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- Ilustrations

Figure 1, Sketch mep of southeastern Utah, ahow:l.ng lecaticn of
San Hafael Swell,

Figore 2, Structural mgp of San Rafael Suell, modified fram
photogeclogic maps. :

Pigure 3, UGeneraligzed colusnar section, San Hafael Swell,

Figure L. Faults and joints of San Eafael Swell, fraa ground checking,

Figure 5-A.Fractures in Wingste sandstone in Boulder Canyone

Figure 5-B,Fractures in Wingate sandstone in Buckhorn Washe

Figure é. Eelation of joints and faults to strike of beds, data
froan ground checking and photogeclogic maps.

Figure 7. £Relation of joints and faults to strike of beds, da.ta
fran photogealogic maps.

Figure 8, Relation of joints to strike of beds, frox photo-
geclogic maps.

Figure 9, Generalized geologic map of San Rafael Swell, showing
location of geologic sectionse

‘Figure 10, Geologic section from west to east across the San Hafael
Swell.

Figure 1l. Geclogic section from north to south acroms north half
of San Kafael Swell.

Figure 12. Surface prefile and geologic section across east flank
of San Hafael Swell, southeast of Elaek Dragon Canyon.
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ABSTRACT

4 ground check of faults and jeoints in the San Hafael Swell was
made, supplemented by use of photogeclogic maps, aerigl observa-
tions in eome areas, and study of lineatlons on gerial photographs.
Fault and joint trends, direction of fault displacements, and in
scms instances the amount of displacement, were mapped.

Hormal gravity faults, grabens and horsts are predominant, and
appear to be divisible into five areal sectors of distinctive
characteristics. Soxe fault traces can be foallowed up through
e siratigraphic section through the Carmmel formation and into
the Entrada ssndstones Hajor faults displacing the Cretacecus
forzations south of Green River, Utah, do not appear to be related
to eny major fault system in the San Rafael Swell, though a few
cut into the beds on the flank of the Swell, There is gt present
only limited evidence of local horizontal thrust faulting.

Hoert joints are normal to the bedding, but in the steeply-dipping
east flank thers are aleo a few nearly vertical joints, cbligue

to the tilted bedding. The major joint trends along the east flank
do not appear to be related to the general form of the Swell,

Ors bodies in the Swell are Loth offset by faults end found along
faults., Ore bodies at Tenple Hountain are elongate along major
fracture treais,

IKTRODUCTION
Purpesa and Se f the Fracture 5

This study of fractures inthe San Rafael Swell was started in
conjuaction with the study of the structure of the Colorade Flateau
by Ve Co Kelley, under contract with the Atanic Energy Commission.
Faults and joints, e obgerved on the ground, were plotied cn aerial
photograph mosaics. Additional prominent linestions, appesying on
the photogrephic mosaics, wers added to the map to indicate probable
cther fractures, or extensions of faults observed on the ground,
later the scope of the study was expanded to deternine the relation
of fractures to the knoun ore beodies. Time was sufficient for aily
a brief field exsmination of a large percentage of the faulis, and
a sualiler percentage of the joints.
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Logstion

the Jan Rafael Swell is g breached anticline in southeastern Utah
(fige 1), bounded on the east by the Green River and San Eafacl
Hiver deserts, on the south by the Henry Mountains besin, on the
west by Castle Valley,; and on the north by the bBool Cliffs.

The area within the high cliffs of the breached anticline is
epproximately 60 miles long and 30 miles wide, but the structnral
inﬂuence of the wplift extends suchiarther ocutward,

sgeeseibility

The bresched ceatral portion of the San Rafael Swell is gccessible
by traveling 4 miles west froan Green River, Utah, on U, S. Eighway
Hos 650, thence south 32 miles on Utah State Highway No. 24 teo the
Tenple Mowatain turneff, then turning right (west) and traveling
7 wiles to South Temple Wash, along which the access road crosses
the easterly dipping outcrops on the east flank of the Swell., From
Socuth Temple Wash a large part of the interdor of the Swell is
acceaai’ble over mine geeess and graszing service reade. The interior
s glso gecessible from the morth through Buekhomrn Wash from the
Caatledale—‘a’mds:.de Dome road, and in dry weather it is accessible
frem the south through the Huddy River Ganyon from Uteh State
Highway Koo 25 between Hanksville and Torrey. Kany weshes and
canyons provide access to roadless areas. The east flank can be
reached from Utah State Highway No. 24 over mine access and grazing
service roads, the scuth flansk is ascessible fram a mine access
read that follews the curve of the Swell, limited access to the
scuthern nose and the western flank pay be found over primitive
roads; and the northern nose may be reached from the Castledgle~
Woodside roads Four whsel drive vehlcles and reserve supplies are
necessary to provids against road hazards and seasonal conditions.

