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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpllic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenuB, hills, alld lllount"lins; (2) distribu-
tion of water, called as streams, lakes1 a.nd 
(3) the works of man, cuUuye, ns roads, 
boundaries, villages, and eiLies. ~ 

Reh:ej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal elm'a-
tion above mean St:'<l le\~el, the vertical iutt:'l'Ynl represented by 
each spaee bctwf'en lines being the same throughout eHcll map. 
These lines nre called COJ/fOU1' lines or, more brietl \', contours, 
and the uniform H'rtical (li"hlIH'e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J river VB Hey bt'tween two hills. In 
tIlt:' foregrOlliul tlll? seH, \\lth a bay that is partly ('losed hy 
a hooked sand bar. On eaeh sirlf' of the v:dley is a terra('e. 
The terrllCC on the rig-ht merges into a gentle hill slope; Lhat 
on the left is uaeked by a ascent to II cliff, or RCfll"p, whidl 
contrasts with the gradunl awny from its ncst. In the 
map each of these features jndicat.ed, directly bel10ath its 
position in the sketch, by contour lint's, Tlw map docs not 
include t.he clistant. portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A coniour line reprt:'sentR a eertain height ahove' sea le\·e1. 
In this illustration thc contour interval is 50 feel,; thel'eforE' 
the contour lines arc llrawn at. 50, 100, J 50, and 200 feet, and 
so on, ahove tnCHn sea level. Along the contour at 250 feeL lie 
al! points of the surface t.hat Ht"e 250 f~et above the sea-that is, 
thii:l contour would be the shore line if the sea \vere to t"ise 250 
feet; alon!!: the rontour at 200 feet. are all points t.hat nrf' 200 
feet ab(we the sea; and so on. Tn the ."pace bet,"ween any two 
contours are u11 pointR whose elevations are aboy,=, the lower 
and below the lligher ('on tour. Thus the eOlltnur at 100 ft'f't 
falls jUSL helow the edge of the tenare, and tlmt at :l00 feet lit:'i'l 
aboye the terrace; therefore all points on ille terrace arc shown 
to be more tlwn 150 but less than 200 feet aboye the sea. 
The summit of t.he higher hill is rm'lrke(l GiO (feet aboye sea 
leyel); accordingly the ('ontom at ()oO feet surrouuds it.. In 
this illust.ratiou all the contom' ]ines arc nuwbered, and those 
for 260 and riOO feet are areentuHted by being made heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The aecentnating flnd nnmht'rlng of certain of them-say eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer
tained hy cOlLnting up or dO\vll from th('se. 

2. Cont.ouf lines show or' express the forms of slopes. ~\.s 

contours are continuolls horizontal they wind SlllOOtJlly 
about smooth surfaces, rect:'dt:' il1to rt'entrant of 
ravinei'l, and projert. in .passing around spurs 01' I"·o,mi,,wnees. 
These relations of' cont.our CUTHOS Hnd 1:..0 of' t.he 

can be seen f!'Olll. the map and 
lines sl~ow the approximate of any sl~pe. 

The yertical interval between two ('{mtours the same, whether 
they lie along a cliff or on a genLle slope; but. to at.tain a gi vell 
heif!;ht on a gentle slope olle must. go £ll'ther than on a :-ltccp 
siope, and therefore contOUlli are fill' aplll't on gentle slopes 
and near togethf'r on steep onC8. 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating country; a steep or mountainolLs 
country can, as a rule, be a(leql1ately represented on the same 
seale by the use of a huger iuten-al. The smallest interYH 1 
used on the atlas sheets of the Geological Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may he 250 feet nnd for less rugged country ('on
tour intcrva]s of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lJe.-\Yat.er~ol1I"sf's are indicated by blue lines. Fora 
perennial st.ream the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a stream sinks and 

the probable underground course is shmvll by a 
blue linf'. Lakes, man~hes, and odler bodies of ,vater 

by conventional sigBs in hlue. 
for the works of' man and all letter

are printed in 
,)ca,tc.,.-j~l1e area of the Unit..ed States (exclusive of Alaska 

and island possessions) is uLout 3,027,000 square miles. A 
mu]) of thif'. area, dl1Hvn to the scn]e of 1 mile to the inch 
would ('oycr 3,027,000 s<jlHlre inciIC;::; of pnpel' aI1(l measure 
about 240 by 180 feet. Each sqLUHe mile of ground Slll-:raCe 
wonld be rcpresented hy a inch of map snrillee, and a 
linear mile on the ground a linp...ar inch on the map. The 
seale mav be also a fradion, of whieh the numer-
at.or is a" 011 the map and the denominator the eorre-
spondiIl)!; lengt.h in nature exprrssed in the same unit. ThuB, 
as there arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 

inch on t.he map. 
surface 

a gradua,ted line repre
a similar line indicating 
a fraction. 

<I"""""""I,,,.·_j "cmap of the Unit.ed Stat.es 
is being nhed~ of eCHlYenient size, wlrieh 
represent areas houwlc,d parallel.; atHl meridians. ThCBe 
~Heas are called qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one slllUl.l'e degree-that is, a of latitude by a 
degree of longitude; eaeh sheet. on thp of reprebents 
one-fourth of a squal'e degree, and clich shcet on scale ot 

one-Rlxteenth of a square degree. The areas of the corrc
sponding quadranJ!;les are about 4000, 1000, and 2;)0 square 
miles, though HH'y vary with the lat.itude. 

The atl:lS sheck;, heing only parts of Olle map of the United 
States, are not limited by polit.i('al boundary lines, such as 
those of SLates, ('ount.ies, an (I tow nships. Many of t.he maps 

arf'lI" lying in hw or m'en three States. '1'0 each 
and to the quadrangle it represents, i::; given the name of 

some well-known town or natural feature within its limits, and 
at the sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if t.he maps are published, 

THE GEOLOGIC MAl'S. 

The nwps l'eprf:'6entillg the show, colors and 
conventiowJl sip;ns printed on topographic map, the 
di:3tribution of rock TImSRes on the wriaee of the land and, by 
means of structure sections, their llnderf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{oeks are of many kinds. On the geologie mnp they are 
diRtinguisheil as igneous, sedimentary, and metamorph~c. 

Ign~·ons 1'oclcs.-Roeks that haw cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
hay from to t.ime IJeen forced upward in fissures or ehan-
lie},.; of and sizf's through rocks of all t.o or 
llearly to the Itocks formed by the of 
mohen material, or magma, within these ehannels-that is, 
below the suriu('/'--;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pm'allel walls it is 
called a where it fills a large and irregular conduit the 

termed a Bloch:. "\Vherc molten map;ma trayerSeR strat-
ified rocks it be intruded along betiding planes; such 

or ""heels if comparatively thin, and lacco
chambers prod uee(l by the pressure 

roek molten material rool.; 
slowly, rocks are generally of 
crystalline t.exture. vVhere the channels reach the surfaee 
the molten material poured out t.hrough them is called lwva, 
and lavas often build up volcanir mounli:lins. rocks 
that. have solidified at" the surface are called 
Lavas generally cool mort:' rapidly than iutrusive 
a:-1 a rule contain, espe('ially in t.heir superJieial parts, wore or 
lel::1H voleanic produced by rapi(l ehillillg. The outer parts 
oflanl flow,:;; are llHtwlly porous, owing to the expansion of' 
the guse.,:; originally present in the magma. Explosive action, 
due to these gases, often accompanies volcanic eruptions, 
causing ejections of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when rOllsolidated, constitute breceias, agglom-

and tuffs. 
l'oclcc~.~Uoeks composed of thc transported 

fragments or partieles of older rocks that haye undf'r~one 

di~illtegration, of volcanic ejccta deposited in lakes and seas, or 

of materials clcposit.ed ill such water bodies by chemical precipi
tation are termed sediuu:nta1-Y, 

The ehief ngent in the transportation of rock Q-ebris is water 
in Illot.ion, including raIn, streams, and ihe water of lakes awl 
of the sea. The materials are in large part carried HS solid 
particles, and the are t.hen said to be mechanical. 
Buch arc which are latel' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are carried in soluLion, and deposits of theRe are called 
or,!!anie if formed with the aid of lift:, or ('helllical if formed 
·wit.hout the aid of life. The more important rocks of chemical 
and organic origin are ]imestont', chert, salt, iron on" 
peat, lignite, and eoal. Anyone of the named 
may be f'\eparatt'ly formf'd, or the diITerent he 
intermingled in many wayi'l, produeing a great variety 

AnodiCI' transporting ag-t'nt is nil' in llIot.ion, or wind, lmd a 
third is icc in motion, or glaciers. The mORt characteristic of 
the wind-borne or eoliun deposits is loess, a fine-grained earth; 
the most characteristic of ghcial deposits is till, a heterogeneous 
mixture of bowlders and pebbles wit.h day or sand. 

Sediment.ary rocks arc usually made up of lllyt'r;::;. or beds 
·which can be separnted. These ure called .strata, 
and rocks in such layers are t.o be stratified. 

The snrface of tlIe earth is n~t immomble; 0\ er wide regions 
it \'ery slowly rises or sinks, with reference to the sea, and 
Rhore . lint's ~re thereby changed. .L\.s a result of upwanl \ 
moyement marine sedimelltary, ro(~ks may become part of the 
land, and most of our land areas are in fact orcupietl by rocks 
originally deposited as sedilllents in the 

Rocks exposed at the surff~ce of tlle air, 
water, ice, animals, and plants, 
known as bact.eria. They 
soluble parts HTC leaehp(l ont, t.he 
left as a residual layer, \Yaier washes this 

and morc 
materia I being 
material down 

the slopes, and it. is 
other bodies of wat~r. 
but it is 

ean~ed by riYers t.o thc,oeean or 
its journey is not eOllt.inuous, 

huilt into river bars and flood plains, 
_·Ulu \·ial ~lacial deposits 

df'p()~its belong to 
layer is commonly inC'lnded 

Theil' upper parts, o~eupied by th~ roots of 
eon:'!titute soils and subsoils, the soils being usually 

dist,inguisim! by a notable admixture of mat.t.er. 
Hnd by various 

processes, rocks may in eom position 
a.nd in texture. If the new pro-
nounced than the old such rorks arc called In 
the of metamorphism t.he cOllstituents of a chcmic~ll 

may enter into new combinatiolls nnd eertuin substances 
ma.y bc jost or new ones added. A complete gradHtion from 
the primary t.o the metmnorphic form may exist within a 
single rock mass. Surh changes transform sandstone into 
quartzite and limestone into marhle and modify other rocks 
in various ways. 

From time to time during 
been deeply buried and haye 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raiRed aud lat.er exposed by erosion. In such 
rocks the original structures may h:1\ e been lost entirely and 
new onE'S substituted. A system of planes of diviSIon, along 
which the rocK. splits most readily, may have been deyeloped. 
This structure is caned and may cross t.he original 

rocks rbanwterized by it 
Crvstals of mica or minerals may have gr~wn 

in tbe rock in "such a as to produce It laminated or foliated 
structure known us The rocks characterized by this 
structure are schisfl3. 

As a rule, the oldest rocks are most altered and the young,=,l" 
formations haw eseaped metamorphism, hut to this mle there 
are many illlpOliant t.'speeially in rcgiolls of igneous 
activity fwd complex 

TOlOl.A.TlO.KS. 

For of 
above are into A :'!edimentmy 
formation ('ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform eharad~r 01' rocks more or 1ess uniformly 
"\\il.riell in character, for example, an alternation of shale lind 
Jimestone. \Vhere fn}m OIle kind of rocks t.o 
another js graduHI it. may Twees:'!ary to two eontigu-
ous formations by an arbitrary line, aTHI some rases the 
dist.ill(~t.ion depends almost. f'nt.irely on the contained fossils. 
An igneous fOl'mat-lon contains one or more bodies of one kina, 
of' similar oecurrence, or of lik:e origil1. .r\ metanH1l11hie for
mation lllay consist of rock of uniform eharat'ter or of se\ eral 
roeks having eOlllIllOIl charaet.el'ist.irs 01' origin. 

\Yhen for seientifi(' or et'onomic reasons it is dcslmhle to 
re(,ognize and map one Ol' more deyt'loped parts of ~J 

yaried formation, such parts arc members, or In' oom(' 

odler appropriate term, as If!ntiIB. 

.\GES OF ROCKS. 

Geoloy'ic {i'llie.-The iime during which roeks ·were made is 
dividcd into peripds. Smaller tim~ di visions are called epochs, 



and still smaller ones stages. The age of a rock :is exprC'Ssed 
by the name of the time interval in which it was fonned. 

The sedimentary formations deposited during a period are 
gronped to,2:f'ther into a 8Yl:Jtent. The pl'illeipal divisions of a 
system are ealled 8(Tie8. Any aggregate of formations less 
thlul a Rf'rie); iR called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those tlwt are older, and their relative 
ages may be determined by observing their positions. In 
many rcpjons of intense' disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to d(,tcrmine their relati \"e from thcir 
present positions; under !:lUch eondiLi,ons if prcsent, 
may indicate which of t.wo or more formations oldest. 

Many stratified rocks contain the remains or 
imprints of plants and animals at time the strata 
were dcpositcrl., lived in bodies of ,ynter or were ... \ashed into 
them) or were buried in surficial deposits 01] the hlncl. Rueh 
roekS" are ('aIled fossiliferous. By studying f()ssils it has 
been found t.hat the life of each period of the emth's history 
was to a extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssiliferous roeks were deposited. From timl:' to time more 
complex kinds awl as the 8impler ones lived on in 
modified forms life more YHried. But during each 
period there lived peculiar forms, which did 1I0t exist in ('arher 
timl:'s and lwve not existed sinpe; thf'sf' are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in whirh they are 
found. Other types on from period to period, and thus 
linked the forming a chuin of life from the 
t.ime of the rocks to the present. 'VJlere 
two seuimentHry formations are rernot.e from ea('h other ami it 
is impossible to obserYe their relative positions) the charncter-
istic fossil found in thclll may (If'termillC which 'was 
deposited Fossil remainR in the strata of different areas) 
proVinC(~8, and C"ontineutl' afford the most import.ant meHns for 
comhining local histories into a earth hist.ory. 

It is J]lHllY places difficult or to dt'terllliue the age 
of an igneons frfrlllfLtion, hut rlw rdatiw age~of .:mell a fi)fm;l
t.iOll can in generaJ be asecl'taillea by 
assoeiated sedimentary formation of known 
igneous maRS or is df'positetl upon it. 
which llletamorphi(' rocks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the recohll:'d on nwp i.., that of the 
masses and not. of dwir metamorphit>lll. 

culon;, and pa.tiaus.-Ench fimnation is :::;hown on 
the lllap hy a dist.inetive combillation of color awl pattern allii 
is'lalwled hy a speeiallett.cr symbol. 

Patterns <compoAf>d of parallel 
fOl"l1lat.ions 

lineR al'C u:::;ed to 
ill tlw jnlHkes, 

tlots awl 
eirdps repre:::;ellt idluyial, nnd eolian i{ll'll1lltiollS. Pat
tel'l1~ of trianglps and rhombs are u:::;ed for iguf'oUS fi)l'Illations. 
:Metulllorphic rO{'kR of unknown origill are 
Sh01i, <l~:shes placed; if the I"()(,k is 
may lw \\avy lineR purHllcl to the t>truetll1"e 
Suihlble THlttel'llR an' used 10r met.amorphie 
tions known to he of or of igneous origin, The 
patterns of' eaeh das.., are in vario\ls (~6101's. \Vith the 
patterns of parallel colors are used to indieate age) a 
partieular c0101' to CHell t>YSt('lll. 

The s\'mbols of two or more leth:'rs. If the age 
of' a fOl'~ation i:::; known the snnhol include.., the 
bol, whit'h is H capital lett('; or monogram; 
symbol:::; ate ('01l1p08ed of smalliettel's. 

sym
tllC 

The namPS of t.he systems and of Iwries that have heell given 
diHtinctive in (mlpr from to oltlest) with the 
color and assigne(l to 
subjoined 

Symbols and colors a8.~if}ned to the l·ock systems 

Sy.tAll 

f'TTRF.\CE l"O.l:GUH. 

llillfl, ynl1pys, 1ll1d 1,11 oiher snrfuee forms lmyl-' beeD produced 
F9r f'xample, most thp result. 

streallltl that l1(nr through 1), 
p}ains hOJ"(]('ring" mall)' streams were up 

hv the st.reams; \\<lves ellt tlPJl (lliH;" amI, in cooperation \\ith 
c~rrellts, "(mild up sand spits aIld ham. Topographic form" 
thus confltitute part of the reeord of tIle of tJ]P ('arth. 

Some ionns are insepllrably eOIlllCcf,cd with Tlu, 
hooked shQwll in figure 1 is an illustration. To thif'( dnss 

alluvial plains) lava streams, drumlins (smooth 
of till)) and moraines (ridg-(·s of drift made 

at tiIC Ot.her forms are produced by crosion. 

The sea cliff is an iHustration; it may bc carved from any rock. 
To this clnss belong abandoned river channels, glacial furrows, 
and peneplains. In the making of a stream tf'rruee an n 11uvial 
plain is first built and afttrward partly eroded lnvny. The 
shaping of a lIla~'ine or lacustrine plain it> usually a douhle 
process, hills being- worn away (degraded) and yalleys being 
filled up (aggraded). 

AU parts of' the land surfaee ate suhject to the action of air, 
water, and ice) \'1"11ich slowly wenr tllem down) and streams 
earry the waste material t.o thc sea. As t.Ile Jpp~'nds Oll 

the £low of wHter to the sea, it can no,t. ('arried belo'w sea 
level, and t.he pea is therefore called the ba8(:;-/et'el of prosion. 
LnkPs or lHrg: rivers may ddc,rmine locul hase-Ievds for cert.ain 
regions. When a large traet is for a long time undisturbed hy 
uplift or suhsidence it is dpgraded m·arly to bast'-lcvt'l, tmd tIll:' 
fairly even snrface thus produ('etl is called If tlw 
tract, is aftenv:m.1 uplifted, the ele\ated 
re('ord of the former elose·rf'lation of the tract to base-level. 

'1"111: V~UtlOUS GEOLOGIC I'lHEETS. 

lllap sho'wing the areas oecupied 
is called an areal geology map. On 

,vhieh is the key to tlle map. To aseel'-
tain the meaning any color or pnttf'rn and its lett.pr 
the rfwler should look for that eolor) pnttern) und 
the where he will find tIle name and 

If it is desired to find 
namc should be sought in the 
llOted; well the areas on the 
pntteTll may be iraeed 01lL. The 
ment of tile ,2:polog-ie history. In 

according 
unknown 

group t.hey ure placed in the order 
so far as known, t.bc youngl:'st at. the top. 

map.-The map reprf'stmt.ing the distribu-
tion of and roeks ,ina their relHt.ions 
to the topogruphie fpatllrl's and to thc 
~erlIled the economic Heolo9!1 map. The that appear 
ou the areal geology lllnp are usually shown on t.hi:::; map by 
fainter eo10r and the areas of produdive formationH 

(~()lors. .A mine symbol shows the 
or qualT,v and is aceompflllied tll(' 
mineral mined or stonl' If 

mining indust.ries or artetlian in the 
nmpy to show these additional economic featuf!:'s 
in tht' folio. 

shaftl', and otJler 
different beds to 

elltting thnt exhibits thosc 
a sectiun) and the same tprTn is applied to a 

reneC'Somt.;ng tll(:' rebtions. The arrangf'illf'ut of'rocks 

is llOt limited, lIOWf>H'l', to naturnl and arti
for hi" iuformnt.ion eoneerning the earth)s 

the mallner of fi)rmation of rock, and 
the be(l;-:; on the surface, 

they P118S bencHth Lhe 
surflwe and ('an draw reprl-'seJ1t.ing t.he strueture to a 

eOllsi<ierable dept.h. i:"3uch a see~ioH is illust.rated iIl flgure~. 

t'IGURR 2.-r\ketch ~howing a venieaJ section at the fronT and It landscape 
beyond. 

The figure represents a landscape which is cut. off sharply 
in the foreground ou a vertieal plane) so 3S to show the 
underground relations of t.hc roeks. The kinds of rock are 
indicaLed by appropriate pattpl"lls of lines) dots, and dasht'-I:l. 
These patterns admit of mueh variation) but those shown in 
Ggure a are used to rcpresent the eommoner kinds of roek. 

':l=cl"t<>n~HalHl~'Hl' 
gI011l<"Cate, 

ShaJylmlestO]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at tllf' kft of figure 2 presents toward 
the lower land an escarpment, or fi'ont, \\hich is .made up of 

slmdst.ones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt of lower land IS t.raversed by several 
ridges, whieh are spell in the sccdon to correspond to· the out
crops of a lwd of sandstone that rises t.o the sllrf~lce. The 
upturllf'a f'Clge8 of tIlis hed form the ridges) and the inter
mediate yalleys follow the outcrops of limest.one and ealcareous 
shale. 

'Yhere the edges of the strata appear at the surface their 
thickness can he mell'"mred and the angles at which they dip 
helm·" the snrffwe cali be obsen-eu. Thus their positions 
underground can be int"(·l'rpd. The diredion of the intersec
tion of a lied Wi.dl a hOl~zontal plane is called thc ,~trike. The 
iudinntion of the bed t.o the horizontal plane, measured at 
right angles to the strike, is called the dip. 

Tn many regions the strata are bent into troughs and nrches, 
such as are seen in 2. The arches are eallt'(l anticlines 
ana the trou~hs As the sandstones, shales, alld 
limestones were dpposited beneath the Bf'a in nearly flHt sheets, 
the fltrt that dley are now bent. and f6ldf'd is proof that forces 
haye from time to time caused the f'arth)s surface to wrinkle 
along cert.ain 7.oncs. In places the 8trat.a are broken across 
and the parts haye slipppd eaeh other. ~uch brenks are 
tel'me(ljaults. Two kind8 are 8hown in figure 4. 

At the rig11t of figure 2 the section ;-:;hows schists that arc 
tra ,'ersed by igneous rocks: The sehists nrc much contorted 
nnd their arrangement uwlerground can not 1IC inferred. 
Henre that portion of the seetion dclinpates what is probably 
true but j~ not known by ohseryation or by well-fOlUldpd 
inference. 

The st'dion also shows three set." of formatioIls, distinguished 
by th~ir underground rehttiolls. The uppermost set, ~een at 
the left) is made up of sandRtOllt'S and HiJal!:'s, which lie ill a 
horizout.al position. These fltrat'l were laid dO'wn under water 
hut are now hi,2:h above the SOll, forming a plateau, Hnd their 
ohange of ele"mtion shows that u portion of the earth)s mast< has 
beell uplifted. T!le strata of tili8 seL are parallel, a relatioil 
wlJieh is ealled cmoero/·muolC. 

The second set ('OnsistR of strata tlwt have be-en 
folded into arehes and troughs. These strata were OIlce con
tinuous, but the crests of the archps litl\Te b;'en l't'llio,'ed bv 
erosion. The beds, like those of the lin>t set, are conformabl~. 

The horizontal strata of the plateau reBt upon the upturned, 
erodpd edges of thc heds of the :::;eeoml set. shown Ht tile left of 
the section. The flre, from their position, 
e,·idently younger than deposits, and the bend-
ing awl t'roding of the older beds must havc ocrurred betwe~n 
tllf'ir deposition ttnd the Hcenmulation of the youngf'r beds. 
The roeks arc to the older, and the 
suriuee i", llll "nconformity. 

The third set of formations ('onsisil,; of crystalline schists and 
igneou8 roe1o::s. At 80n1e period of their history the sehists 
were folded or by pn-':::;sl1r.e and t.raversed by emptiolls 
of molt!:']] But the pl'essurp and intrusion of igneous 
ro{·kg haw Hot afieeipd the overlying" stmta of the second set.. 
Thus it is evidellt that a eon8idemble int.enal elapsed between 
the formation of the sehisLs and the beginning of deposition of 
the st.rata of the seeond set. During tJlis interTal the sehi<;lts 
were metamorphoscd, they were tlisturbed by eruptive 
and they were deeply eroded. The contact between the 
and third sets i::; another unconformiLY; it. marks a time 
intenal bet.\\een 'two periods 'of roek forrr;ation. 

The section and landseape in figure 2 are idf>al, but t.hey 
illustrnte aetnal reialiolls. The sections on the struetul'L'
st'ction sheet are related to the maps as the seetion in the 
figure is relat.cd to the landscape. The prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
along the section line, and tiIC depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
the section may be measured usillg the seale of we map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumna-i' 8l.'ction, which eontains a concise 
tle~cription of the sedimentary formations that oeeur in the 
qU~idrangle. It presents a summary of the filets relating to the 
<charadeI' of the rocks) the thi(~kness of the formations, awl t.he 
order of aeeuIIlulation of I:lu(:eessi ve deposits. 

The rocks are briefly deseribed, and their eharaders are 
indicated in the columnar diagram. The thicklle8ses of for
illations are given in figures thaL stnte the least and greatest 
meIL'lUl"ements, and the thicknesH of cach formation il'l 
shO\\n in the COlUlllTl, which drtlwn to w~ale. The order of 
aceuIllulation of t.he sediment8 is shown in the columnar 
arrangement-the oldest being at the hottom, the )'ollllgest at 
the top. 

The intt'rvalt> of t.ime that correspond to events of uplift and 
degradation and eonst,itut.e illterruption", of deposition are 
indicated graphically and hy the word" unconformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION 

GEOGRAPHY. 

l,(){'.\rJOJ'" ,\HL\, AND (U:LTJ:E. 

FWl:HF. I --1nde ... llUll> 01 <:f'ntl'al 'fexaR 

all of LlHno and BUrJl!'i eOllnties Ilue! of l\ln:-on. t'lUll baba, 
Tnlvis, and \Villilllllson t'ollillies. fig·. 1.) The greater 
portion or eueh qlladnmglc li'OH within the county of thl-' :-:lUme 
nallH~. 

The lllOI'C illlportant towns lire LbllO, ill the L1a110 quadrull
p:le, and Burnet. Marble Falls, und DCl'tl"Inn, in thp Burnet 

i:- distiuNly fl I:'tork-raiRinf:,' ronlltr}" out T1l1lch 
Oil then"'. Burnet C'onnt,\" i:-l more ehHraeil-'l'-

but 1Ilso mises lllueh :o;toek. 
ilie w("stern di visiOll of the 

wbidt tran'rl"1f'S t.he ccntnd 
piUt of Burnet COHnLy awl terIIltllat('S at Llano, scal 
of Llano County..\ from Burnet. to LampHsas, milt's 
north, ('ollneeh, this with the Cult: CoJorndo &: Rnntn 
Fe Railway a11(l a Hhorl spur rU1l6 to :JIm'hle Falls, 

GL.:-E.ttAL ('I':OGll . .I,.l'lIY AC\D GLOLOG'l or TTTT l{EG10N. 

The hl'oad physical Hll(l 

Texa>l ha\t" ht"t'll \\ell 
featnres of the 8tate- of 

Hill and Vaughan." Hill 
provinces ill th(, Btate----the lrnll;:;-l'eeos, 

the central, the cust-centrul, th/.: awl 
soullwrn~~c",," of which he sul)(li\ided. into small 

Of tlH' brOI((leI' f'patlu'l~:-; of relief he 

('ollsi"ts of a vast alld 
diver"iHed llbiTl hor(lclwi on north hy lllOuntains. That, 
portIOn hetwepn tilp ('asterll front of the Cordilleras alld the sea may 
hc plain, This plain im'lilleR 

the sm, The inelination from 
in an easted) 

Yariat,iom,; The arc;( 
genrral may be specifically eall(>d the l't'giolml 

and itf'; ,arialioll in grnilient and din'r,tion, as will 
be ('xplaine(l has an important relation to the ph;p;10gl'aphie 
hi",torj. },xpept in the extreme northwe.;;;t, corner of 'I'e'<as, whcre the 

contimle north unbroken, and on the east, where the 
Plaill lJOrders the sea 01' IlontillUCl-\ into ],oui~i:tlm, the regional 

(loastwal'd sloVe is terminate(l by t.he Curdilleran an(1 the Qua.ehijan 
llollntain which extclld at allploAilllately 
each other. ~o a" to iueloKl' the in a 

nldely comparable to a 

p,20, 

OF THE LLANO 
QUADRANGLES. 

ward. or 
another 

typef-l and period" of fll'chitectnre. formations which llJl(lerlle 
some of the er1llnplefl IIp iu the Cordillera" am! are 

Irenee. nre old!:']' 

the F:,oeky }lOllllLaill" anrl,yolwger 

Hill :::mlldi\'idps the (;reHt Plains prO\illre on H 

hHsio; into the Ll'lllO E"tnC'a{lu alld tIl(' EdwCll'(I.,; Pbteau, 
fot'IU('r underlaill hy nonmlHitlc 
tltf' btler. mcrgc,.; imperceptibly 
Ll:lTIo !~:'ltarado, being formcd h) the ref'istHnec to f'ro~iOll of a 
marine Cl'daet'oll., limestone-tIle E(lward" limestolle, He 

lW('[llli'4e of its decper 
hn\'ing heen in tbc central pro"illee great part worn 
The Lhno-Blll'net l'egion lief' alon,~ the northern bordl'r of 
Edward" Plateau nen}' its eastenllllORt extent-ion und along' tlw 
sOllthel'll of' the (,PIltrnl provillel', The area if', hasin-like, 

below the le\'el of the Edward:,,; Plntf'au, awl its 
fOrltl due to a combination of ~truetllrlJl nIHI t')'o>;ionaleondi-
tiOllS whic·h will he deseribed l:itel'. 

