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August 22, 1975
ANPP-2913

Mr. Olan D. Parr, Chief .
Light Water Reactors Project Branch 1-3
Division of Reactor Licensing

U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Re: Palo Verde Nuclear Generating Station, Units 1, 2 and 3
Docket Nos. STN 50-528/529/530

Dear Mr. Parr:

Submitted herewith you will find twenty (20) copies of the
following references which were requested in NRC Question 323.58
(2A.94):

1. Reference 90; Turner, G. L., 1962, The Deming
Axis, Southeastern Arizona, New Mexico Wand Trans—
Pecos, Texas. .

“

2.  Reference 97; Wertz, J. B., 1970, The Texas '
Lineament and its Economic Significance in South-
east Arizona.

Very truly yours,“

Edwin E. Van Brunt, Jr.
APS Vice President, Nuclear Services
ANPP Project Director

" EEVBJr/JMA/pk

cc: Ms. Barbara E. Fisher, Esq.
Mr. Carmine F. Cardamone, Jr.
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The Deming axis is a major linear tectonic element
extending from southeastern Arizona to Trans-Pecos Texas.
The trend of this axis is partially expressed by a chain of
five lesser structurcl units; the Yan Horn uplift in western
Texos, the Florida ond Burro uplifts in southwestern New
Mexico, ond the Groham and. Florence uplifts in south-
castern Arizona, The Deming axis seems to have been
.initiated during Mississippian lime, and its presence has had
‘a significant effect on the subsequent sedimentary and
structural paiterns of this area. These fealures are illus:
trated by poleogeographic maps of the Paleozoic and
'Mesozoic, and paleogeologic maps of outcrop patllerns de-
veloped "during intervals of major .lectonism and erosion.
The general north-south strike. of Tertiary structures ond
present-day topographic fealures in this region are de-
flected fo a northwest-southeast trend acrgss the Deming
axis, ond this is the basis for the concept of the Texas
_lineament,
. "Yond the area of investigation are open to specvlation.

An onalysis of the ‘regional structure.and stratigraphy
of southern Arizona and New Mexico, western Texas ond
northern Sonora and Chihuahua, Mexico, has revealed the
presence of a major linear tectonic element which is here
termed the Deming oxis. This feature can be traced from
the vicinity of the town of Florence in south-cenlral Arizona
to the area of Vaa Hora in Trans-Pecos Texcs, and has
beén named from Deming, New Mexlco .which is near the
! center of the area of investigation. “The Deming axis
seems o hove been initially developed during Mississippian
time and its presence has had g sigaificant cffect on the
sedimentary. and shructural pc"erns of the lcte Paleozoic,
" Mesozoic and Tertiary., *

The evolution of the Deming oxis can best be observed
through the construction of poleogeologic and paleolec-
fonic maps for critical parls of the siratigraphic sequence.
The accomponying illustrations are generalized summaries
of a serics of maps thal were prepared, for the most part,
from a detailed survey of published and unpublished litera.
., ture on this region, and an examination of availcble ‘well
.control, Some segments have been compiled from field
observations, TFor reference purposes, the trend of the
Deming oxis is indicated by a dashed line (D—A] extend-.
ing across each map. A complete documentation of the
control data used in ossembling these maps would cover
several hundred references., The appended bibliography
fias been selected to substantiate oaly the structural cle-
ments critical to the theme of this short note.

"Figure 1 illustrates the regional trend of the Deming
axis from south-cenlral Arizona to Trans-Pecos Texas. An
extension of this oxis 1o the west of the map area has not
been established, os the structural and stroligraphic history
of southwestern Arizona is shill impecfectly known. An
castward frace is likewise obscure due to the welter of
Paleozoic, Mesozoic ond Cenoxzoic structural evenls of
weslern Texas ond northern Mexico, Even aloag the known
tread of the axis the complete understanding of its geologic
hislory owcils the results of additional field work.
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As indicated on Figure 1, the Deming axis seeais to
consist of a chain of five lesser teclonic features: the Yan
Horn, Flesida, Burro, Grahom and Flon_ncc eplifts, The

individuality of these uplifts is only rclohve adhouc‘\ cach
seems tlo have become locally prominent during one or
more intervals of geologic lime. “Structural cnd strali-
graphic descriplions have been published for the Yan Horan,
Florida, and Burro uplifts (see bibliography}.” The fectures
herein referred to ds the Graham and Florence vplifts ore
previously undescribed.
The Groaham uplift cenlers. around the Precombrian
*moss of the Pinaleno Mouatains ond is nomed for Mt.
Graham, the highest peak in the range. Significant local
uplift and, erosion ,occurred in the area of this element
during the Lale Jirassic “*Nevadan™ and late Cretaceous
to early Tertiary “Laramide’ orogenies. The effect of
Nevadon deformation has been mapped in the Dos Cebe-
zas and northern Chiricohua Mountains, where Crelaceous
sediments overlap eroded Paleozoic rocks and locally rest
.on Precambrian granite and schist. Renewed uplif! and
erosion during Llaramide time is' evidenced .by the presence _
of lote .Crelaceous and® Tertiory volcanics resting uncon-
formably on Mesozoic, Paleozoic and Precambrian rocks
in. the Dos.Cabezas, Pinaleno, Santa Teresa, Turnbull and
Mescal Mountains, . roe
Nevadon ond Laramide movemenl on the Florence vp-
lift can be interpreted from field work in the ranges to the,
" east and south of the city of Florence, Arizona. ‘Nevadan
.ectonism is recorded by the occurrence of Cretaceous sedi-
ments’and volcanics unconformably overlying Paleozeic and
Precombncn beds in the Black, Sanlo Colclmo, Walerman
‘and Yekol Mounlcins. * Broad uplift and erosion of Lara-
mide age.is evidenced in the Superior area, and the Tors
- tilla, Black, Tortolita, Tucson, Silver Bell, Vekol and Silver
Reef Mountains where the Crefaceous-Tertiory volcanic
suite: rests on older rocks of various ages. Sedimentary
rock oulcrops are rare’in the region to the west and north-
west of Florence, and the western. limit of this uphfl can-
nol be delermined.
Separation belween the Florence ond Graham vplifts,
and between the Groham and Burro uplifts, is o mattes of
conjecture. > The proof is hidden beneath the piles of Ter~
tiary volcanics forming the Golivro and Peloncillo Moun-
toins. Perhaps the best evidence is the mounloins them-
selves, with the volconic rocks in these ranges being topo-
graphically and structurally lower than the Precambrian on
Mt. Groham,
*  -Evidence for o Precambrian expremon of the Deming
" axis is inconclusive. A zone of cast-wes! lrending Pre-
cambrion structures is certainly present in the core orea of
the Yan Horn uplift in Texas. However, through southern
New Mexico ond Arizona the dominant lineations within
Precambrian cxposures are northeast-southwest. Probably
the Deming axis is not underlain throughout its entire length
by a significant basemen! structural clement.

Figure 2 depicts the general paleogeology of corly
Paleozoic lime. Thss region appeors to hovc been a part
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11 southwestérn oxtension of the Cenleal Sloble region southeastern Arizonc .d southwestern New Mexico, the
/-'xc North-American continent. The Defiance-Zuni and - northwest-treading Pedregosa basin begaa lo form, and

7-lrenal positive areas may hcave been present as local the:clignmen! of its northecstern mc.rg?n provides an oen-
.=~arps on this platform, but this is by no meons certain. pression of the teg e-.?c development of the Deming axis .

