismic signal is received from below it.

The seismic response of the crystalline crust is complex and relatively 

weak. Smithson and Johnson (1989) em phasized some of the fundamental

reasons for the complexity of crystalline fabrics, including small reflection 

coefficients (0.13 in crystalline rocks vs. 0.30 for m axim um  values in 

sed im entary  rocks), d u c tile  and po lyphase  defo rm ation , and com plex 

intrusion geom etries. R eflection am plitudes beneath the sedim entary rocks 

of the Great Salt Lake basin remain relatively constant.

R e f l e c t i o n  C o n t i n u i t y

Horizontal reflectivity with varying degrees of continuity and amplitude 

is recognized throughout the sedim entary sub-basins in the w estern Great 

Salt Lake area. Reflection continuity changes from good in the sedimentary 

section to poor in the Precam brian metamorphic rocks because of changes

in lithology and resulting lateral changes in acoustic impedance. Continuity

of seismic reflections in some areas also is disturbed by noise (including

m ultiples and m igration artifacts). W eak or very discontinuous reflective
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fabric in the deeper zones may represent areas of lower signal-to-noise ratio 

or s im ila r litho log ies. C onstructive and d estruc tive  in te rfe ren ce  of 

reflections produced by a variety  o f acoustic-im pedance contrasts may 

contribu te to discontinuity  of crustal reflectiv ity  (Sm ithson and Johnson, 

1989).

H o r i z o n  F l a t t e n i n g

Seismic line GP-1 is a dip line that shows the subsurface structure of the 

west flank of Antelope Island. A "snapshot" of the structure at earlier 

geologic times can be simulated in a seismic section by flattening on a given 

horizon. The assumption is that the flattened horizon was flat at the time of 

its fo rm ation  and tha t rem oving its deform ation  resto res the deeper 

structural configuration to what it was when deposition of the flattened unit 

. occurred. Flattening of horizons does not remove lateral translations and,

therefore, some d isto rtion  inherently  rem ains. N everthe less, it is an 

effective  tool fo r iden tify ing  changes in deform ational sty les through 

different tim e intervals.

This tool was used on line GP-1 to shed light on the depositional 

environm ents, tectonic events and paleogeological settings at the beginning 

of the Pliocene, mid-Pliocene and Quaternary. In order to preserve data 

above the flattened horizon, static time shifts o f various amounts also were 

applied to each flattened section. Horizon flattening was performed on the 

migrated section for three specified horizons: (1) top o f  M iocene, flattened

and shifted to 1.8 s (Fig. 8), (2) mid-Pliocene, flattened and shifted to 1.5 s 

(Fig. 9); and e(3) top of Pliocene, flattened and shifted to .65 s (Fig. 10).



Fig. 8. Flattened time section of line GP-1 at the beginning of Pliocene and 
shifted to 1.8 s. Flattening was applied from the western edge of the profile 
the intersection of the target horizon with the fault plane.
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Fig. 9. Flattened time section of line GP-1 at Mid-Pliocene and shifted to 1.5 
Flattening was applied from the western edge of the profile to the 
intersection of the target horizon with the fault plane.
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Fig. 10. Flattened time section of line GP-1 at the beginning o f Quaternary 
and shifted to .65 s.
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SE IS M IC  IN T E R P R E T A T IO N

A n a ly s is  o f P r in c ip a l  H o riz o n s

W ell-log correlations and synthetic seismogram s were used to identify 

seismic markers such as the top Of Precambrian, top o f M iocene and top of 

P liocene. Three seismic packages, the M iocene, Pliocene and Quaternary

were used fo r interpretation purposes. Reasonable w ell-log correlations and

synthetic-seism ogram  inform ation  were obtained from  A m oco's A ntelope 

Island (State "E") and Carrington Island (State "H") wells. The single most 

prom inent and continuous reflection visib le in the seism ic data, the pre- 

M iocene unconformity, was interpreted throughout the Great Salt Lake basin. 

This unconformity is  easily traceable; seismic evidence for it is good where 

pronounced onlap and reflection term inations are observed in reprocessed 

and original seismic data over the area. The prominence o f the reflection 

from this unconformity aids the characterization of the deep structure of the 

Great Salt Lake.