!i 
I 
I 

EJ(+rl1~; 2.-Geolo;.dtlllltiP of Texas, 

rdi'rPltef' to the general map of 
half the ~tate is ('overed marine 
sedimeulH, In a ImlHll way lllf'se 

nonlll'as[ward-trewling hanch" the 
the Gulf COllsta I Plnill nnd the oi(lest oYel'-

lapping lhe rocks of the Ilorthern and 1l0rtitwef"te1'n parts 
of the Statf'. :JInrh of the nurthern Fn-r of' tlJe btftte is ('overed 
hy Carhoniferolls ro(~kf" and deposits of Tertiary 

ge()lo~.d_rfdly ('Olll-

plieflted nnd divf:'l'sf' tllOuutnill rau~es. 

'l'OJ'OGIU.l'lIY OF' 'I'flE LL.\)TO AN1) nrRNET tlr.\'J)nANOT.}~:':, 

GeneraL jpa{lo'fli,--Though the Llano-Burnel rt'gion llIay 
seem mountainous as cOlllpan-'d ,,,itlt til(' flat and 
fea.turelf:'ss plateall country tu till' f',outh, yet the of the 
n:gion is IHll'(Uy so great as really to WHrrlmt such a dUlraetl'l'
ization. Llnllo Ri\er enters the Llano qlwdnmgle nt an cle":1-
tion of' 1175 feet. ThlO highest north of it within the 
qnadrangle :Htain al101lt !HOO ;}ifferenec of' 7~0 feel. 
The hill8 neal' Hob60n Monulain I::louth of Llano reaeh alti
tudes of 1625 feet. Putnalll, Prairie, Riley, and CedaT rnoun-

AND BURNET 

tain" retlch l'1~\':.ttio1l8 bet ween iKOO :llHl IDon fi.'et. Colorado 
i{iYC'r le:lyeS thf' Bnl'llf't quadran):!]t> at all I:"lpvation of (),,)O feet. 
The CretHt'eou8 hills to tlw llorth do uot ]'i~(' H1u('h nhove 1;';00 
ft'el-a dillf'l'pnce of SOO feet. 'Vhen meHsllrcd frolll the gf'll
f:'rfll If'vd of' the surrounding country (lifferenees of elevfltioll 
do not gellemlly ex('eecl from 400 to nou feet, a ycrtield 
whieh tlw tel'1Il 1l101111lU-tn:-;, :-;jpep llI](lrllg'ged 
the 

Tlw area inc·luderi in tlH'sP quadrangle" 
fOllr units-the lmsill on nrC-Ulmo,",,,,, 

IllflSSf',-i withill tilt' 
tht plHteau Oil PalpoLoi(' foeki".; 'llld thl:" 
Cl'ctaC'{,()1l8roeh, 

Pw-Cambrial/ b({.~iil,-TIH-' tllOi".t cabllnl ob~el'\t'r of t.I11· 
hroad nill(',\' of Llano llinT will hf' with iti". ha8in-
like forlll, From sueh an ('lllillPTl('e liS 

l.lflllo, a broad rolling pbin 
north, lind f".ollth, iuterrupted 
f'Il('irdetl II scarp of Paleozoie rock", 

Hre eneolllltel'f:'(1 in 
minor 

i"otreleh 
of territory. the "hallow ba"itl i;:; lllain]" H of ero:::;ioll in 

pn'-'Au'", cu",,, lawl Sl1rfilCc. The sleps in thc dCH'lo]llll('nt 
thi" hasiu will be (lisf'ussed morc fully uwler" Physiographic 

mOimtaillOU8 ma8·k:8 'il< tlu' basin.-
The irrcgularities withill thib arca nre of two 
type,,;-(u) :mdl mountain-like ele\Tlltions ns Hiley, Packswl(llt-, 
Putnam, Ilou!:l(-', and 8moothingiron 1ll0untaim1; and (0) slleh 
heights as the of hills west of Oxford :-lIHI northeast of 
Babyhead the mllTl,V isolatlOil hills nort.h :-111tl i"oouth of 
Llntlo. These eminences are all more or less modified }lflrt6 of 
a pre-Cret:lef:'ous crosion 6Ilrfiwf', redueed rmnnalltf'( left 
by the erosion which formf''} the ba"in. 

The first type is chnrnetf'rized tnhle-like onlliw-' 
formt'(l hy a f'ilpping of Ilearl)' beds, wit.h stef'p 
marginal SmootJlingiron Mountain, in the nortlnw"t-
t-'rn part of Lhtno qna(lran,!!ie, and Rilpy :JIollnlain in the 
~ouLhern pnrt, nre The lllilin llWI::lB of Hmoothin,!!-
iron i\Iountain exknd" a north-south direction ahout 1~ 
lllilt',,; und has a mnxiuHlTll width of abollt threc-fourths of fl 

milf:', The mountain riscs il-OO ft't't from the 
floor fIt its TtH fiat top i" 

of the Camhrian f'(Hndstone (IJiekonT ). Riley l\lollillain 
awl itfo! soothei'll pxwmion, Ct'dal' :\Iollll;aill, forn; a tablt'-liklO 
Hllli"oS about Hi mill's long- and s8\·t"ral miles Hcroo;" at it" wide:,,;L 
point, well abo\"(3 the "ItlTOlllldillg (·()Ulltl'y. Il is 
fortlwu by Camhrian btrntll. Both of tbese 
rtIollntain masse6 :-l1'e broken hy faults and folds whieh, as will 
be pointcd out at :-mot.her placp, lwye had an import.:-mt bellring 
on their formation. 

The i"oeermil monntain type is eharadnizf:'d 1Iy IlHltnrely dis
seried mountain g-l'on]'s H1l(1 h,Y isobted flsynlllwtrie cOllelike 
hills whieh risf' abruptl,\" from the snrroundinp; pl:lin. Suell 
fornlfl arc Hobson 'fountain, the disseeted group of 
hills in thc south-ccntral part of Llano qnadranf!,le, lind 
the mOnlltflin g;rolll) in the \'ieinity of RabylH:'ad. Sharp, Fox, 
King~, Bullhearl, Hnd "Vakil mountains and Ellchalltt'rl RO('k 
(PL'X) are liki-'wi8e ofthiB typP. The Rlopes of tlwse hillf" fire 
-ill most placeB i·Jeep, and their SUrTlmits are either ph:Jrp ridges 
or points, It. seems pl'obahle that thf'slO eminences haYl' heen 
rather recently uncovcred by the reOlo\'l11 of Cambrian strata, 

Plalelw all Palco,"w'ic roch,-Encirelin).{ the prt'-Clllllhrinn 
basin jnst dt'i"oC'rihetl is a more or less mfltuJ'ely disserte(l 

a surfitee cut. ill Paleozoie rorks, This uplmHl is 
hy Hn irregular seHrp, a marked topo-

graphic of the 'lame rhara('t8r as the 
Hearp'l surrounding t.he 
T t owe~ its position to erosion 
struetnral signiilealh'e will he ill Hllothcr plnce. 
\VhlOn approaehed from thc plHins below it appear::;:; as a more 
or le~~ steep mounblin flank, hilt. when '::lUl'tnoulltf'd its trlle 
(,!llIrH(~ter iB fit. oncc apparent. 

The northern part of the Llano qnadr:mgle lips within this 
plateau, tllf' western port,ion of which is a rolling plnin, hevolll-
in?: morE' hroken and irregular to the toward Colorndo 
River. Ellst and southenst of this ri,'er the is maturely 
(li'l-;eeted, though on the southern horder the Burnet, quatl-
mng-Ie its platellu-like form is partly reassmned, 



These differences of dissection which in detail are imner
ceptibly merged are clearly evident when separated fj,reas are 
examined. The extreme northwestern part of the Llano quad
rangle, for example, compared with other portions of the 

I plateau, is almost flat. In the northeast corner of the Llano 
quadrangle dissection has proceeded further, producing numer
ous low rounded hills. In the northern part of Burnet quad
rangle, along the Colorado, steep canyons are developed and the 
conn try is in every way more rugged. 'rhis sharply dissected 
portion does not continue southward. In UlC region southwest 
of Burnet only a rollin,?: remnant of the plateau remains, rep
resented by Backbone Hidge and its northeast extension. 

Edwards Plaieau.-The territory underlain by Cretaceous 
rocks, topographically considered, is a~l a dissected portion of 
the Edwards Plateau, and is confined in the main to t.he east
ern half of the Burnet quadrangle. The remnants of the 
plateau level formed by tbe Edwards limestone extcnd as a 
number of ridges in a northwest-southeast direction from the 
town of Burnet. Within this Cretaceous territory nearly flat
lying rocks produce a distinct topographic type-be,?ched and 
terraced slopes, conical hills contoured by hard and soft beds, 
and wide stretches of smooth, grass-covered plains. (See P1. 
XI.) The extreme southern portion is maturely, dissected, 
thou.c:h here also the nearly horizontal attitude of the alternat
ing softel' and harder layers results in forms of e~treme regu
larity. The relief in this portion is considerablc, being greater 
than in any other part of the Cretaceous area. 

The whole of the Llano quadrangle and about two-thir.ds of 
the Burnet quadrangle is drained by Colorado River and its 
tributaries. The northeastern third of the Burnet quadrangle 
drains into tributaries of Brazos Uiver, the chief of which 
are North Rocky Creek and the forks of San Gabriel River. 

Colorado River.-Colorado River is a perennial stream 
rising northwest of this region on t.he flank of the Llano 
Estacado and flowing into the Gulf of Mexico. It enters the 
Burnet quadrangle near the northwest corner and flows south-:
ward and eastward ,in a series of winding curves, leaving the 
quadran~Ie near the southeast corner. For the first 7 or 8 
miles of its course in this area the river bas cut deeply into 
the Ellenburger limestone, forming precipitous bluffs along a 
portion of this section. Passing through the canyon-like 
stretch by a series of rapids and quiet reaches, the stream, after 
crossing Cambrian strata for a few miles, enters the pre
Cambrian basin, through which it meanders past generally 
low banks. Where it again flows upon Ellenburger limestone 
and then upon the Carboniferous rocks, .however, in the south
eastern part of the quadrangle, another canyon-like st.retch is 
developed, and at Marble Falls the river descends 25 to 30 feet 
within a short distance. In this portion of its course, where 
the river crosses areas underlain by shale, it has a relatively 
broad flood plain. 

Colorado River falls in its journey of about 70 miles across 
the quadrangle from an elevation of approximat.ely 1025 feet 
to one of 650 feet. This gives a total fall of 375 feet and an 
average grade of nearly 5.4 feet to the mile. Its volume of 
fIow varies through a wide range, and the stream is known and 
feared for its sudden TIses or Roods. At. low stages of water 
the Colorado occupies only a portion of its bed, but during 
periods of high water it becomes an impassable, raging torrent.. 

The more important tribu,turies of the Colorado from the 
east and north are Deer, Beaver, Morgan, Sparerib, Hamilton, 
and Cow creeks. From t.he west and south, besides Llano 
River, the la.rgest tributaries are Fall, Campground, Rearock, 
Sandy, Pecan, Slickrock, Flatrock, and DOllblehorn creeks. 
Sandy Creek, which flows eastward and joins the river in the 
Burnet quadrangle, drains the southeastern part of the Llano 
quadrangle. 

Llano River.-Llano River enters the Llano quadrangle 
ncar Castell, flows eastward across the quadrangle, and joins 
the Colorado_at Kingsland. The stream is perennial, though, 
like t.he Colorado, subject to wide fluctuations in volume. Its 
course in this area lies entirely within the pre-Cambrian basin, 
and it dp,scends by a series of deeps and shallows, due to the 
variable hardness of the rocks over which it flows, from an 
elevation of 1200 feet near Castell to one of 800 feet at its 
mouth. The river carries a heavy burden of sand and during 
low water occupies only a part of its channe1. Its flood plain 
is limited to narrow strips along its course. 

Its principal tributaries from the, north are Little Llano 
River and Elm, San Fernando, Johnson, Pecan, and Mitchell 
creeks. On the south the larger streams are Hickory, Bull
head, Sixmile, Flag, Oatman, and Honey creeks. 

SUDsidirrry dminage.-For convenience in pointing out the 
salient features the smaller streams of tIle region may be 
grouped with respect to the geologic age of the rocks over 
which they flow. The ,streams in the area of pre-Oambrian 
rocks owe their character both to the nature of the rocks and 
to,tht:;l ma.turityof the erosion which has taken place. The 
pre-Cambrian area,' as has been stated, is -a broadly eroded, 
shallow, and plainlike ,basin. , The" .streams, within it are 
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characterized by broad, open valleys and moderate gradients 
and are generally overloaded with waste. In most of these 
streams little or no water is visible during much of the year, 
especially in seasons of light rainfall, and the slowly moving 
currents can be found only by digging through a variable 
thickness of sand. The streams rise rapidly during torren
tial downpours but soon fall again and disappear beneath 
the sand. During protracted droughts even relatively large 
streams, such as San Fernando Creek, Johnson Creek, Sandy 
Creek, Hnd others of their type, become parlly or wholly dry. 

Many of the st.reams flowing in the areas underlain by 
Puleozoic rocks have more sharply cut valleys than those just 
described and are -apt to flow for longer periods on account of 
the more general prevalen.ce of perennial springs in these areas. 
Deer-Creek, Beaver Creek, and Morgan Creek, for example, 
ha,ve, along their lower or middle reaches, rather steep walled 
canyons cut in more or less horizontal limestone and are fed 
by springs at several places along their courses. Unlike the 
streams of the basin area., these streams are generally actively 
cutting hut are often limited in the dissection which they can 
accomplish' by a scant.y supply of water. (See PI. VII.) 

Most of the streams in the areas of Cretaceous rocks erode 
their channels when water is supplied by abundant rains. The 
vallcys of mallY of these streams, especially in the southeastern 
portion of the area, where the plateau is rather sharply dis
sected, take the form of walled canyons, on account of the flat
lying, alternating hard and soft limestone layers which here 
make up the Cretaceous stmta. Back from these bluft's the 
valley sides slope away more gently, being cut as with a lathe 
into terraced subconical hills. It may be said in general of the 
minor streams that their flow is more or less intermittent and 
directly dependent on a fluctuating and rather meager rainfall. 
Exceptions are Cold Creek, Little Llano River, Hurley Oreek, 
and a few other streams fed by strong springs. 

In the northeastern portion of the area, a region removed 
from the stimulating eft'ects of the Colorado drainage, the relief 
is more gentle and the streams are characterized by relatively 
broader and more open valleys. 

Springs. - Almost all the springs are situated in areas 
bordered or underlain by Paleozoic rocks. They are especially 
abundant along t.he outcrop of unconformities and are also 
localized by such structural features as faults. In addition 
they occur at other horizons in the Puleozoic sediments. 

Of the .springs associated with a definite horizon, the most 
numerOIlS perhaps are those at the basal contact of the Cam
brian strata. These springs owe their origin to downward
percolating water reaching and flowing along the relatively 
impcrvious pre-Cambrian floor. Where the unconformity cuts 
the surfaee, as at the foot of thc scarp surrounding thc pre
Cambrian basin, this underground flow issues as springs, most 
of which are of excellent quality. 

Springs occur also, perhaps in as great numbers as those just 
described, at or nea~ the base of the Ellenburger limestone, 
which is an especially favorable horizon for their formation. 
The overlying Cambrian and Ordovician rocks, being wholly 
caleareous, afford many opportunities for water channels to 
develop. The water, working its way downward, reaches the 
practically imperviou& beds of the Wilberns- formation and 
must perforce flow laterally. If opportunity is afforded, as 
along scarps or in stream ~anyons, it issues as springs. 

Fault planeE, too, have playcd an important part in the 
localization of springs. Cold Creek and Little Llano River 
are instanccs of streams fed by springs which owc their posi
tion to fault planes acting as barriers to underground flowage 
and at th~ same time permitting water to rise along these planes 
under more or less head. West of Burnet, at the fault contact 
.of the Hickory sandstone with the Ellenbur!!er limestone, the 
same condition exists. \ . 

In the Ellenburger and also in the overlying Carboniferous 
limestone springs occur at favorable localities,_where water from 
channels that have formed in the easily dissolved limestone 
finds egress to the surface. 

CLIMATE. 

The uncertainty of rains renders more or less precarious the 
maturing of crops, and, although the droughts cause serious 
injury to cattle owners, the small farmer is the grcatest sufferer 
dl1l'ing such periods. An average of about 20 inches of rain 
faUs during the year,a the heaviest precipitation occurrin~ in 
the spring and fan. The region is rarely visited by snow, but 
destructi ye hail storms are not uncommon. High temperatures 
at midday, ameliorated in tile spring and faU by cool nights, 
are the rule for half the year, but during the winter cold rains 
alJ-d winds from the north, commonly termed ",northers," add 
seyerity to the season, When grass is pleq.tiful, howevel', stock 
does well without shelter. 

VEGETATION. 

On the rolling plains of Llano County mesquite, persimmon, 
several varieties of thorny bushes, and (1!.cti of various types 

a.SUInlllaryof the climatological data for the United---Stat('s; by sections, 
U. -So Weathei13ureau, 1908> 

abound, giving to the landscape a semiarid aspect. . Many 
varicties of grass aft'ord good pasture for herds, and along 
stream courses there are numerous deciduous trees, oak, gum, 
elm, pecan, and cottonwood being the more important. The 
cutting of cedar, which abounds on the slopes and tops of 
ridges in the areas underlain by Paleozoic limestones, has been 
carried on for years. Post oak and blackjack are the dominant 
woods in areas underlain by granite, though these trees with 
their associated types, live oak and shin oak, are well dis
tributed over much of the region. 

The rolling grass-covered plateau, stretching north ward for 
miles in San Saba County and northern and northeastern 
Burnet County, affords gra,zing land for large flocks of' sheep 
and herds of cattle. 

DESCRIPTIVE GEOLOGY. 

PREVIOUS WORK. 

Before the detailed account of the geology of the Llano
Burnet region is given, reference should be made to the results 
obtained by earlier workers. Theodore B. Comstocka gives a 
brief and concise account of the results accomplished in the 
region prior to his studies, and it is not advisable to repeat 
such an account here. It is sufficient to mention the names of 
B. F. Shumard, J. W. Glenn, Frederick Roemer, ArUmI' 
Schott, S. B. Buckley, A. R. Roessler, W. E. Hidden, Robert 
T. Hill, Ralph S. Tarr, and Charles D. Walcott, all of whom 
contributed to the knowledge of the region. Inasmuch as 
certain important conclusions announced by a number of the 
earlier writers, especially by Comstock, are at wide variance 
with those reached by the author of this folio, it is necessary 
to state clearly the more important differenC€s. 

B. F. Shumard b made valuable contributions to the knowl
edge of the region by measuring a number of sections and 
making important collections of fossils. His work, with a few 
exceptions, was excellent as far as it went. He gave the fol
lowing section at Morman Mill: 

Section at Morman Mill, 'j'e:v. 

1. Massive beds snbcrystalline calcareo-magnesian lime
stone. variegated with brown and purple and forming 
l'Ough'clift's ________ . ___________ 2110 

2. Gr>\y micaceous sandstone made up of fine grains 
cemented with a.rgiIlo-calcareous matter, ____ _ 

Shumard considered the limestone of this section as part of 
his Calciferous sand group and the sandstone as Potsdam. He 
therefore did not recognize the fa.ult\t,t that place. (See PI. III.) 
The limestone is mapped in this folio as the Ellenburger lime
stone, of late Cambrian and early Ordovician age, and the saud
stone is regarded as a lentil in Carboniferous shale. Again, 
though Shumard seemed to recognize that his basal sand!:!tones 
were <f based on granite," he appears to have regarded. at least a 
part of the granite as intrusive into Paleozoic beds, for he 
speaks of these beds as being "highly metamorphosed near the 
granite." No evidence of post-Cambrian intrusion was noted 
by the author of this folio, and the lowest Paleozoic beds were 
invariably found overly~ng intrusive rocks of' the pre-Oambrian 
complex. 

Charles D. Walcott C states that the base of the rocks of 
Potsdam age rests unconformably on a great formation that is 
stratigraphically the equivalent of Powell's Grand 'Canyon 
series (U nkar 'and Chuar groups). For this series of pre
Potsdam strata he- proposed the local. name Llano group. He 
says: "Massive reddish-colored sandstones !I:'st on alternating 
beds of shale, sandy shale,' sandstone, limestone, and schist. 
The strata exhibit but little evidence of metamorphism, being 
indurated but 'little more than the beds of the overlying 
Potsdam and Carboniferous." On the same page he says: 
"Across the valley of Honey Oreek, 4' miles west of Pack
saddle Mountain, the strata of the Llano group have been more 
metamorphosed, plicated, and bro1>:en by intrusive dikes 
of granite." 

The Llano series has proved to be a completely metamor
phosed series of schists, marbles, and gneisses_ and can be 
classified as Algonkian in contradistinction to Archean only on 
the -Very broadest evidence, such as tIle preponderance of 
metamorphic sediments over igneous material. Roessler's 
description of these rocks as granitic, !1letamorphic, and igneous 
was therefore concise and, possibly except for his reference of 
the series to the Archean, correct. 

Lack of space prevents individual discussioll of all the state
ments made by Comstock \vhich are now considered to' be 
misinterpretations and to be readily traced to a few broad mis
conceptions, as noted in the succeeding paragraphs. 

1. He did not recognize in full the nature of the uncon
formityat the base of the Cambrian and did not sufficiently 
consider the unevenness of the floor of' deposition and the con
sequent variations in the texture arid ,composition 'of the beds. 
deposited on it. 

aFirlrt AnD. Rept. Texas Geol. Survey, 1889, pp. 239-:.n8. 
b The primordial zone of .Texas, with descriptibns of new fossDs; Ani. 

.Tour. Sci., 2d ser .• vol. 82, 1861, pp. 218-221. .. 
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2. Though he seemed to recognize the presence of faultingJ 

he did not use this knowledge to explain· the presence of con
temporaneous beds in apparently illogical positions. 

3. He connected granitic intrusion (of pre-Cambrian age) 
with movements due to faulting (of post-Paleozoic age). 

4. He did not recognize the danger of correlating pre-Cam
brian schists over distances as great as from Canada to Texas. 

5. He recognized "trends" and unconformities in the pre
Cambrian but failed to delineate any such divisions. 

6. He was misled into making statements regarding the iron 
ores of the region because of his misconceptions regarding the 
pre-Cambrian structure.and stratigraphy. 

Each of these points will be very briefly discussed. 
1. Comstock divided the strata which he assigned to the 

Cambrian into three series-the Katemcy (Upper Cambrian), 
the Riley (Middle Cambrian), and the Hickory (Lower Cam
brian). He says in describing his Hickory series: 

Whenever I have seen good contacts of the Cambrian with the 
Texan strata [one of his pre·Cambrian divisions] and in many ca.&eti 

where the granites directly underlie the Cambrian, there is a set of 
beds which differ from the typical Potsdam sandstone. In every case 
in our region in which the upper contact of the terrane can be deter· 
mined there is an unconformity, although this is not always detected 
by casual observations. * * * Probably the best outcrops of the 
lowest member of the series are those in the neighborhood of House 
Mountain in the valleys of Hickory Creek and its tributaries, * * * 
in many other p]aoos, as at the summits of Smoothingiron, Fox, Town, 
Sandstone, Sharp, Packsaddle mountains, etc. 

These basal beds which Comstock describes are geologically 
contemporaneous with all the basal Cambrian beds of the region. 
Their varying altitude is due partly to faulting and partly to 
folding, as in Smoothingiron Mountain. or to an original 
unevenness in the pre-Cambrian floor. The unconformity at 
the top of his Hickory series to which he calls attention has 
never been observed by the writer. 

2. In describing his Riley series he fails to recognize the 
structure at the east end of Packsaddle Mountain, where faulting 
has dropped the western portion of the mountain with respect 
to the smaller eastern portion. He does not recognize the fact 
that Smoothingiron Mountain owes its relative elevation to a 
down thrown block. to the east and that the beds exposed on its 
summit are equivalent, where faulting has not cut them out, to 
those forming the base of the scarp to the northeast. 

3. On page 286 he says: 

On the top of Sandy Mountain * * * this Hickory layer has 
been considerably altered by heat so IlB to exhibit in different parts 
a gradual transition from above downward, between the compact 
massive sand rock and a rook which most lithologists would caJI a 
granite. Similar conditioIl8 exist on Sharp Mountain, House Moun· 
~n, Smoothingiron Mountain, and elsewhere, but not on Packsaddle 
Mountain. * * * It seems clear that the pulsations of the granite 
magma produced several broad folds in the Hickory strata, leaving 
certa.inly two great synclinal basins to be afterward partly filled by 
the later Cambrian sediments. 

He could not therefore have observed accurately the nature 
'of the granite intrusions, as is also shown by the following 
statement on page 259: 

Most of the exposures of granitic rooks in direct contact with the 
Potsdam sandstone and later strata are of different character from 
the Burnet&n gneiueEI * * * and the:tr relations to the overlying 
beds show that their eruption has been later than the deposition of 
the capping material. 

The writer found no instance of contact metamorphism in 
any post-Cambrian beds, nor was any intrusiye into these beds 
noted. Moreovex" the basal .C~mbrian beds in many places 
contain fragmenta of the underlying igneous rocks. 

4 and 5. Comstock divided the rocks he called pre-Cambrian 
into an Archean and an Eparchean system; the former contains 
two unconformable groups and the latter a third group. Each 
of his ArChean groups he divided into three tleries and his 
Eparchean group he alBo divided, inte three series-nine series 
in all. It is impoasible to follow his distinctions, nor were such 
structures observed by the writer as would warrant any such 
detailed division. Though the danger of making long-distance 
correlations has been recognized for many years, nearly all his 
divisions are compared or correlated with Canadian or other 
distant occurrences. 

6. In directing attention to prospecting for .iron ores he lays 
too ~uch stress on the presence of bands of red soil as favor
able indications and in a mapa he shows a series of straight 
lines, 'or "trends," of econQmic im,portance, which do not 
I:epresent any structures observed by the writer. 

DESCRIPTION OF THE ROCKS. 

The Llano-Burnet region lies within and is nearly surrounded 
by th.e . lowermost :Cretaceous rocks. Within the depression 
which ~orms~this region ancient crystalline schists and granites 
are exposed and upon them ~ deposited unconforma~ly Cam
brian, Ordovician, and Carboniferous strata. The Lower Ore
taceoUB rocb.-lie.-as a ,blanket over, these older strata except 

w~e~ tl~~y ~y; ~ee~ r~~,?,Y~ by ~~~i:on. 
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OOMPA&tsoN WITH OTHER REGIONS. 

As the rocks exposed in this region represent geologic time 
intervals ext.ending from possibly the earliest recorded sedimen
tation to a relatively.recent geologie date (the Cretaceous), it 
may be well briefly to compare the nature of the pre-Cambrian 
complex and the broad characteristics of the Paleozoic section 
with those of the rocks in similarly denuded areas in neigh~ 
boring regions. Such areas are found in the Ozark, Arbuckle, 
and Wichita regions to the northeast, in the El Paso and Van 
Horn quadrangles to the west, and at many localities in 
Arizona and New Mexico. 