Ehpsiography

The San Fafael Swell is a breached anticline with many washes and
canyons, scme developed along faults but others exhibiting dendritic
ervsicon patterns. Nemnsnts of the Triassic Mosnkopi, Chinle and
Kingate formations form steep sided buttes and mtﬂg. 2)e ¥Hide
fists end valleys; many developed on the Sinbsd limestone member of
the Hoenkopi formation, cccupy the crest of the Swell. The {lanks
of the Swell gre cut by sheer-wglled canyvens that expose fomations
frem the Jurgsaic San Rafuel group dom through the sectic to tha
Permian Coconino sandstone.

The Elack Box Canyon of the San Rsfael Swell, in widch the Pennsylvanian
Hemwosa limestone is exposed, is 1,500 Teet deop.
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STRATIGRAPHY

Sedimentary rocks expesed in the Swell renge froam the Pennsylvanian
Hermosa formstion to the Lower Cretaceous Cedar Hountain formation.
The formations included in the fracture study are described and
i1lustrated in figure 3,

- CENEFAL STRUCTURE

The San Hafasl Swell is an asymsmetrical, breached anticline trending

N 60 E through the southern two-thivds of its length and H 15 E
through the northem one-third, The general structure is shown on
figure 2, which is reduced from U. S. Geclogicel Survey phologeclogic
maps, with minor corrections. The folding end uwplift is evident for
several miles outward from the cliffs formmed by the breached crest of
the anticline. The anticline dies out to the north beneath the gently
dipping Cretaceous formations in the Book Cliffs., The steeply dipping
bads on the eastern flank disagppear bensath eroded Jurassic beds in
the San Hafael and Green Eiver deserts. The dipping beds on the
gouthern nose can be traced to the edge of the Henry Hountains Bgsin,
The western flank dips gently toward the Wasaich Plateau. <The Farnham
and Woodside doxes gnd other minor structures are found on the flanks.

The axdal trend of the anticline is not continuous throughout its
length (fige 2)e The doulnant trend is approximately H 15 E with segnents
of the axds lying en echelon 10 the scuth and west from the northemm~
most segment. In the northern bhalf of the Swell the axis lies negrer
the sleep eastern flank and trends N 15 E, approxingtsly parailel to the
eastern flank. In the scuthern half the axis mgkes & 55 degres turm
Lo the scuthwest and then turns 55 degrees to the scutheast to resume
the E 15 E trend, This portlon of the axial trace le indefinitely
located on the U,. S. Geclegical Survey phologeclogic maps. Ancther
segment, continues the axis, bsginning west of the northern segmant,
down the southern nose of the fold on a # 5 E trend, GSevergl mincr
folds lie along tho crest and the western flenk, some parallel and
others transverse to the axisl trend. A few minor folds lie parallel
to the strike of the 'beds on the eastern {lank.

STRUCTURAL HISTOEY

The Zan Hafgel Swell is believed to have been formed by a combination
of vertical vplift due to shifis in the basement rocks, and horizonisgl
sonpressiongl forces caused by readjustment of the earthle crusi.
Spieker (1954) has concluded that a number of simdlar structures in
gouth central Utah wers forwmed during the seme pericd. In a sunmary
of diastrophic history of the ¥asatch Platean, he has listed a series
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of crustal movements beginning in the late Jurassic and contiming
sporadically through the Tertiary into the Fleistocene of the
Quaternary, showing movement was present mr a long period in
south central Utah {(Spieker, 19%49).

ihe largest fault at Tomsich ﬁumt,ain-ws traced wast into the
Tertiary beds and its trace was followed by aerisl reconnagissance
into the Jurassic Entrada sandstone and into the Curtis formation
where it appears to terminate. Other fauwlts in the main part of
the Swell camot be traced higher in the section than the Carmel
or Curtis formations. Faults that displace Jurassic and Cretaceous
beds east of the San Hafsel Swell do not appear to be related fo
gny major fault eystem cutting across the anticline., Some younger
faulis do displace the folded flanks of the Swell. The age of the
major faulta in the Sgn Rafael Swell appears to be pre-late Curtis
and definitely pre-Summerville. A study of the Tertiary dikes and
terracs gravels may give meindicatimd‘thaageor scue of the
faults west of the San Eafael Swell,

