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MNEAMENT ANALVSIS AND INFERENCE 
OF GEOLOGIC STRUCTURE 

EXAMPLES FROPA THE BABCONESI"OUA6MITA 
TREND OF TEXAS" 

5. Christopher Caran, C. M. MToodruff, JI , and Eric 3. ~ h o r n ~ s o n ~  

ABSTSACT 

Lineaments perceived in remotely sensed images are reliat-!e indicators of geologic structure. Lineaments on ten Landsat 
multispectrai scanner images (band 5; i:250.000 scale) were mapped covering the Ouachita/Fiaiones-Lui~ng-Mexia-Talco 
structural trend between the Rio Granb-r; arrd Red jriver in Texas. More than 5.000 lineamertts were percei~ed in these 
images. Maps depicting the iinean?ents (individually and in various combinations) were cornpared ;with m a p  of structural/ 
tectonic features and geotheri~~al gradient contourc, ?toting instances of apparent correlation among these themes. 

Lineaments are correlative with the ir!dic.idual faults and the aggregate fault patterns of the Baicones, Lgling, Mexia, and 
Talco fault zones, Transverse lineaments, ~vhich t re~td  airnost perpendicular to these fault zones, mark the northernmost 
extent of the Baicones fault system and out!ine carbonate piatforms, sgch as ihe Belton Kigh'Moffatf Mound trend ancl :he 
San Marcos arch. Transverse !inezment:: are coincident also with the axes oi- the bwied Chit:im and Preston anticlines and 
with the flanks oi the Sherman and Rcilnc! Iiock sync!iries. PJiln~ei.~ui sdli domes occur at depth in al-:e western part of the 
east Texas basin near the trend; many of ihesr domes, particiuiarij those in Wendersan Anderson, aad Freestone 
Counties, are found &long and a t  the intersectior! of major lineament zones where !he concentration of individuai 
lineaments is greatest. Most of the b,,ui=d Late Crelaceocs volcanoes of central Texas near Austiri lie along northeast- 
southwest-trending Iineament zones; the nlteied :>ymciastic rocks and associapc-d beachrock facies at m.any of these 
volcanoes are hydrocarbon reservoirs. The orientaijon and  spacing of geothermal gradient contour lines ("isograds") also 
corr12spond to major structures and thus, to the ?attern of linearcenis thror~qkoilt tile regiol:. Correl~tion of (1) individual 
lineaments, zones of cortiguous or nearly paraile! lineaments, and areas of homogeneous lineament density and 
orientation to (2) surface and subsurface struc:urei aj;d ( 3 )  geothermal ,'isograd" patterns indicates that lineament analysis 
has many potential applications to regio~!al mineral resource assessment. 

The OuachitaiBaicones-LuLing-1~Iexia.-Ta.ico structural :rzrb 
in central Texas is an arcuate band of 1) deforrried, locally 
intruded Paleozoic rocks composing a foundered orogenic  om- 
plex (Ouachita System of Flawn eta!., 1961) and 2) superjacent 
Mesozoic and Cenozoic sedimentary units displaced by mastly 
down-to-the-gulf normal faults (Balcones, Luling, Mexia, afici 
Talco fault zones). For simplicity, this strnctural belt is termed 
the BalconesiOuachita trend and this discussion is concerned 
with the segment that extends from the Rio Grande near Del Rio 
to the Red River near Texarkana (Fig. 1). This part of the trend is 
approximately 600 mi (965 kmj long and 30 to RO mi (50 to 130 
km) wide. 

The Ouachita component sf the BalcsnesiOuachifa trend 
comprises a suite of stacked Paleozoic lithofacies and imbri- 
cated overthrust sheets that separates the North American 
Central Stable Region (craton) on the north and west from the 
downwarping Gulf of Mexico Basin on the south and east 
(Flawn, 1961a). This tectonic boundary has remained si-ructur- 
ally active throughout most of Phanerozoic time, infirlencing 
deposition, structural deformation, and volcanism along most 
of the southern margin of the continer~tal csai-on. Clastic and 
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siliceous rocics were deposited in orogenic troughs bordering 
t!:~ crator! aisd were folded and thrusfed to the west and north 
durir.g the Ouachita orogeny. The orogeny culminated in 
Pennsylvanian to Early rJerrnia,7 time, creating the Ouachita 
orogenic belt (King, 1975). Claseic sediment eroded from these 
highlands filled the adjacent Val Verde, Kerr, and Fort Worth 
basins of the foreland, which were rapidly subsiding (Flawn, 
1961b; and King, 1961). The belt began to subside in Mesozoic 
time, concomitant with the marine transgression that control- 
led deposition during the Cretaceous Period throughout the 
region. A thick, marine cerbonate seqtlence above basal Cre- 
taceous sands covered most of the Ouachita System in central 
Texas. This stratigraphic section includes Late Cretaceous 
igneous rocks associated with volcanoes and dikes that are 
coincident R-ith the BaiconesiOuachita trend. 