T ertia ry  fre sh -w a te r la cu strin e  sed im en ta tio n  was the  dom inant 

depositional process that filled  the G reat Salt Lake basin . Lacustrine, 

m arg ina l la cu s tr in e  and a llu v ia l d e p o s itio n a l sequ en ces  co n sis t o f

conglom erates, m udstones, siltstones and poorly conso lidated  sandstones

(Bortz and others, 1985). These Cenozoic clastic sediments were interpreted 

from the lithology logs and w ell-cutting logs of Amoco's Antelope Island 

(State "E") well. Each of the sub-basins in the southern basin received similar 

sedim entary packages during the T ertiary , suggesting re la tive ly  uniform  

deformation, and sediment influx across the area.
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M i o c e n e

The base of the Miocene sequence is marked by a distinctive, mostly 

continuous unconform ity, observed on the seism ic p ro files in both the 

northern and the southern basins. M iocene sedimentary rocks in the Great 

Salt Lake basin  are characterized  by lacustrine  deep-w ater facies and 

w es tw ard -p ro g rad a tin g  f lu v ia l sy stem s c o n s is tin g  o f co n g lo m era tes , 

m udstones and siltstones. D eposition o f  conglom erates signals relatively 

rap id  tec ton ic  u p lift o f the flank ing  ranges re la tiv e  to the basins. 

S yndepositional fau ltin g , as ev idenced  by th icken ing  o f sed im entary  

units toward the fault plane, is observed in the seismic section flattened at 

the beginning of Pliocene (Fig. 8). The depocenter was narrow  and the 

geographic center of this sub-basin was close to the hanging wall. General 

thickening of strata is observed toward the center of this sub-basin, with the 

dom inant sedim ent-transport d irection from  w est to east. D uring the 

M iocene, the lake was re la tive ly  deep w ith some ex terna l drainage. 

P relim inary paleobiologic investigations show no lacustine or m arginal 

lacustrine ostracods, pollen or algal fossils in the M iocene section of the 

northern basin. The pollen is dominated by pine and greasewood, (A. Cohen 

and O. D avis, personal com m unications, 1994). E xact correlation  of 

sedim entary units between the northern and sothern sub-basins is difficult 

because faulting and scarsity o f  fossils often prevent correlations among 

lacustrine sediments. Significant basalt flows within the southern Cenozoic 

basin are not present.
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P l i o c e n e

Examination of the flattened GP-1 section at the mid-Pliocene level (Fig. 

9) shows evidence of angular discordance at the bottom of the Pliocene. It 

also show s ev idence o f la rger tec to n ic  m ovem ent du ring  th is tim e; 

deformation of the units near the hanging wall is greater, and reverse drag 

indicates that the rotation of hanging-w all units above the m ajor fault was 

greater during m id-Pliocene. At this time, the sub-basin was broader, the 

basin margin m igrated westward, and pronounced thickening of units toward

the fault plane is not observed. The P liocene rocks represent lacustrine 

deposits consisting of higher fractions of sandstone and less of conglomerate. 

Pollen shows the conditions of a xeric steppe upland, and shallow lacustrine 

"fresh"-w ater environm ents (Davis, 1993).

The areal extent of the mid-Pliocene Rozel Point basalt is not definitely 

known. Evidence from seismic and well data show that the basalt layer

underlies most of the northern basin making it a distinctive and useful 

marker horizon. This basalt layer is interpreted on the eastern part o f line

GM-4 (Fig. 7), but becomes untraceable to the south.

Q u a t e r n a r y

O bservation of the seismic section GP-1 (Fig. 10), flattened at the

beginning of Q uaternary, shows a classic grow th-fault style. During the

Quaternary, the depocenter moved to the east, and pollen shows alternating 

shallow/deep lake cycles (Davis, 1993). Quaternary syndeform ational basin 

fill is . characterized  by fine-gra ined  siltstones , m udstones and poorly

consolidated sandstones. Fine material is interpreted in the lithology of the 

Antelope Island (State "E") well on the basis of an increase of back-scattered
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energy on the gamma-ray log. Preliminary results of the fossil record from 

the northern basin boreholes show the presence o f lacustrine exotic and 

ordinary ostracoda that may offer a means of reconstructing paleolacustrine 

e n v iro n m e n ts .