On comparing the central Texas region with the areas to the 
northeast marked differences, both in the pre-Cambrian and 
Paleozoic rooks, are at once noted. In central Texas the pre
Cambrian complex is made up largely of schist and gneiss, 
much of which is of undoubted sedimentary origin. In the 
Ozark region and in the Arbuckle and Wichita mountains the 
pre.Cambrian rocks are wholly igneous, granite, granite por
phyry, and some gabbroic rocks forming the floor on which the 
basal Paleozoic beds were deposited. An examination of the 
Paleozoic column reveals also wide differences in the sedimentary 
record, that of central Texas showing great gaps that represent 
intervals of time during which deposition was not taking place, 
or areas where erosional unconformities have been produced. 
In the Arbuckle Mountains the Upper'Cambrian, Ordovician, 
Silurian" Devonian, and Carboniferous (Mississippian. Penn
sylvanian, and Permian) are represented. In the central 
Texas re~ion the late Cambrian and early Ordovician rocks are 
decidedly thinner than to the northeast, and part of the 
Ordovician. the Siluriap. and Devonian systems, and the Miss
issippian and Permian. series are lacking. In the Wichita 
Mountains of Oklahoma much the same sequence as in the 
Arbuckle region is believed to exist beneath the overlapping 
Permian red beds, which cover a part of the Ordovician, the 
Silurian, the Devonian, and a part of the Carboniferous strata. 

The sections in southwestern Texas also show striking differ
ences from those of central Texas. The pre-Cambrian rocks 
of the EI Paso quadrangle have been divided into a lower for
mation composed of 1800 feet of quartzite and a rhyolite 
porphyry flow 1500 feet thick resting on the quartzite. On 
this rhyolite flow were depceited the basal beds of the Cam
brian system. In this region, moreover, post-Carboniferous 
granite intrudes the Paleozoic formations. In central Texas 
there is no post-Cambi-ian granite. In the Van Horn quad
rangle, 60 miles east-southeast of the EI Paso, metamorphic 
rocks probably similar in type to those of central Texas are 
reported to occur in the pre-Cam brian complex. In the Paleo
zoic section the most. marked differences lie in the presence in 
the EI Paso quadrangle of Upper Ordovician and Silurian 
rocks. As in th.e central Texas region, however, Devonian 
and Mississippian strata are absent. The sequence represented 
in the Van Horn quadrangle is perhaps, of all those under 
comparison, most simi~r in a broad way to that of central 
Texas, for Silurian, Devonian. and Mississippian rocks are 
absent and the Pennsylvanian series is represented. It is true 
that the Van Horn area contains Upper Ordovician rocks, 
which are not found in central Texas, but it is very probable 
that the upper part of the Ellenburger limestone of central 
Texas is equivalent to a portion of the EI Paso limestone of 
the Van Horn quadrangle. The Van Horn area differs dis.,. 
tinctly, however, from the central Texas region in containing 
a thick series of rocks which carries a fauna not found else
where in America, having Permian affiliations, and· named 
Guadalupian by G. H. Girty. 

AWONKiAN (?) ROCKS. 

SUBDrvISIONS AND GENERAL DISTRIBUTION. 

Four principal subdivisions of the pre-Cambrian 'rocks have 
been recognized ~n mapping this area-(l) the Valley Spring 
gneiss, which includes acidic gneisses, quartzite and its deriva
tives, light-colored mica schist, and bands of wollastonite, with 
S01)1e bands of dark basic schist j (2) a series of dark-colored, 
predominantly basic rocks called the Packsaddle schiSt, , com
prising amphibolite, graphite and mica schist, limestone, and 
basic intrusiyes (some intrusive granite is mapped with each of 
these formations); (3) a very coarse gmined pink granite which 
could not be separately mapped in some parts of the area; and 
(4) all the remaining granitic rocks, including a number of 
varieties. These are aIr regarded as probably of Algonkian 
agee The Valley Spring gneiss and the Packeaddle· achist 
together compose the Llano series. In addition to th~ major 
distinctions. bands of crystalllD.e limestone and wollastonite 
hav€ been separately mapped wherever' possible. The out
crops of a quartz porphyry of peculiar type, locally termed 
opa~ne granite, a mass of serpentine (altered peridotite) near 
Oxford, a mass of metadiorite, and a felsite dike east of Click 
have also been mapped separately. , 

The areal distribution of the gneisses and schists is depen- \' 
dent primarily on their major structural relations but is 
modified by igneous intrusion. The major axes of folding 
have' a general northwest-southeast trend, but the· continuity, of 

the formations is broken by faulting and by intrusive granite 
masses. There are two major. anticlinal axes, one passing 
through the center of the mountains just west of Oxford, the 
other extending from Packaaddle Mountain northwestward to 
a point west of Babyhead. Between them lies a major syn
clinal axis, which passes a short distance west of Llano. This 
broad ,ynclinal belt i, occupied chiefly by the Packsaddle 
schist; the anticlinal axes are marked by areas of the Valley 
Spring gneiss. The Packsaddle schist overlies the gneiss and 
therefore, where the relation is not disturbed by granite masses, 
is found on the eroded flanks of these great folds. The major 
axes of folding do not represent a simple structure, for minor 
folds, some of which have been recognized, are superimposed on 
the major folds, and local complexities of structure are numer
ous. The thickness. of the gneisses and sChists has not been 
determined. 

Llano series is the !,lame applied to th~ metamorphosed series 
of schists, marbles, a~d gneisses which repl'{'Bent the pre
Cambrian sedimentary rocks of this region. ,The series, which 
is tentatively regarded as. of Algonkian age, is divided into two 
formations, the Valley Spring gneiss and ,the Packsaddle schist. 

V ~LBY SPRING GNRISS. 

Definitwn.-The name Valley Spring-gneiss, which is given 
to the lighter-colored series of metamorphosed pre-Cambrian 
sedimentary rocks. was first applied by T. B. ComstOcka to one 
of his pre-Cambrian subdivisions. The teri::n is redefined by 
the author of this folio, and its use strictly limited by the 
geologic interpretation herein set forth. The type locality is 
Valley Spring, in Llano County. . 

The mapping of this formation was attended locally by many 
difficulties, partly in separating it from the Packsaddle schist 
but chiefly in distinguishing it from granitic intrusions, which, 
especially if slightly schistose. in many places closely resemble 
the light schists of the Valley Spring gneiss and in some places 
have been mapped with this formation, though not considered • 
to be a part of it. As the contacts are exceedingly irregular, 
the boundaries shown on the map do not, in all places, 'defi
nitely separate distinct formations but rather indicate changes 
in the dominance of rock type. In a region where there are 
all gradations from pure granite to pure schist and where 
molten magmas have intricately interleaved and in many 
places have fairly impregnated a rock mass, generalized boun
daries such as have been used are necessary to express the 
geologic facts. In many other places, however, the boundaries 
are sharp and definite,. but it is not practicable to discriminate 
these on the map from the less definite ones. In a.ddition to 
the difficulty above noted there is evidenee that older gneiBseS 
of igneous origin are associated with the schists and gneisses of 
sedimentary origin. 

Distributwn.-The Valley Spring gneiss. fUr has been said, 
underlies the Packsaddle schist and structumlly occupies the 
major anticlinal axis. 

In the Llano quadrangle, therefore. two broad bands more 
Or less interrupted by granitic intrusions are well defined. One 
extends from Pontotoc. near the northwest corner of the quad

'mngle, southeastward to Sandy Creek, a few miles south of 
Oxford. This band, with its inclusions of granite, is about 15 
miles wide in its northwestern portion. but narrows to 3 or 4 
miles at its south end and at the nose of a steeply pitching 
anticline sinks beneath a band of Packsaddle schist which is 
broken by a granite mass. 

The second area. about 7 miles wide at its north end, extends . 
from the region ~t of Magill Mountain in a narrowing band 
to a point just north of Packsaddle Mountain, where again a 
pitching anticline carries the formation below the Packsaddle 
achist. 

A third small area whose' structure is ill defined, though 
probably synclinal, lies south of Castell, near the western border 
of the quadrangle. 

The formation is exposed in the Burnet quadrangle north
east of Long Mountain. Here the aspect of considerable areaS 
suggests granitic gneisses and here, also, the structural relations 
are obscure. 

Gharaefer.-The Valley Spring gneiss is dominantly light~ 
cOlored and pinkish toned and comprises feldspa·thic and
quartzitic schists, quartzites, wollastonite bands, granular aci~c-
gneisses (see PI. II) and rare amphibolitic portions. _, 

The light-colored portions are as a whole more or. less 
schistose, are sugar-granular or aphanitic in t,exture, and are 
in many places distinguished with difficulty from rocks which 
may be granull,tr granitic gneisses. These granular ph88€S are 
in places intensely plicated or contorted and apparently have 
passed through severe pressure and heating. The quartzites are 
light-colored, fine-grained, recrystallized equi valenta. of very 
quartzose sediments, aud the amphiholites are not materially 
different from those in the overlying Packsaddle schis~. Th~ 
wollastonite bands are metamorphic equivalents of limestones 
and present the same structural relations. 

"First Ann. Rept. Texas 660L SUrvey, 1889. 



The broadest and perhaps moat marked distinction of the 
rocks of this formation from those of the overlying one is their 
more massive character. This difference is more apparent 
when the formations are compared as wholes, rather than in 
individual small areas. A study of areas occupied by this for~ 
mation leaves the impression that a thick series of sediments 
of rather uniform composition has been subjected locally to 
intense granitic intrusion and metamorphism, in a zone where 
rock flowage and minor folding have been dominant. The 
dark Packsaddle schist as a whole does not present the massive 
appearance characteristic of the Valley Spring gneiss. 

Petrography.-Below are given the results of the microscopic 
examination of 8 number of specimens of the Valley Spring 
gnei88. 

Megasoopic Dharacter.-Finely banded sugar·grained pink and bIaek 
gneiss. Bands one·sixty·fourth to one·fourth inch in width. 

Microscopic Ma1"acte1·.-Pota.ss1c feldspar, more or less altered, and 
quartz about evenly divided with feldspar. Biotite (altered to chlorite in 
part) in linear arrangement. Little calcite. Little apatite. 

Megaacoptc oharaotM.-Nea.rly white aphanitie sohi8t. Banda of quartz 
separated by 1-inch to i-inoh aphanitic bands. 

Microscopic chaf"actef".-Fine-g:rained granular qna.rtz and microoline, 
the former much in exceM. Feldspar much altered. Little muacovite. 

QuarbI-fel.daparloOh1et. 

Megaacopic ckaractef".-Plnk, flne sugar-grained rook with only slight 
schistosity in hand specimen. Flecked with small, evenly distributed grains 
01 magnetite. 

M4of"08COpio oharactef".-Altered microeline dominant feldspar. Little 
albite-oligoclaBe. Quartz abundant, though less than feldspar. Few Oakes 
of biotite. Magnetite acattered. . 

gurta--flllidapa..,.., ..... t. 

Hegaac0jJ40 ckaracter.-Even·toned pink flne-grained rocks. Banding 
brought out by quartz and feldspar tuTanged jn lines. Fine dust of mag
netite, little muscovite, and little garnet. 

HW1"08coptc ckaf"acter.-Holoerysta.lline grains of quartz, potash feldspar, 
mostly mioroollne, and abundant muscovite. Approximate composition: 
68.6 per oent SiOa, 16 per cent Al.08 , 11 per cent K,O, 1.48 per cent Cao, 
i per cent magnetite. 

.Definition.-The dark-colored selies of metamorphic rocks is 
named the Packsadddle schist, from Packsaddle Mountain, 
which crosses the line between the two quadrangles and at the 
base of which the rocks are well exposed. The name was first 
used by T. D. Comstock,a for the same rocks, bnt in this folio 
.it is redefined and limited strictly in usage according to geologic 
principles as now understood, to include mica, amphibole, and 
graphitic schists and crystalline limestone. Some lighter
colored, more feldspathic bands, resembling quartzites, are 
included. There are also intrusives of diorite and gabbro, 
older than the granites and found locally in considerable 
amount. They have been separately mapped in only one 
locality, in the southeast corner of the Llano quadrangle and 
the southwest corner of the Burnet quadrangle. Elsewhere 
they have been included with the Packsaddle schist, though 
they are not a part of it. 

DistrWutWn.-As the Packsaddle schist overlies the Valley 
Spring gneiss and as the major axes of foldiQ.g determine its 
distribution, it flanks the major anticlinal folds and occupies 
major synclinal areas. A broad band passes nearly centrally 
in a northwest-southeast direction through the Llano quadmn
gle and divides northwest of Riley Mountain, one portion pass-
ing westward around the nose of the western anticline, the 
other portion p8S8ing southeastward into the Burnet quadran~ 
gle and likewise swinging around the nose of a major anticline. 
These two divisions both pass again northwestward, the western 
one terminating near Llano River and the eastern one extend~ 
ing in a nalTOW interrupted. band to the headwaters of Little 
Llano River, where the formation passes beneath Paleozoic 
rocks. 

In the Burnet quadrangle small areas of Packsaddle schist, 
Whose structural relations are not clear, are found west a.nd 
northeast of Long Mountain, and in the southwest corner of 
the Llano quadrangle there are small areas in which mnch 
granite has disturbed. the rocks. North of Llano River, just 
southeast of Rough Mountain, there is an isolated. area of the 
Packsaddle schist whose structnral relations are those of a 
shallow syncline lying upon the surrounding Valley Spring 
gneiss. 

Oharacter.-As a whole the schists are characterized by an 
excellent cleavage, which in the main coincides with the 
original bedding of the sediments of which they are the meta~ 
morphosed equivalents. 

The graphitic schists contain varying amounts of graphite
locally, it is believed, enough to be of commercial value. A 
microscopic examination of a specimen of graphite schist from 
Cottonwood Creek showed about 60 per cent of quartz, 30 per 
cent of orthoclase, fairly abundant grains of augite, a little 
titanite and apatite, and flakes of graphite lying parallel to the 
schistosity of the rock. The graphitic schist is commonly, 
though not everywhere, closely associated with limesto~e, which 
is developed to varying degrees. There are numerous lime

_ stone b~nds east of Oxford and many more in the region south 
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and west of Llano. These limestone bands are in places inter~ 
bedded. with the graphite schist, leaving little or no doubt as 
to the sedhnentary origin of the carbon mineral. Mica, tour
maline, and quartz..feldspar schists are among the remaining 
types of sedimentary origin. All these rocks contain much 
quartz and are characterized by potash felspar and biotite, with 
occasional pyroxene (augite). The tourmaline schist is an 
exception in not containing feldspar. Magnetite, titanite, and 
apatite are common 8.CCe8Efories. 

Amphibolite schists are fairly abundant and are characterized 
by very little or no quartz. Their origin is a matter· of some 
doubt. As they are interbedd.ed with limestones, a sedi~ 

mentary origin is suggested. It is possible, however, that they 
may represent old flows and sill~like intrusions, for amphibo
lites of undoubted igneous origin are found in the region in 
considerable masses, and in one place a rock transitional 
between a basic porphyry dike and an amphibolite schist was 
noted. 

The following section was measured on the west fork of 
Oatman Creek about 3t miles south of Llano: 

Section of PacksadrUe schist on Oatman areek ean-8outheallt of Backelof" 
Peak_ 

F~' 
Schist with pencl1cleavage___ 1000 
Hidden ___________________________________________________ 400 

Thin-bedded feldspar-quartz ach:h!t; strike N. 40u W., dip 
65c E. ___ ------------------- ___ _ 

Well-banded hornblende schist____ _ 30 
Quartzite (feldspar-quartz schist)_.________ ________________ 1 
Hornblende schist _______________________________ 16 

Thin-bedded micaceous schisL____________________________ 75 

M?~ m~ve micaceous ~hiBt with pegmatite and quartz 
IDJectlOwL_____________________________________ 180 

Graphitic slate achist ______________ ~_______________ 28 
Crystalline limestone ____________________ .:_____________ ____ 24 

Gra.phitic slate schist_ _~------------------ 85 
Injection gneiss__ ________________ 80 
Hornblende schist___ ____ 91 
Fe1dapar-qum-tz Il6hist___________________________ 62 
Weathered. hornblende schI.st__________________ ____ 120 
Thin·bedded mica. schist, massive as a whole____ 60 
Limestone____________________ ____________________ 8 
Graphitio Nate or schiat____ ____________________ 6 
LimestQne_________________________________________________ 4 
Heavy thin-bedded mica Il6hist lull of quartz blebs and 

stringel'l!l_________________ 82 
Fria.blemiaaschist (like pencilllCbfst) ____ 260 
Hidden____ ______________________________ ________________ 40 
Mica sohist ______________________________ 50 
Hidden ____________________________________ 50 

Petrography.-Microscopic examination of a number of 
specimens of the Packsaddle schist gave the following results: 

Megascopw oharaotef".-Whitish·pink, sugar-grained, finely banded roek; 
bands straight and narrow, made by pink and white coIlBtltuents. 
Speckled with magnetite having a slight tendency to follow bands. Rook 
cleavable along bands_ 

Mic'l"oscopic charaoter.-Equidimensional grains of mieroclJne, ortho
clase, and quartz_ Flakes of brownish-yellow biotite and magnetite (uot 
clearly iu banda). Considerable alteration of feldspar. 

Measurements showed 68 per oont of feJaapar and 82 per cent of quartz.. 
which lives 76 per oent SiO.+, approximately 12 per cent AlIlO., and. 
approximately 12 per cent KaO. 

Megasoopic chaf"tlcter.-Fine-grained, a.1most a.phanitic grayish and pink 
banded Il6hist& 

Microscopic chaf"acter.-Even-granular, flne-graJned holocrystalline rock, 
two-thirds orthoclase (altered), one-third quartz. Light-green hornblende 
(partly altered to chlorite). Titanite. About 76 per cent SiO. and. 12 per 
cent AlIO •. 

Amphlbol1te .., ...... t (i). 

Megascopic charactef".-Dark-green to bI8.ck. :finely cleaved schistose 
rock. 

Microscopw charactef".-lIa88 of hornblende laths in a matrix of feldspar 
~d quartz. Abundant grains of titanite. Little ca.loite, little apatite. 

A.Dlphibollte • .,hlat (!~). 

Megascopic charaoter.-Denlle, Bla.ty, almost aphanitic dark-green. to 
black rock showing on weathered snrlace evidence of schistosity_ 

Microscopic {lharacter.-From 50 to 60 per cent of light-green hornblende, 
considerable augite. qua.rtz. and orthoola.se in the :Interstices of the horn
blende laths. Quartz greatly in exce8/J offe1dspar. 

AmphlboUte ." ..... t (8). 

Megascopw clwf"ac"tel·.-Dark-green to bla.ok gl:lttering schist. 
MUf"(Jsoopio oharacter.-Linear arrangement of abundant dark-green 

hornblende laths :In a matrix of microoline and quartz, the former :In great 
excess. Scattered grains of augite_ 

AmphlboUtelDhtat (4.). 

Megascopic chaf"acter.-Dark-green to b1a.ok, very fine-grained gUttering 
schist. 

M40r0soopic character. - Interlocking grains of prillmatie Ught-green 
hornblende evenly tbongh not entirely eqnidim.ensional The little space 
between the hornbleude plates is fllled with quartz. 

Dlot1te-qll~mt..BIoOh1et. 

Megascopic charact6f".-Gray even and flne-gra.ined mroa. BCbist. 
Microscopic chaf"acter.-Even granular quartz, orthoclase, and micro

cline. Abundant biotite in laths pa.rallel to scbistosity_ Some muscovite. 

HioaIllDh1et (1). 

Megascopic ckaracttw.-Gray banded schist. Bands due to linea of pink 
feldspar in general light.gray background. Feldspar Is arranged in lentils 
which produce the bands. Abundaut flne flakes of bl.a.ck mioa. 

Mioroscopio charactef".-Abont equally divided quartz and altered ortho
clue. Abundant biotite in:Iin.elU" pa.ra.Ile1 arrangement Abundant grains 
01 iron oxide. . 

III1DalOlhtat(:a). 

Megasoopt1J eharacter . ....:.Dark-groonish, nearly black aphanitic glauy 
rock showing on surface striations which :reveal its schistose nature. 

Mwroscop4c character. - Orthoclase and quartz in equidimensional 
grains, the former in slight exOO8lL Biotite in fine pa;rallel alignment. 
About 6 to 9 per cent of mica.. 

Megascopic chaf"avter.-Dense dark-blue to black hornfels-like rock, with 
flne bands of quartz showing schistosity. 

Hicroscopio charaoter.-Fine bands ot quartz aud tourmallne. Tour
ma.line for the most part oriented pa.rallel to scbistosity and apparently 
crystallIzed first, aa it appears in ftue lines in the qua.rtz parallel to the 
bands. Much of the quartz has wavy extinction. 

Megascopic chairactef". -Blue-gray granular fine-grained rock with 
gneissoid aspect, even granular. Mica prominent as da.rk constituent. 

MiOf"OlJcopio ckaraotet.-Granitoid texture. Quartz, alblte-oligoclaae, 
and abuudant biotite. Some hornblende and chlorite. Titanite. By 
measuremente, the following appro:.timate ohemiooJ. composition was calcu
lated: 78 per 6ent Si0 2 , 14 per. cent AI.O., 6 per cent Na2 0, 1 per cen.t caO, 
6 per cent Fe. Mg, etc. 

lIIlDII ech1at (3). 

Megaacopw character.-Pink and black banded schist with finely devel
oped schistosity due to mica. 

Microsco:pic character.-Crystalline granular quartz. lIicrooline and II. 

little albite-oligoclase. Biotite in laths or plates panillel to the schistosity. 
Quartz ablo arranged roughly in direction of schistoeity. Microcline is 
slightly altered. Composition: 79 per cent SiO •• 9.64 per cent Al.O., 8 per 
cent KIO, 8.86 per cent Fe, Mg, /lnd Ca.. 

OBIGIN OF THE SCHISTS A.ND GNEISSES. 

The schists described above, of both the Valley Spring and 
Packsaddle formations, are all completely recrystallized rocks
that is, the arrangement, the size, and, in part, the composition 
of their mineral constituents are due to the influence of .heat 
and pressure and, to some extent, to flowage as a mass. (See 
PI. II.) The existence of bands of crystalline limestone 
and of graphite and mica schist, traceable for long distances 
and retaining the characteristics of beds, leaves no room for 
doubt that, in great part, these rocks were formed by the meta
morphism of a sedimentary series. It is believed that the 
presence of iron ores also points to the same conclusion, a 
matter more fully considered in a previous bulletin If by the 
author. The amphibolites, as has been stated, because of their 
basic character probably represent in part old basic intrusives 
or flows, or perhaps sediments of a tuffaceous nature. 

Gneisses formed almost certainly by the metamorphism of 
intrusive granites occur in the region. For example, a granitic 
crosscutting dike possesses much the same schistose nature as 
the beds which it cut. Red Mountain, a granite ridge in the 
southeast corner of the Llano quadrangle, is a noteworthy 
exatnple of the same phenomenon. The granite of this ridge 
becomes progressively more gneissoid northwestward, until, at 
a point liear Walker Peak, laminated structure is so evident 
that were the rock exposed only in this phase it could not be 
distinguished from beds that are believed to represent sedimen
tary strata. 

Again, the gneissoid rocks in the area immediately east of 
Long Mountain have much the aspect of granites with a foli~ 

ated structnre, and in the northwestern part of the Llano quad~ 
rangle, south of Field Creek, near San Fernando Creek, similar 
features may be noted. It should be understood, then, th~t 
the Valley Spring gneiss probably includes material of igneous 
origin. 

As has been stated, bands of dark schist occur, though not 
abundantly, in the Valley Spring gneiss, as well as bands of 
wollastonite, the metamorphosed equivalent of limestone beds. 
These bands suggest that metamorphism has been more intense 
in that formation. In general, intrusion has been most exten
sive along synclinal axes, as the position of the great granite 
areas indicates, but evidently. wherever the Packsaddle schist 
is nearly obliterated by intrusions of granite, the underlying 
Valley Spring gneiss must have been similarly destroyed. 

IGNEOUS ROCKS. 

FELSITE, DIOltITE, GABBRO, AND SBRPBNTnrB.. 

Distribution and character.-The dark intrusite rocks are 
most abundant in the southeast corner of the Llano quadrangle, 
but they have not been separately mapped except in one locality. 
A considerable mass of gabbro was observed in the vicinity of· 
Goldmine Creek, north of the Moss ranch, ~nd, as has been 
stated, some of the amphibolites included with the PacksRddle 
schist may represent old intrusives of gabbroic or diabasic type. 
In the area south of Click, especially, there are several bodies 
of very dark green to Slack amphibolite, probably derived 
from a gabbro or diorite mag1)l8. The talc deposits in this 
vicinity are presumably alteration products of such rocks. The 
serpentine rocks of Oxford are probably derived from perido
titic magmas. 

Two dark aphanitic dikes which cut the schists and which 
are apparently rather basic proved to be felsites, one a spheru~ 
litic mica felsite, the other ~ hornblende-mica felsite. The 
hornblende of the latter rock showed a bluish pleochroism 
paralle.l to the C axis, suggestive of a soda amphibole. Horn~ 
blende-soda granite forms a small intrusive mass a short dis
tance east of Click. 

The rocks of this group were intruded earlier than the 
granites, but, though it is possible that those varieties of the 
granites which show evidence of pressure and metamorphism 
may be of nearly the same age, no relations were observed that 
might estab!iJ!h this point. 

"Paige. Sidney, Miueral resources of the· Liano-Burnet region, Texae, 
with an aooonnt of the pre-Cambrian geology: Bull U. S. Gaol. Survey 
No. 400, 1911. ,~ 



Petrography.-The results of a microscopic examination of a 
number of specimens of these rocks are as follows: 
Sodlt-hornbl .. nd .. grltnU .. (cl"Ushed), .,hlp oDly, tak ...... "ho .. t dilltanc" ....... t 01 Click 

postom"e. 

Microscopic characte1".-Holocrystalline; albite and considerable quartz, 
a little mierocUne. Large plates of green hornblende are abundant. Abun
dant titanite surrounding grains of titaniferous magnetite. The rock has 
suffered cru<I!hing, showing abundant granulation at the edges of the feld" 
spar grains; the amphiboles are locally broken and bent and drawn into 
shreds. 

Hyp .. rSth .. n .. -ollvl .... gabbl'O, GoldDIjne Cre .. k. 

Megascopic character.-Dark blue to black medium·grained rock. 
Mic1·o8copic character.-Holoorystalline texture. Labradorjte in lu.th· 

like prisms, diallage, hypersthene, olivine. Biotite and hornblende poiki
litically inclosing pyroxene and feldspar. Magnetite. 

Amphibolite fl'ODI high hill on Coal C:re .. k. 

Megascopic cha1'acter. -Dark-green hornblende rock with slight tendency 
to cleave more easily in one direction than in another, due to pressure. 

MiC1oscopic charMter.-Mat of Iight.green hornblende with plagioclase 
in interstices. Shows evidence of crllshing. 

M .. tadlorlte porphyry In ho .... bl"nd ...... Wst s .. ri .. s n .. ar Aaron Moss ...... <lh, 

MiC1'08COpic aha1'aater.-Altered andesine-labradorite phenocrysts in a 
tine·gralned groundmass of feldspar and green hornblende. Notewortby 
flowage of hOMlblende around the phenocrysts of feldspar, Shows an inter· 
mediate stage in the formation of an amphibole sehiBt. 

Megascopic character.-Medium.grained dark.gray to green rock. 
Microscopic ahamcter. - Holocrystalline, Andesine·labradorite and 

hornblende in large plates, 

Sph .. ruJ.ItI" DII"a f .. lslte. 

Mega,~copic character,-Black aphanitic dike rook. 
Microscopic chaJ"ucter,-Mass of very:line blades of biotite ingroundm.as8 

of unstriated orthoclase, Some quartz and one quartz phenocryst, showing 
ab80rbed edges. A spherulitic arrangement of the feldspar is noteworthy 
and tbe mica seems to be arranged in a manner controlled perhaps by t,Ws 
spherulitic structure, 

AmphibolIt .. (m.,ta-gabbl'O ?), partly "",,,h .. d, fl'ODI !IOuthw .... t .. rn part of Burn .. t 
qu .. dl"8ngl ... 

Megascopic character.-Dark-green medium w fine grained hornblende 
rock, 

Microscopic characle1·.-Mass of interlocking hornblende crystal~ with 
interstices filled with untwinned plagioclase. Abundant grains of magnetite 
largely confined to the hornblende, 

MI"s-hornblende lelslte. 