FAULT ZONES 

By Miocene time, "st beginning locally perhaps as early as 
the Cretaceous Period (Idayward, 1978), the second principal 
component of the trend had been superimposed on the first. En 
echeion normal faults composing the Balcones, Luling, Mexia, 
and aEco fault zones (Figs. 2a and 2b) displaced a few thousand 
feet of the Mesozoic to lower Tertiary section above the Ouachi- 
ia Sy stem subcrap. The faults, in aggregate, trend approximate- 
iy parallel to the Ouachita structural grain. Foundered Ouachita 
structures acted as a hinge for downwarping into the ancestral 
Gulf of Mexico Sasin (Miser, 1934). This downwarping, along 
with upward flexing of the continental interior west of the 
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I h OKLAHOMA 

Figure 4. Major structuralltectonic features associated with the Baicones.5~lachita fiend, Central Texas Region (after Fiawn ei al.. 1961, plate 2; 
Sellards and Hendricks, 1946; and others cited in text). 
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Figure 2a. Faults and fault zones of  the Balcones.'Ouachita trend, northern part (surtace faults from Bureat! of Economic Geology geologic atlas 
series; thrust faults from Flawn et a!. ,  1961, plate 2). 

Figure 2b. Faults and faillt zones of the BalconeslOuach~ta trend, southern part (surface Caults from Bureau ot Economlc Geologv gt ~ 1 1 1  &as 
ser~i-s, thrust faults frolr F laun  eta!, 1961, plate 2) 
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BalsonesIOuachii-a trend, continues 6" aeasurab?e rate (Hol- 
dahl and Monison, 1994). Local s twcbrai  dis:u;%ances have 
occurred within the east 'Texas basin just east of the Balconesl 
Buachita trend, where salt diapirs warped and pierced the 
overlying strata. Some of these diapirs reached the surface; and 
the movement of certak~ salt domes, inclu&i~-rg Oakwood dome 
in Leon arid Freestone Cou~~t i e s  (Collins ef a]., 1981), has prob- 
ably continued to the presant (Sheets, 1947), 

RESOURCES 

The tectonic history of the Balcones1Ct:achita trend a?so izas 
affected the distribution of h e  mineral :.=sources in ihe region, 
inc!udia~g fluid and solid Erydrocarbms, potable ground wzier, 
iron, industrial clay, and construct.;ori rraterials sach as lime, 
basalt, building stone, and sand. The a ~ ~ t h o r s  became in- 
terested in this s@ucP~ral trcnd ;,*{hen its a p p a r e ~ t  influence on 
the distrihtitje nand pvoperties of warm gre~snid waters in the 
area was recognized jWoodrtrffaa.d McBi-ide: 1979). Geo- 
thermal ground water occurs ai- mo$ers;.te depths several 
aquifers along the trend. Aiiho~tgh the qizaliiy a4 these waters is 
variable, affecting their use, the aquifers are fostnd near &he 
region's major population centers w5e-r~ lastituiional arrd iir- 
dustrial appiicatio~.s wouid "c ;:-~ost przctical. Growiu?g ifiteras<- 
in this potential hear soaxe  bas si-ilnutated a continuing re- 
search effort trj define $he revjc;r;'s c~rin<h;~..ir;zl r e ~ a ~ r e  p~ie:"-:- n 0 "" 
tial (Woodruff et ai., 4981). 