N a tu re  o f T e r t ia ry  N o rm al F a u lts

G eom etries of m ajor basin-bounding faults imaged beneath the Great 

Salt Lake show that the nature of the normal faults is complex. Typically, 

these faults start near the surface with fault-plane dips of ~ 6 0 °  or more and 

sole out at depths between 8-10 km (Smith and Bruhn, 1984; Mohapatra, and 

others, 1993). Antithetic normal faults also occur within the hanging walls 

(e.g.. Figs. 7 and 11). The presence of synthetic and antithetic normal faults 

in the hanging walls o f m ajor normal faults indicates that the nature of 

sim ple-shear accom m odation o f deform ation is com plex (M ohapatra and 

others, 1993). Numerous subsidiary listric normal faults are interpreted on 

line GP-1 (Fig. 3).

The listric  norm al faults of the hanging w all are sub-parallel and 

unevenly spaced; the resultant geometry resembles classic listric-controlled 

deform ation. H anging-w all deform ation associated w ith irregu lar curvature 

of the listric faults (Suppe and others 1992; Darros de Matos, 1993) is shown 

on line GM-4 (Fig. 12). Listric normal faults within the sedimentary rocks of 

the hanging wall apparently term inate at the basement surface without large 

amounts of displacement.
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Fig. 11. This Figure shows the reverse drag and the antithetic fault in the 
hanging wall in line BG-2. The fault to the right may be a reactivated older 
thrust fault.
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Fig. 12. The relationship between hanging-wall geometry of a sigmoidal 
listnc fault and the shape of the fault plane is shown here. The result is a 
synclme, whose geometry is controlled by the convex-up segment of the fault 
and the angle of internal shear. This Figure is part of GM-4 line.
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H a n g in g -W a ll geom etry , a n d  th e  S h ap e  o f th e  B a s in -B o u n d in g  

F a u l t

The relationships between the geometry of the basin-bounding faults 

and the sedim entary units in the hanging wall in extensional regimes are 

described in detail by White and others (1986), Suppe and others (1992), and 

Darrros de Matos (1993). These workers emphasize the following diagnostic 

c rite ria  fo r in terp re ting  lis tric  norm al fau lts: (1) fau lt-p lan e -re flec tio n

curvature commonly observed in some extensional terranes w hich enables 

the hanging-w all block to rotate; (2) grow th-resultant ro llover or “reverse 

drag” of the syn-fault sedimentary rocks in the hanging wall o f the listric 

system; and (3) the wedge shape of the synextensional reflection package 

indicates active tilting  during sedim entation.

H anging-w all deform ation above the G reat Salt Lake basin-bounding 

fault is interpreted on line GP-1 (Fig. 13) using the criteria listed above. 

Variation of the amount of reverse drag with fault dip was plotted for lines 

GP-1, BG-2 and GM-4 (Fig. 14). As expected for listric faults, reverse drag 

increases with depth (i.e., with decrease o f fault-plane dip). Line GP-1 shows 

sign ifican tly  greater reverse drag than the two o ther p ro files. Thus 

differential tilting  o f the reflections between the hanging-w all and footwall 

blocks indicates a rotational component to the faulting. V ariation of fault- 

plane dips with depth were plotted for lines GP-1, BG-2 and GM-4 (Fig. 15). A 

similar trend of dips at shallow depths was observed. Line GP-1 shows grater 

change in fault-plane dip with increasing depth.
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Fig. 13. This is the eastern part of GP-1 line and shows evidence for probable 
Sevier-age thrust fault. Early eastward movement occurred during the Sevier 
orogeny; Basin and Range extensional faulting was localized on this thrust 
fault. Note termination of east- dipping events to the east (right) of the 
norm al fault.
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Fig. 14. Variation of fault-plane dips with depth for lines GP-1, BG-2 and GM- 
4 east and west. Note the similar trend of the dips at shallow depth. Line GP-1 
shows greater change in fault-plane dip with increasing depth. G. Mohapatra, 
unpublished data.
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Fig. 15. Variation of reverse drag with fault dip for lines GP-1, BG-2 and GM-
4. Note the reverse drag increases with depth; the drag is greater in GP-1 
than the other profiles. G. Mohapatra unpublished data.
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N o rm al F a u lts  an d  R e a c tiv a tio n  off T h ru s t  F a u lts