Megaf;rJopic chal'acter.-Nearly black aphanitic dike rook 
Microscopic character-Abundant hornblende in laths and grains set in 

a matrix of very finely granular feldspar and quartz. Biotite is also abun
dant in fine laths and tiny plates. Apatite needles are present. The horn 
blende has a blue pleochroism parallel to the elongation (C), and extinct,ion 
angles as high Ill! 18°. 

Dlorlt .. southeast 01 Rough Mountain, w .. st 01 San F .. rnando Cre .. k. 

Megascopic characfel'.-Medium.grnJned dark·green rock. 
Microscopic charader.-Holocrystalline texture. Weathered andesine" 

labradorite and abundant hornblende in large plates. Much pyrite in 
la.rge pll;rt confined to hornblende. Hornblende altering to iron oxide 
along cleavage cracks. Some epidote, some apatif;e. 

Structural relations,-The granite is invariably intrusive. It 
cuts the Valley Spring and Packsaddle formations in large and 
small masses, in dikes and sills, and, in the form of pegmatite, 
in both minute veinlets and huge rlikp~ and sheets. It is 
present nearly everywhere in the pre-Cambrian area. 

Almost perfect gradation may be found between pure granite 
and pure schist, Certain areas, such as that underlain by 
coarse granite in the southwestern portion of the Llano quad
rangle, the area immediately west of Cedar Mountain, and the 
area east of Lone Grove, are occupied by pure granite masses of 
batholithic type. In other areas there is an intricate mixture; 
the schists appear to ha\Te literally soak.ed up granitic material. 
Such features are best developed at the edges of large granitic 
masses, though not at all ~onfined to these bodies. 

The manner of intrusion differed in different places. Evi
dently the schists were locally in a plastic state and flowed 
under the pressure accompanyiug intrusion. Elsewhere, the 
contacts of dikes being sharp, a condition of considerable rigid
ity is indicRted. Yet here and there the temperatures were so 
high that schist masses lost their identity and passed by gradual 
melting into solution. (See PI. V.) In many places granitic 
material, following planes of least resistance, was forced between 
the layers of the schist~, forming injection gneisses. 

Each of the phenomena noted above may be observed on 
both a small and a huge scale. The combination is a fine 
example of the complex ~onditions existing about the borders 
of a great batholithic mass. 

Worthy of special mention are dikes, sills, and broad sheets 
of pegmatite which occur in great abundance and in all sizes, 
the broad sheets of special interest being locally developed at 
contacts of schist with crosscutting ,!rranite masses. Such 
sheets are prominent in the areas about Hog Montltain and, it 
is believed, indicate the former proximity of schists now 
removed by erosion. 

D1:Stribution,-Three types of granite have been separately 
mapped on the areal-geolo,e:y maps-a very coarse grained 
rock, a medium to fine grained granite including some coarse
grained varieties, and an opaline quartz porphyry. Micro
scopic examination has shown that the differences between these 
types are largely textural, the mineral constituents in the three 
types being essentially the same. 

The coarse-grained gmnite.has been mapped in two local
ities-one in the_'southwest corner of Ithe Llano quadrangle, 
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forming a large oval area about Prairie Mountain as a center, 
and the other several miles to the north, in the vicinity of 
Smoothingir~ri Mountain. The same type has been noted 
east and southeast of Lone Grove and in other small areas, but 
it could not be consistently differ~ntiated in mapping. The 
age of this coarse granite is not conclusively known, but tenta
tively it may be eonsidered intrusive in the finer-grained 
granites. 

The second type, the prominent rock of the region, has a 
widespread distribution. Though it comprises various textural 
phases from very coarse to very fine grained, it has heen 
mapped as a unit. 

The opaline quartz porphyry invariably oceUl"S as a dike 
rock, cutting both the schists and the intntsive gmnites which 
accompany them. Its outcrop may be followed, with inter
ruptions, from a point about 3-!- miles east of Llano, on the 
Llano-Lone Grove road south of Miller Mountain, northward 
for 61 miles and northeastward to Wilberns Glen, where it 
turns westward, passing north of Babyhead and being last seen 
about a mile southwest of that town, 

Petrography.-The very coarse grained granite has a reddish 
tone, due to the large, finely developed potash feldspars, many 
of which attain a length of an inch and a breadth of half or 
three-fourths of an inch, the average length being perhaps half 
an ineh. The space between these well-crystallized, finely 
developed feldspars is filled with quartz. Biotite, the dominant 
ferromagnesian mineral, is well developed and abundant in 
stout columns. In the vicinity of Bullhead Mountain a 
parallel arrangement of the large feldspars was noted, a 
phenomenon probably due to movement while the magma was 
still more- or less viscous. 

In a specimen of very coarse granite from Watch Mountain, nea..l' Walnut 
Springs, the feldspars are ruiorocline, orthoolaso, and albite-oligoclase, micro· 
olino being dominant. The length of the ~rystals is one·hall inch to 1 
inch 01" IIlore, the width one·fourth to one-half in~h. Quartz fills the space 
between the feldspars. Biotite is abundant in stout columns one-eighth 
in('h or wore in length. A pertWtic intergrowth of microline and albite was 
noted. 

The medium to fine grained granites include many varieties, 
from fine to coarse, but they are in general similar in chemical 
and mineral character. Differences in texture and in amount 
of ferl'omagnesian minerals aecount for most of the variations. 
An examination of numerous specimens revealed an abundance 
of microcline, with orthoclase, albite-oligoc1ase, biotite, quartz, 
and hornblende. The granites are distinctJy potash rocks, 
though soda is almost invariably present. The usual acces
sory minerals, magnetite, apatite, titanite, etc., may generally 
be found. Several hornblende granites were noted, but their 
distribution is limited. Some petrographic notes on the gran
ites of this class are presented below: 

Granite lrom Parkin!lOn g.-onp 01 quarries. 

Megascopic character.-Medium to fine grainru gray granite. Biotite, 
quartz, and feld~par. Mica evenly distributed in fine flakes. 

Micl'oscopic character.-Composed largely of microcline with subsidiary 
orthoclase, rare plagioclase. Micrographic intergrowth of quartz and H(Jme 
feldsp<lr. Rare zonal arrangement. Alteration has set in on nearly all the 
feldspa,1", QUll;rt,z shows some strain phenomena. Biotite locally altered to 
~hlorite, Alteration of feldspar more pronounced at center than elsewhere. 
One or two grains of magnetite. 

G .... nlte ~ miles west 01 Llano, .. t Kan~ City qnarry. 

Megascopic characteT,-Medium to coarse grained ligbt·graygranUewith 
slight,ly gneissoid aspect. Quartz, feldspar, mica. 

Jficroscopic chaTacteT.-Quartz 32 per cent, feldspar (microcline and 
orthoclase) 62 per cent, mica (biotite with rare muscovite) 6 per cent; SlOB 
71 per cent. Micrographic intergrowths finely developed in some qll1!rlz 
~nd in Borne feldspar. 

, Hornbl .. nde g":raDlt .. , norihWeAt 01 Hot: Monntaln, near wollaston it .. :rock. 

MegascopilJ characlet'. - Pinkish·toned medium crystalline granular, 
spotted with blotches of hornblende of various sizes up to one-fonrth inch. 
Groundmass bet,ween tbe blotches is barren of ferrQmagnesian minerals. 

cha1"actel'. - :Ui~ro(lline, orthoclase, and albite-oligoclase 
dominant ordl'r named. Dark·green hornhl'mde apparently poikiliti
cally arranged abo~t quartz. Measurements with microscope show quartz 
81 per cent, feldspar 69 percent; 810. 75 per eent. 

Gl"8nite Il'<Im Norton quarry. 

Megascopic characte1'.-Light.gray granite; abundant mica in very small 
flakes evenly dist.ributed. 

MiC1"OScopic characteT.-Mierocline, orthoclase, and little albite-oligo· 
clase; quartz abundant. Biotite. Holocrystallina seriate porphyroid 
texture. 

R"d granIte froDI Parklnson'8 qnarry "well," "amp No.1. 

Megascopic churacter.-Red fine-grained granite, with ferrolllagnesian 
minerals scant a:p.d in very small particles. 

Microscopic eharacter,-Seriate porphyroid texture. Microcline, ortho· 
clnse, and albite-oligoclase rather abundant. Quartz abundant, Little 
magnetite, mica, titanite, and hornblend". Ferromagnesian minerals very 
scant, The feldspars where altered are replaced by a ~d deeomposition 
product, 

ql"8nite fl'ODI Gr .. ys MonntaIn. 

Megaseopic charactm·.-Coarse pinkish granite, Feldspars as large as 
one·fourth inch in length. Mica. very abundant; sufficient, to give dark tone 
to rook. 

Microscnpic charaeter.-Oligoclase and microcline, former dominant and 
both dominant over quartz. Biotite abundant but not evenly distributed. 
Apatite. Feldspar altl'xed. 

Hornblend .. gl"8nlte, "Wp only,;from Elver'S pasture, !IOnth eoi&''' of Llano quadran!:"l .. , 
small """ak abov .. hous ... 

COArse grantte-o Orthoclase, microcline, and oligoclase. Quartz-. Horn· 
blende, partly altered to chlorite. Feldspat"B badly wtel'ed. Zircon. Apa
tite abundant. TItanite 

Pink grRnUe west 01 l'Oad, .. a8t of dl .... et .-out .. from Castell to DeITY Spl'in!:". 
(GoodesSprlng). • 

Megascopic character.-Fine·grained pink: granite. Containing circular 
u.reas. impoverished of ferromagnesian minerals, in the center of which are 
aggregations of titanite and wagnetite. 

Microscopic character,-l'liicrocline, orthoclase, and alhite-oligoclase, 
with biotite and segregations of magnetUe and titanitc, Part of the quartz 
one of the first things to separat.e out. Apatite ncedleR (timndant. 

Gl"8nlt .. hoDI H .. In,,'s w .. n, nea .. South Willow Cr .... k. <I- Dliles north 01 Llano RIv .. r, 
1- mile w .. st of San Fern .... do Creek. . 

Megascopic cha1'aotel'.-Rcd granite, medium to fine grain, glassy aspect, 
Microscopic character.-Microcline and orthoclase and quartz, Miero· 

cline and orthoclase badly altered. R('.anty biotite, ('hloritized. Sericite 
developed in feldspars. Red tone very probably accentuated byaltcrat,ion. 

Pink gl"8nlte one-fourth mU .. w .. st-n" .. thwest "I Esbon POl!t ome." "n Kin!:"s Mouota.ln. 

Megascopic character,-Fine·grained light·pink granitc, evenly distrib
uted ferromagnesian minerals in t.iny t1akes. 

Microscopic character -Microcline dominant f(\ldspa.r;_with orthoclase 
and quartz. Biotite about average amount, in slllall flakes. Apatite 
needles. Feldspar, especially orthoclase, padly altered, though the hand 
specimen looks fresh. 

Gl"8nu,,, from b ........ t ol .. .-o~~.,...t jn shaft at Iron M"nnt .. ln (1908). 

Megascopi(! charactel'.-Pink medium to fine grained granite. 
Mic1'oscopic characl8r.-Microcline, orthoclase, and albite·oligoclase. 

Quartz. Biotite, Little magnetite. 

The opaline quartz-feldspar porphyry is a rock having a 
dark aphanitic groundmass, mottled with abundant pheQocrysts 
of pink feldspar and opaline quartz, the lattpr being very 
prominent on weathered surfaces. These quartz phenocrysts 
break with a glassy fracture, are of light-bluish tone, and 
POSSf'SS a certain iridescence when polished. The microscope 
shows the following features: 

Phenocrysts of quartz, with a grea,t numher of minute inclusions, micro
cline, and mieroperthite (albite and orthoclase). Groundmass of quartz. 
orthoclase, and small flakes of biotite. A little magnetite with aS80ciated 
sphene. SQme fine zircons, Little apatite Local cbloritir.ation of mica. 

J. P. Iddings proposed the name llanite for this tock some 
years ago. It is known in Llano County as opaline granite. 
Iddings estimated that the rock is composed of quartz 34.6 per 
cent, feldspar 55.7 per cent, biotite 8.6 per cent, fluorite 1 
per cent, apatite 0.13 per cent. 

In speaking of the bluish color of the quartz he says: 

The sky. blue, milky color of the quartz phenocrysts is undoubtedly 

due to reflection of blue light waves from the miuute colorless prisms 

[inclusions], whose width is a fraction of the Jength of light waves. 

It is similar to the blue color of the sky. It is probable, however, 

that there is also a blue light produced by interference of the light 

reflected from both sides of the minute tabular crystals, whose thick

ness is also of the order of a fraction of It light· wave length. So that 

both kinds of phenomena occur within the quartzes. 

CAMBRIAN SYSTEM. 

UPPER CAMBRIAN SERIES. 

G1I:NERAL DISTRIBUTION. 

Upper Cambrian sedimentary rocks rest unconformably upon 
the pre-Cambrian schists, gneisses, and granites. They are 
invariably found, therefore, except where faulting has occurred, 
at the base of and forming a part of the Paleozoic esearp
ment. The areal-geology maps will clearly illustrate this 
feature. Cambrian strata also form isolated elevations, such 
as Riley, Cedar, Packsaddle, and Putman mountains, in the 
erosional pre-Cambrian basin. As faulting has disturbed the 
rocks in places, various portions of the Paleozoic section rest 
against the pre-Cambrian basement; and as the pre-Cambrian 
Hoor is very uneven, beds high in the section, such as the 
glauconitic sandstones on Reaver Creek, locally overlap lower 
beds and form basal members. (See P1. I.) The Cambrian 
rocks are divided, from the base upward, into the Hickory 
sandstone, the Cap Mountain formation, and the Wilberns 
formation. (See fig, 3.) 

Definition.-The name Hickory sandstone is adopted from 
Comstock,a who applied the term Hickory series to beds in the 
valley of Hickory Cl-eek and its tributaries in Llano County, 

In Llano and Burnet counties the formation ranges from a 
thin bed to a section 350 feet or more in thickness. It 
includes a conglomeratic base and a succession of white, red, or 
brown siliceous and calcareous sandstones. Its upper limit is 
determined by the highest dominantly sandy beds. The iden
tification of these upper beds at pa:rticular localities is neces
sarily a matter of judgment, for, instead of an abrupt chan~e, 
there is a transition from sandstone to the limestone of the 
overlying Cap Mountain formation. 

Oharaoler.-AB a rule the hasal portion of the formation 
consists of a few feet to about 76 feet of coarse material. At 
some places this is composed of fine-grained, cleanly washed 
sands; at others of coarse conglomerate with pebbles from 6 to 
8 inches in diameter. The composition of the hasal layer is 
closely related to that of the underlying pre-Cambrian rocks. 
For example, certain coarse granites containing pink feldspar 
have furnished .material to a pinkish-white conglomer::lte in 
which rounded quartz grains averaging one-fourth inch in 
diameter and numerous angular feldspur fragments ::Ire cemented 
by a clean white matrix of small quartz grains, feldspar frag
ments, and calcium carbonate. A,to another place a coarser, 

"-Comstook, T. B., First Ann. Rapt. Texas GooJ. Survey, 1889. 



red-stained conglomerate contains subangular quartz fragments 
as large as half an inch and coarse feldspar fratz;ments up to an 
inch in length, cemented by fine-grained quartz containing 
partieJes of iron oxide. 

In another coarse sandstone fragments of hematite 1 to 2 
inches long make up the basal layer. The iron was probahly 
derived from the underlying schist in the form of magnetite 
and later altered to hematite. In still another locality where 
pegmatite dikes are abuudant the overlying basal beds contain 
many large angular masses of quartz. Again, where the lower 
beds rest on a coarse-grained granite surface they are formed 
largely of arkose. 

The conglomerate is overlain by sandstone, commonly cross
bedded. In places this is colored deep red or brown by iron 
oxide. Toward the upper portion of the formation the beds 
become decidedly calcareous and grade into the limestonc of the 
overlying formation. 

Di.striby,tion.-The Hickory sandstone, where not displaced 
by faulting, occupies the base of the Paleozoic scarp which 
surrouuds 'the pre-Cambrian basin and forms tlle capping of a 
number of isolated hills, such as Honse, Smoothingiron, 
Rough, and Putnam mountains. In some areas, such as those 
northeast of Pontotoc, northeast of Smoothingiron Mountain, 
and south of Sharp Mountain, the formation is but a thin skin 
or ~pron extending out from the scarp. 

&ction.-The following sections are representative of the 
formation. The Packsaddle section illustrates the, transition 
to limestone at the top of the formation. 

Section of Hickory sanr/-stone at 'lUJrthwest end of Prairie Mountain, show
ing transition beds at top. 

Feet. 
Thin-bedded calcareous sandstone__ 15 
Solid sandstone, with lime and little iron __ 
Thin bedded calcareous sandst.one_ 15 
Calcareous red and brown !landBtone, more or le!\H thin 

bedded (red due to iron) ___ 30 
Heavy beds of sandstone, little llme at top __ 
Heavy bed of sandstone __ _ 
Calcareous sandstone__ 7 
Heavy cross-bedded red iron-bearing sandstone _ 13 
Bedded sandstone, 1 to 2 foot layers. little calcareous_ 10 
Compact m3.!Jsive sandstone, weathers brown__ 20 
Sandstone. more tWnly bedded than that above; shows signs 

of lime__ 15 
Heavy-bedded sandstone weathering brown and red; carries 

iron and sufficient lime to effervesce _ _ 65 
Covered _ IlO 
Red and white cross-bedded sandstone __ 20 
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Section of basal p01'tion of Hiekory sandstone 2 miles'west of Oxford. 

Pure limestone __ 
Red sandstone and limestono mb:ed __ 

Feet. 

1.' 2. 
Red sandstone with considerable iron 10 
'Vhit.e honeycombed sandstone__ 10 
Fine white conglomerate __ 
Very coa,rse conglomerate, almost a breccia of granitic mate-
__ ill 

Section of Hickory $anrUitone, Cap j{ountain formation, and WilbeTns 
formation on Packsaddle Mountain. 

Wilberns formation: 
Grayish slabby, slaty crystalline limestonp, very littIe 

glanconitic; more massive beds toward top of peak__ 40 
Thinner-bedded crystalline limestone; some glauconite 20 
Heavy-bedded pink limestone, somewhat oolitic; con-

tains some glauconite__ 10 
Cap Mountain formation: 

Yellow and white sandstone with Bmall amount of 
glauconite grading up into sandy pink limestone____ 14 

Glauconite sand and coarse quartz sands; iron concre· 
tions on surface 

Massive-bedded grayish-brown crystalline limest{)ne, 
somewhat oolitic; inereasing glauconite toward top_ 35 

Flaggy subcrystalline limestone with small amount of 
glauconite; yellowish discolorations _ _ 30 

Hickory sandstone: 
Grading into purer limestone. Number of red bands of 

sandstone alternating with beds of hard subcryst.a.l· 
line limestone and fine-grained whitish sandy lime· 
stone. Crystalline limestone contains some glauco. 
nits grains_____ _ ___________ ______ ________________ ___ _ 35 

Thin·bedded caleftreous dirty·white sandstone, grading 
upward into very fine-grained hard reddish-brown 
sandstone. Weathers rough but generally shows 
a brown sand on surface. Fresh fracture shows 
reddish·brown sandstone with crystalline faces of 
calcite. Yake8 cutts which weather irregularly and 
show bands of red, yellow, and dirty·brown erOS8· 
bedded sandstones alt.ernating. with very ca1c!U"eOU8 
bedlL ________________________________ ____ _________ 200 

Ledge of calcareous sandstone, conglomeratic and eon
taining a few shell fragments, ltlso a few glau(lOnite 

and thin-bedded red and yellow sandstone 
and some shale, probably covered _ 35 

Covered; mostly sandy shales. At bott(lm a 2!--foot 
bed of red conglomeratie sandstone with flat pebbles, 
A few shell fragments in this ledge __ _ _.. 10 

Mostly fine.grained sandstone; dirty white, brown. 
yeUow, and red _______________ __________ __________ 4S 

Massive conglomeratic sandstone, pink and white, 
with white quartz pebbles mostly half an inch ill 
diameter, cross-bedded, prevailingly of reddish tones. 
Near top, grains become smaller and more rounded 
Secondary infiltration of quartz in cross fr.actllres 
gives honeycomb structure on wea.thering_______ 85 
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Definition.-The Cap Mountain formation is named from 
Cap Mountain, in the Llano quadrangle, where the ~ntire 

6 

thickness is displayed. As previously stated, its base is not 
sharply separable from the top of the Hickory sandstone, bllt 
it is determined by the lowermost predominantly calcareous 
beds. Its upper limit, however, is well defined by the top of 
a glauconitic s!mdstone which is almost invariably preE'ent. 
This sandst.one bed, composed of quartz sand, calcium car
bonate, and glallconite grains, ranges in thickness from a few 
feet to over .30 feet in some places. Generally, however, it is 
from 10 to 20 feet thick. 

Characler.-The formation includes about 90 feet of beds, 
the lower portion grading from sandy limestone to fairly pllre 
limestone. The sandstone membcr, though of irregular thick
ness, as just stated, is as a rule very well defined both below 
and abo~'e. The limestone is well bedded, in places fbggy, 
bluish or grayish, and mottled by impure streaks of brown 
sandy material. 

Glauconite.-The distribut.ion of glauconite in this forma
tion and in the Cambrian strata generally is interesting. It 
occm'S in the lower part of the formation as scattered grains in 
the pure limestone' and is most abundant in the cross-bedded . 
sandstone marking the top of' the formation. Above this 
sandstorie the glauconite gradually diminishes in amonnt. 

places spreads as a thin veneer over considerable territory. 
The outcrop of the Cap Mountain formation is more ribbon
like and, except where cut out by faulting, as along the scarp 
north of Phillips l~ock and in the north scarp of' Backbone 
Ridge, is invariably present in the rimlike Paleozoic escarp
ment. It is fouud also on the flanks of a number of the 
mountain masses, such as Cap, Riley, Cedar, and Long 
mountains. 

WILDERNS F(lRMATION. 

Defin'ition.-The Wilberns formation, named from Wilberns 
Glen, on Little Llano River, in the Llano quadrangle, is of 
irregular thickness, in places attaining 220 feel. It is com
posed of limestone and shale, with intraformational conglom
erates. The base of thi::;; formation is well defined by the top 
of the glauconitic sandstone which forms the upper member of 
the Cap Mountain formation. Its upper limit is at the base of 
the overlying massive chert-bearing beds. This horizon is not 
difficult to locate and the contact therefore is not difficult to 
follow. The exact stratigraphic relat.ion, however, is not 
always so clear. In Riley Mountain, at the Ioc.ality where the 
cherty limestone is mapped as bounded by an assumed fault, 

~::::::w;'''.c~";.:''':;~:.":o:. :RO_"_· ____ T~c~~;;:::p~~~_~_"~_':_:::· ;,::::~:::;o c",. I 
T:t~~~ barren chalky Blopes, with a bench at 

: EllcnburgcrHme8tone. P()()!"ly M,lde,l Ilm""to"" au,l (\olomile,. whitt', to grayish. 
Locally carl"i,," great abundance of chert. 

Valky Spring gnois" 
G~"tly I'''lIin~ lnterior lowland with a few lflO 

Jatod round-topped hills 

FIGURE 3.-Ger.eralized columnar section for t.he Ltt'lno awl Burnet ql1fl,(lrangles. 
Scale,linch=400feet 

Where observed in the limestone, the glauconite grains exist 
essentiallv as such, but in the sandstone the material is more 
apt to f()l:m the 'matrix in which the well-rounded clean quartz 
grains are embedded. Partial analysis of' a specimen from a 
bed carrying perhaps as high a content of glauconite as any 
other in the fiel1 ,gave the following result: 

Partial analysis of greensand from south fQ1'k of Jlforgan Creek. 

K.O_ 
F,Q 
Fe.O~ _ 

[Analyst, Cha~e Palmer, United States Geological Survey.] 

Water (loss on ignition) __ 
Insoluble in HCl _ 

3.46 
1. 70 

10.64 
6.12 

70.38 

The composition and origin of glauconite and its sedimentary 
significance have received considerable attent.ion from a num
ber of in vest.igat.ors, but there is not space in this (olio to 
discuss ill detail this interesting question. It may be said that 
the glauconite sands of the Llano-Burnet region are found 
locally resting UpOll a granite floor; that the origin of the 
glauconite in this region is apparently not connected with the 
presence of Foraminifera; and t.hat its position, at least locally, 
in what ... vas strictly a littoral zone is unusual. The mineral 
here probably owes it.s origin to the decomposition of abun
dant potassiutu feldspa.r with iron in solution, the subsequent 
synthesis of the several elements being probably aided by 
organic matter. 

D,istrwution.-As the Cap Mountain formation lies immedi
ately above the Hickory sandstone, its distribution is much the 
same. As a rule, however, its area of outcrop is considerably 
narrower than that of the sandstone, which in ,a number of 

there is some indication of an unconformity. Yet, although 
here chert beds seem to lie unconformably on both the Cap 
Mountain and Wilherns formations and although the locality 
'was studied in some detail, a definite eonclusion could not be 
reached. As in 'most places where the contact 'between the 
rather Baggy limestone of the Wilherns formation and the 
overlying heavy chert-bearing beds, was observed there is 
apparently perfect conformity between the two, and as there 
are many faults in this vicinity, it is possible that the apparent 
unconformity at this point is due to faulting. Heuee an 
assumed fault has been shown on the map. The evidence from 
the fossils points to the conclusion that at least a part of the 
.chert-bearing beds are considerably later than the Wilberns 
formation, and that there is an unco~formity at a horizon not 
far above the base of the overlying formation. 

CharacicT.-The Wilberns fqrmation may be divided on 
lithologic critcTia into a lower and an upper portion. The 
lower portion, comprising about two-thirds Of tile whole" is 
rather thin-bedded ftaggy limestone generally mottled by sandy 
impurities and containing locally a small amount. of' glauconite. 
The upper portion is largely shale, with more limestone at the 
top. In the shaly port.ion there are several conglomerate 
lentils. (See PI. VIII.) These are not persistcnt along the 
strike, nor is their number everywhere the same. They are of 
two kinds-one composed of perfectly flat shaly limestone frag
ments, such as could be formed only in place or from material 
transported a very short distance, the· other composed of 
rounded or almond-shaped calcareous clay pebbles in a matrix 
of decidedly oolitic texture containing locally considerable 
glauconite. In one place what a.ppeared to' be a sun-cracked 
shale fragment was found, 



DiJJtn:bution.-The Wilberns formation lies immediately 
above the Cap Mountain formation and in general is found 
where that formation is cxposed. It is prescnt in the Paleo
zoic scarp and in many of the higher mountains of the interior 
basin. On a number of them, however, snch as Smoothing
iron, House, Prairie, Putnam, and Sharp mountains, this 
formation has been eroded and ouly one or more of the under
lying formations remain. In a number of places, as may be 
seen on the maps, the formation is faulted out. 

Sections.-The following sections illustrate the sequencc of 
beds: 

SectlOnol 

Top at base of Ellenburger limestone. 
Impure mottled-brown bedded limestone_ 15 
Ledge of impure limestone 
Shaly limestone __ 20 
Heavy-bedded limestone. containing abundant exceed-

ingly small shell fragments and minute glo"bular 
remains__ 10 

Impure sandy limestone, having conglomeratic aApect in 
the hard layers, shaly material predominant _ _ 10 

Dtibris-covered slope ___ ~___ 10 
Debris-covered slope; contains layers of a shale conglom

erate composed of cemented flat fragments of thin 
shale oocolllpanied by layers containing bowlder-like 
forms compoaed of a lime sand_ _ 60 

Dark reddish-brown semicrystaJline limestone_ 
Slope in which occur impure limestone layers breaking 

down to !-inch to 1 inch in thickness, carrying very 
fine sand, weatllering light brown__ 30 

Predominantly pink flaggy se01ierystlllline limel'tone __ 
Predominantly pink flaggy scmicrystalline limestone on 

a gentle slope __ 
Almost white crystalline limestone: carries impurities; a 

few scattering grains of glauconite; mah;es "broad 
beneh__ _ " ________ _ 

Light·brown crystalline and semicrystaJline heavy
bedded limestone weathering into hard layers: a few 
scattered grains of glauconite and shell fragments __ 

Cry~taJ1ine and semicrystalline bedded lilllestone weath-
ering into hard layers ___ ~ 

Light-brown crystalline and semicrystalline limestone 
weathering int{l beds 6 to 8 inches thick. _____ _ 

Heavy layer of light-brown limest{lne mottled with 
impurities _ 

Alternatiug beds of crystalline limestollo 4 inche~ wi 
foot thick with crinkly-weathering beds, slightly mure 
sandy, the whole carrying finely disseminated glauco-
__ ill 

Medium-bard layer of sandy limestone carrying glau-
conite __ . 1 4 

Soft layer __ 
Hard layer of crystalline limestone carrying abundnnt 

glauoonite grains_ _ 1 8 
Hal'd and crinkly-bedded limestone _ 2 
Layers of hard limestone__ 1 6 
Grayand grcenish-tinged hard flaggy crystalline lime-

stone __ _ 

Layer weathering to a crinkly form, ·with disseminated 
glauconite grains; rock of greenish tinge __ 

Gray and green hard fiaggycrystallino limestone 
Layer weathering to a crinkled surface 1 4 
Hard la.ye"\" of gray and green-tinged flaggy crystalline 

limestone_ 
Greenish crinkly limestone, with dissemiIl1l.ted 

glauconite 1 4 
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The base of the foregoing section is probably about 30 feet 
above the top of the Cap Mountain formation. 