Data concerning !he55 ger:ther.:ltai aq?i i fe i~  were scanty. 
There was re!atl.rely Iitiie e\;aBiabie igf.?-mation from oil test 
wells a?oplg the Balco~\~siBt.~ach;ta ken$;  few wells oi s-cfficient 

. - 
depth had been drilled Szcause the :%Beozoic (O.ilackita tacies) 
units were not (urtt;! reeenlb) considered favoipable target 
zones for ~~~~~~~~~r: expioration. Where driiiia-ig had accurred, 
the Lower Cretaceous aquifers; which are the principal scurces 
of geothern~al wzte-s in the ~ e g i o ~ ~  were usuaily cased before 
logging. This was done to $revent leakage of the frequertly 
saline waters of these  nits lcto freskt-b\/a:er aquifers pe~etrated 
higher in the secfion, b ~ i -  ir also prevents acq~risitirjn of electric- 
log data Czom the casea i-nkn~al. Because aveiiable welt roiltrol 
is limited; sthex means of exploring fcr zoci assessing these geo- 
thermal resources were investigated. 

An altemmate approach was descryled by Trexler ei- a]. ('1978). 
These investigators mapped ?inearna.r:ts perceived in satellite 
images covering known geothern~al resource areas in Nevada 
and attempted to c:?rre%ate these lineamenis with the distribu- 
tion of th~rrnal  springs and wells. Procedures rzsed in this 
shidy, although different Imm those enplcyed by Tr~x'ler and 
his coworkers, are predicated on a similar; two-part premise: 
that lineamerlts are correlatil.~e 5vitl-1 strcctural features, knc!ud- 
ing buried structures with subtie or obscv_rre s~zrface expression; 
and that these structures control the d is t r ih~t io~.  and charactes- 
istics of geothermal (and other) resources. Wazm-water aqrri- 
fers can thus be investigated by iisiilg Zineamer~ts as a guide to 
structures governi~g resource dis"rb~fion. Lineament analysis 
is particularly useful in areas where other types of coritrol are 
inadequate, or where an independen! confirmation of conclu- 
sions derived from other data is desired. 

Landsat -mu?tispectrai scanner (M5S) images were ::sed to 
conduct a lineament sun-vey of Texas. Li~:eainents across the 
state were mapped and these maps were compared with the 
pattern of known s ~ u c ~ r a l l t e e t o n i c  ieatwes in seiected areas. 
The largest of these areas was the Ceatral Texas Region, which 
includes all the Bakcones1Quach:ita trend between the Ria 
Grande and Red -fiver. tested was She hypothesis that 

str!~crural features cani-~ol the Jocation and properties of geo- 
thermal aquifers, as ir,fea.red from map oi calculated geoth- 
ermal gradient values. The main purpose was io inves,tigate the 
structural relations of geothermal waters; howel7er, this 
approach is eqsany agpiicaSie to exploration for other re- 
sources. 

For ~ f i r p ~ s e m f t i h i s  paper, a lineament- is a pattern or "fig- 
ure" in a far'c~aal representaiion (p&otngr:rz;ph, map, model) of 
either the earth's surface or a subsurface daPdr; (whether ctrati- 
pzphicaily, stmcfuraily, or geophysicaily defined) and the fig- 
ure must be linear (straight), coniinu-ow, reasonably well ex- 
pressed (having ddscernibie end points, width, a ~ d  azimuth), 
and be related to features 3i the solid earth, F ig~res  are ??of 
line?aaenrs bv this definition ii they represent either cultural 
featiares (SQCL; 2s pipeline comidors, roads; or canals), smperfi- 
cia1 geasiorphi; featl~res ( s i i~h  as eolian dunes or shoals of 
current-ti.aizs?o-led sed-imerzts), cr transient ciima%ic or hydro- 
gapkic featL1res jcii;.~lds or ciousi shado+:s, waijes, snow drifts, 
or, as En cne example, ti torncds p e i k i a y  tl-irough a forest) 
3r;less these f e a h ~ e s  i; faci ccnba!i,z-i by ge:ioglc trends. 
Some ?inear stream channels, 1ini.s of vegetatim, soil and relief 
, - breaks, and other surfaca digilrnenls do coincide ~.~~.L.ilh patterm 
in the geoiogic s~libstrate; these features can, therefore, be rec- 
ognized as lineaments i ?  photographs, maps, or scanner iw- 
ages {Caral: eta!.,. 1981). For regicnzl lineament studies, Land- 
sat MSS imagely ar;sti:.~tes arz ideai image base. 