Cembrian deposils are thin or absent over most of (Figure 4). The cffcct of this axis on sedinicnlation is
z s<thern New Mexico and western Texas. However, they  revecled by the thick, massively-bedded deposits of Eorly
saicken to the southwest across Arizona and Sonora lo- Mississippian limestone found in the Pedregoso basin which
-~ zrds the Paleozouc Sonoran geosynclice, and to the north- contrast wit‘\ the thinner, somewhat more clastic, occa-
+ =3t toward the Cordilleran geosyncline. Cambrian beds sionally reef beormg umts found 1o the north ond nocth-
=°so thicken to the southeast across Texos into o seawey: east of th= oxis. In south-cenlrel News Mexico, Kinderhook *
—<ssibly coincident with that of the late Paleozoic Oucchila ond ‘Osagea rocks are present in tie San Andres and Sccra-
; osyncline. Due to prelate Devonian ecosion, the recocd mento Mountains, but have not been identified in the .

cf Eorly Ordovician sedimentation is obscure over the north- Hueco Mountains and Sterro Dioblo oulcrop areas of Trans-

c.’q and western parls of the map areaq, but strala of this Pecos Texas., This absence is atlributed to the initial op-
~.c5e are present across southern New Mexico and Texas, pearance of the YVan Hoen uplift on the Deming axis. This
i cad thicken southeastward 1o the site of the Cambrian uplift wos evideatly not active in Late Mississippion linie, os ]
| Zasin, - " Chester rocks are present in the oulcrops of both Texas and

The history of later Ordovncaan Silurian and Early New Mexico. . - .
p-zvonian sedimentation is likewise unknown through much +  The second ;mpo,gm{g cyde of uplift and ecrosion to
cf-southern Arizona ond northern Sonora, although beds affect this region occurred prior to Pennsylvomcn deposi-
p-presenling pOflS of these time intervals are presenl in hon. Pre- Pennsy[van.cn pcleogeologlc mopplng (no[ il

| ceatral and southern Sonora along Ihe trend of the Sonoran lustrated} suggests that over much of Arizona and New )
| g=osyacline, .. .. .. Mexico this movement was lorgely epeirogenic in nolure.

- Another depositional feature of this period is the To- The Deficnce-Zuni cnd Pedernal landmasses were devel-
t.oza besin, which was centered around the present site of oped ct this time. A local, short-lived uplift occurred in
the Central Basin platform of West Texas and southeastern the vicinity, of the Cabacllo Mountains in south-central New

- Few Mexico. The Tobosa basin seems to have been a Mexico; and in southeastern New, Mexico and West Texas
presistent structural _and depositional sag from Middle the Pecos uplift, the foundation of the Central Basin plot-
COrdovician through Devonian time. form, clso appeared. The lectonic behaviour of most of

Gaps in the fossil record suggest that during several Trans-Pecos Texas during this time inlerval is unknown due |
p2riods in the early Paleozoic this region was subjected to to the widespread effects of the succeeding pre-Permicn
epeirogenic upwarping, resulling in non-deposition of sedi- erosion period. The Deming axis does not seem to have
menls and mild erosion, The first strong cycle of vplift played an imporlaat role during this interval of sltructural
end ecrosion occurred in Late Devonian time when the pre- movement. . .
Mcrtin, pre-Percha, pre-Woodford and pre-Chattanooga | At the beginning of Pennsylvanian sedimenlotlion,
quO“fOf""'Y was deV&lOPed throughout the southern Unil- . numerous structural changes occurred in New Mexico and

4 States, During this time the broad Ticnsconlinentcl arch western Texas, resulting in the development of the paleo-
vsas raised across northern New _Mexico and cenlral Ari- geogrephic elements illustroted on Figure 4. During this
znna, cad early Paleozoic beds were eroded off this arch time the Deming oxis begon lo assume a more significant

1o the approximate limits shown on Figure 3. Southwest-  offect on the structural and sedimentary patterns of this
ern Arizona was broadly upwarped {'‘Mazalzal land™} region, The Penasylvenian record is obscure in the moun-
cnd post-Cambrian strata were stripped back to the vicinity.  1oin ronges of Trans-Pecos Texas, but the limited omouat
of the Arizona-New Mexico boundary. Over most of cen- of datc now avcilable suggest that the Van Horn uplift
trol and southeastern Arizona Late Devonian beds rest on {Diablo platform)} moy have been mildly positive and pro-
lute Cambrian, with only a slightly discerdont contoct rep- | vided a separalion belween the Delaware and Marfa
retenting this cxtensive period of erosion. There is no basins. To the northwes! there is good evidence from
definite evidence from lithofacies, thickness and structural thickness and lithofacies dala thot the Florida vplift ~
studies in this region that a significant tecionic element was (Florida islands) was developed on the trend of the Dem-
present along the trend of the Deming oxis during early ing axis in and around luna Counly, New Mexico. The .
poleozoic time. ‘ . trend of the Deming axis ogain seems to have provided a

Although separoted from the oldzr rocks by a major flexure controlling o xone of regional facies change for
unconformily, the tectonic patterns of the Late Devonion Pcnnsy!vcman sedimentation in southeastern Arizona and
gnnécally reflect those of earlier Paleczoic. A limestone southwestern New Mexico. Thick units of relatively clastic-
facics thickens to the southwest across southern Arizono free ccrbonates occumulated in the Pedregosa bosin in
‘into the Sonoran geosyncline in northwestern Sonora, The.  conlrast to the much more clostic sections deposited in the
otk shcle facies of southern New Meaxico and western Central New Mexico basins, and oa the flanks of the De- |
Tecros thickens into a sag over-lying the earlier Tobosa fionce-Zuni landmoss, The relalively slable Deming oxis
bosin,  Again there is no straligraphic or siructural evidence . provided a favorcble environment for late Pennsylvanian
of the Deming axis havmg been present durmg this time recf deveoopment olong the northeastern margin of I!u.
intceval, -+ Pedregosa basin in New Mexico,

Although the record of Mississips7en deposition hos The third significant pulse of Paleozoic orogenic move-
been obscured over much of this arez by pre-Pennsyl- " ment in this region occurced prior lo, or early in, Permian
vanian epeirogenic upwarp and CfO"C‘. enough evidence time, The resull of this tectonism is illustrated on the palco-
remoins to indicate that a significant c-onge occurred in geologic mop of Figure 5. Through southeastern Arizono,
the regional feclonic framework duricg this Period. In most of southwestera New Mexico, and in the depositionol
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. ~of southeagstern New Mexico and stern Texds,
<18 little evidence for a break in sedimentation belween
Jnsylvanien and Petmicn times, However, the complex
"c"eru. elemeants of the OQucachita structucal' belt reached
helr culiminction at this time, and subsidiary deformation is
recorded on the posilive structural features to the north-
west of this trend. Al the southeastern end of the Dem-
| ing axis, the area of the Yen Horn uplift was upwarped
end deeply eroded, with all pre-Permian sediments being
ipped off its crest. To the northwest, the deformation
waos less severe in the area of the Florida uplift. Alf Penn-
sylvenian strala were removed in the vicinity of the Florida
Movuntains, and beds of Yirgil age are ntissing over a some-
what broader region. Similarly, the Pecos uplift was re-
juvenated and deeply eroded; however, this tectonism is
significantly recorded on the Pedernal landmass only
around ils southern margin, :

During-Permian time the region of the Yan Horn vp-
lift provided a stcble environmen! (Dioblo platform) for
extensive reef development, as did the Pecos uplift (Cen-
tral Basin platform) to the east. To the west the flexure
along the trend of the Deming axis ‘conlinued to provide
regional environmental control for Early Permian sedimen-
tation. The Pedregosa basin on the south continued to
sink and receive predominately carbonate deposition,
again accompanied by-reefing in southwestern New Mex-
ico. To the north, the Early Permian is largely represented
by an extensive clastic redbed shelf facies. The record of
the lote Permion is obscured by the effects of extensive
post-Paleozoic erosion. However, there is o similarily be-
tween late Permion siralo preserved on either side of the
axis, suggesting that this fealure was not a parhcularly sug-
mflconr tectonic element during this time.

The regional paleogeography of Mesozoic time {Fig-
ure 6} is much simpler than that of the late Paleozoic. The
charccter of the Deming axis wos generally positive through
this period, and it appears to have acted as an intermittent
barcier {Mogollon highlands} belween depositional basins
to the north and south. Sediments of Triassic and Jurassic
o0go are found on either side of this structural rend, How-
ever, the present limits of their occurrence are due to pre-
Crelcceous uplift and erosion, and consequently there is
some question as to whether or not these widely- seporaied
rock units were once connected over the Deming axis.