Section 01 Wilbe1'1!8 formation near the head of LUtle Llano River, 

Ellenburger limestone at top, 
Gray calcareous shale __ 
Hard gray oolitic limestone __ 
Alternating hard and soft thin calcareous shale beds: 

1·foot hard layer near top_ ___________________ ____ _ 12 

Gray oolitic limestone 
Gray caJcareoU!; shalf' 
Subcl'ystalline to crystalline grayish, somewhat oolitic 

limestone__ 1 6 
Shale, calcareous__ 4. 
Limy band containing pistachjo-green fragments, slightly 

oolitic _ 
Thin fl.aggy limestone with some sindy layers____ 10 
Band of oolitic limestone oontaining greenish fragments 
Shale, calcareous __ 
Hard subt.~rYBtanine lay",r with shell fragments, iron 

stained: weathers dark gray __ 
Gray shaly limestone __ 
Conglomerate containing small (1 to i-inch), slightly 

rounded pebbles, weatheriug yellow: limestone matrix 
Greenish-gray shales __ 
Two beds of conglomerate, each a"bout 8 inches, sepa

rated by 8 inches of shale; small, Mightly rounded cal
careous pebbles, weathering yellow __ 

Fine-grained greenish·gray shaly limest.one ____ " ________ _ 
Conglomerate of long, flat, thin shaly calca.rsous frag

ments overlain by fine-grained calcaroous Illuds 
Greenish-gray shaly limestone 
Conglomerate composed of small, slightly rounded cal-

careous pebbles, weathering yellow __ 1 6 
Light-gray shaly limestone weathering to a covered 

slopc_ 25 
Thicker-"bedded gray crystalline limestone, scattcred 

grains of glauconite, a few hard layers about 9 inches 
thick __ 20 

Gray fl.aggy limestone__ 8 
Light-pink to gray thin-bedded crystalline limestone: 

brown mottling colorations caused by fine-grained 
sand __ 

Pink crystalline lilllestone_. 
Grayish-white lhnestono, with glauoonito grain~ at "base 
Pinkish limestone beds, subcrystalline; color caused. by 

iron surrounding ~alld grains __ 
Sandy limestono with a little glaueonite __ 
ProoticaUy base of formation. 

159 S 
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This section was measured in inclined beds and the total 
thiekucss is believed to be rather too small. It is of value, 
however, as indicating the succession. 

The data which follow were brought together with the 
collabomtion of E. O. Ulrich, 

The fauna of ' the Upper Cambl'ian rocks consists chiefly of 
brachiopods and trilobites, with fewer representatives of other 
classes. The collections were obtained largely fl'om the upper 
part of the series. Of these fossils only the brachiopods have 
been sufficiently studied to waITant the presentation of a list. 
The following bl"dchiopods are ascribed to Cambrian beds of 
Texas by Charles D. Walcott: a 

Linb"lliella acutangula. 
Lingulella perattenuata. 
Lingulella (J,ingnlepi~) ooumi-

nata. 
Obolus matinalis, 
Obolus nundina. 
Obolns sinoe. 
Obolus tetonensis DhlUS. 

Acrotreta mi('roscopia, 
Eoorlhis iddingsi. 
Eoorthis remnieha te:Kana. 
Eoorthis wichitaensis. 
Eoorthis wichitaensis lroviusculus. 
Syntrophia alata. 
H ueneUa tcxana. 
HuoneUa texana lrovlusculus, 

The three Upper Cambrian formations, Hickory sandstone, 
Cap Mountain formation I and Wilberns formation, are cor
related with the Reagan sandstone of Oklahoma and with the 
Upper Cambrian beds of' Missouri. There are also marked 
general lithologic resemblances between the Texas beds and 
the Deadwood formation in the Black Hills of South Dakota 
and eastern "T yoming and in the Bighorn Mountains of CE'n
tral Wyoming. The faunas, too, have many species in com

. mono Among these are trilobites, out only the brachiopods 
have been studied sufficiently by Walcott to insure safety in 
comparisons, Of the 14 species of brachiopods listed by 
'Valcott from the Reagan sandstone (Upper Cambrian) in 
Oklahoma, chiefly from the calcareous upper part, 8 speries 
are found in Texas, 6 in Wyoming, 5 in Missouri, 4 in the 
upper Mississippi Valley, and 2 in Tennessee and Alabama. 
Of 19 speeies collected from central Texas, 7 occur in Wyom
ing, 7 in Missouri, 2 in the upper Mississippi Valley, and 2 in 
eastern Tcnnessee. 

Ulrich says: 

,Vhile the faunal similarities above noted are believed to be sum

cient to establish the general contemporaneity of the formatioJJs in 

the widely separated areas mentioned, the more or less striking dis

simila.rities suggest impeded communication between the several 

areas. It. is not improbable, further, that oscillation and Rhifting of 

seas occurred, with dcposition going on in one place while slight 

emergence pl"Cvailed at another, so that none of the fos."iliferous beds 

in certain of the areas is st,rictly synchronous with richly fossiliferous 

beus in any of the others. If ORcillation of this kind o('.(Jurred ullring 

the Upper Cambrian we should expect to see it manifested, especially 

on comparing the sequence of faunas-and deposits in the Appalachian 

and Cordilleran provinces with thOl'lc in the interior cont,inental prov

inces, Hel'e, in fact, is where t,he greatest discrepancies are encoun

tered, On comparing the interior areas with each othcr, decided 

commnnit,:v of species is obRerved. 1t is strongest iH.tween Texas, 

Oklahoma, Colorado, and "r yorning, good between these and Missouri 
on the south and the uppe"\" :\Iississippi area on the north, and sur

prisingly weak between Missouri and the uppe"\" 1Iiississippi localities. 

Evidently there was no direct commuuication between the latter two 

LATE CAMBRIAN AND EARLY ORDOVlCIAX ROCK~. 

Definition nnd charactet·.-The boundary between Cambrian 
and Ordovician rocks has not been established in this flrefl_ 
The latc Cambrian and early Ordovician are represented by 
the Ellenburger limt'stone, a formution which contains much 
dolomite and chert in Ilddition to the limestoue and is perhaps 
1000 feet thick. It is named from the Ellenburger Hills, in 
the northwcst corner of the Burnet quadrangle. The evidence 
from the fossils indicates that sedimentation eould not have 
heen rontinuous during Ellenburger time, and it is possiblc that 
there is a hiatus somewhere ncar the top of the formation. 

At most plact'S the base of the formation is apparently con
formable with the "\Vilberns formation. At several localities 
Oil Riley :Mountail1, howcver, there is an angular limestone 
eOllglomerate, and at one place the beds appear to overlap 
upon the lower formations. Again, about 5 miles Wf'~t of 
Burnet the relations of the Ellenburger limestone are obscure. 
At this place there is so much faulting as to cast some doubt 
on the overlap that has been expressed on thc geologic map. 
Indeed, in most of the places where the conglomerate was noted 
concordance of beds was the rule, and many observations wcre 
made wherc no unconformity could he detected and there was 
an apparent transition from the lower formations. It must be 
noted, however, that thc basal beds of the Ellenburgcr lime
stone are not uniform in t.exture and appearance, and that this 
is ill itself a suggestion of unconformity. 

At the top of the Ellenburger limestone there is in most 
places a conglomeratic limestone. The upper surface of the 
Ellenburger on Doublchom Creek, just south of' the road 
crossing half a mile north of the mouth of Cordova Creek, 
illustrates excellently the condition of the pre-Carboniferons 

"Cambrian Brachiopoda; Mon. U. S. Geol. Survey, vol. 51, 1912. 

land surface. Here the upper 25 feet is composed of largf', 
very irregularly dispdsed angular blocks, revealing a peculiar 
breakage of' the surface prior to submergence beneath the sea. 
As there is no coarse sediment, shallow, quiet Carboniferous 
seas are to be inferred. Hocks showing thc same type of surface 
breakagc may be observed in places in stream channels and 
should not be confused with the basal conglomerate. 

Certain characteristics of the formation are pronounced. 
(1) Bedding as a rule is ill defined, preventing _correlation by 
lithologic units. (2) Coarse or fine grained phases of the lime
stone occur in alternation, but comparisons al'e·diffieult ,betw~en 
individual beds in different places, because of their, great 
similarity. (3) Thel'e is an abundance of white and yellow 
chert through nearly the whole formation (see PIs. III and 
IX), though some layers are quite free from this material. 
(4) Where the relief is considerable und the plateau is much 
dissected, the surface of the area occupied by the formation ~s 
exceedingly rough, and this condition, in general, is a means 
of recognizing the formation. This statement docs not apply 
to the lligh, rolling grass lands to the north. (,15) In certain 
layers near the base thc chert has evidently been dissolved 
and replaced by crystalline quartz filling irregular caviti~s_ 
A study of this formation in greater detail than was possible 
during the prepamtion of this folio would undoubtedly lead to 
its local subdivision, but probably slIch separation could not 
be consistently mapped over thc area. 

Distr'wution_-As the Ellenburger limestone lies immediately 
above the Cambrian beds, it is found at the crest of the Paleo
zoic scarp except where faulting has disturbed this relation, 
and it occupics the greater part of the area underlain by Paleo
zoic stmta in t.he Llano and Burnet qnadrangles. Large areas 
are exposed in the rolling uplands of' the northern portion of 
the I..Iano quadrangle and a considerable portion of thE' Riley 
Mountain cap is formed by it. The formation is widespread 
likewise in the northwestern part of the Burnet quadmngle_ 
Southwest of Burnet it forms a wedge-shapcd mass tapering to 
a point at the southwestern extremity of Backbone Ridge. A 
considerable strip also outcrops north and south of Sudduth 
and south of Marble Falls. 

Sectiom,-Complete sections of this formation are not easy to 
obtain. The general massivencss of the beds, gentle folds, and 
faults all combine to break the continuous record. Thick
nesses up to 600 feet may be observed in the bluffs of the 
Colorado between Tanyal'd Crossing and Deer Creek, and it 
is prohable that 1000 feet of beds would include all the strata 
deposited in this region. 

The following section represents the upper portion of the 
Ellenburger limestone as measured near the mouth of Flat-
rock Creek, in Burnet ~ounty: ~ 

Section of Ellenburger 7imestone near the mouth of IJ'lat1'ock Cj'eek. 

Carboniferous at top, 50 feet. 
Grayish cry~taJline limestone with much cherL_ Hi 
Crystalline liplestone, brown and gray, sugar-grained tex-

ture, with light colored chert; coarsely crystalline near 
top; greenish stains in calcite crystals_ 25 

Massive hard smoot.h-textured heds at base, grading up 
into brown crystalline and coarse gray limestone; some 
~~. . 

Alternating sugar and !;mooth grained beds: at top a bed 
of cherty limestone, weathering in honeycomb fashion__ 11 

Alternating sugar and smooth grained beds; but little 
chert 11 

Brown sugary banded limestone. with SOUle cherL_ 
Smooth light-gray limestone, with whitish tlherl, weathel'-

ing bluish gray: smooth rounded pieces simulating 
waterworn bowlders on surface__________________________ 50 

Smooth limestone light gray, with conchoidal fractu"\"c; 
contains some ('hert whieh weathcrs out into l'ough snr-
face; alternating thin and U1!1Jlsive beds__ 22 

Brown sugar-grained limestone containing layer of white 

Irregula.rly bedded dark light-brown sugar grained 
limestone; tesselated weat.hering in cliff__ 11 

Brown and gray crystalUue limestone; lowest portion con· 
bins some eherl . _______________ 3t 

Rough-weathering, SOJIlewhat concretionary limestone, 
sugar grained, "brown and mott-led pink __ 

Massive beds of brownish-gray smooth limestone: irregular 
fracture ______________________________________________ _ 

Gray crystalline limE'stone, masaive bedded, sugar-grained, 
mixed with smooth, noncrystalline variety __ 1.q 

Brown and light-colored fine sugar-grained crystalline 
limestone, mostly thin and irregularly bedded___________ 17 

Local bowlder bed resembling conglomerate; sandy mate-
rial ______________________ it 

Brown and light-colored fine sugar-grained crystalline 
limestone, mostly thin and irregulariybedded, but makes 
jagged cliff._ _____ 27i 

Bottom at level of Colorado River. 

Paleontology and correlaf1'on_-The notes which follow were 
\, brought together with the collaboration of E. O. Ulrich. 

Though there are at present no paleontologic data regardrug 
the lower part of the formation mapped as the Ellenburger 
limestolle, it is believed to be of Upper Cambrian age. The 
upper part of the formation is early Ordovician and from 
it fossils have been collected in a few places. The writer 
is not able to state what propol'tion of the Ellenburger lime
stone is Ordovi('ian. The fauna of these beds has bcen col
lected at only two or three points. The species collected so 
far - about 15 in number - are also represented in the 
particular facies of the Yellville fauna (assigned to the Ordovi.
cian) found at Lutesville, Mo. At both localities the most 



common fossils are Ceratopea keithi (curved variety) and the 
Helicotoma? usually associated with it and with BathyuTus 
amplima'rginatu,s. Two species of Helicotomat and two species 
of Ceratopea were abundant in Texas. 

The lower part of the Ellenburger limestone may be corre
latE-d with the basal division of the Arbuckle limestone in 
Oklahoma .. 

There is a fair development of limestone of Lower Ordovician 
age in the Franklin Mountains of western Texas. The greater 
part of' the collections from that area, like the fauna in the 
upper part of the Ellenburger limestone, indicate the Ceratopea 
zone. 

CARBONIFEROUS SYRTEl\l. 

The Carboniferous system is represented in this region by 
the Marble Falls limestone and the Smithwick shale, both of 
lower Pennsylvanian ag-e. The limestone is the lower forma
tion. The shale includes some sandstone lentils. The deposi
tion of upper Carboniferous strata on the Ellenburger limestone 
marks a ~teat gap in sedimentation in this region, including 
lower Carboniferous, Devonian, Silurian, and part of Ordovi
cian time. Partial records of all these periods are found to the 
northeast, in the Arbuckle Mountains of Oklahoma., and rocks 
of Ordovician and Silurian age are exposed nf'llr EI Paso, west
northwest of Llano. 

Definition.-As has already been stated, the bottom of the 
Marble Falls limestone is in most places marked by a thin 
limestone conglomerate and in one place by a very coarse 
angular conglomerate or breccia. There are localities, however, 
as in the small basin 5 miles northeast of Bluffton, where little 
or no discordance in sedimentation could be observed. At the 
top the formation is sharply limited and the Smithwick shale 
succeeds it with perfect accordance in dip. The formation is 
named for the typical exposures at Marble Falls, Burnet 
County. 

Thickness and characler.-The Marble Falls lime~tone, it is 
believed, does not exceed 4,150 feet in thickness. It is composed 
of alternating beds of' dark and light gray, dove-colored, and 
dark-blue to black limestone. Many beds contain abundant 
cherty nodules, largely of a dark or black color. The color of 
this chert is diagnostic in distinguishing this formation from 
the underlying Ellenburger, in which the chert is decidedly 
lighter colored. The Marble };'aI18 limestone may generally be. 
distinguished also when struck a sharp blow with a hammer 
by its odor of petroleum. 

DistJ·ibution.-The formation is confined largely to t.he 
southeast quarter of the Burnet quadmngle, though two 
isolated areas also are occupied by Carboniferous strata-onc 
northeast of Bluffton, the other in Riley Mountain. 

SectionB.-The two following sections illustrate the lithology 
of the Marble Falls limestone: 

Eie(Jtion of MaJ"ble FaUll limestone along north bank of Colorado River from 
the new dam to point above bj'idge at Marble Falls. 

Top, black shale. 
Thin-bedded bla(lk shale____ 20 
Fine-grained dark-gray limestone__ Hi 
Thin-bedded and massive black limest.ons__ 30 
Brownish·gray subcrystalline toO crystalline limest.one__ 30 
Thin·bedded dark.gray or black fossiliferous limest.one 

with l'roductus and crinoids __ 
Fine-grained crystalline gray limestone __ 
Fine·grained gra.y limest.one with molluscan fossils__ 20 
Dense black ordark-graylimestoOne __ 
LIght and dark gray mottled limest.one with chort nodules 
Mottled gray limestones wit.h erinoid stems 26 inehes long_ 
Limestone conglomerate ___ _ 
Gray limestone without chert __ 
Gray chert.y limestone __________________________________ ~ 
Black limestone with cherty layers __ 
Black evenly beddfld limestone with cherty layers_ .. 
Massive gray crystalline limestone 
Gray cherty limestone__ 25 
Gray crystalline limestone _______________________________ _ 
Fault. 
Irregul8J'-bedded graylimest.one______ 17 
Black shaly lim{'stone with chert layera and lenses___ 22 
Massive gray limestone, with crinoid st.ems_____ 60 
Fault. 
Dark cherly limestone _______________ .. _ 7 
Dove·colored limSlltone with black bands and lenses_ _ _ 40 
CongloTJIerate_ 20 
Ellenburger limestone. 
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Section of Marble Falls limestone in Riley Mountain, in t1'ibulm'y uf 
Honey Creek. 

Carboniferous disapp{,MfI in valley. 
Very hard compact. nearly black limestone; some chert; 

nonfossiliferous. 
Thin. dark, very hMd limestone, conchoidal fracture. 

weathera buff; plat.y; considerable black cherL_ 10 
Rather massive gray limestone, sollle black chert__ 10 
Thin·bedded, very fine grained blook slaty limestone. _ 20 
Rather massivs dove-colored limcstone________ 20 
Thin-bedded slate or slaty limesronc, black or dark gray; 

weathera yelloW; apparently no fossils__ 35 
Massive coarse brown limestone __ 
Thin·bedded limestone with chert, gray-brown, marly in 

some place8; weather8light yellowish: few fossils not-ed; 
talus slopel!. _ 50 

Crystalline grayish-brown liwestone; some fossil frag-
ments__ ________________ 12 

Massive brown lime8tolle with large amount of chert __ 
Coarse·grained brown li<mestone containing considerable 

light chert; weat.bers into a slope of t.alus __ 
Irregular limestDne, gray to brown fine grained. nonfos-

siliferous _____ 32 

Thin-bedded, very dark. tine.grained limestones with a 
large quantity of black chert.; a few fossils, 

Irl'egulal'ly bedded fine-grained brown and gray limestone, 
very fossiliferous at bR.se; bituminous odor strong; sonle 
PAl"ts of base are mostly ProrZ'I1ctns rernains__ 23 

Mostly thin-bedded fine to coarse grained brown and dark
gray limesrone, highly foS!!illferous __ 

'fhin·bedded haekly linlestone. brownish. sugary; bitu-
minous odor_____ 6t 

Conglomeratic limest(lne eontaining pebbles of whHe chert 
and fine-grained light limestone __ 

Ellenburger limestone. 
2481; 

The Smithwick shale, named from the old town of Smith
wick, in Burnet County, consists of soft, very dark or nearly 
black ca.rbonaceous shale in which are included a number of 
sandstone lentils. Being soft and easily disintegrated, the for
mation is not sufficiently well exposed for accurate measure
ment of its thickness. It is, moreover, overlapped by the 
Cretaceous straw. Probably the thickness of the beds exposed 
in Burnet County does not exceed 400 feet. The base of the 
forma.tion is everywhere well defined, the change from the 
underlying li,mestone being abrupt. The formation comprise'S 
the latest Paleozoic rocks of the region, and the period of 
erosion indicated by the beveling of its beds corresponds to the 
great interva.l between Paleozoic and Cretaceous sedimentation. 
The formation is confined to the southeastern part of the Bur-' 
net quadrangle and to a sIllall area on Riley Mountain in the 
Llano quadrangle. 

The Carboniferous rocks of the Llano-Burnet region are 
equi valent to a part of the Bend series of the Texas Geological 
Survey as exposed at Bend, Lampasas, and San Saba, and arc 
oflower Pennsylvanian age. George H. Girty says: 

The t.ypi(lal Bend seriM of the TexaS! Survey is divisible into three 
portions-an upper ami lower shale, separated by It series of hme· 
stoues * * * 'libe lower division I am referring to the Miss· 
issippian * * * According to the canons at present used for 
detel'mining the PenUl~ylvanian by paleontologic (lviden<.,'(l the middle 
and upper divi8-ions would be called Penusylvanian. 

I feel no hesitation in recognizing the Marble Falls limootone as 
the middle division of the typical Bend of the Texas Survey. 
Although I did not see or collect fossils from the shale at :Marble Fulll'l, 
it seeIllS a fairly safe inference that this [Smithwick shale] i8 the 
upper division. It is 80mewbat doubtful whether thclowest divisioll 
is repl'e,,,euted in t.he Burnet and Llano quadrangles. I did 110t my· 
self observe it in any of the sections studied and at one point (on 
('A)lorado River below Marble :Palls) it is either absent or reduced to 
au inconsiderable thickness. At tilis point the 1\farble ]ialls lime
stone was ob!wrved within 5 feet of the top of the Ordovician lime
stone, the interval not exposed. About 2 feet from the base of the 
Marble Palls limestone I eollect.ed a small fauna in which the follow· 
ing species are provisionally identified : 

Acervularia n. sp. 
Michelinia sp. 
Fist.ulipora ap. 
Liocl!:'lllasp. 

I Derbya sp. 
I AulOf'teges n. sp. 
i Spirifer rockymonhmuH. 
I 

It is clear that this is not the fauna of the lowest division either 
lithologimlly or paleontologically. 

* * 
I have revised the identifications of the oollection from Marble 

}~ans, upon which a report was made to U. T. Hill a number of years 
ago, and I now reeognize the following sp€cies: 

Textularia sp. 
Campophylluru torquiUlll. 
Chretetes mm"'poraceus. 
Productus cora. 
Productn8 infl",tus~ 
Productus sp. 
l\fal'ginifera? sp. 
DielaRma bovidens? 
Spirifer rockymont.anus. 
Spirifer mal"C()ui? 
Composit.a snbtUha ~ 

Acanthoperten carboniferus? 
Streblopteria hened ~ 
Myalina perniformiH. 
Pseudomonotis !lp. 
Conorardium obliquum 
Plellrophorus occidentalis? 
Pleul'ophorns? ~p. 
Phanerot.rema grayvillense? 
I:;chizostmna catilloides? 
Phillipsia missouriensis? 

'lihis seems to be a composite lot consisting of a collection made by 
R. '1'. Hill amI Cooper Curtice combined with one made by T. 'V. 
Stanton and T. 'V. Vaughan, both from Marble Falls and presum
ably at about t.he same place._ Hill's collection is reported to have 
been obtained ncar the bottom of the Carboniferous limestone at 
Marble Fall." the original (supposed) Devonian locality of R. F. 
Shumard and the same locality as reported by R. T. Hill (Am. 
Geologist, vol. :1, 1889, p.290). The Stanton label readF! "Below 
the Productu8 limestone, Marble Falls," As in my original deter
mination, I now regard this fauna as of Pennsylvanian age. 

CRETACEOUS SYSTll.'M:. 

COJ\o(ANCHE SERIES. 

The ~reat unconformity at the base of the Cretaceous system 
in this area is a most striking feature. It affords a remarkable 
example of the progressive encroachment of the sea over an 
eroded region-a region displaying on the one hand the com
plexities of its structure, yet showing perfectly on the other 
hand the competence of erosion to bring about a relative level
ing of' the surface. 

R. T. Hill and T. 'V. Vaugban a have treated ill a compre
hensive manner the nature and relations of the Cretaceous 
system in this province and they also have described in great 
detail the geology of the Aust.in quadrangle, lying just south
east of t.he Burnet quadrangle. As the Cretaceous fonnations 
of' thcse two quadrangles are in part identical, the reader is 
referred to the Austin folio (No. 76) for details not given here. 

In the Austin quadrangle the Cretaceous system is repre
sented by rocks of both Lower and Upper Cretaceous age; in 
the Llano-Burnet region the system is represented by Lower 
Cretaceous rocks alone. The following table shows the classi
fication of the rocks, as made in the Austin folio: 

Classification of Cretaceous rO(lks in the Austin quadrangle. Texas. 

Montana. 
Webberville formation. 
Taylor marL 

G~~~:~es (Upper Creta· -C-Ol-or~~:~-- Austin ehaJk. 
Eagle Ford formation. 

,------

I 
Dakola. 

'~a:t.a. 
CC~:ra~~u~.rieS (Lower I Fredel"ick~burg. 

I-:i~l:-

MiSSing. 

Buda. lbnestone. 
Del Rio clay. 
Georgetown limestone. 

I 
Edwm-ds limestDne. 
Comanche Peak lime8tone. 
Walnut clay. . 

Glen Rose formation. 
i Travis Peak formation. 

In the Llano-Bu1'llet region only the Fredericksburg and 
Trinity groups are present. The formations included under 
these groups in the Austin folio have been mapped in a differ
ent manner in t.he Llano-Burnet area. The changes made are 
two. (1) The Travis Peak and Glen Rose formations of the 
Austin area. are combined in the Llano-Burnet region 3S the 
Trinity formation for the reasons that no boundary between 
the two fOl'mat~ons could be established which was sufficiently 
well marked to be recognized or followed in geologic mapping, 
and that the extension into the Burnet quadrangle of t.he Glen 
Rose as measured in a section in the Austin quadrangle shows 
an overlapping of the Glen Rose upon the typical 'fra vis 
Peak-that is, the uppcr part of the typica.l Travis Peak in this 
area represents lower beds of the Glen nose as mapped in the 
Austin quadrangle. (2) The Walnut clay, separately mapped 
in the Austin quadrangle, has here been mapped with the 
Comanche Peak limestone, being too thin to delineate sepa
mtely on the scale of the maps. 

The Cretaceous formations which have been delineated in 
the Llano-Burnet area are therefore as follows: 

_Fredericksburg group: 
Ed wards lirnel!tone. 
Comanche Peak limestone (including the 'VaJnllt. clay). 

Trinit.y formation. 

Charactel'.-The Trinity formation in the Llano-Burnet 
region includes the equivalents of the Travis Peak and Glen 
_Rose formations. The name is a group name and was origin
ally applied by Hill to describe the beds at the head of 
Trinity River. Of the Trinity division in general HilP'says: 

The Trinit.y divjsion is especially marked by strata of friable white 
pack sauds, which do not occur in the other divisions and which in 
places constitute nearly the entim rocks of the division. In some 
places, especially south of the Bmzos, these sands alternate with 
marly clays and chalky clastic limMtones, the latter being composed 
of minute shells 01' fragmental particles of shells and sands having a 
lit.hologic and paleontologic iudividuality by which they can usually 
be distinguished. All the calcareous st.rata are white or yellowish 
and occur in numerous persistent alternations of hard and soft stmta 
of variol18 thicknesf'les. * * * ]n general rocks of the Trinity 
division were laid down upon a subsiding bottom of a former land 
surface. * * * The varying corp.position and near·shore eharae
t·er of the Trinity division are due to the fact that they were laid 
down against .the nearly steep slope of t.he subsiding land from whieh 
the material was derived. 