Obsexers haxi? perceived lineacients in virtually every kind 
:>r' .-apt aerial and srbita: photograpit, ar.d orbital scanner 
image ("sca~iogram"). This inxveztigai-ion is priri?.ar.ily con- 
carted wiih ikm~carne:i'Es perceived h i  photographic images de- 
rived frornLands;1t M S S  (band 5) data. The muiiispectrai scarc- 
nrer acts as a reeordirzg bght meter, responding to the intensity 
of suniight reflected from the earth's surface. Responses in 
spectral band 5, the orange to magerata region (0.5 to 0.6 mi- 
cromeiers wavelength) of the visible spzctrum, and other bands 
are recorded as digital entries o r  eve ry  i. 1-acre (0.45 ha) area of 
the surface scene (each 9cene covers more than 42,000 mi2 or 
31,200 krni). The reeectance -ialulzs are then converted photo- 
graphically to gray tones. The resalting image or seanogram is a 
pkiofographic product tha? resembles a conventional photo- 
graph of &e scene. Color inrages can be prepared in a similar 
manner (1J.S. Geolr?gicai Sds?/ey, 1979). 

irnagcs were selected that were prepared from winter (Ocl-o- 
ber to Marchj imagery data when the angle of solar elevation 
was lowest, thereby emphasiz i~g tow-relief topographic fea- 
b~res .  Each image as a snow- and cloud-free, high-quality, posi- 
tive black-and-white print m a paper base in 1:255,005-scale 
r'orm..t. images are une~hanced  and were obtained from 
EROS Data Center (a division of the 2.S. Geological Survey), 
Sioux Falls, South Dakota. 

Lineamenis, Likseamsnfa Zones, 
and Lineament Areas 

Ten I,andsat images (scene nlilirrbers 24, 25: 27 'En 30,33 to 35, 
and 39 of Woodruff ,et a;., 1481) cover ?he naiconesIOuachita 
trend of central Texas, 'These images revealed more than 5,000 
~ i n e a ~ ~ s n r s .  "fhe Qineamen", s e r e  evaluated india7idually and 
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their distribution compared with features shown on topog- 
raphic and geologic maps of the region. However, for ease 01 
correlation adjacent lineaments were combined, if the). were 
either parallel or essentially continuous in aggregate, to form 
"lineament zones" (Figs. 3a and 3b); this process reduced the 
number of lineaments to mare manageable and cartographical- 
ly practical proportions. Each :irc~eament zone includes two or 
more linean~ents along with narrow intervening gaps. Linea- 
ment zones are not always linear - their width and length are 
variable - and they are somewhat sabjectively defined. Never- 
theless, aggregation of the individual linean-ze~tts in this man- 
ner was extremely helpful, particularly for sinrplifying cornpari- 
sons with other ihematic maps, 

The iineanaent pattern in each imsg? was further consoli- 
dated by denoting areas in which the ind~vidual lineaments and 
zones exhibites relatively uniform prope~hes  (length, azimubb., 
continuity, and density]. Each reuzlt-lng "lineament area" (Figs. 
7a and 3b) is internally unifarrn and indistingui~hab:e from 
adjacent linearnent areas in terms of their pred~minant  prop- 
erties; therefore, a", the lineaments ar.d iirvsaiment zones within 
a single lineament area cart generally be treated as a unit, Like 
the lineaments and lineament zones; l i neame~t  areas generally 
conform to regional geologic feakusrs, as 7epresen:ed on con- 
ventional shucP~ra~8ertenic maps :Figs. i: 2a, arid 2b). The 
patterns of individuai lineamenis, ;jnearnezf zc;nes, and iinea- 
ment areas also coinpare fa,::r:ratlv to ti-)? rrgio-cla: 2nd bra1 
trends of geothi-r~~~"~a? grzdiznt -c7al.il;?s. 

Bottrrm-hoie t e m p e r ~ b ~ r e s  and depths on selected eie=kic- 
log headings were used to calculate unxeffined geotlxrma?. gra- 
dient values. The gradient calculatii;n :eqi~ir-rs adjcitment .if 
the reported +emperattire .?acft 'i:oEakrol poi:?! by saab:racy;on af 
the mean surface air temperature (Guyod, 1946). The long-term 
average air temperature is a s s~rned  "s equal the mean surface 
ground temperature at the control point. Our downhole 
temperature data consist of otherwise uncorrected bottom-hole 
temperature arid depth rneasuren~ents horn approximately 5 to 
20 wells per county. Data from wells shaliclwer than 1,000 kt 
generally were omitted because such dsta after! reflect I~ighly 
variable surface influences (sx~ch as air tetnperahre variations 
and efiects from infiltration of sha?low grou~.d water), which 
are essentially unrelated to actual earth temperatures. 