The regional effects of the Nevadan orogeny is de-
picted on the palecgeologic map of Figure 7, In conlrast
to the late Paleozoic tectonic events, which were more
severe clong the eastern part of the Deming oxis, the Ne-
vadan movements were more strongly expressed toward

the west; and the Florence, Graham and Burro uplifts were *

developed at this time. In each of these areas the Paleo-
xoic rock column was removed, exposing sizeable lerrains
of Préecambrian. To the east, this upwarping resulted in
the erosion of only the post-Wolfcamp Permian section,
although Precambrian rocks were re-exposed in a small
arca on the crest of the Van Horn uplift.  Just'to the south
of the Deming axis, a sharp uplift in the vicinity of the
Mule Mountains was also eroded to the Precambrian,
The regnonal conlrol of deposition and structure by
the Deming axis was.well-expressed during the Cretaceous.
During most of Llower Cretaceous time, sedimentalion was
confined to the Mexican geosyncline lying immedialely to
the south of the axis. Only during Washita lime were ap-
preciable omounls of sediment deposited over the eastern
end of the axis in West Texas and southeastern New Mex-
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Cretcceous, and rocks is age were probably deposited
only in the Rocky Mounlain busin encroaching from the
nocth, The few deposils of very Late Cretacecus age found
to the south of the Deniing axis in Acizona and ncethern

ico. A significan? lec!(o"' shilt occurred during the Upper

, Sonora {Figure 3) may be attribuled 1o local pochels of -

debris resulting from eacly Laramide nmoven:ents,

‘ Marine sedimentalion’ within the arca of invastigalion
was terminated by the widespread deformation of the Laca-
mide orogeny. The history of this ocrogany is quite com-
plex and it seems to huve developed in several stages ex-
tending from Llale Cretoceous into early Terlicey lime. A
delailed discussion of this progression of events is beyond
the scope of this paper, and reference is made here only lo
the earliest movemen!. The resvlt of this period of uplift
and erosion is summarized on the paleogeologic map of
Figure 8, the title of which may be somewhal misleading.
In sou!hecstern Arizona and part of southweslern New
Mexico this “‘pre-Tertiary” map is drawn ot the base of the
volcanic sechon, part of which is considered to be lale
Crelaceous in age. In Trans-Pecos Texas and some oreas
in Naw Mexlco, where the volcanics ace ‘thought to be en-

"

tirely Tectiary in age, this mop more nearly reflects a true .

pre-Terliary picture,

. As showa on Figure 8, ihe earliest expression of Lora-
mide movement consisted of the rejuvenction and re-crosion
of the tectonic features assaciated with Deming axis, Up-
warping appears to have been more or less regional in
nature and preceded the extensive folding, faulling, vol-
canism and intrusive igneous aclivity that are usually con-
sidered to be characteristic of laramide time, In Trans~
Pecos Texas, a subsidiary fold was developed in the vicin.

ity of the Chinali MoUnldins south of the main trend of the '

Van Hocen uplift. In addition, there is good evidence that
a long, possibly boomerang-shaped, trend was developed
to the north of the Deming axis in southwestern New Mex-
ico. This fealure, here termed the Hillsboro uplift, can be
traced through the Lemitar, Magdalena, San Maleo, Cu-
chillo, Black and Mimbres ranges where the Crelaceous is
absen! and Terliary rocks rest on Pafeoxoic beds locally as
old as Ordovicion, The southeast-trending arm of this vp-
lift is quite conjectural, but has been postulaled in order to
tie in areas of pre-Tertiary erosion in the southern Cabgllo,
Robledo, Tonuco, Dona Ana and {possibly) Organ Moun-
tains.
A study of stcuctures known to have been pnmonly
- developed during the Laramide orogenic period has in-
dicated that the persistent Deming axis had a sigaificant
cffect on the sirike trends of these elements,

directions of the Basin ond Range skructures developed dur-
ing the late Tertiory Cascadian orogeny, Figure 2°is a plot
of the strikes of mojor Laramide and Cascadian steuctures
present in the area of investigation. With supplementary
reference 1o the receatly-published tectonic maps of the
United States and Mexico, it can be seen that the domi-
nant structural groin of this region is north to north-north-
west. However, across the Deming oxis this grain is
sharply deflected to a west-northwest trend. This deflcc-
tion is also obvious on an exumination of the prescnt topo-
grophic’ trends and is the basis for the concept of the
Texas lineament {sec bibliography). An aaalysis of linca-
ment recognition and lineament tectonics is also beyond
the scope of this paper. However, it is thought that the
struclural and lopographic strike devialions along the.Tex-
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,as lmeomenl ore more hkely due 1o refraction effecls across
/ the aancient Deming axis than lo some form of regional
shear or wrench-foull tectonics,

Lateral continualions, if any, of lhe Deming axis be-
yond the area of the present study are open to question.
However, if the definition of the Texas lineament is of sig-

_nificance it might extend to the west through the Trans-
verse ranges of southweslern Arizona and southern
California, To the east, cogent arguments could be made
for extending it: (1) along the irends of the Fort Stockton
high, Yates-Todd (Ozona, Pecos) arch, Llano uplift and
San Marcos arch; (2) along the trend of the Ouachita
structural belt and Devils River uplift; (3) post the Mara-
thon uplift to the Burro uplift and Tamaulipas peninsula of

. Mexico; or (4) southward along the axis of the Coahuila
peninsula, It may aolso be speculated that unstable east-
ward branchings of the Deming axis may have successively
eslablished cach of these trends during different mtervals
of geologic time. . “e .
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! The Texas Lineament and Its ISconomic Significance i
. in Southeast Arizona

Jacoues B. Wexkrz

Abstract ) -

9

Within a broad structural framework construed in southeast Arizona, attempt is
here made to: (1) give further evidence on the location and relative movements of the
roughly parallel components to the Texas lincament, (2) analyze the structural setting
of the major fracture centers, mainly the mincralized ones that occur inside or out
of the lineament belt, and to (3) bring out the apparent cconomnc s:gmﬁc'\ncc of this
important structural belt.
In this area, the components or strands of the Texas lineament appear to have becn
. broken, thereby following slightly differing directions (SSOE to S75E in the eastward
direction) suggesting a mild, irregular bend within the whole belt, with a slight con-
cavity to the northeast. Those places, where the successive changes in’ direction occur, .
L generally coincide with intersections of the north-northwestern fractures, although .
some northeastern ones also join these same centers,
. : Recurring movements, remotely connected with the Murray transcurrent deep-seated
fracture and the San Andreas fault complex, causing increased torsional tangential ef-
fects, must somehow have aficcted the components of the Texas lincament as a \xholc, ’
exerting a structural impact on all fracture centers that exist within its confines in .
southeast Arizona. Secmingly, this influence could have been much more intense
along the convex or southern fringe of the lincament through accrued tangential ten- - -
sional stresses inherent to the incipient drifting of Baja California.
R Although the north-northwestern and, prob\hly to a greater extent, the northc‘\stcrn .
- sets of fractures generally are accepled as propitious to or partly responsible for min- . |
eralization, it is postulated here that the Texas lincament has increased the potentialities
for ore throughout the area by additional perturbance and fractucing, slightly jarring . .
. loose, so to speak, some of the major fracture intersections, allowing for better ground
preparation, as evidenced in Ajo, Tombstone, Bishee, and several other miajor mining
. centers. ‘New niining districts, certainly conld be uncovered some day within thns .
. important structural belt,

Introduction . . context, following assumptions arc  considered
necessary . :

curring in ‘southeast Arizona have been previously (1) Secondary ‘faults (Wertz, 1956a; 19681) are

importance of the orientation trends of clongated sideration the primary fractures or ancient breaks'nes

batholiths has been emphasized in an effort to detect generally concealed; it is not the intent, however, 1

some of the ancestral breaks in the upper carth’s minimize the importance of these sccondary faults'i:
. crust, although exceptions will arise (Krauskopf, Mer search for mincralization.

