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Itroduction 

Thi disous'Aon 3 to F,,.cc,m1.-_sany the gravty maT.: tr.e 

area. A more complete analysis of regional geophysaI. _.r, the 

is beinc c•cx-mileJ. 

Th gravity survey on which the accompanying Lap w tase2. 

with a '..Torden gra'vity meter, vf_th a corstant of about 0.5 

division. Face gr,,,T:ty values were' estae-i h , 

loo;Lng m,--thod (Nettleton, 19u, These 1,ere tie'`, 

-3tz,tions to the U. S. Coast and Geodetic Survey pendulum s':,atLcn 

11.7.-„r 17.star, For!.zontal .:..cntrol was pro cy 

nurvcv mulplex t:.)-pographic maps, f;cale 

aitietry vas used to establish elevations at most of the 

T-it.ngulatior, atif-4- bench marks, and photogr.-?.mretr-_c iere, 

Irevat 4 ons for a numbr Cam' 

)ume cstablis:led b7 

we-:e vLth ar -'c tor 

milligal c:orresp:.s.rni-T to ,Fz. rlensitv o1 Icer 3. Tr 

iiiternatieral gravj., y ' 1930 was used 1.(,d.Ing the anz, 

to sea level. Threehunf.red was aided to at ea:..h 

station, so that all val,.les 



Terrain corrections through Hammer's J-ring (Hammer, 1939) were made for 

most of the stations. Corrections through the N-ring were necessary in 

the southern part of the area, near the Abajo Mountains. Terrain cor-

rections were as large as 8 milligals in the Upheaval Dome area, and as 

large as 11 milligals in Cataract Canyon, below the junction of the 

Colorado and Green Rivers. 

Elevations of stations determined by altimetry are generally less 

than 20 feet in error, equivalent to 1.2 milligals. They nay be as large 

as 30 feet in Upheaval Dome and in parts of a traverse east of the Colorado 

River, equal to nearly 2 milligals. Inaccuracies in elevatiors determined 

by altimeter are therefore the principal sources of error in the reduced 

values of gravity, as errors in observed gravity and in latitude correc-

tions are generally less than 0.1 milligal each, and errors in terrain 

corrections are generally less than 0.5 milligal. 

Information on the geology of the Moab-Needles area is available in 

publications of Baker (1933, 1946), Dane (1935), and McKnight (1940). 

Subsurface stratigraphy of parts of the Colorado Plateau, including the 

Moab-Needles area has been described by Wengerd and Strickland (1954). 

Cooper (1955), Lockman-Balk (1956), Herman and Sharps (1956), Herman and 

Barkell (1957), Baars (1958), Neff and Brown (1958), and Wengerd (1958). 

Subsurface information is also available from well loge in oil scouts' 

reports. Photogeologic maps of the area by Bates (1955),3trgauist(1955), 

Detterman (1955), Hackman (1955), Hemphill (1955), Hosley (1953), Patt 

(1954, 1955 a, b), Sable (1955) and Tolbert (1956) have been published. 

The authors are indebted to J. H, Stewart, P. L. Williams, D. G. Wyant. 
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and E. M. Shoemaker, all of the Geological Survey, and to Glen Ruby, 

Consulting Geologist, for additional information on stratigraphy end 

structure. A brief report on geophysical investigations at Upheaval Doma 

was prepared by Joesting and Plouff (1958). 

The following geologic summary was prepared on the assumption of ufl.Ji 

knowledge by the reader of the Moab-Needles area. 
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Geologic summary 

The Moab-Needles area is in the Paradox Basin of Pennsylvanian ag, 

which is characterized by thick deposits of evaporites that, locally for 

the cores of salt anticlines. The sedimentary rocks at the surface dip 

gently northward from the Monument upwarp south of the area toward 

Uinta Basin to the north. The area straddles a deep-seated zone witLi(1 

the Paradox Basin that separates the basin into a deeper northern porticii 

and a shallower southern portion, as discussed later. 

The principal structures are the Salt Valley, Moab, and Cane Creek 

salt anticlines in the northern part of the area.. Smaller structure 

found in the central and southern parts include Upheaval, Shafer, and. 

Gibson domes; Lockhart and Meander anticline; and the Needles fault zone 

adjoining Meander anticline. These structures, which are related mainly 

to plastic flow of evaporites, are superimposed on the northerly regional 

dip, which totals about 5,000 feet in the area of the gravity map, measured 

on Cretaceous horizons. 

Sedimentary rocks exposed in the area range in age from Pennsylvanian 

to Upper Cretaceous. In addition, there are miner deposits of Quaternary 

alluvium, talus, and wind-blown material (McKnight, 1940). Cretace.ous 

rocks are confined to the northern part of the area. Rocks of JUIrdSiC. 

Triassic, and. Permian age are exposed in the uplands, mesas, and canyon 

walls, and rocks of Pennsylvanian age are found in the deeper canyons and 

in some of the breached salt anticlines. Sedimentary rocks of !'sE..issipp 

Devonian, and Cambrian age have been penetrated by drills, but Preeambrn 

basement rocks have not been reached in the Moab-Needles area. ThJ::r 

no P..own occurrcnces of igneous ror7ks, 
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Rocks younger than Pennsylvanian consist mainly of shale, siltstone, 

and sandstone, and have an average density of about .4 tc 2.5 g per cmb. 

The Hermosa Formation of Pernylvanian age contains an upper limestone, 

shale, and sandstone member of density about 2.6 g per cm-; a thick middle. 

evaporite member--the Paradox Member--of density about 2.2 to 2.5 g pt r ,11); 

and a lower limestone and shale member of density about 2.65 g per c'IL 

The pre-Pennsylvanian sedimentary rocks are made up of Limestone, shale, 

dolomite and sandstone. Their density is estimated to be abDut 2.65 g per 

cm3• 

The thickness of the sedimentary section is estimated be ;II 

6,000 feet in the southern part of the area and at least 15,300 feet 

the northern part. The evaporites in the Moab salt ant line are ms:r. 

than 10,000 feet thick, but the original undisturbed thickness was probably 

no greater than 4,000 feet, and diminished toward the south and west. 