From this temperature-depth data the geothermal gradient 
values were calculated by the folloviing formulr;: 

6; = (T, - To) (Z') (IOU-') wnere 
G = geothermal eradiem value al- a mint  - " 
T, = recorded bottom hole tzrnperztare ("F) st depth 

Z (Ct); znd 
T, = mean air temperatdre at the surface (OF! 

Gradient values are thus given as temperature change per 100 ft 
of depth ("Fi100) ft). iising these data, contours were can- 
struceed on maps of gradient values at  c o n t r ~ l  wells by in t~ rpo-  
lating geothermal gradient "isogads" (equal grrdieni conts3ur 
lines) throughout our study area. These preliminary isograd 
maps (Figs. 4a and 4b) were compared to maps of lineaments, 
lineament zones, lineament areas, and major structuralftec- 
tonic feahares of the region; and numercus apparent corsela- 
+ions were noted. 

LBNEAMENI C2ORFQELATBON -WiTH 
STRUCTURES AND C5EOTHERFdAL 

GRADBEE'$ ANOFJALBES 
7 .  ~nneamerits, as exyected, are strongly, correlative with struc- 

tures that have obvious surface expression. When a lineament 
is perceived, actually a tonal representation of reflectance con- 
trast that is related (;G vzsiations in vegetal-ion, soils, and 
topography is seen. These surface characteristics are often in- 
fluenced by structural features, s ~ ~ c h .  as folds, faults, and joints. 
Mare surprising is the coincidence between individual linea- 
ments, as well as lineament zones and Iineai-riefihreas, and 
buried structural feziil~res. These deep-sea:e& strrachres and 
=ic features inc\ude, for example, buried uplifts, buried 
igneous plugs and salt diapiisl subsurface folds and faults (both 
thrust and 11orrnaH iauiis), strata affected by seabtle regional 
warping, and stratigraphic pinch-outs. Few mechanisms for 
surface expressio':~ of such features are available, yet major 
subsurface and surface shucb~res  in most of i he  survey region 
were clieterkd 'o-j association with lineaments. 

Northern Bart :aI R e ~ i a c 3  

T'ne northern part of the C~nirai  Texas Regior. !Figs. 2a, 3a, 
a;?& 4a) extends rL.3rth:,vard and no;*Pteasi'i~rdrC hror;l ?at 31" I s T ,  
ir Buir?ei, he:!; %a!!s, P~/!;kirilr and iiobertson Counties to the 
Xed Rk%,er ?'his ire2 caue:.s the n~r the r r .~  half of the Balc~iiesi 
cuaci:lta trend ir! TE.,;,?. r.fii:::; c{ east Te:<as basin. Caps 
ir. the lineament a - t t e rc  c:xl?cide with DeBEas and other cities in 

, * -  :he area beca~~a~e  ir:tensive -.>raarr laraa, iiRn obscures the h n d s  of 
nat-~ral surface features that ~9iGo.t ce perceived as i ineame~ts 
when rep-esc-nkd k~ Landsat images. 

111 the norikelin part of the Central Texas Region, surface 
features "at are correlative rs7i-i-h lii~ea:r;ents inciezde the Mexia 
aa~d Taka : a ~ ? t  zone;, which defirie the nurthern and most of 
the western fi-targns sf the east Texas bas". The fault zones are 
sutiined by n ~ a r i y  ccntinuois lineiment zcnes and cs i~c ide  . . 
kti;t% . l - ~ ~  2 ser-ns ;!- :.nea.~-..?nt a1.e3h. \.'!ii:.lin I ln2aweni areas !-hat 
coincide with the rtA.:"e oC tJ:e Talcu r".uit zone, especially along 
the Delta-WoplGns County line, ma ;y  or' t he  individual lines- 
rnerets are oriented oblicpe to their trend in aggregate; indi- 
vidual Talco faults bear much the same relation to the fault zone 
as a whole. The Mexia fault zone is suggested in a similar 
m a n ~ e r  by obiique lkneanienls and lineament zones in Navarro 
and Limestone Ccuu~ties. Geothermal gradient arro~nalies also 
converge with the structma! grain and, thus, with the corres- 
ponding ?inearnen! p t t e rn .  :% grDup of isoiated high gradient 
anonaiies acd isograd deflections (Fig, 4a) fallows the Taico 
and Mexia fault zones where they corre;pond to the edges of 
the east Texas b a s i ~ ,  