1968). The conjunction of fracture inlersections (2) Being relatively local features, all domal str.

. . . tures (Wertz, 1968, b) are temporarily set aside, ayak
a“(.{‘d‘fmcs \vas lrcc&_)g]mzet(.i to b;hgellcrflly ta u‘scful without the intent to minimize their economic importance
guide in mineral exploration. gse structural ar- o o1ncas (Wisser, 1060).

rangements were expaunded, next, into the regional (3) Unless they happen to fall along some regioms
dimension through interpolation and extrapolation of {rends, all block-faults are disregarded as a rule,
. both known and inferred local structure trends oc-  jatter how large or important, as they usually -

. . curring within outcrop areas, aided by studies of yndecipherable and accompanied by chaotic effects.
aerial photographic mosaics to help bridge the gaps (4) The very long sinuous fault boundaries, shou:
within the alluvial plains, and further supported by  on® maps fo occur alongside chains of mountains, ‘aze
second- and third-order evidence revealed by St!‘« - misleading and ure also disregarded because they repie
tigraphic aund geomorphologic means. .. sent only “surfuce structures” that follow Y.aramide .
In order to further consider the fundamental Iater trends, often without any rapport with the ancic:

breaks that cut through the upper crust, Sn a regional  decpseated structure (Hunt, 1963, page 139).
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(5) Quaternary and Tertiary-Quaternary lavas, as
indicated ot State geoloyical maps, are also omittel in
this study s assimilited, to i certain extent, to alluvium
cover, ’

Many long and important fractures, some eco-
nomically quite interesting and supported by strings
of numerous picces of evidence (Wertz, 1966a),!
were revealed throughout southeast Arizona (Fig.
1). From the relatively large munber (more than
180) of papers, theses, govermment reports com-
piled onto maps at the scales of one mile to the inch
and six miles to the inch, analyzed and interpreted,
and from added evidence from state geologic maps
and aerial photographic mosaies, it is hoped that the
resulting maps, although certainly far from perfect,
may presently be a reasonable attempt at represcat-
ing some of the major, deep-seated breaks tlnt criss-
cross southeast Arizona,

Much remains to be done, however, to weed out
those relatively insigunificant or local breaks from the
important and regional ones. To deternine and
detine the weighig factors for that purpose and,
in addition, to xntroduce the time element will be
the necessary tasks ahead. Cailleux (1938) certainly
made a useful and well-documented step in that
direction,

Attention {o these fractures is now focused on
their orientation and hmportance in length, on their

The various downthrow situations shown in Fig-
are 1 sugyest that several long breaks have been af-
fected by scissor movement, displaying a downthrow
on one side of a fracture, ut one place, then a down-
throw on the other side some hundred miles away
or, similarly, a horst structure in one area then a
gradual reversal to a graben In another area along
the same primary fault. While Moody and Hill
(1956, p. 1214) suggested that such deep-seated
faults may be of the wrench type, Goguel (1952, p.
62) found them to be common and added that this
reversal of apparent dip-slip displacement occurs
wherever a transcurrent movement cuts obliquely
into existing folds, This is exactly what h1ppcns
in southcast Arizona to a large majority of the pri-
mary fractures that transcct the anticlinorium, re-
sulting in “incowplete” or “partial” horsts and
graben, as shown in Figure 1. Later block faulting,
tilting, and differential erosion certainly complicated
these situations, making many structural problems
difficult to solve,

-
»

- Lineaments

Ancestral structural elements of large maguitude,
the tectonic lincaments (Kelley, 1955, p. 58), in
later years simply referred to as lineaments, are
characterized by a remarkable alignment of geologi-

cal or topographical features, too precise to be

fortuitous (Brock, 1957, p. 130)

intersections and relationships with each other, on L They can be :
the configurations and patterns that they display, and compared with the geofractures or geosutures of ]
f 4150 on some of their coincidence with mining cen- Yians Cloos (194§) and their paths would coincide
| wers. Three main sets of fractures are acknowledged  (Brock, 1957, p.130) with fracture zones or geo- :
P ud confirmed in this study: logical barriers, with straight stretches of rivers or
P clongated lakes, with rifts or volcanos, with a seisinic
idered (1) a north-northwestern group, assumed to follow  epicenters (Richter and Gutenberg, 1954) or thermal
the Wasatch-Jerdme orogenic belt and the overall trend  sources.
wi an ‘\l:llOl)'l '\H‘-lklllll')l‘l.lllll—‘p‘\rﬁ of the Cordilleran Either mqg"ehc, gra\”ty or geothenna] anomalies
) are semticline  (Schmitt, 1959, Fig. 1), -seams to have may be encountered at places along a lincament
r con- ,.mdcd the general orientation of many chains of moun- (Robert, 1968, p. 746-47) and also thick halite
'S now wins in ‘\"‘°"'a' ) broad! hasized by UCPOSits, not necessarily related to sedimentary se-
ver, to (3) a northeastern ;(,roup » Droacly - cmp ms.nzc Y quences nor to diapiric domes, can occur along these
ults in Jandwehr (1967, p. 499), shows here a convergence 5
s the northeast, occurring in western New Mexico; and deep fractures (Robert 1968, p. 744). A possnble
struc. (3) 2 \\est-nortlmcstern set, behaving as a continu-  €25€ in point in southeast Arizona, within gravity
, again wus and well-defined group of roughly parallel fractures, - lows, are some halite occurrences several thousands
ortance Jout 00 to SO miles wide as a whole, without any of feet in thickness that seem to coincide with deep-
gend of this nature to the north nor to the south, as  seated breaks, some possibly within or north of the
cxionals Lroas nown, is assumed 10 pertain to the Texas fracture system that composes the Texas lineament.
nle, no ineament.  Such a wide group of more or less parallel  Of economic importance, however, are magma ocecur-
Ny are apctural features should really be referred to as 2 rences in the form of elongated intrusions or isolated
ts, Wit (Kelley, 1955, p. 58). In addition, the S";,"ds of  gtocks emplaced along the lineament trend, with the
shown tais lineament definitely appear to be broken (Fig. 2) probability of melallic deposits in their vicinity.
elibiting a slight concaut) to the northeast (FHunt, . . : .
ns, are 13, Fig, 5, p. 135). . Lmea.ments which consist ok: a conspituous group-
' Tepre- ; ing of important, parallel, primary breiks that cut
nide or 1The relative amount of inference that necessirily inter- through the surface of the earth’s crust preferably
mcient, T e e N ot aces, an ccount of e rater  Should Ve called a lineament belt (Kelley, 1955, p.
e seatter of detailed picces of infurmation, 58). These belts are essentially straight for long
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THE TI'\’AS LINC/L’IIENT "AND ITS ECONOMIC SIGNIFICANCE

distances, measured in hundrc.ds and in some cases
thousands of miles, with aun almost constant orienta-
tion but without promiuent curvature nor the sinuous
trend of subscquent surface structure mentiong in
the above asswmplion 4. Indeed, the relative recti-
lincar characteristic of lineaments studied by Robert
in Europe, Central America and North Africa, and
by Brock (1956, 1957, 1959) in South Africa reflects
an apparent mechanic homogeneity of the rocks at
great depth, without mwuch, if any, rapport with sur-
face structure. Also, there does not scem to be any
correlation or coincidence in oricntation between the

decp-scated structure as indicated here and the broad.

tectonic trends or basement highs or lows shown on
regional structural maps. Indeed, Cloos maintained,
and Osterwald (1961, p. 223) concurred, that geo-
fractures can retain their individuality even where
surrounded or engulfed into youuger geosynclines
and that an active geofracture can even “underpass”
an active geosyncline (Cloos, 1948, p. 99). Hills
(1936, p. 339) called the effects of such structural
rejuvenaticn “resurgent,” implying not so much the

continuity of tectonic movements over a period of

. time as their reappearance along old trends after a
period of quiescence and stability. The straightness
and continuity of most deep-scated breaks, as opposed
to local fractures and faults, would thus not tolerate
any obstacle, deflection nor offset along the way, and
locally hmportant disturbances such as doming and
titing, for instance, should certainly be of no sig-
nificance whatsoever.