It is likely that Neogene listric normal faults in the Great Salt Lake 

region cut down-section to intersect and reactivate older thrust-fault ramps. 

The eastern part o f GP-1 line (Fig. 13) shows evidence for a probable Sevier- 

age thrust fault reactivated by a Neogene listric normal fault. The distinctive 

fau lt-p lane-reflection  of the Neogene listric  norm al fault begins near the 

surface at CDP 1200 and extends with decreasing dip to 2.8 seconds at CDP 860. 

The fault is projected to sole out at a depth of 8-10 km. (Figs. 2, 3 and 13).

The thrust-fault surface diverges from the normal fault at about CDP 

1140 and dips gently upward toward the east to about 0.85 seconds beneath CDP 

1460. East-dipping layered reflections are truncated against the fault around 

CDP 1360. The thrust-fault reflection east o f the normal fault between about

CDPs 1530-1720 (Figs. 2, and 3) is partially obstructed by a multiple from the 

basem ent surface. (M ultiples are seismic energy which has been reflected

more than once; Sheriff* 1993). However, continuation o f the thrust-fault 

reflection crosses the m ultiple and extends toward the surface east o f CDP

1720.

One of the principal lines of evidence supporting the idea that the listric 

fault reactivated the M esozoic thrust structure is that fault-to-bedding angles 

for the Neogene hanging-wall rocks o f the listric normal fault are ~60°, but 

east o f the Neogene fault, layered rocks dip east and term inate against the

thrust-fault plane with fault-to-bedding angles o f ~30o - 40°. The lower angle 

of the fault cut-off Of these layers suggests that the structure was caused by 

thrusting. R elationships betw een norm al faults and thrust faults in the

eastern Basin and Range Province are described by Sprinkel (1979), Corbett 

(1982) Hopkins (1982), Lamerson (1983) and Allmendinger and Platt (1983).
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STR U C TU R A L ANA LY SIS

G eo m etry  o f th e  P re -N eo g en e  B asem en t

A basement time-structure map (Fig. 16) was constructed from the Great 

Salt Lake seismic data to show the structure of the pre-M iocene basement

surface which is represented by a prominent reflection. This map also shows 

the presence of three sub-basins in the southern part o f the Great Salt Lake. 

On this map, Line "A" shows the surface exposure of the Neogene East Lake 

fault west of Antelope Island and line "B" shows the trace o f the fault- 

basement contact. The dense contour lines show the position of an older,

probably Eocene fault which flanks the northern basin and merges with the 

apparently younger East Lake fault. The Eocene fault, inform ally indicated

here as the "C arrington" fau lt, bounds a sou th-d ipp ing  sequence of 

sedim entary rocks that are overlain w ith angular discordance by M iocene

units (Constenius, 1994). Reflections from the fault planes are strongest 

w here b as in -fill m ateria ls  are jux taposed  against c ry s ta llin e  basem ent 

because o f  the large acoustic im pedance contrast betw een Precam brian 

gneiss and Cenozoic lacustrine sediments.