Although Precambrian basement rocks have not been reached by drilling 

in the Moab-Needles area, biotite granite has been found in deep welts to 

the east and west, and a wide variety of Precambrian crystalline rocks has 

been found in the Uncompahgre Plateau to the east. These range in density 

from about 2.65 to 5.0 g per cm5, aryl the Precambrian roc.'s of the Moa;-2-

Needles area probably have a comparably wide range In dersity. 
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araAity mat_ 

The largest gravity effects are associated 14-1.t. (- oAtraFU, 

lensities of large Jithc.logic IAtJ iz2 Pre:3-,m1frie.1 1;:th 

thickened masses of low-densLty evaporites in the Lev 

antictines. 

The gravity mil,p is d.ominntet1 by d ree2:_) _ 

crease from the highs in the Holeman Springs Basin-Lockhart .?,,asin-Harts 

Draw areas to a broad. low near Bartlett Flat and Arts Pasttr'e. 

Large regional gradient reflects i)northerly r,-,rtheaste..-4 deepe.L13:.6 

of the Precambrian basement, 2) lower-density '1)asement the north 

than to the south, and 3) depositional thickening lo-w-dens ty evapor-

ites; the change is along the zone of steepest gravity grbiliellt. 

Analysis of aeromagnetic /-.!.omaLies indic'.ates that it& basement lies 

at about sea level at Upheaval Dome, and about 1.0()0 feet below sea le.qei. 

at Grays Pasture (J Destine; and. Plouff, 1958). These aLomalously 

indications are in agreement with irddLatioD of the gravity data. 

The zone of steepest g:adient oetween Taylor Canyc:1 vest and. 

Cape Springs Canyon oll t.. east probably marks a deep-seated structure 

that divides the Paradox in iqto a southern shal.L;w part and a n-.)rthern 

deeper part. The Paradox evaporite2. thicken to the ni:srthea,,,:t a.z-rss this 

zone. The contact between highLr- density baser r.t rooks already 

mentioned evidently coincides with tle deep-seated str-ture. 
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The observed gl-cwity ir,g the steep gradient, can 

be reproduced by a 2-dimensionaL model ul.th the following characteristics: 

the evaporites (density 2.2fg per cm-5) thicken from about 1,300 feet in 

the Holeman Spring Basin area to about 3,500 feet at B!g Flat, the pre-

evaporite sedimentary rocks and the basement are down-dropped about 1,0u0 

feet to the north along the steepest part of the gravity gradient, and 

500 feet near Upheaval. Dome. The density of the basement was assumed to 

be 2.7 g per cm3 north of the main displacement and 5.0 g per cit)to the 

south. The density of the pre-evaporite sediments was assumed to be 

2.65 g per cm5 and the thickness about 1,500 feet throughout. The ot:served 

anomaly can, of course, be reproduced by other models, but the one de-

scribed here is geologically reasonable and in agreement with available 

subsurface and aeromagnetic data. 
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Contours defining the strong TegiaLai gradieLA Cony n 

Grays Pasture split near ,tAl Y(,lat. The main gradient coLtfnues easterly 

to the La SalMountains region. The soutern. part trends southeast and pre-

sumably also represents a zone of density contrasts within tne 

basement, as well as thickening evaporite3 and incresiig deptn of tlr 

basement toward Lisbon Valley. 

The broad, circular low at the YeedLes, in the sour.her pant of tne 

area, may be related both to salt thickeing and. IL.trabasement density 

contrasts. 

The high near Beef Basin in the extreme scut:fern parL c,f the area i:, 

at the northern end of the Monument Upwarp. It is reated mair_y to 

structural uplift, and partly to thinning of salt. the adjoining high 

west of the Colorado River may be related to a deep-seated northwestward 

continuation of the Monument Upwarp that is not reflected in surficial 

structure. 

The 26-milligal gravity low assoc dated with. the Salt Valley salt 

anticline in the northeastern part of the area has a computed amplitude 

of 8,000 feet above the top of the evaporites on ether- s'Lrle ot- the 

anticline (Joesting and Case, in presF,), assuming a densLty contr,,st of 

0.55 g per cm5 between the salt acid the adjaent sediaentary rocks. The 

computed vertical extent of the antic:Iine would, of ,:ourse, be larger if 

a smaller density contrast were used-



A residua0 low of 20-22 milligals is found over the Mda,Valley salt 

anticline The regional gradiept across Moab Val.Ley IndiA:ates that tne 

pre-salt basement is deeper beneath aria northeast of the valley than to 

the southwest. Drill data bear out this iLterpretation. The cmputed 

amplitude of the evaporite cure of the a.-ytici'-e is aLc'ut-, 8,00 feet. 

A slight flattening of the strong reglo-iad gray.Lty 12,ra.J.Le -E Cane 

Creek anticline is perhaps related to salt thi„kening, but tne 0,mpara-

tively low precision of the gravity surrey and 14-.71.de tpa - Ing of stat7:.uns 

may have combined to obscure its small effect 

At Upheaval Dome there is a 2-5 res:jua: on wh':h I. 

superimposed a onemilligal low. :ipheaval Dome is probably a salt 

structure, but its estimated assodatecl anonaly of 1,5 to 2 milligais 

is obscured by regional gravity effects ari by loai terrain effects. 

Terrain corrections in the area were as large as 8 m:11.-igais. 
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