The highest gra8:ient va4rtes in ihe area (in excess of 2.5"F1100 
ft of depth) occur within the northern part of the BaIcones fault 
zone; t h i s  may ~ e s t ~ l t  from heat co~vection in ground water 
ascending frorr. . ~ e p t h  aloz-tg fault2 snd fracturzs (Woodruff and 
McBride, 19'79). -4lthougf: ~~Saiive$ji 1ew surface faults of the 
Balcones system have k e n  rr-agpcd in the nortb.ern part of the 
Central Te~:as Reg95 (5g. 2a), u ~ ~ m a l j p e d  faults probably exist. 
This conclusion is supported by the concentration of ilnea- 
ments along the ken5 of ihe Balcones iacit zone because linea- 
ment zones and lineament area boana?-l-s are c2rreiative with 
the entire hu!t system and wit'? rnany i:f ti-!? krosvn fauifs. 

Transverse Enearnen: zones (oriented objique or pe~yesrdicu- 
Bar to the regional strike) are present at several points along the 
Balcones and Euling-Me::!a-Talco fault zones. In fact, the Bal- 
cones faults appear to terminate to the north at a point coinci- 
dent with a tra~?sverse iinearnenk zc)rie and lir;earnent area 
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Figure 3a. Lineament zones and Eineament areas of the Ba?cones/Oaachita trend, northern par: 

Figure 3b. Lineament zones and Lineament areas of the E;alcories/Ouachr"ia trenci, southern part 
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Figure 4a. Geothermal gradient contour map of the BalconeslOuachita trend, northern part. 

Figure 4b. Geothermai gradient contour map of the BalconeslOuachita trend, southern part. 
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appearance of the lineament areas (Fig. 3b), ahhcugh coifici- 
dence of the fault zone and lineament area bousdaries is imper- 
fect. Lineament patterns clearly suggest the existence of marty 
more faults in the region than are presently mapped, &ich 
may explain the limited correlatior: with fa.,;lt aor'e boundaries 
as conventionally represented. 

The distribution of geothermal gradier: vll7xs (Fig. 4b) 
generally aligns with the trenCIs of the Balccnes and tulinp fauit 
zones (Kg. a). The isograds are deflected wherever they crsss 
a fault zone bsundaasgi, Zsolared high and l w  gradient ancrna- 
lies lie between the i'aaait zones and a;e pzrtiy wi.thin or at the 

- western margin of the kuling fault zone. I"Lcsfi~ever. the highesi 
gradient valzres (in excess of 2.5"FIlCO f: of depti-) In !he siouth- 
ern paat of region are houl~$ 4.0 .,. ?he ... Vqi--.- ua-t..iire~ fault z3ne 1.- 
Travis and \ii7i%iiarnson Counties. <liner. higk, anomalies ar jp~ex- . . 

imately trace the southeasternmost mapped thl .~~st  fault o; the 
Ouachita system in several c3uni-ies, arid ts.;o; srriail i nv~  o srs- ' -  

client anomalies are roljg&jy C~&~?.~iden' :  v!ifh ti-,e n~rtheri~milc3s:: 
thrust fault in Bandera and Kusr -Zoarr:re?. ':he ;;m aaeas of low: 
geotherrnal gra&ie;it riah~e.; r.-,av ! ~ e  re;z;̂ eQc,i ti: :eciL~;ge ai. ati;i3~ 
hydrolo@ effects in Lovier C-n.e:ac-oh.: aquifers overlying tile 
Kern basin, south of the Llano ~!p:ift~ 

Ik'ne Balcones and ~ u l i n g  fad{- zones extend acres; ike %s;n 
Marcos arch. Both the arc!., al?&d p~sa~.--s& f1a:-kb .,.pees 'rs tte 
northeast and ~r~~ihsfiip.;t 2:'' .ye;: ily& . ? ; < ~ : X S C ~ + . ~  ~5 i;;7132reept 
zo:?es 2nd. areas, payticularjy by iE;a ;c3.-0 ~;.:::isv:rr,~ zones. 

'1 

Transverse fkile.,men",~nes l x a r ~  a,;;].; 2--ii g*Lay$i+~s 0: rhc 
L* , 

arch, and boti.i the densiy a d  oiie..ci-a?im 2: r;r"i-i-,e: IIL':P&?I:.HS 
zones varies sharply e: ti,,es.r bi;.aks. 