The distinctive chamcteristic of the Trinity formation in the 
Burnet quadrangle is the wide mnge in the thickness and 
nature 'of the beds composing it. This condition is the natural 
result of deposition near a gradually subsiding land surface On 
which, owing jn piu·t to the relief, various sorts of rocks were 
exposed to erosion. The composition of the basal beds is 
closely related to that of the rocks of the adjacent land that 
was undergoing erosion, and the texture of the beds depends 
largely\ on the relief of' the land nea.r the subsiding shore line. 
For example, a little east of t.he head of the north fork of 
Morgan Creek the formation is lacking in several small areas 

aHill, It. T .. Geography and gcologyof the Black aud Grand pl'airif'H. 
Te:<:as: Twenty·ilt·st Ann. Rapt .. U. S. Geol Survey, pt.. 7, 1900. Hill, R. T., 
and Vanghan, 'f. ,.y., Geology of portions of the Edwards Plateau and Rio 
{hande plain adjacent to Aust.in and San Antonio, 'l'f'x., with specia.l refer
ence to the oecurrence of art.ssill.n and other underground waters: Eighteenth 
Ann. Rept_ U. S. Geol. Survey. pt. 2. 1898. pp. 192--822. 

I> Hill, R. T., Geography and g"f'ologyof t.he Black and Grand prairies, 
Texas: Twenty-first A~n. Rept.. U. S. Gool. Survey. pt. 7, HIOO, pp. 128-100. 



and the Walnut Clay rests directly on the uneven eroded sur
face of the Paleozoic limestone, but on Colorado River near the 
southern border of the Burn.et quadrangle 50 feet of coarse 
conglomerate and about 450 feet of Cretaceous limestone and 
marl occur beneath the Walnut cluy. : (See PI. Vr:) The 
conglomerate contains pebbles of schist, granite, and Paleozoic 
rocks derived from the denuded area to the \vest. The beds to 
the north, lacking in conglomerate, indicate by their character 
moderate topographic relief along the encroaching shore line, 
but the beds to the south, on Colorado River, suggest quite the 
opposite. 

Above the conglomeratic basal member, which is about 50 
feet thick in the southeast cornel' of the Burnet quadrangle, are 
beds of shale, sandy oyster-wen breccias, sands, thin conglom
erates, and calcareous sandstones. Higher in the section QC('.ur 
alternat.ing series of buff, white, and yellow sandy and chalky 
limestones with thin beds of clay and sandy clay. 

FIGURE 4.-1deal section illustrating the lateral change in Ilediment.ation of 
the Trinity-formation from limestone and ma.rl to conglomerate adjacent 
to the ancient sea floor. 

a, Comanche PeRk i!mestone, including Walnnt clay; b, Trinity lormation. 

The base of· the Trinity formation rises ~radually from an 
elevation of 750 feet on Colorado River to about 1200 feet 
in the northern part of the Burnet quadrangle. Figure 4 
illustrates in an ideal section the condition which is believed 
tQ have existed, namely, that the conglomeratic basal beds were 
progressively less coarse, thinner, and more calcareous as the 
distance from the land increased, until, at point-s remote from 
shore, pure limestones were formed. It is therefore clear why 
in the Llano~Burnet region sands are found at horizons which 
al·e marked farther southeast, in the Austin quadrangle, by 
limestones referred to the overlying Glen Rose formation. 

Sections.-The following sections describe in detail the 
character and thickness of the various beds: 

flection of the Travis Peak formation, beginning at the tup of the di'lYide 
between Hickory and Cow creeks and-continuing to the Colorado Rive1· 
level at the month of Hickory_Creek, Burnet·County.a 

[ByJ. A.TBfI'.] 

12. Bands of conglomeratic and calcareous sandstone, 
alternating with beds of arenaceous limestone, the 
arenaceous limestone predominating__ 40 

11. Marly magnesian limestone__ 40 
10. Calea.reous sand at base, grading upward to a siliceollll 

limestone at the top, barren of fossils_ _ M 
Il. Yellow caJeareous sand, stratifled__ ~_~_ 15 
8. Conglomeraw simiIax in character to No.1, with the 

exception that the pebbles are smaller and IlIore 
worn, grading into sand below and into ealeareous 
sand above__ 25 

7. Red sand, unconsolidatoo__ 3 
6. Friable yellow sand __ 
5. Cross-bedded shell breccia, containing many small 

rounded grains and pebbles of quartz, flint, and 
granite mmd. Fossils: '1'1··igonia and small bivalves, 

, and Ammonites justi7i/£._ 
4. Ostrea beds, magnesian lime eement, fossils en masse __ 
3, Breooiated grit, cOIuposed of worn fraglDent1! of oyster 

shells, and shells of other Mollusca, with sand and 
fine pebbles, stratified in-false beds ___ _ 

2. Bands of friable bluish shale and caIeareous ~and, 

stratified. Fragments of oyster shells are common 
in the calcareoWl sandetone _______________________ _ 

I. Basal .Mnglomerate of· pebbles ·of limestone, quartz. 
ehEirt, granite, and schist, well rounded in a eement 
of ferruginous· yellow and red gritty sand. Some of 
the pebbles at the base are from 5 to 6 inches in 
diameter. They decrease in size, however, upward 
from the base, until a false· bedded oalcareous. shell 
grit appears at the top___ 50 

Total thickntlSs of Travis Peak beds__ 263 
Laminated flaggy Carboniferous sand~tones and friable 

light-blue clay of CarboniferOUIl (Coal Measures) age, 
from· the Colorado River level upward to the base of the 
Cretaceous conglomerate, the laminated sandstones con-
taining prints of fe:rn.s, nearly 100 

Total thickness of section _ 863 

Section at POIlt Mountain, 1 mile W8I!t of Burnet. b 

Fredericksburg division: 
5. Barren Edwards limestone and Comanche Peak 

limestone __ _ 
4. Walnut clay" 

Trinity division; . 
3. Impure arenaceous limestone and marl with arago-

" 10 

100 

niw crystals _____________________ .. _ 25 

2. Limestone agglomerate of shells with. asphaltllIll__ 25 
1. Reddish saudy clay" and congJomera.te__ 20 

Paleozoic limestone. 
70 

170 

Seotion of T,·in"ity formation on road from divide west of Cow Creek south· 
west to bench marlt 834. 

Chalky white limestone, porous, or weathering honey· 
combed; fossils _ 15 

Similar but not honeycombed; wea.thers knotty 20 
Covered slope__ 40. 

:u~.~:e::=~inglime"tone; no fOBsiltL _______________ . _ 12t 
Porous boneycombed limestone; no fossils 2 

a TafT, .T. A., Twenty·first Ann. Rept. F. S. Geol. Survey, pt. 7, 1900, 
p.l4Q. 

bHill, R. T., Twenty-first Ann. Rept. U.·S. Goo!. Survey, pt. 7, 1900, 
p.136. 
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Buff limestone; massive, somewhat nodular weathering; 2 
feet at bUlle somewhat sha.ly __ 7~ 

:Elue_grained sandy limestone __ 10 
Fine-gJ"ttined sandy limestone, shaly__ 1 
Yello;wish limestone, more massive and less sandy._ 
Wbiteday __ 
Coarse buff limestone __ 
Oyst-e.r ~hells in sandy layer __ _ 
Massive limestone, yellow weathering. __ _ 
Shaly, yellow liIpe!ltone, nodular and fnll of oysters_ 
Shaly, with liIlIestone layers__ 6 
Hard porous dense·buff·weathering liriIe·Btone_ It 
Oysttlr-shell breecia_______ 3 
Clay or sand containing chalky nodules__ 5 
Chalky layer __ t 
Clay or sand containing chalky nodules__ 8 
Hard dense bWI limestone, shalyat botton!. __ 
Nodular limestone, weathering into nodular clay _. 
Siliceous limestone __ 
Oolitic fossiliferous shaly.wtlatherirtg limestone__ 10 
Coarse reddish liIllestone __ 
White clayey limestone" with shaly weathering· 
'Vhite sandy honeycombed limestone __ 
Sandy and nOdular-weathering Hmestone __ 
Dense dull-white limestone_ "1 
Nodular-weathering limestone___ 10 
Dense brown limest.one__ 1 
CL"l.yey limestone, weathering nodular_ 
Dense buff nodular-weathering limestone, with calcite 

films and Band grains 10 
Nodular.weathering limestone, ·possibly eonglomerate_. 7 
Dense buff limestone containing coarse grains of quart7. 16 
Stream at bottom of slope. 
Clays, yellow, honeycombed at baae_ 10 
I .. ight-colored limestone, somewhat gritty; makes small 

bench._ " 
Soft layers, covered 
Hard layer limestone_ . __________________ _ 
Alternating hard and soft beds of clay and marly lime· 

stone, not very fossiliferous; makes small wrraced slopes 30 

Section from top of slope eust of benoh mark 834. 

Sandy limeBtone; few fossils __ 
Sandy lime~tone, with many shells __ 
Covered _ 
Fine sandy limestone, with fossils __ 
Fine sanoy limestone; not many fossils __ 
Fine-grained conglomtlrate, in places shaly __ 
Covered 
Conglomerate, nodular weathering __ 
Covered _ 

Section downstream from bench murk 834. 

29. 

5 
15 

, 
18 

71 

Feet. 
Sandy conglomeraw _ 10 
Oyster shells__ 1 
Sandy conglomerate 1 
Sand and sandy conglo1fJerate___ Ili 
Conglomerate of oyster shells _ 4 
Sand; may be Pleistocene __________________ _ _ 20 

401l~ 

Section ofportiolt of Trinity formation 2tmiZes west of the southeast corner 
of the BUrnet quadrangle at its southern edge. 

Feet. 
Soft sandy marl containing lamollibranchs__ 5 
Covered terrace_ _ __ 
ButT massive, slightly honeycombed limestone containing 

fragments of shells. _ 2i 
Sloping terrace of softer marJy limestone__ 7i 
St.eeply sloping surface underlain by nodular gray lime· 

stone with 2-ineh layer of slightly gritty m(l.teriaL 
Buff sandy limestone __ 
Light·buff ca.JcareollS shale, nodular, containing some fos-_ m 

SAndy limestune, containing nurneroU1iI fossils 
Sandy limestone. 10 
Covered slope, probably underlain by soft bedded lime· 
~tone _ 14 

Sandy limestone. . __ _ 
Soft, knotty, marly buff limestone __ 
Covered gentle slope __ 
Cream-colored limestone, slightIy sandy __ 
Clayey marJ; 1 foot at top strongly fossiliferous; 5·illCh 

band of buff limestone 2 feet from top__ 11l 
)fad}' bcd8 with hard layers, containing sOlDe fossils 8i 
Yellow porous limestone, containing shells fit 
Similar, but more m.assivc_ _ 6-
SimiluJ", but thin bedded 
Similar, but shaly ___ 14 
Solid yellow limestone __ 
TWn-bedded fossiliferous limestone ______ _ 
Massi·ve eb.a1ky limestone, with fossils __ 
Massive chalky limestone__ 15 
Shaly limestone, transition from bed above 
}l~ine-grained mas.sivtl yellow limestone__ 7 
Calcareous sbale__ 10 
Fine~grained gl"ay..~dstone, calcareous__ 5 
Covered slope_ _ 10 
Conglomerate with many pebbles_ _ 27i 

Total ill cliff and side of hill. ____ 247 

DiBtr1~bution.-The Trinity formation underlies most of the 
eastern half of the Burnet qua.drangle. In the pJ:tte~1U areas, 
especially toward the south, it is covered by the overlying for
mations, but it everywhere occupies the slopes and the valleys, 
save in one or two places where the streams have cut through 
it into the underlying Ellenburger limestone. Aloug the 
escarpment about fj miles northwest of Burnet it is absent for 
several mil~, and the Comanche PCftk limestoIle rests directly 
on the EllE~nburger limestone. In two small areas, also, south
east of Bunker Hill the formation is lacking beneath the over
lying Walnut clay. This absence of the Trinity appears to be 
due to nondeposition in these localities. 

Paleontology.-'l'he Trinity formation contains a 1lI1mber of 
characteristic fossils. The following notes are ab~tracted from 
the Austin folio: 

Fossils are found in the Travis Peak formation as low as 
the basal conglomerates, but they are neither plentiful nOr well 
preserved. The upper or coquina-like beds of the Travis 
Peak are full of casts and· molds, among which are Ammonites 
justinm and undetermined species of Cucullma, Trigonia, Pho
ladomya, and Cyrena. In these beds also appears the first of 
the several oyster agglomerates of the Comanche series. . This 
is composed of a solidified mass of large oyster shells forming 
a stratum 7 or 8 feet thick, which outcrops just below the 
junction of Postoak. and Cow creeks. 

At the top of the sandy beds in the Hickory Creek .section 
of the Travis Peak there is a yellow arenaceous fossiliferous 
limestone. This limestone marks the first or lowest. appear
ance of the ·peculiar fossils Monopleura and Re'luienia and 
indicates the beginning of the conditions which finally pro
duced the Glen Rose limestone (not separated in this folio). 
In the middle third of the Glen Rose formation occurs the 
foraminifer Orbitolina texana, besides many. casts of large 
mollusks. 

The Fredericksburg group is composed of three formations, 
named, in ascending order, the WHlnut clay, Comanche Peak 
limestone, and Edwards limestone. The group llame is derived 
from the exposures of the format.ions at Fredericksburg, 
Gillespie County, Tex. 

Overlying the Trinity formation is a bed of yellow cal~l~ 
rcous clay, generally more or less indurated in this area. It is 
extremely rich in two species of oysters, E;cogym fexana 
Roemer a.nd Gryphma marcoui Hill and Vaughan. Its thick
ness is from 10 to 15 feet. This bed is extremely persistent in 
both its lithologic and its paleontologic characters. It was 
named the Walnut clay by Hill a from the town of that name 
in Bosque County, Tex. 

This clay, where not indurated, commonly occupies a terrace 
or bench resting upon a hard stratum of the underlying for
mation. (See PL IV.) It is not sepamtely mapped in this 
folio on account of its thinness but is included with the over~ 
lying Comanche Peak limestone. 

Dfjinit-ion, thickness, and character.-The Comanche Peak 
limestone succeeds the Walnut clay and is in turn followed by 
the Edwards limestone in perfect conformity. Its thickness in 
tile Burnet quadrangle ranges from 40 to 50 feet, or even to 
70 feet in the extreme northern pa.rt of the quadrangle. This 
thickness does not include the Walnut clay, which in this area 
is mapped with the Comanche Peak limestone. 

The formation consists of a white chalky limestone, which 
in places acquires a broken reticulated appearance on weather
ing. It contains an abundance of Exogyra texana. It is named 
for its occurrence at Comanche Peak, near Austin, Tex. 

DiBtribution and 1'elatiorM.~The Comanche Peak limcstone 
forms the tops of the broad divides in the northeastern part of 
the Burnet quadrangle. In the southeastern part it is overlain 
by the Edwards limestone and outcrops in narrow bands 
encircling the plateau areas and forming the upper parts of the 

slopes. 
Its base slopes from an altitude of 1530 feet on the peak 

about 5 miles west of Bunker Hill to one of 1200 feet in the 
southea8t corner of t.he qqa.drangle, with a gradient of some
what less than 10 feet to the mile. Its regularity of bedding 
indicates different eonditions of sedimentation from those under 
which the lower beds of the Trinity formation were deposited. 
As has already been stated, along the escarpment northwest of 
Burnet the Trinity formation is absent and the Walnut clay 
rests directly on the uneven floor formed by the Paleozoic 
limestone. 

The ",Valnut clay is practically a fossil oyster bed deposited 
in shallow watH, and it may be inferred that in this area lime
~tones were being formed as shallow-wa.ter, near-shore deposits, 
the calcium carbonate being derived by solution from the 
limestone land mass to the north. The absence of sand or 
other detrital material is an illustration of the fact that the 
erosion of a limestone regiOJ~ of slight elevation is confined 
almost wholly to the remo\Tal of material by solution. 

Geneml descript-ion.-The Edwards limestone conformably 
succeeds the Comanche Peak limestone. The following de
scription is quoted from -<the Austin folio: 

\ ·This formation is the most conspicuous and extensive in the Texan
Mexiean region. It is composed mOfltly of limestone stratal but there 
are some marly layers. It shows slight variations in color, composi· 
tion, texture, and mode of weathering. In general the beds ure 
whitish, although myers of buff, cream, yellow, or dull gray are fre
quent. In composition many of the beds are as nearly pure calcium 
carbonate as can be found in uature, but some have small admixtures 
of silica, epsomite, ehlodde of sodil1m, and perhaps other salts as 
yet undetermined. The formatilJn ca·n UflUally be dlst..ingnished ?y 
the immense quantity of flint nodules embedded in and between the 
limestones and scattered over the surface everywhere. 

"Bull. Geol. Soc. America, vol. 2, 1891, pp. 508, 512. 



The Ilillt llodltlt,~ an' IlOt disphycdin the Burnet region, 
hf~cause ouly die 101"1'1' patt of the formation is 
In Imnlly <I sin,::.!;l(· was there s\lffir:ient 

chert tu he It noti('(':ILlt· f('Mul'e the {imnation. TIl{' 
b-·alil), is the Edwurdc; ['latp(l1l, ill thc Kucees and 
ql\adl'allgles, 'J'CXilt<, 

hyerosioll to a tlJiu film of eap 
tined Lo the :-;\llllmit,s of tht ridi-!,"C's, which may be 
tin!..;'lIishcd by thcir tHule-like liH'lB. III lllllCh' of the 
paJ:t. of t.he a;·ea and ill sonw of the ,;outhel'll part it has been 
entirely removf'(l h.Y Pl'oAiou. 

S'I'f-{UC:TURK 

GE'SF.I;Al. I;Ef,A'J'JO'\i-i. 

Rplen·ltte [.0 tll\' 2, p. 1) 
t,hnt t.he 

l)o1'(ler-
","n .• /\.",I.,·;"" hasin an inner rim of' rocks, 

nOTill side, (ill'ms an escal'JJJlH~tlt 'lbollt the interior 
This area., in whi(~h arp revcaled roeks of t.he 

in thf' hl'oad 
to the 

IHT-U;lIIl>I'l<;H :-:;ehists is highly C'omplex 
term,"-. The l'oeh::s, 

In! ve hePli (It'l'ply lmried 
llwhllllorplllt>lll. 

into brond foldt>. on whidl 
The 

FllUlts of ('on;,;iciel'ah!e 
t,he sudden 

of lilllcstcmf' heels :11)(1 other units, whell 
t.ratcd along tIle st.rike. The lunjor sl.flldlll'al :Jn~ ~lwwn 

on thf-' sheets of Htrn<'iU1'0 t;cdioln'!. Two Ilu1ll'ly pal'HllloI ;lUti-
('linnl axf'S al'e noteworthy-one a few miles west of 
Oxf(ll'd au(l tllf' hetween l..lano and Lone Grove, The 
latter :.:;ou!lwa:-;!ward and e!l(l.e; in thp soutinves(-Pl'Il part 
of the quadrangle, liS :-:;hown hy the of a IHllll-

bel' of limestone beds :ll'oun([ t.he nose of the ~o\'tll of 
Llano Rivel' in the western part of the Llnno qundrangle the 
arch of the western alltidine Hattens and the schjsts dip at 
lower angles, 

_A few of the many minor foldR lIrc indil'atetl on t,he TrIll)}. 

The JlmSSf's-at least the (lue in the soutlnvesterll 
part qua(lrauglf' and that. in the sout.hern 
the Burnet, qlladmngle-ol'eupy positions 
gcnera 1 to synclinal axt's. Thp eentral 
wPst of Llano, (lOC'8 \lot l:ieem to have 
intrusion. 

The pl'(~-CaUlbrian eomplcx has also hceninvoIVl_'(1 in the 
extcusin' to be dcseribed under "Stnleture of the 
PHleozoic 

I"TlUT'l'P[U: OF '1'J1I'; J'ALEozorc 'R.()CK':'. 

G-uwml ('on.~idera!i()fI.~.-Perhaps as torcible n. method ai; any 
otlwl' hv which to Hccentuatc Lhe (lomiwmt 11l0VClllcnt;,; thnt 
have b(~l'!l at \\'ork in bringing about Ute 
relations in the t:el1tnd TeX~lS 

briefly the conditions prevailing in well-known Black Hills 
of South Dakota an (I then point out til" deiinell 

hetwecn t.hat rl'gioll and central Texas. 
says: 

\"-l'ii,er. 

The Bliwk Hills 
dome rising on t,he 

if not 
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axis extemlillg llOrth-
ward from the Laramie or Front RalJge of the .Hotky 1Ilonntains. 
'~ 'rhe greatest yerlka] displaeement * amollnts to 
alk.!11t fJOOO feet. * ,I Fnulls (Ire rardy 10 lie and 
for some slwl'L bl'eakl'l dtl(' 
whi(,h a.ruol.l1lL to 1Il0l'e than a 

few han' 

fold combined with 

erosion present. f()]'J[L 

whiC'h bordpr and inicrseet this basin 
heavy hlack lines on the ureal 
importallt similarity. Thl; 

:111(1 nrc indicated by 
maps, 'all havc Ol;~ 
(lownt.ltl'own hlock 
fHlllt and TlOW forms the high or 

[ol\'Hrd the basin a worc or 
words, the ("pntral df'lHuled ",·c,_/' .• ",I""",, 

IOWP1', was at nup time topof!,'l'aphicnlly as well a", 

hilS disintegrated more 
"",.<""u<;,"~ JimestoBE'-rapped strata, and the 

ero;;;ional lHlBiu 11<1:-:; carved out. The Paleozoil' 
inyolved in tIll' uplift lITC" folded aml an~ iudiu8(] nt 
various degrees from t.he 

of fault.<; wllieh Hided 
de:.,;eribplI lilay Hnw he 

number are ycrtital-that i:.,;, tlipil' tl'(\(~e ou 
the suriit('e It stmight line. 

4. MO\'emenl along t.he fault plane hns been 
verti('al diny{ion, fi)r m two filnlt:.:; to 
inc1LHle a V-. ..,haped hloek. inspect.ion of H number of 
su('h breaks lH'OVt'A that t.he fHllitS dip Ollt. horizontllly, for they 
tiit to ~ho\Y cvidpncp of folding that hori-
zontHI movcments. At Oll!' fault" 

movc
inferred 

by the breaks was in a 
vcrtic'al din~,t.ion. 

0. The.v ]lHVI~ a llortheai-il trend, with ouly Olle illlportant, 
exception. 

n. They are elosely related to f()l(ls-t.hat. is. they an 
pnrnlld to aud loeally into folds, 

7. The throw oe varies from a few feet to 
lS(X) fpc!. 

These hlets eombined with a few consideral,ions of a gelleral 
natlll'8 sene a.s a lH1Sis f()l' n interprdat.ioll, which will 
dlCal wilh the ag'e of t.he localizat.ion, and the forves 
involved. 

II at Cn~taceou'l ,-a:dimenls o\'el'hlp 
uuconformably upon ill] 

irrep;ulal' erosioll snriil.ce cut in ana ta.ultp(l strata, For 
the basal contaet of the Cretac(,ous north\vard 

comer of' the BUl'llCt. the beds 
overlie snccC'Sslvely Carboniferolls, laLe Cam-
brian stl'abl. Moreover, the Paleozoic b8(ls are both fohlC'd 
and timlk(l, whereas ,t.hp Cretaceons rocks lie nearly fl.at. and 
11a \'e 8uifi!l'ed neit.her of t.hesp disturbances. The 
t.Ilerefore took place prior to or at the time of't.he suhsidence 
the pre-Cret.aceous hmd. As the erosion i8demonst.rahly later 
than the D).ulti;, it is pl'o.hable that the filulting oceurred during 
dlP uplift the of the Smithwick slHde. 

Lcca!£zn.f£cn has already been pointed 
out tlUlt in the the phenomenon of OV8r-

The basis for this sLate
in the Paleozoic 8ul'eession 

8(~Iillielliary marking 
wns not in this 

during these are fi)llnd in regions further 
north nnd northeast" it is a l'eHsonable iuferellcP thal the Paleo
zoic cover beCOllWS progressively thinner towal'd this area of 
relatively high level, and that here it, was eomparatively thin, 

to regional compression, would afj-~)T'(l 

examinat.ion of the 
i:iedioll C-C, BUl'net st.l'uetUl'P-

sp,et.ion shed. and fig. light on the stl'eSSPB which 
lul.VC been adivl; ill region. At, this a number of 
f()lds and fimlts arc developell in the !ate Ordovi-
cian, and Carboniferous strata. Both folas and fhlllls have a 
f!,'enel'nl nortlwa!:lt. t.l'f'nd, and the faults nrc in the main neady 
vertical. The conditions here point rather eDnclusively to 

as theeause of the 

in (loming 
beds wonltl follow 
be lleye1oped. 
were ob!:lerved. .J-ioreov€r, 
alone do not. admit of an 
and -when comhined with 

elongation of tlw slll'faee, 
tlleY iTulicate rather that thp,V are 

veJ'tical movement. 
of J\'ort.h .America 

or sll{'eest;lon of' periods 
place in this rf'gion there 

were lUil8.-"PS both to the anti to the southeast, 
and it i.e; believed t.llllt sueh a eonditioll existed ill""""li"t;"v 

sediments wert' oeeupied trough~ trending ill n 

1lortlwa;;;t-sollthwc,<;t diredion. i) 

Subsidence in the fioor of t.he Gulf of :'lexieo would init.iate 

have 
the Llano-Burnet region, 

it is believed, 
compre~~ive 8t1'e~ses in lightly loa-fled area where vprt.,iral 
moycment, more easily take place. 

Dc{(t'l:l,~ limited st.ructure of the Carboll-

whidJ has taken placc in this 
region. section southeastward from a 
point ncar 1vfarblc FHllB, HS I'cprescnte(l in st_'dion C-C of' the 
Burnet. structure-section sheet" will makc dear the "hInd;:" 

'F'rOl:RF. rj,-IdPi~l st()rt'Og'L':tIll of faulted IJlocks in th(' vi(~inity of Marble 
.Fall~, 'l'exas, 

""Wf"Ll~lIt, ot th~ l,l""ke l~ shown by the amount ,)f di"phU"I!l~nl 
l'a!e(Oz<)ic M",liments whkh l'C8t 011 the PrD_C,l11Li>l'i:w. 1''''''-0, 

natlll'e of the TllOH'·mrmt,,,, Figure [) is a stereognnn 
in all ideaJ thc relative mo\'pmf'llts of the 
bloch. is eaIled to the manllPl' in which 
the highest rocks ill tlw local sequence arc hrollght 

the prc-CalllLriall granite. 
I{.idgc, Long :'.-Iount.aill, Rile,V ~lo11ntaill, alia Milch 

,warps as that bordering Little Llnuo RiVf'l' and t.llllt 1I01'tllof 
Smoothingiron MOl1ntHin are examples of downthrown blocks 
whose pJ'i\Sent surfhee lies at a elevation thun that of the 
intel'ior basin. 

l"IHIJHB (;.-StCI'cogralll of tho fanlt~'d blocks in the aroa nort.h of Smooth· 
ing-iron }fount.ain, 

Tbe",Jid s\;"(.chM,,,,·s tlw faulted bloolcs as t1'e~' would appear if u6 No"ion had tuken vIReo, 
Tho dO'l-nthcown uloo'" nOw form the hi!!,l! I,,"d~, 

Lions of the blocks north of Smoot.hingiron }Jountain. It 
shows dearly that what \VUS once a relatively low arcH. is now 

~l plifted mass. Of special note' is the struetural 
rPlat,ioll Smoot.hingil'on ~Iollnt.ain and the north-8out.h 
DHllt. This mountain is formed by a sharp fold, Cambrian 
san(lstone at its south cTHI being nearly cOlltinuons from its 
summit. to its hase. It mav he seen from t.his that the hrf'~lk 

forming dlC fault to t.he ;lOl'th has lwre into a fold 
which dif'8 out farther south before Sliek l\:'lountain, 

No l(:'ss than thirteen :fimlts break the cont.inulty of the 
strahl Rile-y .J-IOllntain. Thc series of breaks which 

;cal'p have t.he In t.hp val-
ley of Honey Creek Carboniferous dowIl agaiust. 
p,c··'~allll,m'" sehi~t.s, a break representing a vel'tiealrnovenlCnt 

1800 feet. (See section D-D, Llano struetmc-scetioll 

sheet.) 

STJtCCTURF. OF THF. CRF:TACF.OUS ROCKS. 

The undisturbed, nearly horizolltu 1 attitude of the Creta
ceous strata in the Llano-Burnet l'f'gion is direct evidence of 
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the slightness of deformation since they were laid down. The 
position these rocks now occupy would seem to be a result of 
simple uplift from beneath sea level to their present position. 
This uplift wa. accompsuied by a gentle tilting which the 
.light Gulfward dip of these bed. perhaps reflects. Otherwise 
this series of rocks may be considered as a pile of nearly undis
turbed sedimentary stmta, unaffected by the post-Cretaceous 
faulting which is so well developed to the southeast in t)te 
Austin quadrangle. 