Young (1955) deseribed a discmfomity between the Price River and
Black Hawk formations in the ook Cliffs to the north, and Abbott
and Liscomb (1956) described s thinning of the Price Eiver and
Llack Hawk foermstione which indicates that uplifi of the Swell
continued for a long pericd or was reswmsd in the late Cretgceous
time, funt (1953) dates the formation of the Henry Nouatein Basin
to the south as late Crmceaus, by the deposition of the Wasaich
formation across a ;&o:’t.im of the Water Pocket Fold near 'ﬁmmnd
Lgke Fountaine :

FAULTS

Faults in the San Rafael Swell eppear to be divisible into five
sectors, distinguished by different angular relatiocnships (sce
sectors I through V, fig. 2). Figure 4 is a map of feults and
Joints as verified by ground checking snd traced frum plotiing en
airphotomosaicsy this was prepared as a sampling chseck ca airphoto
interpretations, and there was no attempt to plot all fauits or
jﬂiﬂtﬁc

Hone of the faults in the San Rafael Swell are continuous across
the structure; they are discontinuous, bifurcating and sinucus,
cften forming fault zones and terminating in them. Yew faults
extend through the upturned flanks; most die cut in the massive
Wingate and Kavajo sandstones on the flanks of the anticline.
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Faults have been traced vertically, by aerisl rescanalssance and
field lInvestigntion, upward from the lower formations through the
carmel and into the Entrada. Ilarge faults seon ocuiside the Cwell
camot be traced agross or very {ar inte the Swell.

Configuration of faults is controlled by lithology. These in the
Cozonine, Wingate, and Havajo sandsiones are continuous veriically
and horizontally, and are generally open and snooth faced, CSlicken-
siden found on or mear the feults indicate that movement has occurred,
but very few examples remsin Iin place t0 show the direction of sppareat
movenente Faults in the Hoenkopl and Chinle formatlons are often seen
as Faulted sones rgther than individual faults, and they die out
horizontally and vertlically within relatively short distances.

Thuwy are simousz, curved, bifurcaling and discontinuous, in Lhe
interbedded siltstenes and mudstones which appesr to have had a
daspening effect ean the fauliing. :

Fault £illings vary from place (o places In the Cosonino sandstone
in the wesi~central sector, and in the Moss Back member in Hodfs
Valley, Doulder.Canyon, in Kexican Bend arsa, near Calf Hesa, amd

in Jiraight Wash, exceptlional concenirations of iron steining were
cbserved, At Calfl Hesa, the Hexican Bend avea, and in Siraight

Lash irvon sulphates were found. The sulphates at Caifl Nesa are
weathering producis of sulphides in the Moss Back and Hoenlkepl,

in a fauit zonee Uther fanlts may also have sulphide fillings in
uiwsathered portionse In Hexican {prings wash, in ihe musa north

of Sinbad welly in Vanadium King loe 1 mine, and mines on the Jalyx
Dench al Terple Hoonsain, faulis contain ssphalé. Faulis aleng the
castern flank, from Boulder Canyon o the San Hafael Eiver Canyon,
wentain quarts end calcite. Gypsun s quite common and is especially
noticeable in Little ¥ild Horse Creek Usnyom, seutheast of the Swell
(fige 2); where fracture fillings of alebaster 10U to IR inches thick
are found. Zarite and pyriie have been found in a few faults.

In sector 1, the scuthwestern end of the Swell, fguite are noral,
vertical to high-angle, and fora irregulsr graben end horsi blochas
Parzllel sets of faults are scarce. The major faults trend I 60 ¥

to N &0 ¥, with two minor trenda N 50 & to N 60 K and ¥ 25 ¥ to ¥ 35 .
Host of the fauiin are sinuous, curved and discontinuous. An angalar
relationship exists beiwsen Lthe interseciing fauwlts; the blsecirices
of a majority of the acuie angles formed trend between H 40 ¥ and

d 70 ¥, or betweenn i 50 X gnd K 75 B Zouwo are hinge or rotatiomal



Files - - - . Hay 15, 1957

faults, and the amount of displacexent varies along the majority
of these The displacement of the fanlis ranges from a few foei,
o spproximately 300 feet along the majer fault morth of Teasich
¥ountaine JSvidence of horisonisl wovemsnt was not found on the
segrents of the rajority ¢f the faulis observed, though slickenw
sides wers found on the fleat nesr the faulis. One fault,
deseribed under sector 11 but which extende into sector I northeast
of Zouwlder Canyon, shows some evidence of horizonlsl movewsnls
1a & fault gone in Boulder Canyon a musber of small faults a

few inches to a4 few fest apart have displacements of a fraciicn
of an inch to a few inches (fige 5-A)s These faulte trend
approximately N 70 E, parallel to the strike of the beds.