On the w estern m argin o f the G reat Salt Lake depocenter, the 

sedimentary units dip to the east but at a lower angle than they do adjacent to 

the fault. Lacustrine sedim ents onlap the inclined crysta lline  basem ent 

surface. The shape o f the basem ent dem onstrates tha t the basin is 

asymmetric to the east and formed by laterally ' variable slip. The amount of 

slip is greater in the southern basin as evidenced by the larger size of the 

half-grabens. Basin asym m etry is consisten t w ith the ro ta tion  of the

hanging-wall block. Seismic data show larger hangig-wall rotation in the
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Fig. 16. Two way travel time contour lines (C.I. = 2 sec) show the basement time 
structure in the western Great Salt Lake. Line "A" shows the surface exposure 
of the "Antelope" fault and line "B" shows the fault-basement contact. The 
dense contour lines in the north show the position of the "Carrington" fault.
Which flanks the northern basin. This older fault merges with the younger 
"Antelope" fault.
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southern basin than in the northern basin. DeCelles (1994) interprets an 

antiformal structural culmination in the W asatch Range. The Great Salt Lake 

basin is superimposed on this culmination which has been down-dropped on

its western flank by Basin and Range faulting. Negative inversion on some of 

the Sevier-age thrusts caused a favorable topography for the form ation of 

Eocene-O ligocene basins.

R e la tio n sh ip  o f N eogene F a u lt in g  to  O ld e r  S tru c tu r e

The presence of listric  norm al fau lts in the B asin-R ange/R ocky 

M ountain tran sitio n  was docum ented in m apping by Sprinkel (1979), 

em phasizing  reac tiva tion  re la tionsh ip s o f basin -bounding  norm al fau lts  

merging with older thrust faults. The faults formed first as thrust faults with 

eastw ard (contractional) movement, and la ter were, in part, reactivated by 

westward (extensional) movement. Listric normal faulting has occurred since 

about the Eocene above the sole thrust.

Interpretation of line GP-1 (Fig. 3) and the basement tim e-structure map 

(Fig, 16) show that the main listric normal fault correlates with the normal 

fault on the adjacent dip profiles on the west side of Antelope Island. As 

described above, east-dipping reflections to the right o f the normal fault 

term inate at a low-angle reflection interpreted as a thrust-fault plane. The

Neogene normal fault cuts down-section to intersect and reactivate this thrust 

fault which lies in the upper plate of the Crawford, Absaroka, and Hogsback 

thrust systems (DeCelles, 1994). Fault-to-bedding angle is low (30o -4 0 ° )  for 

these east-dipping units, supporting an origin by thrusting rather than by 

norm al fau lting .
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The im plication o f this scenario is that in traplate telescoping during 

Laram ide com pression, which produced crustal thickening,w as followed by 

M id-C enozoic ex tension  and g rav itational co llapse. The M id-C enozoic 

extension was accom m odated, at least partly , by reactivating  pre-existing 

thrust faults.

E x ten sio n  in  th e  G re a t S a lt L ake

C alculations o f extension beneath the G reat Salt Lake, based on 

reconstructions of seismic profiles, indicate that the upper crust was extended 

50 to 60 percent since the Miocene (Mohapatra and others, 1993). The average 

horizontal deformation rate since the Miocene was as much as 0.55 mm/year.

The am ount o f east-w est extension across the G reat Salt Lake has 

im portant im plications on the developm ent o f crustal co llapse and the 

form ation o f  the half-graben systems above the listric extensional faults. 

Graben size, amount of fault rotation and fault throw are dependent upon the 

amount of extension and the geometry of fault curvature. The initial stage of 

extension in the region formed the m aster and antithetic faults, and also 

started deformation on subsidiary faults. As extension progressed, changes 

in the geom etries of the individual faults and their associated blocks were 

controlled by the competence of the sedimentary rocks next to the fault and 

the rate of deformation. W ithin the southern basin extensional system, the 

beds next to the fault rotated to produce stratal tilt, and as extensional 

deform ation increased, the subsidiary faults rotated along the m aster fault 

and increased in area and displacement.
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CO N CLU SIO N S

The major conclusions drawn from this study can be stated as follows:

1. Prior to the formation of the Great Basin, regional com pression caused 

large-scale thrust faulting in the region. Back-sliding on some o f the Sevier- 

age thrust faults after ~50 Ma caused norm al-fault reactivation of the thrusts 

and created restricted Eocene-Oligocene sedim entary basins. Later extension 

led to the developm ent of m ajor listric-fault-bounded, lake-filled  grabens 

flanked by asymmetric, tilted mountain ranges.