GEOLOGIC HISTORY. 

PRE-CAMBRIAN TIME. 

A.s has been noted iu describing the structure, the sedi~ 

mentary rocks of pre-Cambrian age have passed through the 
various stages of deep burial, regional meta~orphi8m, and 
active igneous intrusion. The character of the individual beds 
composing the schist-gneiss series leaves little or no doubt that 
the processes of sedimentation and conditions of life at the time 
they were formed were in their broad essentials the same as 
during Paleozoic and later periods. Igneous activities, too, 
played in those ancient days quite 8S important a part as i~ 
later times. Marbles and graphite schists point to the exist~ 
en~ of animal and vegetable life; amphibolites and basic 
intrusives indicate igneous activity. After their formation the 
entire series of rocks was subjected to deep burial and conse
quent metamorphism. Mashing and crushing of the rocks 
were followed by more complete alteration; minerals were 
rearranged, a schistosity was impressed upon the series, major 
and minor folds were developed and were undoubtedly accom~ 
panied by faults. Basic intrusives. broke the beds, themselves 
tQ be later affected by sufficient pressure to create incipient 
schistose structure. Finally granitic intrusives of great magni~ 
tude added their quota to the complexity of the rna .. , perhaps 
in two st.ages-one while the rocks were still deeply buried and 
under cQnsiderable pressure, the other later and probably much 
nearer the surface. These ancient geologic processes were ful~ 
lowed by uplift and long-continued denudation. Later the 
sea again covered the land and Paleozoic deposition began 
upon a nearly leveled surface. 

PALEOzqIC ERA. 

To present more clearly the history of the sedimentary suc
cession in the central Texas region during Paleozoic time it 
would perhaps be well to outline, in a broad way, the relation 
of the region to sea level throughout that era. 

It is evident from paleontologic data that great gaps occur 
in the sedimentary record, and it is very probable that these 
gaps represent periods of elevation above the sea. The - evi~ 
dence for this belief lies in the phenomena of overlap, in com~ 
parison with the Ozark and other regions to the northeast, and 
in general stratigraphic and paleogeographic considerations. 
Some of these will be aet forth below. All poiot to the impor
tant conclusion that the central Texas region was one of reIa,.. 
tive elevation during several long periods. 

As the earliest Paleozoic sediments in this region are of 
Upper Oambrian age, it is clear that prior to their deposition 
(that is, during Lower and Middle Oambrian time) the region 
must have stood above sea level. The indications of shallow 
seas during the Wilberns epoch, the gaps in the Oambrian~ 
Ordovician 8equen~e, the absence of Silurian, Devonian, Mis~ 
sissippian, Jurassic, and Triassic sediments points to the same 
conclusion-that during much of Paleozoic and MBSozoic time 
a land area existed in this region. 

The relation of the basal conglomerates and sandstones of the 
Upper Cambrian series to the underlying complex of pre
Cambrian ~hist, gneiss, and granite indicates in a strIking 
manner the profound nature of the unconformity at the base of 
the Paleozoic. The Cambrian beds were deposited upon a 
relatively even Hoor, probably a land surface worn down nearly 
to base-l.!:yel, a feature indicating, by the manner. in which 
preexisting structures were trunca.tOO., a long interval of 
erosion. 

The sea geadually spread a deposit of gravel and sand over 
this plain. The lower areas were filled, while here and there 
islands remained above the general level of the water. Finally 
these also were covered by more calcareous sediments. 

As the land continued to subside and the shore line receded 
farther from this area the water grew clearer, more calcium 
-carbonate was deposited, animal life began to leave a more 
varied record, and finally pure limestones entirely replaced the 
sands. The subsidence, however, was not regular and uninter. 
rupted. An uplift is indicated by the glauconitic sandstone at 
the top of the Cap Mountain formation. Though this move
ment may have ·been insufficient to expose the sea bottom, it at 
least allowed the deposition of coarse sands from a near-by 
shore. This sandstone stratum is persistent in this area and is 
characteristic of the Cambrian in other regions. After its 
deposition the waters again cleared and calcareous deposits· 
replaced the sands. This change may have been brought 
about by a recession of the shore line or perhaps by a failing 
aupply of coarse material and & shifti,ng of currents, yet the . 
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wide geographic extent of the change points almost conclu~ 
sively to a deepening. of the sea. 

During this entire period the sea attained only very moderate 
depths in this region, as is clearly indicated by the abundance 
of glauconite grains characterizing portions of these lower for
mations and still more clearly by the character of the Wilberns 
formation. Near the upper portion of the Wilberns thin alter~ 
nating shale and limttitone beds, numbers of shale-pebble 
conglomerates, "edgewise" (shale fragments) conglomerate, 
sun-cracked surfaces and fragments, and peculiar bowlder-like 
forms of lime muds all suggest the presence of widespread.Hats 
alternately flooded by the tide and dried by the sun. This 
extreme shallowness gave way to relatively deeper water, as 
shown by the bedded. limestone at the top of the formation. 

From this point on the history of sedimentation, as revealed 
by the series of beds mapped as the Ellenburger limestone, is 
obscure. Paleontologic evidence casting doubt on the idea of 
continuous sedimentation suggests a hiatus somewhere noor the 
base of the formation and another near its top. At neither of 
these horizons does it. seem that erosion had an opportunity to 
affect the 811mce of the underlying beds. Probably the eleva
tion above the sea was slight, and under such conditions, though 
great lapses of time might intervene, little discordance would 
be apparent in the sedimentation. 

The next great break occurs at the top of the Ellenburger 
limestone. It would be fruitless, with the knowledge at haud, 
to attempt to state definitely the several oscillations which may 
have ensued from the time when Ordovician 'sedimentation 
ceased until Pennsylvanian d~position began. It may be sug~ 
gested, however, in accordance with the hypothesis that the 
Llano region has often been an area of elevation, that the miss
ing formations were never deposited and that the Pennsyl~ 
vanian beds represent a transgression of Gulf and possibly 
Pacific waters following a long interval during which the land 
stood. relatively very low with respect to the sea. I 

Limestones of the Pennsylvanian series atford the earliest 
record of Carboniferous deposition. The bflds are introduced 
generally by a thin limestone conglomerate with little or no 
discordance in dip. Eyidently the topography was rather 
featureless at this time. The black shale at the top of the 
Pennsylvanian in this area suggests a return to low, swamp
like conditions, perhaps prevailing over extensive areas. 
Though Carboniferous strata, both earlier and later than these, 
may have been de~ited in This region there is now no 
evidenpe of them. 

MESOZOIC ERA. 

Folding and faulting were marked accompaniments of the 
uplift which closed the Paleozoic era and marked the initiation 
of Mesozoic time. During the J urassic ~d Triassic periods 
the area probably remained a land mass and erosion was the 
important process at work. This fact is clearly proved by the 
beveled beds which appear beneath the basal formation of the 
Cretaceous, forming .a surface cutting alike across hard and 
soft strata and across such features as faulta and folds. That 
this surface was partly cut in pre-Cambrian rocks is strongly 
suggested by the fact that in places basal Cambrian bed. now 
stand at a higher elevation than basal Cretaceous beds, and; 
though Cretaceous strata resting directly upon pre-Cambrian 
rocks do not occur in the area, there is almost no doubt that 
such relations existed !lnd h,ave been erased by post.Cret.aceous 
erosion. It.is evident, therefore, that erosion had probably 
slightly changed, t~e topographic forms of the ancient pre~ 
Oambrian plain prior to the·post-Cretaceous erosion which next 
brought these rock. to light 

After this pre-Oretuceous planation and presumable partial 
exposure of the arloient crystalline rocks, the region subsided 
aJ,ld was covered by Cretaceous sediments. In its significunce 
this overlap quite parallels the great transgreSsion of the sea in 
early Paleozoic time. 

PHYSIOGRAPHIC DEVELOPMENT. 

The remaining history of the region may perhaps be best 
descri.bed in a discussion of the physiographic development, for 
it is deduced fr_ pre$ent topographic forms. 

There is only a fragmentary record iIi-the Llano~Burnet 
region of the geologic events which took place after the long 
period of Cretaceous deposition. All the Upper Cretaceous 
rocks have been remoyed by erosion and there is- no record 
of Tertiary time. An examination of the geologic history 
recorded in the Austin quadrangle and in the Gulf Coastal 

. Plain, however, will throw some light on these later periods, 
and it may thus be possible to show how and when the major 
physiographic features of the region were developed. In brief, 
Cretaceous deposition in, this area was closed by·a widespread 
uplift of the sea bottom and'followed by. prolonged period of 
subaerial erosi~n. This erosion interval was terminal eel by 
subsidence, a$ is proved by the deposition of Eocene sediments 
upon Upper Cretaceous strata in the Austin quadrangle. Tht;l 
data at present available are insufficient to permit statements 
as to the extent or the Eoce!le sea. It is stated in the Austin 
folio that the shore line of this sea probably bordered the 

Balcones fault scarp in the Austin quadrangle, and it must be 
assumed for the present, therefore, that Eocene strata were 
never deposited in the Llano-Burnet area. 

The later Tertiary history of the Gulf Coastal Plain is now 
undergoing detailed study. It is complex and many data have 
yet to be procured before a consecutive ~wcount can be written 
of the oscillations of the sea bottom and the manner in which 
deposition took plare. It is not yet certainly known what 
portions of the later sediments were laid down on subsiding or 
rising sea bottoms, and many correlations have yet to be made. 
It would be but speculation, therefore, to present an account of 
Tertiary time in the Llano-Burnet region. It may be sug
gested, however, that probably the area has remained above sea 
level ever since the Upper Cre~us sediments emerged from 
beneath the sea. This presumption is consonant with the fact 
that all the Cretaceous strata which once overlapped the' 
Edwards limestone have been eroded from the LIano-Burnet 
region, that is, the Edwards limestone is the youngest of the 
Cretaceous formations exposed. This formation has had· an 
important effect on the topography of the Cretaceous rocks 
throughout an area of wide. extent in Texas. Because of its 

. resistance to erosion it was ·competent to maintain a summit 
level and thus form an extended plateau, beneath which the 
mesa-topped hills characteristic of the areas underlain, by. Cre
taceous rocks have been carved. This plateau has been named 
the Edwards Plateau by Hill.a It is now everywhere dissected 
and it is probable that at no time during the past has this 
formation, constituted an unbroken plain. In the Llano
Burnet :region it once extended over the entire area. ,The 
table-like summits trending southeastward from the town of 
Burnet are all that remains of it in the Burnet quadrangle, and 
only a fragment remains in the north west corner of the Llano 
quadrangle. It is this limestone, however, that may be said to 
be the keynote to the Cretaceous physiogeaphy. It expresses 
clearly the practically undisturbed structure of the Cretaceous 
beds and at the same time aft'ords a reasonable explanation of 
the table-like plateau remnants. In fact, it permits the surface 
of the Cretaceous area as a whole to be epitomized as a dissected 
plateau. 

The physiogeaphy of the area underlain by older rock
Paleozoic and pre-Cambrian-is nut quite so simple. 

It has been shown that prior to the deposition of' the Creta
ceous rocks there had ensued a long period of erosion which 
reduced to a.general level a region of diverse rock structure. 
Folds were planed off; fault scarps were eliminated; limestone, 
sandstone, and granite alike were included in the relative level': 
ing. The remains of this surface (not a perfect plain) are to be 
seen to~day. The plateau~like area at the northern border of 
the Llano quadrangle and continuing into the Burnet quad~ 
rangle is a part of it. Long Mountain, Backbone Ridge, the 
Paleozoic highlands along the southern edge of Burnet quad
rangle, and Riley, Putnam, House, and Smoothingiron moun~ 
tains are aU remnants of this surface, altered, it is true, by 
later Pleistocene erosion. 

Just why these remnants have persisted, standing as eleva~ 
tions within and about a shaDow though maturely eroded 
basin~like area, may be explained briefly. It is necessary, 
first, to recall what has already been stated, that sandstones, 
granites, and schists were probably exposed by the great pre
Cretaceous planation. Prior to this planation the central area 
had been elevated- by faulting to a relatively ~igher position 
than the surrounding region, and the subsequent pl~nation 
had consequently brought these older rocks to the surface. 
Cretaceous seas next swept over the area 'and sediments aggre
gating a thousand feet or more buried the older rocks. 

In the Austin quadrangle, immediately southeast ,of the 
Burnet quadrangle, there is qirect e'vidence to show that not 
until Pleistocene time was" e:r:?sion effectiv:e in again bringing 
to light thl'! pre-Cambrian rocks. The Uvalde formation of the 
Austin region, of Pliocene age and ~erived in large part from 
the denudatioD_ of the Ed wards lime;tone, shows no granitic or 
limestone. debris among its· constituents. On the other hand, 
the oldest recognized terrace of Colorado River, assigned ~,the 
Pleistocene by the authors o~ the Austin folio, is" composed 
large! y of granitic d~bris. 

It is conceived, therefore, that when erosion in Pleistocene 
time succeeded· in cutting through the basal Cretaceous beds, 
first by such major streams as Colorado and Llano rivers, the' 
pre-Camb:clan granite, schist, and sandstone were more easily 
removed than the Paleozoic limestone strata and the active 
cuttin~ of the shallow pre-Cambrian basin has proceeded with~ 
out interruption down to the present time. 

.As a result of faulting, masses of granite are found resting 
against limestones along straight fault contacts-such, for 
example, as that just '.Vest of Marble Falls and thOse con~ 
tained in Backbone Ri~; likewise schist ab~te directly against 
limestone and sandst~e, as along the ~rn bases -of Cedar 
and Riley Mountains and along the scarp, following the 
approximate cou'rse of Little Llano River. ,:put it ,must be 
kept in mind that the present scarps are due to erosion, for the 
structurally downthrown block is in nearly every case ;now 
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the hi~hland. In the past these blocks were the low areas and 
were preserved from erosion because the granite, schist, and 
sandstone of the high areas were more easily calTied away: In 
large part the scarp which surrounds the basin may be thus 
accounted for, and also such table-like mountains as Riley 
Mountain, Long Mountain, and Backbone Ridge. 

Certain peculiarities of the drainage developed on the 
Paleozoic and pre-Cambrian rocks deserve consideration here. 
Colorado River markedly and Llano River to a less degree are 
meandering streams. Sandy Creek cuts completely across the 
Riley and Cedar Mountain mass in a ,gorgelike valley, and 
Honey Creek, near the north end of Riley Mountain, also 
traverses a gorgelike valley within the mountains but flows out 
upon a broad plain when it reaches pre-Cambrian rocks. All 
these streams are adjusted to the major structmal feature--that 
is, they have established normal gradients. The meanders of 
Colorado and Llano rivers are evidently inherited from some 
earlier period when possibly these streams flowed at an ele,'a
tion nearer sea level, when their gradients were not so steep as 
at present, and when they flowed more slowly and were less 
actively cutting. It is not possible at present to place this 
period exactly, but certainly it followed soon after and perhaps 
was initiated by the uplift of the Cretaceous sea bottom. So 
the drainage lines of Sandy and Honey creeks must be con
sidered as, having been established when C"Tetaceous rocks 
covered all of this territory. As erosion progressed and, the 
pre-Cambrian areas were etched out these streams were able to 
keep 'Pace with the general lowering and incise their gorges in 
the Paleozoic rocks. Incidentally each of these streams affords 
additional evidence to support the idea that Cretaceous strata 
once covered the area. The depth to which erosion can take 
place within the pre-Cambrian basin is fixed by the levels of 
Llano and Colorado rivers. Both of these rivers are cutting 
rapidly. It is probable, therefore, that the topography of the 
basin 'will become more diver'!e in the future, for both of these 
master streams cut faster than the tributary drainage and will 
therefore allow tribntary streams to deepen t.heir channels. 

At present, however, the physiography of this central 
denuded region may be summed IIp in the statements that a 
shallow basin has been et.ched beneath the level of a pre
Cretaceous erosion surface; that remnants of the surface still 
remain about and within the basin; and that the basin repre
sents physiographically, for the older rocks at least, an early 
stage in a new erosion cycle. 

MINERAL RESOURCES. 

The mineral resources of the Llano-Burnet region comprise, 
in the order of their present importance, building stone, rare
earth minerals, iron ore, gold, graphite, serpentine, talc, sphal
erite, lead ore, pyrite, copper ore, manganese ore, and oil, 
besides water resources. Of these only the first two are of 
commercial importance at present, the copper and manganese 
ores and the -oil are probably valueless, and the value of the 
remainder is unproved. Only the general geolobric and eco
nomic relations of the several deposits will be discussed here, as 
detailed descriptions have been given in another publication 
by the author.a 

BUILDING STONE. 

GRANITE. 

Granite forms a considerable proportion of the pre-Cambrian 
rocks in the Llano and Burnet quadrangles, but unfortunately 
much of it is unfit for use as building stone, as it containt) 
abundant schist fragments. Were it not that many exten
sive areas are underlain by clean stone the granite industry in 
this region could have but a small ,!'!;rowth. It may be said at 
once, however, that an enormous quantity of clean granite is 
available and can be utilized when transportation and market 
are at hand. 

There are twO' very different types of the granite--(I) the 
coarse to very coarse grained granites; (2) the medium to fine 
grained granites, among which a number of varieties may be 
distinguished. The former is in most areas free from such 
imperfections as would prevent its use; the latter, in sorne 
places, is marred or spoiled by the presence of included schist 
fragments or of pyrite. 

An extensive area of very coa.rse grained rock occupies much 
of southwestern Llano County. Practically inexhaustible sup
plies lie above ·what would be railroad gr~de in the vicinity of 
Enchanted Rock. Again, at and north of Granite Mountain, 
in Bnrnet County, are broad areas underlain by coaTSe~grained . 
stone. The fine-grained granites are widely distributed, but 
the selection of quarry sites in such granites should be made 
with great care and only after thorough examination. A 
number of quarries have been opened -in areas more or less 
characterized by the presence of schist fragments. At other 
localities there are quarries which have evidently been aban
doned because of the presence of pyrite. 

One fact directly dependent on .the geologic relation of the 
granite to the schist.s and having a decidedly practical bearing 

aBull. U. S. Geol. Survey No. 450. 1911. pp. 1-99. 
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on the selection of quarry sites is this-in areas of mixed schist 
and gmnite (tLat is, where the granite has intruded the schists 
in a complicated way) there can be no a8Surance that what is 
apparently an excellent qua~'ry floor will remain so at a great.er 
depth. It is probable, indeed, that schist fragments will be 
encountered, perhaps in such amount as to reduce profits to "a 
millimum or even wholly to ruin the enterprise. The chance 
tb~t the mass may continue clean is too small to be worth the 
risk. 

At the present time tile availability of transportation facil
ities .;vitally aft'eets the growth of the granite industry. The 
Parkinson group of quarries is so situated t.hat a wagon haul 
of 6 miles is necessary, and the haul in other localities is as 
great as 11 miles. A number of quarries have been operated 
near the railroad, however, the quarry at Granite Mountain 
(the most extensive one in the region), on the Houston & Texas 
Central Railroad, being a notable example. 

At present most of the stone quarried, except in the Granite 
Mountain qnarry, is especially suitable for and is used for 
monuments. The granite froUl the Gootch & Wells quarry, 
on the Parkinson trdct, and from the Norton quarry, 11 miles 
south of l..lano, is a medium to fine grained gray granite and 
takes a fine polish. Much of the granite is eminently suitable 
for htrge structures, and with the increasing growth of large 
cities in the South and additional transportation fiJdlities, the 
granite industry in this region should become more extensive 
than it is at present. 

MARBLB. 

Only a few attempts have been made to utilize the marmar
ized limestone in the pre-Cambrian rocks. A small amount 
was quarried from an opening near Bachelor Peak, southwest 
of Llano, and ,vas used in part in the construction of the 
Llano courthouse. Recently an opening has been made by 
Sellman & Bernard, of Llano, on a marble ledge at the north
ern edge of the town. The operators intend to work the 
deposit, at least for a time, on a small scale to supply a local 
demand. 

It may be said that in general much of' the marble in the 
pre·Cambrian complex is worthless because of the impurities 
it contains, It is probable, however, that some ledges are of 
sufficient width and length and carry marble of such color and 
purity as to warrant an attempt at opening a quarry. Such 
localities can be found only after diligent search and by eare
ful sampling of the surfi-lce rock. 

Practically all the marble of this region is of a fairly coarse 
crystalline type and is more or less mottled blue or black. 
Some pure white led~es undoubtedly exist, but as a whole the 
material is a rather inferior variety of stone and probably will 
never command a, high price. It is reasonable to suppose, 
nevertheless, that at some future time this stone may be 
qnanicd at a fair profit. 

LIMESTONE. 

Portions of the Edwards limestone and certain layers in the 
Trinit.y formation can be used for building purposes, The 
beds in the Trinity are of yellowisll to white color, arc easily 
extracted, and in the quarry are in places so soft that they may 
be J,;8wed into blocks. This material when exposed to the air 
becomes harder. 

SANDSTONE. 

Handstone quarries have been operated intermittently for a 
number of years at a point north of Fairland, Burnet County. 
A considerable I quantity of this stone has been shipped out of 
the county, though a market exists in neighboring t.owns. The 
qua.rry is opened in the Hickory sandstone, which at this point 
is light brown and rather fine grained. The beds dip gently 
into the hillside, and prominent bedding planes add to the ease 
with which the. stone may be worked. A spur connects the 
quarry with the'Houston & Texas Central Railroad. 

The de~nand for this sto,ne at ,present is small, as it must 
compete with abundant limestone building material at points 
outside of the Llano-Burnet region. 

RARE-EARTH MINERALS. '""" 

The rare-earth minerals of' the Llano-Burnet region have 
bet;n described by Hess, who gives a detailed accountU of the 
occurrence at Baringer Hill. Much of his report has recently 
been republished/ and therefore only the salient points need 
be presenh)d here, 

Baringer Hill is about 100 miles northwest of Austin, on 
the west bank of Colorado River, in the Burnet quadrangle. 
It is 12 miles north of Kingsland, the nearest railroad point; 
16 miles west of Burnet, and 22 miles northeast of Llano, It 
is a low mound rising about 40 feet above the river, which 'has 
here a flood plain· about one~fonrth mile wide. The hill fs 
formed by an irregular pipe or short dike of pegmatite, which 

a Hess, P. L .• Mineral", of the rare-ear~h illetals at Baringer Hill, Llano 
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has been more resistant to erosion than the surrounding rock, 
which is a coarse porphyritic granite with feldspar phenocrysts 
about an inch long and which disintegrates rapidly. 

At the borders of the intrusion is a graphic granite of 
peculiar beauty and definite structure, being more like the 
rock shown in text·book illustrations than that ordinarily 
found. The altered ba.nd is from a foot to 5 or 6 feet thick 
and apparently surrounds the pegmatite. There is no distinct 
segregation of the feldspar or quartz in particular parts of the 
dike, but the feldspar tends to be more abundant at the west 
and south sides and the quartz in the center and towa.rd the 
east side. A large amount of feldsp!1r has been mined and 
thrown on the dump, and it is possible that in time this mate
rial may be utilized, either for its potassium content as a fertil
izer or for pottery making. 

The greatest interest in the dike ceuters in the a('-Cessol'Y 
minerals, particularly the ral'e-earth minerals. Few if any 
other deposits in the world, and certainly no others in Amer
ica, outside of the localities where monazite is found, ha ve 
yielded such amounts of the l'ttre-earth metals as that at Bar
inger Hill. As yet the excavations are comparatively shallow 
and the minerals found are more or less weathered, Many 
retain their crystalline form, but owing to alteration the crys
tals are now imperfeet. Hess u says: 

'l'he economic interest in the rare·earth metal minerals centers in 
their incandes(~enoo on being heated, and owing to this property they 
have been mnch sought. Thona, beryllia, yttria, and zirconia show it 
in the greatest degree. It was found, however, that thoria and beryl
lia, which form the bulk of the incandes(~t oxides used in gas 
mantles, are too easily volatilized to bc used in an electric glower, 
such as that of the Nernst lamp. Yttria and zireonia, however, will 
stand the necessary high temperature. Up to the discovery of thi!> 
deposit it was practically impo.."Isible to get sufficient yttiia-bear1ng 
minerals to manufacture the lamps, bnt fergusonite aud gadolinite, 
with lesser amounts of cyrtolite, are found here in large enough 
quantity to meet the requirements. 'l'he zirooma is obtained fl'OID 

zireon brought from other localities. * * * 
The ueeds of the Nernst Lamp Co., which owns the deposit, 

reqUire only the occasional working of the mine. After enough 
;yttria minerals are obtaiued to supply its wants for a few months 
ahead the mine is closed. Bnt a few hUlHlred pounds pel' year are 
extracted. 

~are-earth minerals have been noted at several localities 
beside.., Baringer HilL Hidden menHons the discovery of two 
crystals of gadolinite about a mile south of llaringel' Hill. 
Several pounds of allanite were taken from a mass of pegmatite 
outcropping as fl low knoll about 2t miles west-northwest of 
Kingsland, near a l\h. William's garden. Fluorite oceurs 
with the allanite at this place. The amount of prospecting is 
practically negligible. In Burnet County 2 miles due east of 
Baringer Hill and about half a mile west of Shiloh Church is 
another ,gadolinite locality, The matrix rock is like the 
pegmatite of Baringer Hill, but the mass is obviously smaller. 
The old workings consist of a shallow trench from which a 
few tons of pegmatite have been removed. 
. All the above-mentioned localities are in the area 'of coarse 
red granite. Outside of the granite area only one 10c!1Iity 
came under ohservation. Near the east side of Mr. Dorbant's 
pasture, south of the Burnet-Bluffton road, small masses of 
weathered rare-earth minerals are to be seen, 

IRON. 

DistTibution and geneml chamcter.-Of the minerals which 
in the past have drawn attention to the Llano-Burnet region, 
iron has perhaps received the greatest notice. Yet, though 
ma.ny years have elapsed since the value of the ores was first 
recognizcd and though in places 'the ore is of high grade and 
very pure, there has been no mining on a commercial scale. 
Moreover, until very recently exploration has not been con
ducted in such a manner as definitely to establish the status of 
the more promising deposits. 

During the geologic mapping of the quadrangles 32 more or 
less distinct OCCUITenees of iron or~ were noted and studied in 
such detail as was warranted by the generally·,poot· natUl'al 
exposures and the very small amount of exploratory develop
ment. Three of these perhaps warrant further exploration 
to determine their commercial .yalue. The remainder, it is 
belieye\~, do not justify any large expenditures for prospecting 
at the present price of iron ore. The permissible scope of the 
geologic work did not admit of magnetic surveys, but such 
surveys should be made in connection with any future explor
ation of the more promising iron-ore deposits of this district. 

The are occurs in the form of magnetite in the pre-Cambrian 
schists and gneisses. Though it is present at a, few localities 
in eastern Mason Connty, most of the ore bodies are in that 
part of Llano Coupts" lying north of Llano River. So far as 
the geologic mapping indicates, the deposits are mainly associ· 
ated with the Valley Spring gneiss. The difficulty of consist
ently discriminating between the pre-Cambrian formations, 
however, has proved so great that it -is quite possible that the 
immediate country rock of the ores may, in certain localities, 
belong to the Packsaddle schist. The ore-bearing rocks are 
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crystallized granular schists or gneisses, which have undergone 
the same degree of metamorphism as the associated rocks. 

The ore proper consists of more or less ,concentrated grains 
of magnetite, wit.h quartz, feldspar, and a little hiotite. The 
deposits are typically bedded or stratiform bodies conformable 
with the foliation of the inclosing schistose rocks. So far as 
could he observed they form an integral part. of the metamor
phic series and ha\"c much the same relation tO'the other 
members as do the limestones and graphite schists. They can 
he traced along the strike where not concealed or interrupted 
by gmnitic int.rusions, and they follow the convolutions of the 
inclosing beds. Their thickness is irregular, and the amount of 
ore varies from place to place, as does, for example, the amount 
of carbon in the gr'dphitic sehist. In places the ores merg-e into 
the inclosing rocks through a gradual decrease in the amount 
of magnetite. Nowhere were ore-bearing beds observed to cut 
across neighboring beds, as might be expected of intrusi\'e 
sheets, nor do lean beds essentially change in character along 
the strike, at least not more rapidly than a sedimentary ore 
normally would. 