" . *  < .-  rfie Sari M a r c ~ ~  arch ~ i s ~  coinc;aes iAJjtb $t:flec'r;_t:-.s o, -he 
geotkherrna",grad.;ant cc~ntours. 'Z"i?e &set c"i'i&e I ,," isonrad 
rnear the northern Soulzdaq~ 0; Ber,a; fZonpLfy c.ji~-ii-,es -dzi&hs 

1.-n f - .  ,. v - r . r t  af13p4;lles are con-fy:- flank of the arch. isolated h',: & ~ " 6 . - -  
hated across and a b n g  the stsucture, a17.d SF,,- "i.5"; ?,p. ~t5.d. 2.5' 
isograds are offset or terminate a l c c ~  " :"r .northern bccr:dai-v i a- - 4 -  

the edge of the Round Rock. syncfine. rd.er?ticd of:.--:. wcur at 
. . the ~lorrhem &-P of rhe synijine. These cf:s-.;; arid :~rrr,ii,j.. e ~ o n s  coincide !be ^slosii;Snc; 8fhq....; t ie~~c t r . - i i  -LB- .~.v:-GLI:L I:i,+.->--ei-. t t  

zones. 

Transverse lineament zones along :lie Ba?coi?es1~3uar:41ita 
&end are almost invariably assizciated witl-k major si~ucP~?.,:ral 
features, i~.cBudi~?.g the C k - i t t i ~ ~  aanti"isl?ne a1oc.i +he west sid-. of 

9 .  
the Maverick basin. A lir.earLerii zone I-.av:rrg precisely the 
same azimuth and location as the 1_:;icli1131 axis !s evident, and 
even the slightly asyrnri-tei5c flanks of the stiuctnre (Seilards 
and Hendricks, 1946) are expressed, A ~ r c m i n e n t  north./-rest- 
ward deflection of the 1.5"F/'i00-ft isogrzd. i- ibi;vaiick County 
along the K o  Grande is !?recumably related tc iih: Chifiirn 
anticline, 

Another, srrtaller anticline is f ~ ; ~ n $  in ihis par!of the repior!. IJ 

It, too, is expressed as a tineamenr zone, although the typ- of 
expression is quite diiierent from &ha; ~ ~ e i r i o c s l v  described. 
Tne Cukebra structure (Fig. I) is a smali, southwesa-plc:i?@"1g 
anticline (Sellarcis, 1334; and Sellards and Idemdricke, 1946j that 
coincides with a clrmlar linearno:-it zc3re ,710cg the 3exzi- 
Medina Coklnty line (Fig. 3b). T'he axis of this stri.ct?ire arid 
faults associated with coil^;dde i;i;ih V E : ~  of "i!-,e suhrr.,:rface 
Ouachifa thrust fauit as ~rtapped in tli-ese countks by Flawn ei 
ak. (1361, plate 2). A small, sout~vrest~raard bend in I-hz Ikrus'i 
fault also appears to coislcdde with ik edge of the ;;-c-iizr 
lineament zone. 

The mar@n of the Maverick basin is correlative with Firm- 
ment patterns only on iis east side. The minimal c o b ~ ~ i d e n ~ e  
elsewhere may be dl;e partly to the author's sorfie~lnat over- 
simplified representation of the basin margin, when s m x ~ s r e d  

with. that of Lcucks (19'77); FOP exam-r?p!e. However, it imay be 
equaliy significa~t that the quality of the Landsat Image (scene 
number 25 oh Woodruff et a]., 1981) covering this area is 
relatively poor. The Kerr basin; is more compatible with the 
lineament areas as shown (Fig. 3b), 
'i. ~ t v o  large uplifts in the area, which are flanked by platforms 

or anticlines, are re~sonably coincident with lineament zones 
znsd areas. '3%~. Llano uplift, as shown in Figure 1, includes the 
sppro:drnate subsurface extent of the uplift, as well as the 
outcrop area of associated. rock units. The lineament zones 
coinside wrih :he .mterop extent of Paleozoic and Precambrian 
recks, rather than the uplift's suSurface extent. The Devils 
River u$it in !he southwkstern part ofthe region aIsc is shown 
in Figurrl 1, although this rendering of the uplift (after FRawn et  
a:".,, 1961) correspoi-4s imr:edect?:r 1-3 lineamen: area bound- 
ay1es. 