However, if an instance were to occur where a
whole system of breaks may appear to have been
slightly disturbed by stresses of very large magni-
tude, as scems to have happened in southeast Ari-
1ona, and if this contention of slight disrupture or
bending along the trend were established and con-
firmed, one would particularly want to investigate
the economic impact and implications of such an
unusual accident.

The Texas lineament (Albritton and Smith, 1956;
Moody and Hill, 1956; Turner, 1962) has become
accepted as traversing thie southwest part of the
United States. Transgressing all known structure,
it coincides thronghout much-of its length in An-
ma, New "\lcxlco, and Texas with the northern
margin of the Mexican geanticline (Osterwald, 1961,
P ﬂ), but its brcnd(h as well as the contention
llnt it is composed of a number of strands or impor-
tant breaks still remains somewhat debated.  The
individual components (as represented on Figure 1
for instance), each one made to coincide for sake of
qmphu(\ with individual axes without the necessary
mplication of clear-cut fractures, may in reality
correspond to a wide fracture or shear zone, up to
several wmiles wide at places, be clsewhere reflected

" continent,

169

on the surface by an en echelon pattern (Moody
and Hill, 1956, p. 1215; Schmidt, 1956, p. 443;

Osterwald, 1961, p. 231), or be discontinuOus (Kclley,
1955, p. 58) for hundreds of miles, and this latter
peculiarity probably is the best distinction between a
lineament and a fault (Brock, 1957, p. 131). Linea-
ments on the North American Continent should of
course be just as old, deeply-rooted and active
throughout a number of tectogenetic periods of the
carth’s history as their European counterparts-de-
scribed by Cloos (1948).

The Texas Lineament, and Its Economic *
Significance in Southeast Arizona

Initiated in the northeastern Pacific Basin through
the Murray fracture zone (Menard, 1955, p. 1166—
67), a transcurrent movement. (Moody and Hill,
1956, p. 1217-21; Vacquier et al, 1961) extends
castward apparently as a large fracture belt into Ari-
zona and New Mexico (Albritton and Smith, 1956,
p. 507 and Fig. 4, p. 511). This is the Texas linea-
ment which is composed of a number of segments
inferred from these studies and shown on Figure 2,

The preponderance of right-lateral slip nlong the
Andreas fault, resulting in ‘the relative displacement
of the whole Northeast Pacific Basin with regard to
the continent (Hill, 1965) has caused a serious east-
west tension situation to the south as compared to
compressional effects farther north. Some reper-
cussions of these movemeunts undoubtedly should
have affected parts of southeast Arizona with tangen-
tial, torsional stresses. Renewed movements thhm

the whole San Andreas fault complex, aund relayed

through their eastern Garlock-Pinto Mountains fault
exténsions, must have therefore strongly disturbed
the Texas linecament belt and very plausibly could
have been responsible for the slight change in course
observed in the latter from SSOE to S75E in the
castward direction throughout the crossing of the
Arizona anticlinorium. Concurrently, all the inter-
section centers belonging to the Texas lineament, .

‘must have been slowly strained and disturbed be-

cause the motions represented in these centers were
once the local phases of crustal movenments of the
as indicated by Billingsley and Locke
(1941, p. 47), and the tensional and torsional effects
must apparently have been felt more intensely toward
the southern part of the lineament belt.

The slow, progressive northwestward rift of Baja
California from the mainland (Hamilton, 1961, p.
1314; Rusnak and Fisher, 1963, p. 153; and Yeats,
1968) which presently becomes more and more men-
acing, has not been responsible in any way to the
tension incurred to the southwest of the United
States as it was only initiated much Iater in Mio-
cene time,

.
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Fic. 2. Broken segments of fractures pertaining to the Texas lincament, as it curves while crossing
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the Arizona

According to the arrangement of inferred frac-
tures, the slight change in course that seemingly
affected the Texas lineament did not secem to have
happened very smoothly, and the components of this
broad structural belt were broken and dislocated at
a number of places, (Fig. 2) allowing for stretching

- and clongation of the area, as evidenced by a num-

ber of tear faults and especially by two narrow

-

in southeast Arizona,

“wedges” 2 that stret

tch in a direction parallel to the
linecament. o )

2 Wedges are here defined as regional, narrow and very
clongated “slivers” or strips of land bounded on bath side
by major, well recognized fuults affected by such latenl,
compleientary movements (one mile or wmore) on each side
that 2 relative displacement of the wedge could happen,

Major evidence for the wedges (shown shaded on Fig, 2) °

are: a/ for the northern one: the left-lateral Mogul faul
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The Iateral displacements, rcprcscntcd by these
two wedges, each having moved in the opposite direc-
tion with at least one mile of offset, and by tear
faults, definitely correspond to l'\ngenlnl torsional
sresses or to torsional effects resulting in a differ-
ential: stretching that accompanied the irregular,

Jagged be: \dmg now evidenced by the brol\cn seg-
nunts of the Texas lincament, =

The vasious strands that compose this lineament
within southeast Arizona show four preferred direc-
tions: (1} generally long breaks, 150 to 200 miles
of inferred length, oriented SSO—S:E (2) some long
(150-200 iiles). and some very short breaks (20
miles) oriented S55-60E; (3) somewhat shorter
hreaks (100-150 miiles of inferred length) oriented

S65-70E; (4) short breaks (15 to 50-100 miiles) -

oriented S70-75E. These four sets of fractures
follow one another from west to east in irregular,
lisconnected fashion, forming a very broad curve
slightly concave to the northeast, as shown on Fig-
ures 1 and 2, and are to be subsequently referred
to as No. 1, 2, 3, aud 4 trends, respectively.

Somie observations from the map can already lend
credence to the hypothesis of a regional distortion
of some sort or to a regional tcnsxoml strain (Gilluly,
1946, p. 5S) that resultcd from or at least accom-
Manied the apparent bend of the Texas lincament:
() pronounced vertical displacement with a strong
downthrow to the north occurred north of the
Tuachuca block, north of the \Whetstone block, and
also north of the Ajo structural block, along a direc-.
tion parallel to the Texas lineament and along the
sothern fringe of the lincament, where the strain
may have been the strongest; (2) the strong dis-
turhance suffered by the Ajo block, hinged upon a
component of the Texas lineament and tilted 50
dearees to the southwest and away from the belt,
further supports the hypothesis; (3) steep, multiple
vertical displacements are to be observed parallel to
the Texas lineament at Bisbee and in the Baboquivari
Mountain area, together with transcurrent move-
ments at right angle (as will be shown in detail) ;
(4) a great structural disturbance that upheaved the
Ajax Hill block in Tombstone for several thousands

m the north side with almast enc mile displacement (Lud-
den, 19302 Wallace, 1955; Pilkington, 1962) and the Antclope
Tank fanlts with a nght lateral dmplaccmcnt on the south
sde (Silver, 1956; Cooper, 1959) regarded as clements of
the Texas lincament {Cooper, 1959): b/ for the southern
wolge: the Andrada fault with an 8000 foot nght lateral
dicplacement (Alberding, 1938) on the north side, and the
Sveamore fault on the south side (Johnson, 1941; Jones,
MDY with a 5.000-foot Ieft-lateral displacoment; c/ with
addiional tear faults at the Saw Miill Canyon (Lutton,
1938), composed of four sub-wedges forming a left-lateral
shear, pacallel to the Texas lincament, and at the Noscut
and Long-Mile faults, slichtly oblique to the lincament
tLee and Borland, 1935: Rrowne, 1938) with almiest one
nile of right-lateral movement.
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of feet must have witnessed the tangeatial stresses
involved at the junction of two major component
directions of the Texas lincament.