Zach fault was displaced in the down dip direction, and they
are mumercus encuzh {0 be emiivglent {0 a mush larger displace~
ment along a single fault. Huserous Joinis between the faulis,
aad aiso the fault openings are filled with ealeite ard quartze

& few questlonable lor angle frectures were observed in the Hoenkopl
forsation in Red¥s Canyon.

visved and straisht normal faulis almoot conpletely surreund the
Lulta mine, foming o huge down-dropped bliock in wiich 3= found
the only major noo-asphaitic ursnifercus ore body in the San
Zafael Swell,

& few dark greetish gray, fins—grained dikes are found in the
vresched area of secior I, and iheres ave mumerous dikes on the
southxest flank trending from H 25 ¥ to B-le

Gne of the coliapses reported by s £. Ueys and Eo Le White {1956}

shown as Ho. 8 on figure 2, is sgbout 3 miles norih of Tomisch

Hountain and has aboutl 700 feet of displacement. bGhether this, and
other collapee structures, asre indspendent features, or integral products
of tho formation of the 8well, is not kmowa, but they are distinctive
strustural features of the San Eafael Swell.

Hgot fauits in sector 11, the souiheastern psrt of the Cuell; are
roughly paraliel, high angle, norwal faults that form a wasber of
horats and grabens. Thess faults trend within &0 degrees of easi-
weal, and ere perpendicular to the trend of the southern segnent of
the anticlinal axie and oblicue to the strike of the beda in the
southeastern flank. Blsplacetent was measured on g feu of the fadits.
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Pip slip varles from a few foet to 300 feet or wmorej strike slip
varies from a few feet near the fiank of the Swell to & hundred fest
or more near the crest. No strike slip was found on the majority
of the faulis observed, but the continuous fault which can be trased
noriheastward from the Delta mine across Boulder Canyon nearly to
vhute vanyon has a herizontal component of displacement shown in .
ellickenside striagtions, which dip 45 {0 70 degress wests Feather
Joints or gash frastures ¢rending approccimately E~i, found asiong the
fault show some displacesment and indiepte eastvard movesent of the
north side. The rajoriiy of the faulis are downthrown to the souily,
forpdng a series of step faults. A large proportion of the faulis
in this sector are seen in the Hoenkopi formation, and are disconw-
timous vervically and borizontally. 4 large fault often ends in s
faulied zone, and another fault begine in the same fault wone and

tinues on vhe same trend but wilh opposite dieplacement, thus
forming hinge or rotational faults.

ihe ;mammmmmmmhwmmmmzm
wnjor east-west foult systen.

Caetor 11T = o

toct fauits in sestor IIT, the west central part of the Jwell, ars
parallel unlike the &ajm'ity of faulte in other sectors, and trend

i 30 © to H 40 E parallel to the reglonal strike of the western flank
and roughly paraliel to the sxiz. A few trend between 8§ 45 ¥ and
NO92 We ALl faults are mormal, vertical to kigh angle, anl continupus
horizontally and verticaily. 1In the Wingate and Havajo sandstones the
faulis are open, but the surfaces are useally obscured or destroyed
by ercsion. Bost faulis are dropped down to the easty however; a

few graboas and horsts were found. Ho horisontzl movement was
ebuerved, but only a few faulis in the deep canyons were investigated
in this sector.