Ti,%vo other skuercturalSy significiant fea t~res ,  which extend 
across the noaherr; end southern parts uf the Ce2tral Texas 
Rfmjop,, are the ti?nist faui" sf the 8fluachits Syseem and b . " ,,-. + ~ 

I j~,-i;t -6 *I-t  : U V - C E ; F  ~:~~c-ovJ ji-lgl 4). tkrust fa141fs, - ."At/ A L,-. L 1 , ~ -  , .. GI-- ".\ 
A " 

;;\~hrich :nark, the boi~ind;i&s ai ;f;e i&~chita s:mc?jral beit, 
C ~ C ~ ~ S ~ > O T ~ $  to :he i iceain~nf zone< (Figs, 3a and Rj both in 
gefizral andi iocaliyi in dk2tai:, Kewever; correia";lon viith Linea- 
x:en-;t P P E ~ S  35 cei'cali~ij ~r??.per.r'eci. Co;npie:e coinciden~ce mrould 
:I,& t;- exoecicd 9i i:ncertaini-ies i n  ikic pos i~ons  of the 
"hia~t f 3 b l t ~  wi-iere d r e s  ~:qei: cont.:;i is inSuffic&t for detailed 
~-~a?z;$~ng ($ash ~yy,aboI. i~ /_;laif- 2 3f FIBWI: e l  ai., 1961). 

- ;!-ae r n a ~ ~ t ? d  ug$in ?,:?:.-.lj.: of the Jurassic subcrop i; also based - *,, *-<. .- 
,1, v1~24r WPL! c3nf1"01; and, as ~ . i g h t  be e~pected: correlation 
i4iii.h iinearnents is poor. Marine Jarassic deposits defined the 
updip extent o:' the incipie-i: Gulf basi.n. The pinch-out coin- 
cides with the Mexie an& 'rizlco fault zones and, thus, with the 
w~sterzr a21j raorthea-n rner@?:ns of the east Texas basin. it also 
i_i?incides with the ;~iirther.r z r d  northeastern margins of the 
it4avel.sck besin. These stnactures are partly correlative with 
Iir~eamer~i .. and geothermal gradief:t patterns. Each of the major 
??a?foini,sj a n i ; c l i ~ ~ s ~  cr ~~ncli:.:es ihataappr~ach or cross h e  
-.n, i t :sA~i3.UI - .- i?;u?t zrjnes ( s i ~ d  are expressed as long, transverse 
li-ea:rr.r,tb;) zppf3rz to terminzte c: the pjnch-ov*l " m e .  

Each lineament map iniiially - ~ ~ a s  seen as a neatly unde- 
cipherable rnoratage. Instmces of pfiobable affinity were recog- 
~r;!-a,e&. whe.7 linearcents am: sirucbzres were geographically 
convergent; brst structarai rdarions of ilnearnents in other areas 
coerld not "c ep+edictrz,%, and apparent coa,flicts with the strut- 
;.crk; I:,, -o,.+~-q, .L;,IC ~ a t a  base co1111 -..at be resolved. Gradually, 
hrjivever, the iicearnents were q--ialktalive!y characterized in 
terms of their relziive densitiesi Iengihs, and intersection 
angles (pe,rpar;dicular, r;biiq;,te, suSparalie8, or parallel). This 
approach ?mas prs-ied a means cf grouping the Jinean~ents on 
the basis of similar characteristics. Recurring patterns sf asso- 
cla:;opi .*.?ere rzoted among the lineaments: both irdivideraliy 
a,qd ii-. combinahsn as linesmerib z;sr:zs and areas. ?vloreover, 
each type of associetiop appears to be carrelafive with a particu- 
lar kind of ~ , tnc tu re .  IS thir C O ~ C ~ U S ~ O ~  js true, this method of 
lmament  analysis celrld piao:;r r,seiul f ~ r  explcraiion. 

m  he pri~-&-,a~y :nzthr?d 6;' classifying lineament patterrts was, 
thus, based on I-cc~gniiiori of m a ~ ~ h o m e t d c  si~~ilasi t ies with- 
out & ~ i o r  resort to genetic i n t e ~ ~ r e k t i o n s .  Whether the result- 
ing ckasses y~re3-e cons!stently corretal-iiie with structures 
throershout ihlr ssig5csn was d~:rex-.:.ined. li: tbte correlsticn were 
csnkstent, a cEas9 becacce a  ode!" ('Fable I) by which we 
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