2. G eom etries of m ajor basin-bounding faults and hanging-w all structures 

imaged beneath the Great Salt Lake show that the nature o f the bounding 

faults is complex. These faults start near the surface with fault-plane dips of 

~ 6 0 °  or more and sole out at depths between 8-10 km.

3. Although a shallow brittle-ductile transition in the Great Salt Lake basin 

probably controlled, at least to some extent* the evolution o f Tertiary listric- 

norm al-fault geom etries (Smith and Bruhn, 1984), norm al-fault reactivation 

of the Sevier-age thrust faults probably played a dominant role.

Defining in detail the Cenozoic structure beneath the Great Salt Lake 

remains a challenge. More definitive and specific results containing the 

keys to deciphering the tectonic evolution of the Great Salt Lake Basin should 

be obtained by: (1) reconciliation of reprocessed seismic and w ell data, (2) 

mapping over a denser seismic grid using interactive seism ic interpretation 

systems, and (3) integration o f reliable chronom etric control obtained by 

ongoing palynology analyses, age determ inations from basalt chronom etry 

and tectonic depositional modeling.



58

REFERENCES CITED

Allmendinger, R.W., and Platt., L.B., 1983, Stratigraphic variation o f low-angle 

fau lting  in the N orth H ansel M ountains and Sam aria M ountain, 

southern Idaho, in M iller, D.M., Todd, V.R., and Howard, K.A., (Eds.), 

Tectonic and stratigraphic studies in the Eastern Great Basin, Geol. Soc. 

of Amer. Mem. 157 p. 149-163.

Armstrong, R.L., 1968, Sevier orogenic belt in Nevada and Utah: Geol. Soc. of 

Amer. Bull., V. 79, p. 429-458.

Atwater, T.M., 1970, Implications of plate tectonics for the Cenozoic tectonic 

evolution of western North America: Geol. Soc. of Amer. Bull. V. 81. p. 

3518-5336.

Bortz, L.C., Cook. S.A., and Morrison, O.J., 1985, Great Salt Lake Area, Utah, in 

Gries, R.R., and Dyer, R.C., Seismic Exploration of the Rocky Mountain 

Region, Rocky M ountain A ssociation o f Petroleum  G eologists and 

Denver Geological Society, p. 275-281.

Bradley, M.D., and Bruhn, R.L., 1988, Structural interactions between the 

Uinta arch and the overthrust belt, north-central Utah; Implications of 

strain  trajectories and displacem ent modeling. In Schm idt, C.J., and 

Perry W .J., (Eds.) Rocky Mountain Foreland and the Cordilleran Thrust 

belt. Geol. Soc. Amer. Mem. 171. p. 431-445.

Bryant, B., and N ichols, D .J., 1988, Late M esozoic and early  Tertiary 

reactivation of an ancient crustal boundary along the Uinta trend and 

its relationship with the Sevier orogenic belt. In Schm idt, C L , and 

Perry, W .J., (Eds.) Rocky Mountain Foreland and the Cordilleran Thrust 

belt, Geol, Soc. Am. Mem. 171. p. 411-430.



59

Burchfiel, B.C., Cowan, D.S., and Davis, G.A., 1992, Tectonic overview o f the 

Cordilleran orogen in the western United States, in Burchfiel, B.C., 

Lipman, P.W ., and Zoback, M .L., (Eds.), The Cordilleran Orogen: 

Conterminous U.S. : Boulder Colorado, Geol. Soc. of Amer, The Geology of 

North America, V. G-3. p. 407-479.

C laerbout, J,F ., 1985, Im aging the earth 's in terio r: B lackw ell Scientific 

Publications, 398 p.

Coney, P.J., 1976, Plate tectonics and the Laramide orogeny: New Mexico Geol. 

Soc., Spec. Publ. 6, p. 5-10.

Coney, P.J., 1978, Mesozoic-Cenozoic Cordilleran plate tectonics, in Smith, R.B., 

and Eaton, G.P., (Eds.), Cenozoic tectonics and regional geophysics of 

the western Cordillera: Geo. Soc. of Amer. Mem. 152, p. 33-50.