Leveral ama.ll springs fiowing from p fguli in Egpgle Canyon gmve off &
sirong H2O odor, and in Hexican Springs Wash, tar mﬁ. wtar from
a faulte _

A small asymmetrie fold transverse to the sirike of bedding exd
anticlinal exis near Gwazys Flat besouss a fauld to the east in
sector IV

Ceptor 1V «~ East Central
Faulis in sestor 1V, the east-central sector, have an aculs sagular

relation to each ot.l-*ar and o the exdse The wost numercus faulis
form & rude radiating westward pattern, varying in trend Irow almost
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due west in the southsrn part, to about ¥ 40 W in the northern pavt.
There are less nmumerous fanlis trending between north and ¥ &0 E.
There ave several cross-faults trending B 60 W to ¥ 65 ¥, The
bisestrices of the acute angles of a number of intersecting fauwlis
in this area are as follows: H 15 W, NP0 W, N8 ¥, N 75 E, R 50 &,
H45F, 352, and 1 5 Ea ALl the faults are normal, and vertical
to high angie faults. The displasement of the faults in this sector
varies from o few fest 1o a hwelred and fifty feets AL Tan Zeep a
suggestion of offset, waz noted on the photogesiegic wap, but the
faults couwid not be identified during the field investigaticn. Ho
evidence of horizontal movement was found on the portions of the
faults accessible in the washes and canyons. Formaticons younger
than ths Covonine sandsione are missing in this gector and a larvge
proportion of the ocuterup is Coconino. The Cocenino is & poorly~
ceaanted, highly cross—stratified, eclian sandstone and zince
reference bedding planss ere feow, fault movesment and displaceuent
may exict but not be discernible in the mass of lineations aleng the
ercded orovsestratification planes. This sector has sowe of the
most steeply folded beds, from Iron ¥ash north o the faa Ealael
iiver Canyon, and west Lo the anticlingl eresis and & searcity ol
faulits is found on the photogeologic maps in an ares that would Le
wopected Lo produce more. Howsmeniy aloag bedding planes is presendt
though only & few small drag folds were found in the canyons culsing
the ateepl:,' folded ares. 7The upper beds roved down dip in relation
10 the lower beds. -Nusercus smell (gash?) fractures asd zone
brecziation are fowd aleng bedding planes. <Calsite and cuariz £il11
the fraeiures gnd ocutliine the breccis frugments.

Sector ¥V - Horth

Host of the faults in sector V, the northern end of the lwell, are
roughly parellel, {rend ¥ 45 ¢, and are nearly perpendicular 1o ths
anticlimal axis. They are normal, veriical to high angle faults,
forming seversl grabens ard horsise The aversge displagcenent is
not g“&at, varying from a few feet to approxissiely one mndred
feéte FHo horimontal movesment was observed along the faults investi~

teds Ceveral pressure ridges trending roughly northeastward wero
ghearved in the Hoenkopl formation souihwest of Calf Hesa.

JoLULE

P20 types of Joints were noted: those formed during consolidaticn,
and tectonle jJeinis. Joints verified by ground observation are shown
o Lipure L
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The joinis formed during consolidation were observed in the Hoenlopl
formation. 7They gre sinuous, curved and discontinuous verilcally
and horizentally., EHough polygonal patierns similar to patteras of
desiceation cracks were noted in a silistone of the Mosnkopl forus-
tion northeast of fhinaremp Hesa. Hany of the joinis are closed,
and open joints close dowmward. dJointe prominent in the finew
gralned sandstones temninate at the contacts with the mudstione and
silistones above and belows Hany Joints in mudstone are filled
with coarser sardsbone and pilistone. A number of joinis or
cisavages found in the gray-gresn mudstone below the Moss back
measher of the Chinle formation bave plickensides and mey have
formed Ly compaction during consoiidation. However, some of the
fraciures may have been caused by wovenent along the bedding
planese <Lharles Hawley, of the U, &. Geological Survey, has
reporued what appeers 4o be bedding shear at the Green Jragon

kos 3 mine (personal communication, 1956).

Iectonie Joints were found as jJoint sets near fauits, oblicue, _
parailel and perpendicular to the fault planes (figs. 4y 6 avd 7),
the result of vertical siress during faulting, relief of pressuro,
and slumping. dJoint seis along several faulis are oriented at an
acute eagle to the fault plane. Slickenslides and the obligue
orientation of joints on oppesite sides of the faulis seen to
inGicate that horizontal movemeny has oceurred, as obiicue strike~
dip=slip novement. Sufficient statistical woric to find the smount
of movenent was noi completed. Hany of the slickencided jolnle

ve no displacement, glthough several smail faults with a few
inches or a few feetl disgplacenent were found among the jolnls.

Tenzien, extension, and shear Joints are also found. Sirike of joints
ploited on figures &, 7 and & tsken from field measurements, shows
Jjointes paraliel and perpendieular to the strike of beds, ani sosue
oblicue (0 the strike. However, faulis cosplicate the Joint picture
and & wore detaliled study of reistive ages would be necessary to
detsrnine those related to faulting and folding.