When the available magnetic information (Demp-
sey et al., 19633, b, ¢, d) is placed in overlay on part
of the present structure picture, the interpretation
seems to counfirm the importance of the Texas linea-
ment as an ancient and profound zone of rupture and
also cmphasizes the validity of some of its strands
as now construed on the map, Those of its major
compouents showing a lateral displacement, such as
the Antclope Tank, are found to coincide with a
very steep, conspicuous slope in magnetic contours
as if the shear were reflecting a sudden drop in
magnetic intensity. Offsetting effects scem particu-
larly strong wherever all three scts of fractures meet
(as in the Dragoon and Cochise quadrangles) al-
though, by themselves, the northwestern and north-
castern fractures do not seem to be necessarily re-
flected in the acromagnetic results. However, the
northwestern ones, very conspicuous from Bisbee to
Jevome, and particularly in the San Manuel area,
show a very strong parallelism in the acromagnctic
ridges and V'xllcys.

Wherever fractures with different oncnhtlons canje
togcther and met (such as in Ajo; Tombstone, Bis-
bee), the entire vicinity of these intersections must
certainly have been shattered and shaken, allowing
for numcrous openings of all sizes and all types:
these were therefore ideal places with the right
ground preparation for mineralization to develop.
Althongh the northeast and the north-northwestern
fractures may really be the ones along which min-
eralization is to be recognized, the Texas lincameat
most certainly must have accentuated this propensity
by imparting additional favorability to the fracture
centers and helping to bring forth the occurrence of
orebodies through its recurring and perturbing
actions.?

Previous investigators (Mayo, 1958; Schmitt,
1966) have already suggested that the Texas linea-
ment must have influenced the presence of some
orcbodies in southeastern Arizona, and this was
recently reasserted in stronger terms by Guilbert
and Summner (1963). However, the economic con-
tribution of this important structural belt cannot
casily be ascertained, being overshadowed by the
north-northwestern and mainly by the northeastern
(Landwebr, 1967, Fig. 3, p. 499) fracture belts
which, rightfully it seems, could be accepted as the
main avenues for mineralization in this part of the
Southwest.

3The teem “perturbance,” as applied here, has n.mnldy
the broader connotation used in astronomy of a great phy qc'\l
dicturbance exerted by an outside force upon a body, cansing

the latter to be dcualed from its normal coucse of orienta-
tion,
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Far from minimizing this contention, it is here
postulated that southeast Arizona has become such
an extraordinarily mineralized province by the addi-
ticnal shattering of fracture centers and for the
opportunity for tensional gaps that developed at a
number of angular discontinuities of the strands of
the lincament, especially along the southern fringe of
the Texas lineament. It appears that most of the
angular discontinuitics generally correspoud to the
major fracture centers or, in the words of Billingsley
and Locke (1941, p. 59), ore districts became clus-
- tered at nodes determined either by the presence of
superimposed orogenic movements or of intersecting
lines of successive motion, or of persistent deep-
seated breaks,

From the study of mineralization occurrences
within the fracture net in southeast Arizona, it could
tentatively be predicted that a long, important frac-
ture that cuts through a sizeable orebody some-
where along its strike may possess some intrinsic
qualities as mineralizer and is likely to indicate more
occurrences at other places.

Major Fracture Centers Connected with the
Texas Lineament Belt

_Whether mineralized or not, the major fracture
centers assumied to occur within the Texas linea-
ment, are to be analyzed next in structural sketches
that will bring about the relationship with some of
the four ditfering directions of the components of
the lineament. .

Bisbhee (i{ansomc, 190@; Trischka, 11928; Bryant
and Metz, 1966; Bryant, 1963)

A rather spectacular intersection stands out in the
southeast corner of the ‘map, at Bisbee (Figs. 1 and
2). Itisa hub-like center toward which several very
large fractures converge, some parallel to and part
of, the Texas lineament, others cutting at right angles.
A closer look (Fig. 3) shows a north-northeast set

_of cross-fractures that constitute an importaut trough
which appears to exert its influence over a 5-nile
width in this vicinity. This trough cuts almost at
a right angle through the Texas linecament trend, the
components of which exhibit here a series of im-
portant downthrows to the south-southhwest, atnount-
ing to a total vertical displacement of inore than
a mile. X

The actual intersection resembles a rectangular,
box-like depression, approximately four by two miles
in size, limited to the north by the Dividend fault.
Observing to the west the parallelism between She
existing synclinal axis and the horst (both trending
N55-751V, in an eastward direction, and both,found
to occur within and west of the depression), one

JACQUES B. WERTZ

concedes the existence farther north of an ancient,
parallel structural break extending along the south-
ern boundary of the anticlinal dome (Juniper Flat
Grunite Mouuntain) to mierge into the Dividend fault,
Tt seems, therefore, most unlikely that the Quariy
fault would be the continuation of the Dividend, as
speculated by some, because it could only be a part
of the west flank of the northeast-trending graben,

The Sacramento stock, center of minecalization at
Bishee, became emiplaced alinost exactly at the impor-
tant junction formed by the axis of the N25E grahen
with 2 No. 2 strand of " the Texas lincament. Em-
placed where the Dividend fault appears to change
its orientation, this stock suffered multiple intrusions
with a diversification of intrusive breccias, intense
fracturing and strong alteration. With the proximity
of the proper limestone forinations as well as a rather
complex.horse-failing as occurs where the east branch
of the Dividend fault splits the stock, the condi.
tions were obviously perfect and ideal for an ore-
body to be present at Bishee. As is often the case
(Schunitt, 1935, p. 42), these ore deposits were

found on the downthrow side within the depression. -

If one were to expect. a southwestward extrapola-
tion from a rather important, deep-seated fracture
that cuts its way through western New Mexico,.from
Lordsburg probably then through Tyrone (with a
S-mile width) then through Santa Rita- (with a 6
mile width) straight in the direction of Bisbee, one
would feel somewhat disappointed not to <letect any
northeast trend through the Chiricahua Mountains
or at Bishee, or farther southwest, through Cananea,

As a matter of interest, Bisbee, which is found
at the intersection of No. 2 and 4 trends, is located
along the bisectrix of two sets of double angles.as
is Tombstone), forming a very symmctrical arrange.
ment (insert, Fig. 3).
trix represent a possible unexpressed trend such as
an incipient rupture belonging to, the anticlinorium
setting? This coincidence is here reflected upon
beeause these exist similar examples of deposits oc.
curring along a bisectrix within this province bu
not necessarily along the anticlinorium (Safford,
Cananea, and other parts of the contineat).

N
Baboguizart Mountain Area (Wargo, 1954 ; Donald,
1959; Fair, 1961) i

s eme o *

Could this imaginary bisec- -

" cman s e

Following westward the southern boundary of the -

Texas lineament, one encounters the Baboquivarn
Mountain area which also presents a fascinatin:
intersection of fractures (Fig. 4) that in many way.
resemble the Bishee center.

Although apparently barren, the DBabodquivas
Mountain arca is a particularly dense intersectio,
that is characterized, as in Bisbee, by a similar s
of three faults more or less oriented in the sane
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direction and similarly downthrown to the south-"
west, and also by a strong right-lateral fault occur-
ring a right angles which is similerly .downthrown
1o the west. .Qnly 100 miles apart,
quivari and Bisbee centers are located along a No.

4 component of the Texas lineament belt. The north.
east fracture is additional here, whereas perhaps
incipient in Bishee (with the Tyrone-Santa Rita axi
* in mind), as are the numerous dikes that crisscross
the center.

both the Babo-
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With this amazing “steuctural similarity, the geo-
Ingical sctting is of course quite different : many more
valcanics and flows, many Tertiary intrusives, more
metamorphics, together with a spectacular plug in
the midst of the Baboquivarts contrast with the Pre-
cumbrian granites and schists, the limestones and
other sedimentary formations, displayed in the Bis-
hee arca.  Although the basic, primary structural
arrangemient may seem most propitious, the. neces-
ary ingredients for an cconomic mineralized target
o occur somewhere within the Balboguivari center
center must have been deficient or missing (or the
potential orcbody: could have been croded-away or
Aill he deeply buried).