Coney, P .J., 1980, Cordilleran metamorphic core complexes: an overview, in 

Crittenden, M .L., Coney, P .J., and D avis, G ,H ., (Eds.), Cordilleran 

Metamorphic Core Complexes. Geol. Soc. Amer. Mem. 153, p. 7-34.

Coney, P.J., and Reynolds, S.J., 1977, Cordilleran Benioff zones, Nature 270, p. 

403-406.

Constenius, K.N., Eocene extensional collapse of the Cordilleran foreland fold 

and thrust belt: Geol. Soc. Amer. Bull, [submitted].

Coogan, J.C., 1992, Thrust systems and displacement transfer in the Wyoming- 

Idaho-Utah thrust belt Ph.D. thesis Univ. o f Wyoming, Laramie, 239 p.

Corbett, M .K., 1982, Superposed tectonism : N orthern Idaho-W yom ing thrust 

belt, in Powers, R.B. (Ed.), Geologic Studies of the Cordilleran Thrust 

Belt, Volume 1, Rocky M ountain A ssociation of G eologists, Denver, 

Colorado, p. 341-356.



60

Darros de Matos, R.M., 1993, Geometry of the Hanging Wall Above a System of 

Listric Normal Faults-A Numerical Solution. A.A.P.G. Bull. V. 77, No. 11, 

p. 1839-1859.

Davis, O.K., Preliminary pollen analysis of the Cenozoic sediments of the Great 

Salt Lake, U.S.A., A.A.S.P. Contribution Series #26, [in press].

Dickinson, W.R., and Snyder, W.S., 1979, Geometry of subducted slabs related to 

San Andreas transform. J. Geology, 87, p. 609-627.

Eaton, G .P., 1982, The Basin and Range Province. O rigin and tectonic 

significance. Annual Reviews of Earth and Planetary Science V. 10, p. 

409-440.

Engebretson, D.C., Cox, A., and Gordon, R.G., 1985, Relative motions between 

oceanic and continental plates in the Pacific basin: Geol. Soc. Amer. 

Special paper 206.

Hedge, C.E., Stacey, J.S., and Bryant, B., 1983, Geochronology o f the Farmington 

Canyon complex, Wasatch Mountains, Utah: Geol. Soc. o f Amer. Mem. 

157 p. 37-44.

Hintze, L.F., 1988, Geologic history of Utah, Brigham Young Univ. Geology 

Studies Special Publication 7.

Hopkins, D.L., 1982, A structural study of Durst M ountain and the north 

central Wasatch Mountains, Utah, [M.S. thesis]. University of Utah, Salt 

Lake City, 50p.

Lamerson, P.R., 1982, The fossil Basin and its relationship to  the Absaroka 

thrust system. W yoming and Utah, in Powers, R .B ., (Ed.), Geologic 

studies o f the Cordilleran Thrust Belt, Volume 1, Rocky M ountain 

Association of Geologists, Denver, Colorado, p. 279-340.



61

Miller, E.L., Miller, M.M., Stevens, C.H., Write, J.E., and Madrid, R., 1992, Late 

Paleozoic paleogeographic and tectonic evolution o f the western U.S. 

Cordillera, in Burcfiel, B.C., Lipman, P.W., and Zoback, M.L., (Eds.), The 

Cordilleran Orogen: Conterminous U.S.: Bolder Colorado, Geol. Soc. of

Am., The Geology of North America, V. G-3. p. 57-106.

M ohapatra, G.K., Petropoulos, G.S., and Johnson, R.A., 1993, Extension and 

Structural Evolution Beneath the Great Salt Lake, Utah: Results from 

R eflection Seismic imaging. EOS, Transactions, A merican Geophysical 

Union, p. 412.

Poole, F.G., Stewart. J.S., Palmer, A.R., Sandberg, C.A., Madrid, R.J., Ross, R.J., 

Hinze, L.F., M iller M.M., and Wrucke, C.T., 1992, Latest Precambrian to 

la test D evonian tim e; D evelopm ent o f the continenta l m argin, in 

Burchfiel, B.C., Lipman, P.W., and Zoback, M.L., (Eds ), The Cordilleran 

Orogen: Conterminous U.S. Boulder Colorado, Geol. soc. o f Amer, The

Geology of North America, V. G-3. p. 9-56.