The dip of joints is easily noted and a large majority are rormal
Lo the bedding planes; where the beds are nearly horizental most
Joints ere nearly vertlcal, bui on the steep east flank wmost jJoints
are norual 1o the bedding plenes, although a few ere vertical even
there. In the steeply dipping beda in the canyons between Siraight
wash and Black Dragon ¥ash the mejority of the joints are normal o
the bedding planess At a2 few places along the southern, western
aud northern flanks of the Swell, jJoints with a lower angle of dip
are found (fige 5-3)e fThe best developed sets are found in the
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PBuckhom ¥ash area. Parallel sets strike N 40 ¥W; one sei dips
25 to L5 degrees NE, and the other set dips 25 to 45 degress
Uide As the jJoint trends are parallel, and angularity is to a
vertical plane, they are probably ohligue joints ¢aused by
vertical foreces, although it is possible they are ghear joints
ecaused by horlzontal forces. Kp

The Lectonle Joints are open, and can usually be traced vertlically
through a lithelogic unit, but they often terminate against mudstone
bedse Tegtonic joinits observed near nonumal faults in sector II often
exnibit slickensides on jJoint surfaces althoush no evidence of
‘vertical or horizontal displacement waz found. Some of the cpan,
perslstent joints in faulted areae in the Hoankopl formation have

a visible color alteration in the gres Imuediately adjacent to the
fracture. Fresh, broken surfaces reveal a hemabite rich zene 1/4 to
1/2 inch in thickness.

The nuiber of joinis in the different lithologies eppears to be
controliled by density and thickness. The Hoenkopl formmgiion has
a wide variation of lithologissj the lower sllistones are very
consistent in grain size and the spacing of jJointe vardes from
18 to 25 feei} the Sinbad merber, a dense, thin~bedded, szandy
limestone, hes regular joinis spaced from 1/2 to 1 foob apart
in the thinner bels, and at increasing intervals in the thicker
beds, The Hoss Back member of {he Chinle, a conglaserate and
sandstone stream deposit of varying densities and grain size,
has irregular joints spaced 5 to 25 feel apartj the overlying
finer-grained part of ihe Chinle has jointe spaced very closely
in thin dense beds, and much nore widely in thicker beds. The
titick, homogenous Ringate sandstone ls an example of the thicker-
bedded formeiions and has Joints spaged from 25 to 100 feet or
RO ;

A nmmber of minergls are found in the jointe: pyrite, marcasiie,
{ibrous goethite, earthy limonite, caleiie, siderite, dolomite,
barite, celestite, and guarig, primary and sscondary vanadium and _
uranium minerals, and secondary copper, arsenic and cobalt minerals.
Time did noiy psrmit tabulation of an areal distribution of joing
£il3ings however, a nunbsr of concentrations of limonite, pyrite,
dolomite, jasper, ircn sulphates, cobalt and asphali were noted,
Additvional work would be necessary (o detemine whether any relaticn-
hip exists belween these coneenlrations, the age of frecturing,
and the introduction of minervalirzing solutions.
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In the Kyyenta anl Camnel formations, joint relationships in the
dark reddish-brown rocks eeen to indicate two ages of Jjointing,

or two ages of mineralization. One set of fractures terminsiecs
against the other. The more persistent fractures exhibit a light
gray to white color glieration; the other joint set, which terminates
against the first, appears o have once been altered to light gray
but has since altered agein to a light- to dark-reddish-brown.

fielative age of fractures near the collapse on North Terple Hountain
ray be indicated by ono set of cpen vertical fractures and cne seb
of healed jointe dipping approximately 50° norih. These are
iocated gt the head of a small wash north of the collapse in ths
lowest of several downwarped Chinle sandstone beds.