Such homologous structural arrangements as those
of Bisbce and the Baboquivari Mountain build up
the hypothesis of a torsional strain cfféct in this part
of the province. Indeed, the subtle change in ori-
entation observed by both the north-northwest and
the northeast fractures at these two centers, which
are only 100 thiles apart, certainly appears compatible
with the slight curvature inherent to the Texas belt.
Mthough their regional relationship cannot clearly
be appraised at present, both centers scem to repre-
sxnt hinge-like nodes, or key tangential-tensional
stress situations pertaining to the southern fringe of
the Texas lincament, and they conld perhaps be con-
sidered as keystones within the framework of the
lineament belt.

v

tjo (Giltuly, 1946; Dixon, 1966; Wadsworth, 1968)

Continning the examination farther \\'cstw:—ur‘d
along the southern edge of the lincament, the next
iracture center of interest occurs at Ajo. There is,
however, very little information to be found on the
area surrounding this intersection to allow for broad
vet safe inferences within the Ajo structural setting.

The present Cornelia orcbody was considered since
6 (Gilluly, 1946, p. 105) and is now confirmed
t\Wadsworth, 196§, p. 101) as being the downfaulted
pala of the Chico-Shuni quartz monzonite pluton,
heated two miles to the southwest.  This cupela
Wadsworth, 1968, Fig. 2, p. 103) represeuts a
textbook example of multiple, differentinted intru-
simis that disclose a definite orientation expressed in
the Inter stages of an intrusion.  The general axis,
aweepted as a primary fracture (Wertz, 19682 and
b1, is oriented N33\ and follows a No. 2 com-

penent of the Texas lincament which, again, implies |

the definite cconomic contribution offered by the
neament to some  highly  mineralized centers in
satheast Arizona, ’

The 30-degree tilt to the sonthwest undergone by
e \jo block ad hinged upon the Little \jo Moun-
sin fault (which also coincides with a No. 2 com-
sement of the Texas lincunent) seems to be are-

sultant of the {angential effects that induced the
slight curvaturc to the general belt. It is remarkable,
indeed, to compare Ajo with Bisbee in spite of their
large geological disscmblances: both of these mines
which follow thc southern fringe of the lincament,

-and simultancously, occur at the intersection of

No. 2 and No. 4 trends and also along a major
cross-facture that extends northeastwards into the
general Morenci area.  An apparent but not neces-
sarily major flaw in this tentative comparison is the
fact that Bishce and Ajo arc porphyry coppers be-
longing to radically different ages: the cmplacenient
at Bisbee being approximnately 165 million years as

. against 60 to 65 for 17 other orchodies in this min-

ceralized province, Ajo being one of these seventeen
(Livingston et al., 196S).
The Ajo oreboddy, which thus far remains a struc-

tural puzzle, could plausibly constitute a third key-,

stone to the southern edge of the lineament belt.
Gilluly stated that “the trends of the faults that
Lrought about vertical displacaments were controlled
by tangential forces and not by the grain of the
exposed geologic formations.” The differential sup-
port of the crustal blocks was presumably the primary

cause of the faultiug but, in gencral, the regional

tangential forces governed the orientation of the
surface of the shear” (Gilluly, 1946, p .58).

Silver Bell (Richards and Courtright, 1954; 1966)

The central part of the Texas lincament belt in
Figure 2, with its upheaved and its downthrown
blacks, brings out quite conspicuously two areas that
sunk notably with regard to the adjacent blocks, as far
as present structural kuowledge can tell.
of being relatively planar and narrow grabens, these
rather large areas appear much more important be-
cause they are three-dimensional downthrown areas,
that is structural windows or broad negative blocks
that relatively sank by gravity and tension for
several thousands of feet. One major mining area,
Silver Bell, occurs within onc of these lows and
along a No. 1 trend (Fig. 1) and, on the basis of
a predicate enounced prior to Chapter C, could per-
haps lead to the expectation of economic importance

hecause this No. 1 strand of the lincament is quite -

long and trends straight toward the Bishee orebody.

Comparison of the generalized structural map
(Fig. 5-a) with the actual location of the two
mineral deposits at Silver Bell (Fig. §5-b) generally
shows good agreement. The two major directions
of interest at Silver Bell (emphasized by heavier lines
on ‘Fig. 5) arc the component No. 1 of the Texas
helt and a trend that pertains o the Arizona anti-
clinorium.  This contention, which does not agree
with previong investigations, is based on the fact
that numcrous sinall monzonite masses follow these
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sert adapted from Richards and Courtright (1934).
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Fic. 6. Configuration of the various structural “lows”

wwo trends rather faithfully and that the largest
monzonite body (Richards and Courtright, 1934),
by its broader size and by its angular shape that
eubraces bLoth trends, definitely marks the main
facture intersection, somewhat reminiscent of the
dmilar key position held by the Sacramento stock
o Disbece. The difference is that here both mines
are located within one mile or so from the junction,
sue mine along cach direction.  Indications of a
anrtheast break, confurmable with the structural

fackground, that is, toward San-Manuel, Copper
Creek, and Morenci, ccrl:nnl_) could confirm the

pasition of Silver Bell as one of the major fr'uclurc
centers inside the Texas lincament belt.

Yortheast and Southeast of the General Sicrrita Area
*Silver, 1956 ; Cooper, 1960; Lacy and Titley, 1962)

In addition to the structural low at Silver Bell
b in Fig. 6) within and parallel to the Texas

»

inferred within the Texas lincament in southeast Arizona.

lineament belt, there is another clongatéd, regional

low (B) that occurs north of the Palo Verde-Mis-
sion-Pima and of the Helvetia mineralized areas.
Roth these mining centers secem to be found on the
upthrown, southern side of the long Sycamore fault,
southern boundary of this low: However, the Palo
Verde-Mission-Pima group should most likely be
disregarded presently because it occupies, structunlly
speaking, an artificial; out-of-place position in the
area (Cooper, 1960; Lacy and Titley, 1962), leaving
the Helvetia group alane to follow a strand of the
Texas linenment. This regional low is mostly
covered by alluvium except toward the southeast
coruer.

Farther to the south and straddling the southern
fringe of the Texas lineament, there is a large low
(C) oriented crasswise and rather toward the anti-
clinorium.  Tts western boundary shows a good
number of small mines and prospects all along and
cast of the Patagonia Range, but these string out
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stitilarly along the anticlinorivm trend, implying the
Inck of influence from the lineament here,

Near and southwest of Bisbee, there is another
structural low (D) for which there is not enough
information available and no stwly made so far, due
pechaps in part to the proxinty of the Mexican
border. North of Bisbee, although not directly con-
nected with a low, is Tombstone, a famous min-
cralized center (Butler, 1938; Gilluly, 1956) which
occurs where an ancient north-south fracture (along
which the Schieffelin granodiorite was cmplaced)
encounters an appavent intersection of inferred No.
2 and 4 trends.  The former of these trends parallels
a2 number of major [ractures orientedd NGOW south-

cast of the Ajax Hill horst whereas the latter trend |

follows, it scems, a short wedge-like basin or graben
that relatively moved westward along a N75W aver-
aged direction, north of the horst. The latter was
uplieaved as much as 6,500 feet on its western edge,
perhaps through the interaction of the two compo-
nents of the Texas lineament, actmg as a couple, with
the )mrth -south fault.

»

" Northern Fring:. of the Texas Lincament Belt

(Schwartz, - 1953; DPelletier and Cr asey, 1965;
Lowell, 1968)

To the northwest, the information generally be-
comes more scanty. Two small angular lows (E
and F) which are only partial grabeas, are loc:\ted
outside and north of the lncament belt, i ho-

mologous arrangement and tied up with a No. 2.

component: occucring entirely in alluvium, there is
no mineralization to be readily expected.