Roberts, R.J., Crittenden, M.D., Jr., Tooker, E.W., Morris, H.T., Hose, R.K., and 

C heney , T .M ., 1965, P en n sy lv an ian  and P e rm ian  B asins in

northw estern Utah, northern Nevada and south-central Idaho. A.A.P.G. 

Bull V. 49 No. 11 p. 1926-1956.

Royse, F., Jr., W arner, M.A., and Reese, D.L., 1975, Thrust belt structural 

geom etry  and re la ted  s tra tig ra p h ic  p ro b lem s, W yom ing-Idaho-

northern Utah: Rocky M ountain A ssociation of G eologists Symposium, 

p. 41-54.

Sheriff, R.E., 1993, Encyclopedic Dictionary of Exploration Geophysics. Third 

Edition. Society of Exploration Geophysicists. Tulsa, Ok, 199 p.



62

Smith, R.B., and Bruhn, R .L., 1984, Intraplate extensional tectonics o f the 

eastern  B asin-R ange; Inferences on structu ra l s ty le  from  seism ic 

reflection data, regional tectonics, and therm al-m echanical models of 

b rittle -ductile  deform ation. Journal o f  G eophysical R esearch 89: p.

5733-5762.

Smithson, S B., and R.A. Johnson, 1989, Crustal structure o f the western U.S. 

based on reflection  seism ology, in G eophysical fram ew ork o f the 

continental United States, L.C. Pakiser and W.D. Mooney, (Eds.) Geol. Soc. 

Amer. Mem. 172, p, 577-612.

Sprinkel, D.A., 1979, Apparent reverse movement on previous thrusts along 

the eastern m argin of the Basin and Range Province north-central 

Utah, in Newman, G.W., and Goode, H.D., (Eds.), Basin and Range 

sym posium  and G reat B asin F ield  conference, Rocky M ountain 

A ssociation o f G eologists, Denver, Colorado, and U tah Geological

Association, Salt Lake City, Utah, p. 135-143.

Stewart, J.H., 1972, Initial deposits in the Cordilleran geo syncline; evidence of 

late Precam brian (< 850 m. y .) continental separation: Geol. Soc. of 

Amer. Bull, V. 83, p. 1345-1360.

Stew art, J.H ., 1978, Basin and Range structure in w estern N orth America 

review. In Smith, R.B., and Eaton, G.L., (Eds ), Cenozoic Tectonics and 

Regional geophysics of the western Cordillera. Geol. Soc. of Amer. 

Mem. 152 p. 1-31.

Stewart, J.H., 1980, Geology of Nevada. Nevada Bur. Mines geol. Spec. Publ. 4,

p. 1-136.



63

Suppe, J., Chou, G.T., and Hook, S.T., 1992, Rates of folding and faulting 

determined from growth strata. In K. R. Mcklay, (Ed.), Thrust Tectonics 

p. 105-121.

Tooker, E.W ., 1983, V ariations in structural style an correlation of thrust 

plates in the Sevier foreland thrust belt. Great Salt Lake area, Utah, in 

M iller, M .D., Todd, V .R., and Howard, K.A., (Eds.), Tectonic and 

Stratigraphic Studies in the Eastern Great Basin, Geol. Soc. Amer. Mem. 

157 p. 61-73.

Viveiros, J.J., 1986, Cenozoic tectonics o f the Great Salt Lake from seismic 

reflection data [M.S. thesis]. University of Utah, Salt Lake City, 81p.

White, N.I., 1986, The relationship between the geometry of normal faults and 

that o f the sedim entary layers in the hanging w alls: Journal of

Structural Geology, v. 8, p. 897-909.

Zoback, M.L., Anderson, R.E., and Thomson, G.A., 1981, Cainozoic evolution of 

the state o f stress and style and tectonism  of the Basin and Range 

Province o f the w estern U nited States: Royal Society o f London 

Philosophical Transactions, series A, v. 300, p. 407-434.