EVIDENCE OF HORIZOWIAL A4D VERTICAL MOVEMESTS

ihs evidence of horlsontal movement along the faulte on the crest
of the fan Kefael Gwell is meageri time did not permit walking

out all major fauwlts and only sectlons were examined. A fault
trending N &0 E paralleliing the cliffs southwest of Chute Canyon
Bas silckensides indicating an obllique dip-strike movement. In
ithe ghatter zons feather joints and short faults trending H 55 ¥,
with a fow inches to & few feet displacexent, indicate that ihe
aorth or upthrown block moved east relative to the downthrowa
biogk. Displacement of one fault by another was not cheerved in
the field or on serial photographs. The discontinuity and sinuvosity
of faults in the Moerkopl and Chinle formations, and the large
muner of fault zones, suggests a gradual readjustment rather than
any large single movement slong faulis. Horigonital wovemest in the
area affected by the uplift has been reported by Peterson (1944),
wlio discovered several thrust faults, one with a dispiacement of
730 feet, in drilling Farnhsm Dome on the northwest nose of thae
Swells The directicn of movement is approximately & 60 E.

A reverse fault having a displacement of 100 feet or more was
chgerved in the cliffs morth of the (astiedale-voodside road west of
Buckhorn Washe Undulating pattemns of ocuterop, as seen on eirphotos,
and several low angle fractures with slickensides observed ai fed
Zeep, suggest horizontel thrust fault wovement in the Jurascic
foruations along the western flank of the Swell, south of the San
Iafael Liver. The discontimuity and southwestward offsetting of the
axls of the Swell may be due to horizontal movement, tut may also be
explained by irregular vertical uplift.

There is little doubt that there has been vertical uplifi beneath
the Jan bafgel Swell, 01l wells drilled on the crest have encountered
Precarbrian rocks (figs. 9, 10, and 11). There are approximaiely



Files - 1y - Hay 15, 1957

3,500 feet of sedimentary rocks from the Salt ¥ash-Uumservills
contact down to the Coconino-Hermosa contact. Thickness of the
forumations as reported by Baker {i948) were used to construct figure
12 and to compute the figure of 3,500 feet. Over 4,000 feet of
relief at the base of the Coconino has resulted from the uplift.
Some relief existed on the Precazbrisn surfece during Klesissippian
depositicn {figss 9, 10 and 11).

EXPLABATION OF FRACTURES

The Tractures of the San Hafgel Swell may then be explained as
pmduct.a of the uplift and horizonial movement. The faulis in

ectors I, 1I, and V are exiensioa faults causeld by the elooga-
t..mn of the heds along ths length of the anticline during uplifi,
and the nuzerous grabens and horsts were formed by the relumation
of horizontal pressure or a withdrawal of megua thal caused ths
uplifc, resulting in a collapsed structures The parailel faulis
in sector 1II are tension faulte, and those in sector IV are
tension and shear faults resuliing from the horizonlal coupression
and collapse. The best example of shear faulis previously described
is the long continuous fault, in sectors I and II, which paraliels
the Vingate ¢li{fs from the Delta mine northeast ioward Chute
LaNyCile

This explanation of fracturing in the San Eafael Swell is spperently
a8 valld one, bul several questiona arisse that will regquire & more
detailed study. One cuestion concerns the high angle to vertical

dip of the faults - are these consistent with the interpretation

of tension and extension faults known elsewherse? Yhat is the rela-
tion to fracturing of the numerous dikes in gector I? Is there a
thraet in the steeply dipping beds on the eastern flank as indicated
in figure 127 :

RELATION OF FRACTIURES TO URANIUM DEFOSITS

The role of fractures in explacement of uranium ore is uncertain
because of conflicting opinicns on the causes of precipitation.

The elongation of the ore bodles at Texple Houniain is along the two
pajor fracture trends, A fev faults in the Vanadium King Ho. 1 mine
at Terple Hountain contain uraniferous asphaltic orej some faults ir
the Temple Hountain collapse zone contain orej barren fauits in the
lopez mine, Dirty Devil Ho. 6 mine, and Venadiwm King No. 1 mine
dirplace ore. Ho core has been found in faulis cutiing the Hoenkepl
or Loconino formations, although uranium minerals, primary and
secondary, have bsen found in the Coconino eandstons, the Eaibab
iimestone, and the Hoenkopi formation in the Temple Hountain collspse
(Keys and white, 1954), and in the Honiter Butte and the Moss Back
members of the Chinle, the upper Chinle, and the Wingate samistone.
hough no generalization as to the role of fractures in couirolling
ore on the Swell should be made from this limited number of ocourTences,
possible fracture conitol eannot be ignored. Clark and Milllon (1954)
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report that younger favite found in the mines ¢f the Four Lorners
Uraniua vo. wmining grea, southwest of Green liver on the northeast
Llank of the Swall, cut and displacs the ore bodiss in the falt
washe Thus, there say be two ages of faulting relative to tha

ere deposition.
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