Farther cast and abutting against a northern com-
ponent of the Texas lineament, there is a p.trtnl
graben (G) that economically is par thuIarIy impor-
tant. The western boundary of this low is recognized

for seven miles as the Manunoth fault, paralld to.

the anticlinorinm and strongly emp]mmgd by longi-
tudinal, acromagnetic patterns., It scems cntircly
.possible (as indicated on Figure 1) that the Lara-
mide monzonite-porphyry dike swarms that brought
about the original, unfaulted San Manuel-Kalamazoo
orcbody (Lowell, 1968, p." 647) was cmplaced
along this ancient, primary fanlt,  Amoung the region-
wide structural disturbances that followed, cross-
cutting and tilting the area, some without doubt
could reflect recurrent effects of the Texas lincament
Lelt, namely the important Red Rock fault, implying
that the lincament conld conceivably occur this far
north, The castern boundary of the graben (G) is
characterized by the numereus mines of the Copper
Creck area (Xulin 1941; Creasey et ul, 1961).
Concerning the large low (I7T) there is not ¢nough
information to muke a conjecture at this time.

JACQUES B. WERTZ

Fracture Centers Outside of the Texas
Lineament Belt

In order to better assess the apparent structural
influence of the Texas lincament belt thnoug,hout
southeast Arizona in terms of mineralization, it
would scem necessary to compare such cffects with
similar situations occurring outside and away from
this belt. Oune would very probably expect more
interesting structural features accompanied with ore,
to occur within the lincament belt than outside be-

cause of the additional disturbances that it created

and of the renewed tangential-tensional stresses in-
volved.

To the north, there are three more lows (Fig. 6).
The Aravaipa-Klondyke area (Ross, 1925; Creasey

et al, 1961; Simons, 1961) (I) is also a partial_

graben that may perhaps still belong to the muain
belt. An apparent low at Morenci (Lindgren, 1905a
and b; Moolick and Durek, 1966) (K) could exist
south of the mining center, but there may not be
cnough evidence for interpreting its presence. As
to the Safford orebody (Cook and Robinson, 1962;
Robinson and Cook, 1966), it is rather symmetrically
located afong another virtual bisectrix, between two
jmportant structural helts: a shear zone, 3,000 feet
wide, passing through the San Juan mine to the
north and a shear zone 5,000 feet wide, practically
coincident with the Trojan fault to the south.

The group of mines that includes Christmas, Ray,
Superior, Miami, Castle Dome, Copper Cities, and
Globe, facther north scems as a whole to be inter-

sccted solely by the northeastern and north-north-
western fractures, sccmm"ly remote from the in-
fluence of the Texas belt (thh the possible exception
of a No. Z strand, oriented in the general direction
of these mines, "coming from the southedst). This
important agglomeration of mines exhibit complex,
square-shaped * partial-graben situations (low L)
north and awiy from the Texas lineament belt.

Structure, as rationalized thus far in this study,
does not explain the occurrence of these mining
centers, Tt does not explain either why certain parts
of this arca were so intensely disturbed as to display
at numerous places the regional brecciation long ago
describedd as terrazo pavement (Ransome, 1904;
Baker, 1934; Pcterson, 1954). The hypothesis of
a broader, wider version. of the lineament belt as
a possible explanation for this brecciation on such
large scale, this far north, does not agree with the
present findings, and it may be appropriate to con-
sider the intervention and effects of another param-
cter (o understand the perplexing fragmentation that
cventated-over such large areas.  Another hypoth-
esis, to be expounded in a subsequent paper, is
reluted to several Paleozoic basins which once existed
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in this part of the state. Their flanks, weakened and
shattered through compaction, coincide rather well
with the presence of those mines now found to be.
strung all around the basins (as far south as San
Manuel and Christmas) aud also correspond to some
of the places where the terrazo pavement was de-
seribed,

Outside and south of the belt, in Mexican territory,
two major mines, Canmnca (Valentine, 1936;
Velasco, 1966) and Pilares, at Nacozari (Wade and
Wandtke, 1920) do not apparently fall on cxtrap- .
olatedd structural trends (not illustrated hiere). This
coulil be explained by the fact that trends loose much
of their evidence outside of the area under scrutiny,
uless constantly rcinforced by additional field data
farther along the way. Such efforts toward the
south are indeed hampered by an almost complete
lack of information as well as rather scauty cor-
relatable data pertaining to the structure of the few
mining centers occurring in northern Sonora.

Cananca is mainly characterized by a multiple-

_intrusion granite enclosed within an carlier, complex
fault system, both oriented northwest. Evidence of

the stock varics from contiguity to one to two miles,
the broad influence of the Texas lineament belt is
undeniable, A predicate, cnounced earlier, that a
long fracture, along the trend of which occurs already
onc orcbody is more likely than another, so-called
barren, trend to bring out a mineralized center else-
wlhere, as if possessing some inhcrent favorability of
a sort, still scem acceptable,

The validity of the ancient primary breaks, as
determined, will have to be reinforced, or corrected
as the case miay be, with the gradual updating and
addition of field data. Confirmation of these breaks
will also come about through an increasing number
of techniques soon to become available. These tech-
niques may comprise the following: detailed and
general gravity determinations, acromagnetic and
seisinic work (Zietz et al,, 196S; Zictz, 1969),
thermal gradient and heat flow studies, infrared and
radar investigations, and photogeologic analysis
(Farman, 1967; Parmenter, 196S), not to forget
satcllite photography (although much surface struc-
ture is expected to blur the awaited results).
Wilercas some of these techniques will or may not

N e wd ww
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late wide fractures and shear zones striking north-
ward, together with the similar orientation shown by
the Cananca Ranges, gives some weight to the im-

necessarily bring out convergent results, nor even
compatible ones, some will nevertheless remain re-
warding. Indications of depth, width, and continuity
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: pression that Cananea also occurs along an imaginary,

incipient north-sonth bisectrix passing through the
San Antoniv and Terranate prospects, north of
Cananea.” There is presently no indication that a
northeastern trend joins Cananca to Bisbee, to
hter join the Lordsburg-Tyrone-Santa Rita align-
ment., .

All the above considerations certainly indicate
that the fracture centers that occur within the Texas®
lineament belt arc as a whole more mineralized than
those centers located outside. The economic signif-
icance of this belt should certainly be recognized, as

_it must have significantly contributed to the forma-
tion of a richly mincralized province.

Conclusions

Attenipt has been made to indicate by induction
these broad, regional paraneters possibly responsible
or the occurrence of major mines, then to examiue
the loeal structural setting in which some of these
«cur. ‘For instance, the mineralized stock at Bishee
-wours exactly at the intersection of a strand of the
Texas lincament with the axis of an important north-
2t fracture or trough, while at Silver Bell the
"zzest monzonite body occurs exactly at the inter-
«tion of the same lincament trend with a north=
s nthwest fracture, the Texas lineament being the
\lthonsly o both

" :::l:;l
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of fractures as interpreted from their patterns and
contiguity to known mines should also reveal anom-
alies along some of the trends, as indicated through
computer methods and statistical analyscs. Further
studies by various geophysical means, the use of
geochronologic data, geochemical investigations and
deep-well log analyses should be pursued and con-
firmed, of course, in conjunction with repeated field
work. More Jocally, the gcomorphologic implica-
tions, as the obvious elongation of lakes and of
stretches of rivers, even in semi-arid areas, the more
subtle controls of erosion mechanisms and cffects,
and channel behaviour (Wertz, 1963; 1964-65;
1966b; 1970b), etc., cannot be neglected.

From exhaustive structural studics within the
district considered for exploration, together with the
stratigraphic and alteration settings, and also the,
eventual response to a number of new techniques,
those unexplainable anomalies alony certain trends
or close to specific intersections should require close
investigation.  The sum of these procedures and
ideas will some duy yield a valuable key to the
locatization of future mines and mining districts,
many of these being stil buried under lava or
alluviun,
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as are the conunents sugyested by several members
of the staff. .

Pracex DevErLovrsent Laviren,
Vaxcouveg, B, C,,
Auynst 25; November 20, 1969
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