Therefore, though there is a possibility that the iron ores 
owe their origin to processes connected with igneous intrusion, 
the conclusion has been reached after carefully weighing the 
available evidence, that they are contemporaneous deposits in a 
sedimentary series, which have been altered to their present 
form during- regional metamorphism. 

Olive m1:nc.-The Olive iron-ore property is located on 
Little Llano Hi ver about 6 miles east-northeast of Llano, a 
mile south of Lone Grove post office, and a mile north of Llano 
River and the Houston & Texas Central Railroad, 

The property has heen more extensively developed than any 
other in the district. It was opened by a. shaft in 1892 
01' 1893. The shaft is situated on the east hank of Little 
Llano River just west of the boundary of the main ,granite 
mass in this part of the region and within the schists of the 
Packsaddle formation. 

The rocks exposed in the vicinity include granite, horn
blende-mica schist, grapldte schist, and crystalline limestone. 
The granite is intruded into the other rocks in an intricate 
manner, which can not be fully made out because of the rather 
poor exposures. The stock pile contains perhaps 400 tons of ore 
of very good physical appearance. Most of the ore contains 
hornblende and some of it carries iron sulphide in addition to 
magnetite. The property has been opened by an incline apd 
a shaft 230 feet deep, and from the shaft three erosscllts have 
been run out to the ore at depths of 110, 160, and 210 feet. 

The following analyses are given through the courtesy of 
Messrs. Johnston, Eliot & Co., of Dallas, Tex, Both samples 
represent the stock pile at the OliYe mine, 

Analyses of 01'e fro/n Oli'lJe mine, Llano County, Tex. 

[Sampled and analyzed for Robert Linton, or Atwater, L1nton & Atwater, mining enginMrs.j 

Iron ._ 
Silica __ 
Sulphur _____ _ 

Phosphorus. 

L I ,. 
57.;- ---;; 
fl.W f 10.16 

.55 

.021 

No outcrops of the ore are to be seen. The deposit is evi
dently a tabular body ranging from 2 to 8 feet in thickness on 
the dip and 'of undetermined horizontal extent. As has been 
pointed out, the ore' body is located at the very border of a 
large intrusi ve gTanite mass. The northeast trend of the ore 
body should carry it diredly toward this mass, against which 
it should terminate. There is a chance that the layer muy 
extend for some distance to the souUnvcst. '1'he proximity of 
the granite is unfavorable, however, inasmuch as crosscutting 
dikes and irregular masses are likely to intelTupt the continu
ity of the deposit. 

Iron Mountain mine.-The Iron Mountain prospect, c'Om
prising 640 acres, is located i2 miles northwest of Llano and 
about 1 mile northwest of' Valley Spring. The ore body caps 
a low mound slightly higher than the surrounding cO~llltry 
and trends about N. 60° W, in a slightly curving lirie. The 
surface outcrop has a length of about 114 feet and a width of 
22 fect at its center. It is slightly narrower at the northwest 
end and narrows to about 6 feet at the 80utheast end, A 
granite intrusion cuts across the mass at the' northwffit end, 
apparently cutting off the ore, The surface cover prevents 
observations at the southeast end. 

The ore body as revealed at the surface is a nearly vertical 
mass of very pure magnetite. Along its south side schists are 
exposed in several small cuts, They strike northwest, with 
the ore, hut do not accord in dip with it. On the north side 
there is a gneissoid rock of granitic type, which is helieved to he 
intrusive into the ore but older than the granite which cuts 
across the northwest end. The complex intrusion of gor"dnite 
into the ,schists has obscured'the exact relations of the ore 
body and the surface cover has added to thiB difficulty. 

Both northwest and southeast of the ore body the surface is 
generally covered with soil and there are only scattered out
crops of weathered rock. About 450 feet to the northwest 
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there is a small outc'rbp of magnetite in schist; granite; gneis
soid gTanite, and schist are, however, evidelltly prcsent in a 
complex mixture. There is a little float ore hoth notthwest 
and southeast of the eropping, but much of this near t.he ore 
haR evidently bcen derived from it and has, during the erosion 
of the ledge, been carried to its present posit.ion. Float ore, 
whicll is derived from the overlying Cambrian sandstone and 
some of which contains fossils, must not be confused with the 
mH~netite fioat of the pre-Cambrian ores. 

The property has been developed by a shaft, a crosscut at 
the 50 and 100 foot levels, and several drift8, as well as by a 
number of diamond-drill holes. 

The explomtion proves that the main maRS is cut off below 
at some point between the 50 and 100 foot leyels. The fact is 
also hrought out that a flat-lying bcd, the top of which is about 
at the 50-foot level, dips eastward at a low angle. This hcd is 
about 16 feet thick and prohably represents a portion of the 
vertical mass, displaced by fimlting. 

The presence or absence of a body of ore of commereial 
yalue can be determined by a few diamond-drill borings, in 
addition to those that have already becn made. At present 
neither the drifls nol' t.he boringR have shown up a hody of 
suffieient size to warrnnt the opening of the deposit on a large 
scale. 

Bader tract.-The property known as the Bader trnct Ii&; 
about 9 miles west of Llano and 1) miles south of' the Iron 
Mountain mine. It is adjoined on the north by the Otto tract, 
the east-west dividing line being somewhat less than 2 miles 
north of Llano River. Iron ore has been found at seyerHI 
places along a zone trending north-north west, about 500 feet 
in width and nearly 700 feet in length. A shaft ill the 
extreme southwest corner of the Otto tract encountered magnet
ite, which represents the most northerly known extension of 
the Bader ore range. Farther to the northwest careful search 
by the geologists failed to reveal so much as a fragment of 
magnetite heyond the west line of the Otto truct. That the 
ore may eontinue in this direetion is thought to be possihle 
but improbable. No import.ance oan be attached to any sug
gestion that might be madc toward correlating the Bader range 
with other 'Occurrences of magnetite in Llano County. Aside 
from very Rhallow pits or trenches at several points the Badcr 
r~nge has been explored only near its north end, where thc 
original surfa.ee indic.atiOlis appear to lIs ve been the best. The 
Ba.der incline here revea.ls two ore layers estimated to lie 
between 10 and 1.5 Jeet apart. The lower ore may be de
scribed as gneiss calTying thin and dis('ontinuous la.yers oJ 
magnctite. This lean material is not more tha.n 16 inchcs 
thick. As exposed on the sides of the incline, which dips 
20°-40° N., the second layer has a maximum thickness of 20 . 
inches. All the ore on the dump is banded to a marked 
deg-ree, milch of it heing sharply scgregated into layers of more 
or less granular magnetite and of silicates. No definite con
clusion concerning the possibilities of the Bader tract can be 
offered. It is believed that caution should be exercised in 
accepting an unfitvorable view with regard to deposits of the 
sort here presented, for experience in other districts has shown 
that _the importance of magnetite ore bodies in gneisse."! may 
be seriously rnisjud.e:ed from surfa.ce indications. 

Depos'it,'west of Glick.-West of' Cliek, the basal part of the 
Hickory sandstone overlies the a,ncicnt crystalline schists. 
The boundary hetween them trends northeast and then east 
a.nd meets the fault along the east fnce of Riley Mountnin. 
Along thi~ 'boundary abOl~t 1t miles north of Cli~k abundant 
float of very pme mHgnctite occurs in a small branch we."lt of 
the Wilson house. This float is readily truced to its SOUl'('e at 
thc sandstone contact. Part of' the loose ore has undouLt.edly 
been derived from th~ lowest part of the sa.ndstone, for this rock 
contains fragments of l'iulgnetite. Anotht'l' part may have been 
derived directly from ore OCCUlTing in the schist, but no sueh 
ore body has been diseo"c-red. On t11e whole it seems probahle 
that all of' the material is dehris from the sa.ndstone and that 
the original dcposit in the schist does not come to the present 
surface because the sandstone caps it. 

GOW. 

Small quantities of gold may be found at many localities 
in the pre-Cambrian area. It must bc said, however, that in 
general the quantity is so small as to be'commercially valueless. 
Thc rcsults of "d number of assays made of specimens said to 
contain gold were decidedly discouraging, as shown hy the 
table in the next column. 

The only prospect visited where there was sufficient gold to 
warrant further prospecting is called the Heath- mine. This 
prospect is located .5 miles northeast of Llano just north of the 
Llano-Lone Grove road, on a low spur sloping sout1. 

The rocks in this vicinity are a part of the Packsaddle schist 
and comprise graphite and mica schist and limestone, At the 
prospect the regularity of the beds is much disturbed by intru
sive granite, which outcrops 'to the south, and P~st in large masses. 
Much quartz and pegmatite is interleaved with a.nd -cuts ·the 
schist b~ds, and pyrite occurs in places. The gold seems to be 
largely associated wit~ the quartz stringel'S. 

A coYer of red and brown residual soil effectually cOllceals 
the underlying decayed schist and granites. This residual soil 
carries gold, undoubtedly concentrated by the removal of solll~ 
ble and easily transported cOllstitu€nts of the rock. Gold is 
also reported to occur in the schists below. Except in the 
residual material, where there has been opportunity for enrich
ment by the removal of soluble constitucnts of the rock during 
its decay, it is doubtful if sufficiently high yalnes in gold ('ould 
be relied on to insure profitable mining. This point, however, 
can he detcrmined only by examination of many- carefully 
taken average samples. 

Tn the subsoil aud in the partl);. decayed sehist below, where 
exposed in crosscuts, a caniny-yellow efllorescence or stain couts 
quartz stringers and is distributed in ,'lpots through the decayed 
rock. This stain has heen mistaken occasionally for an oxida
tion produet of gold tellurides. An examination hy 'V. T. 
Schaller, of the Geological Survey, proves the material to be a 
compound of bismuth" anti va.nadium. The only known 
mineral compound of bismuth and vanadium is pucherite, 
which, however, is always found in crystal form. The yellow 
compound has also been noted by Schaller in California, where 
he collected sufficient material for an, analvsis, the results of 
which he \"ill publish at a later date. . 

The property has been developed by a number of shafls, 
some drifting, numerous crosscuts, and about 60 surfiwe pits. 
The writer took earefullya number of average samples, whieh 
were assayed with the following results: 

Assays of average 8ampl".~ frn/n the !hath mine 

. - - J,OcaHt}_·. __ __ _ 00'0''-20-1 Silvel 0 

1 Surfaee pit (one of about 60) __ _ 

2 Incline, west wall. 30 feet from tlpper f'n,j (9 foct I 
!Sampled) __ 1 60 

3 Indme east wall 42 feet from upper end (61: feet 
sampled) __ 20 

4 Incline. west wall. 84 feet from upper end (41- feet 
sampled) __ 

5 Crosscut (!South sidE'). including (; feet of schist and 
grauite __ 

6 Shallow crosscut sampled at three point,~ (samples 
covered about jO feet of material vertically) __ 

7 Sample from tops of 26 sacks of ore and from ore pile 
(representing picked ore seleGted by p1wning tests)_ 20.40 80.19 

The company has had many assays made of material hoth 
from the surface and from the cuts und incline. Separate 
assays of quarti from veiIls have also been made. In all these 
assays values higher than those found ill the samples collef'ted 
by the writer are reported. Some sing-Ie stringers of q llartz fire 
reported to carry cxception"dlly high values. Thesample from the 
ore sllcks collpctcd by the writer -was of very quartzose material. 

It seems probable that in large measure the values are con
fined to the quartz veins. Tllese aJ.e abunda.nt in places but 
nre not persistent and are too small to be worked individually. 

Results of alJ15ay8 fo1' gold and sU'lJt:J'. 
rAsAay l---tl by Kl!: Rurlingame, Denver, Colo. Assays 7_1;\lby Ledoux&Co., N~w Yo~k Citr.] 

': I S':2~~~:g~~~ hl~":4:,,1 G:'=,~::;;~~::~ 
21 Grapbltw Rl'hlst 2!ullles southwest of N. 19ger· 

h,'ari 'Mouut-aul, three·fourths mile east of 
the Colorado (Howing flout,h) aud a scant 
haJfmile norlh of the river (flowing east) ___ . Nou~. :"ruw'. 

3 Thomas prosped. Houkiug Hollow .. ___ _ __ Trae('. 0.56 

4 t' Shaft nearOa.llillaw crOHH.ing• pegulatitcdike - ~one Nune. 
5 Two and one·half lIIile!! (lwt. hy north from 

Granite Knob and one luurth llIile ~outh of 
the east· west road near edge of Llano quad· 

i rangle, 6"OH!!ml from vein ___ _ ." ___________ _ Sone. 

north of Spring Creek ___ . _____ .. ___ _ _____ Trace. 
6\ Bailey pro~ped, 4 miles west of Burnet and 

7 QI~~'~t;:!r~~~~~JZl~~eta~f~~r~_n:_s~~~~s.~uarries~_ 31 cent£. 

8 ! Iron 'oxide 1i miles cast'llortheu-8t of }i'ield I Creek village 10 cent~. 

9 t- ProApee.t lioles5 mileH east by south of Valley 
Spring's,"in J:<:dward!S pasture, neal' east 
boundary: 2·foot \'cin, 240 feet long (by float) , 10 cents 

10 Southeast of No.9 and west of Pecan Creek. ' 
nonh of road to Edwards ranch, bedded 
layer:> in graphite se:hi.llt ~one. 

11 Willow Creek outcrop, about 2t miles west of 

None. 

0.3t1 

Non"e, 

None. 

None. 

None. 

Valley Spring's __ 10 cents. Kone 

12 Heavy pyrite go;;~an in graphite schist on 
knoll It miles west by south of Miller 
Mountain _ 10 centl;. None. 

GRAPHITE. 

A large part of the heds making up' the pre-Camhrian for
mations were originally shales, sandstones, and limestones. 
As a result of t.lt'eir metamorphism. to schists certain constitu
ents have become of possible commercial importance. Such) 
for instance, is the graphite formed ii'om carbonaceous matter 
originally in the shales. 

Schists containing graphite in var'yin~ amounts are widely 
distributed throughout the pre-Cambrian area, but only in the 
Packsaddle schist. :Most of the graphite schists are associatcd 
with limestone or marble, a natural occurrence, as carbonaceous 
shales are commonly associated with- limestone. Many beds of 
these schists can be traced for long; distances. 

Graphite was noted a.t many localities, hut at only one of 
these has sufficient development work been carried on to give 



some assurance of a deposit of commercial value. This locality 
is 11 miles due south of Lone Grove, approximately 1500 feet 
west of Little Llano River, and 800 feet north of the Houston 
& Texas Central Railroad. The graphite occurs in schists of 
the Packsaddle formation, which in this vicinity contains con
sidemble limestone. Granite and pegmatite intrusions have 
locally disrupted the beds. 

The schists can be traced with interruptions for half a mile 
northwestward from a point a little west of the railroad bridge 
through the present workings to a point where they disappear 
beneath overlying Camhrian sandstone. Graphite is also 
reported across the river in the same trend. 

The deposit has been prol'lpected by a shaft with under
ground workings and by a number of crosscuts. About 5500 
tons of 12 per cent graphite ore has been revealed. 
. At first glance the hnpression might bl1 gained that the 

pegmatite hlld introduced the graphite. A careful eX3.mination 
of the graphite bunches in the pegmatite shows, however, that 
they are broken fragments of schist. A specimen was polished 
and etched with hydrochloric acid, which, by dissolvi.ng out 
the calcite between the lamime of the schist fragments, showed 
clearly the schistose nature of the graphite. 

As much of the territory included in this property has not 
been adequately tested by surface cuts, it is possible that a 
successful graphite industry may be established at this point. 
It may be said in general that it would not be advisable to 
spend money on prospecting or testing at other localities until 
this deposit is proved a commercial success. If ~my exception 
were to be made to this statement, 'it would be that perha.ps 
certain beds carry sufficient graphite to be of value as a source 
of paint pigment, in the manufa.cture of which very impure 
grap~lite can be used. 

About 2 miles south of Llano graphite schists trend in a 
northwest-southeast direction toward Sharp Mountain. This 
vicinity perhaps affords the most favorable opportunity, except 
at the property described above, to prospect, though graphite 
schists, as stated, occur at many localities throughout the 
region. It must be borne in mind, when making an estimate 
of the graphite content of a band of schist, that a very little 
graphite makes a striking showing, and appearances are there
fore likely to be deceptive. 

SERPENTINE. 

The Collins property, located 9 miles south of Llano and 
a little west of the Oxford road, ('ontains about 250 acres lying 
in a north-south strip nearly 1';- miles long. On a hillside 
near the north end of the property is a pit, perhaps 20 feet in 
diameter and 10 feet deep, dug in serpentine and exposing on 
its west side a contact with soapstone. Serpentine is exposed 
for perhaps 100 feet east 'and northeast, and for at least 500 
feet southeast and south of this. pit. At the foot of the hill a 
second pit about 30 feet in diameter and 10 or 15 feet deep 
exposes serpentine rock. Here a diamond-drill boring 275 
feet deep did not pass out of the serpentine. Over the next 
pass to t.he south serpentine is exposed for 100 feet or more 
down the slope and a third pit about 10 feet wide, 20 feet long, 
and 10 feet deep has been opened. Except a small outcrop of 
schist the pit exposes only serpentine. 

To the west of and partly surrounding these' exposures of 
serpentine are very considerable exposures of soapstone, con
taining veinlets of asbestos and geodes of quartz and amethyst 
crystals. 

The dimensions given above indicate a considerable deposit 
of serpentim~ a.nd talc at this locality. Specimens were seen 
which took a fine polish. The commercial value of such a 
deposit will depend directly on the demand that can be created 
for the serpentine. 

Though blasting has been the only method employed in 
taking out material, blocks of considerable size have been 
extracted and there is no doubt that if more refined methods 
were nsed much larger blocks could be quarried and sawed into 
commercial sizes. An installation to carryon such work on a 
large scale would involve a considerable investment; and the 
opening of the property on a sma.ll scale would seem for the 
present more advisable. Market conditions and transportation 
facilities should be carefully considered before any extensive' 
plan of operation is adopted. 

The relation of the outcrop of the above-described body to 
the inclosing pre-Cambrian rocks leaves but little doubt that 
the deposit is an alteration product of a pyroxenic or peri do
titic intrusive mass. As has been shown in an earlier portion 
of this text, gabbroic and dioritic intrusive rocks oc,cur in the 
region. The presence of quartz and amethyst geodes and the 
occurrence of iron oxides in connection with the deposit point 
to the Sflme conclusion-that is, they represent silica and iron 
derived from tIle breaking down of ferromagnesian silicates. 

TALC. 

Talc is found at a number of localities in addition to that 
associated with the serpentine deposit described above. In the 
area immediately east of Cedar Mountain numerous small out
crops were seen, though no deposit was mapped separately. A 

small deposit also occurs 1 t miles west of Llano, -and one upon 
which considerable work ha3 been done is located a mile north 
of Graphite station. 

The small deposit west of Llano is formed without doubt by 
the hydration of magnesian silicates developed by regional or 
contact meta.morphism in pre-Cambrian limestone. A small 
pit has been opened on the ledge, bnt the stripping has been 
insufficient to establish the horizontal -extent of the body. 
Then, too, the presence or absence of other silicates in the taic 
vitally affects its commercial value. This point can be deter
mined only by exploration work:. In places other silicutes 
were noted in the material. 

The talc deposits east of Cedar Mountain are associated with 
the Packsa.ddle schist. This locality, however, is exceptional 
in that considerable bodies of dioritic rock are intruded into 
the schist. The talc in this area is probably in large measurc 
derived from limestones by the hydration of magnesian sili
cates. It is almost certain, however, that some of the deposits 
are due to the alteration of basic intrusives or their equivalents, 
the amphibole schists. No large dcposits of talc were seen in 
this vieinity, but considering the soft nature of the mineral 
and its tendeney to break down and be covered up by soil, it 
is suggested that prospecting might reveal deposits of com
mercial importance. 

Surface outcrops do not gi ve much informa.tion as to under
ground conditions at a property of some 980 acr€s, situated 
a mile north of Graphite station. The openings, which are 
all within a few hundred feet of the Houston & Texas 
Central Railroad, lie along a general northwest-southeast line 
and consist of two shafts and a number of crosscuts. To judge 
from the notes made by W. Y. Westervelt, [I mining engineer 
to whom part of the underground workings were aceessible, it 
is probable that the mass of soapstone is at least 20 feet wide, 
90 feet long, and 25 feet thick. The horizontal extent of this 
body can be determined only by more crosscuts and shafts, the 
outcrop being hidden by the surface mantle of soil. 

The successful introduction of this material into the market 
will depend, first, on the size of the deposit that can be proved 
to exist., and second, on whether or not the physical character
istiC'S of the talc are such as will permit it to compete 'with 
eaE'tern varieties. 

There is very little doubt that the deposit owes its origin to 
the hydration of magnesian silicates developed in pre-Oambrian 
limestone by metamorphism. Such an origin would produ('€ 
a hedlike deposit, eontinuous in depth and horizontal extent 
only so far as the silicates had been developed and later altered 
to talc. As this process might result in deposits of great 
extent, or in podlike masses of small size, it follows that 
exploration by crosscuts and shafts i,8 the only practicable 
method of determining the extent of the deposit. 

LEAD. 

About 3t miles north of Bluffton, Burnet County, on Silver 
Creek, a tributary of Beaver Creek, a small area of coarse pink 
1:,'Tanite is exposL>d underneath the Cambrian strata. About the 
borders of this outcrop galena occurs in the calcareous glau
conitic quartz sandstone, which here rests on the granite. A 
mile and a l1alf north by west of this locality, on Beaver Creek 
just downstream from an outcrop oJ pre-Cambrian granite, is 
B gimilal' o('~ur~ence of galena in glauconitic sandstone and 
the underlying limestone. At each of these localities the 
local struct.ure is due to an upward movement of the under
lying granite mass that, w,as of sufficient magnitude to flex 
the beds sharply but not sufficient to do more than slightly 
break them. At both localit.ies quaquaversal dips OCCUl' 
along and are confined to the borders of the granite mass, 
and small faults, accompanied by zones of sheBring and brec
ciation, are Jeyeloped along the contft,ct, with the overlying 
sediments. 

The galena occurs apparently as a replacement of the 
calcareous sandstone, though it is not confined to that mem
ber, being found in places in the litnestone also. In SOme 
places it Illay follow the bedding. It is found neal· the granite 
floor and also 40 feet or more above it. Microscopic exami
nation shows Ulat the galena. is probably a replacement of the 
calcite which binds together the quartz and: glauconite grains of 
sandstone. 

Two shafts and a tunnel have been opened on the property. 
Only the tunnel wa's 'in condition to be examined. It is 
located on the west.ern contact a short distance south of Silver 
Creek and is run S. 680 W. in glauconitic sandstone. At 30 
feet from the mouth a crosscut is driven 7 feet northwest~ and 
18 feet southeast. A bed of sandstone about 18 inches thick 
here dips 230 SW. and ShOWR a little disseminated galena. At 
the end of the crosseuts and also at a point near the tunnel 
the drift has been widened, evidently for ihe purpose of fol
lowing a bunch of ore which gave out. The tunnel was 
continued beyond the drift but is reported to have struck no 
galena. 

From the 65-foot shaft two or three velns of galena are 
reported by Dr. Osborne, who owns the property. A vein 
stated to be 3t feet thick 16 feet from the top of this shaft 

is said to run 85 ounces to the ton in silver and to contain 20 
per cent of lead. 

'Some of the galena from this locality was examined for its 
silver content.a The method used with the quantity of sample 
submitted would not detect less than 8 ounces of silver to the 
ton. No silver was detected. 

The origiu of an ore deposit generally has an important 
bearing on a decision regarding thc probabilities of develop
ment on a commercial scale. 'I'he following suggestions are 
offered as an explanation of the o('-currence described above, 
but the writer does not thereby wish to create an optimistic 
sentiment regarding these orcs. It can not. be said that the 
prospects that were available for study would warrant such a 
view. 

It is significant that in both the localities described the 
galena is concentrated in an area of 10<'.al disturbance, where a 
domelike uplift has to some extent brecciated the rocks and 
formed small faults. It is noteworthy also that the pre
Cambrian basement is here about 100 to 150 feet higher than 
it is farther west. A thick shale member 70 to 90 feet above 
the glauconite horizon acts as a fairly 'impervious coYer. 
Waters carrying lead in solution and circulAting under artesian 
conditions might flow upward along the unconformity, reach 
this locality of relatively open space, and deposit lead sulphide. 
The chcmi(~l reaction which caused this precipitation must 
remain conjectural. If the deposition is due to any inherent 
quality of the inclosing rock the presence of glauconite may 
have played a part. 

It is interesting to note that this galena occurs in a series 
lithologically'very similar to the Lamotte sandstone of south
western Missouri, where workable ore bodies are found bOtll in 
that sa.ndstonc and in the overlying dolomitic Bonneterre 
limestone. If the Texas occurrences are sitnilar to those of 
southwestern Missouri, much irregularity may be expected in 
their distribution. Though many faults occur in the Texas 
region, some of considerable throw, they have no apparent con
nection wit.h the galena other than possibly as affording open 
spaces by fracturing the rocks. 

FLUORITE AND SPHALERITE. 

Deposits of fluorite carrying irregular amounts of metallic 
sulphides occur at two localities west of Burnet, in the drainage 
basin of Spring Creek. A fluorite-bearing reef has been 
op'ened on the Bailey place, about 4 miles from Burnet and a 
mile '.,yest of the Bluffton road. In this vicinity thc rocks are 
pre-Cambrian gneisses and schists cut by minor masses of 
granite and pegmatite. The structural trends are east and 
weRt, the rockEl, though poorly expossd, evidently being com
plexly foldcd. The outcrop of the fluorite reef is on top of a 
ridge between bvo of the upper tributaries of Spring Creek. 
The bulk of the rocks adjacent are feldspathic gneisses, with 
some interbedded masses of hornblende schist. In places the 
beds strike about N. 600 E. and dip southeast. A mixture of 
fluorite and hornblende with a little qua.rtz, feldspar, and chal
copyrite occurs as a layer in light-colored gneiss. 'I'he matcrial 
carries scattered grains of galena. . 

The deposit was prospected several years ago by means of a 
shaft and nine shallow excavations along a line trending N. 
600 E. From what could be made out in 1909 it appcars that 
fluorite was found along the strike for a distance of ncarly 300 
feet. At t.he southwest the mineral was encountered in five 
trenches showing an extent along the r~ef of 100 feet. The 
northeasternmost of these trenches shows a bunch of mineral 
which seems to represent the bottom of a shallow trough, as 
j!;ueiss is exposed on both sides and below. The next opening 
lies 135 feet farther northeast. Here there is no evidence of 
tile reef and the' intervening' ground is completely covered. 
IIo\vever, about 40 feet farther on is the shaft, around which 
is piled a, considerable amOJlnt of' fluorite rock. This shaft 
contains water within about 20 feet from the surface. Its 
lower \ portion is evidently in feldspathic gneiss. About 15 
feet northeast of. the shaft is a pit sufficiently deep to expose 
20 feet of the fluorite-bearing layer measured down the dip, 
the dip being less than 100 BE. Another excavation 30 feet 
beyond appears to have revealed no mineral, and the same is 
true of a long t.rench 325 fect northeast of the shaft. 

All the fluorite from this locality is wbite. The pnrest 
masses of the miner~l appear -in the sOhthwestern pits, where 
the reef averages, 'Pei·haps less than a foot in thickness. In the 
part a.djacent to the shaft on the north,east the reef has a maxi
mnm thickness of 2t feet but pinches and swells to a marked 
degree. Here the fluorite constituteS about 60 per cent by 
bulk of a granular rock containing hornblende, quartz, feld
spar, and a little chalcopyrite. A carefully taken sample of 
the fluorite rock piied up' about the shaft showed on assay a: 
tmce of gold and 0.38 ounces of silver.I> Copper was not 
determined, but from the small amount of chalcopyrite in the 
fluorite rock this metal cal). hardly amount to more than 1 per 
cent. f 

aBy Munroe, Hall & HopJdns, chemists, assayers, and engineers. Wash· 
ington, D. C, 

b Assay by E. E. Burlingame, Denver, Colo. 



Fluorite accompanied' by sphalerite is found at several 
points on and near the Frank Thomas place, in the upper 
valley of the north fork of Spring Creek about 7 miles west of 
Burnet. The mineral is in layers conforming with the north
south trend of the inclosing dark hornblende schist. About 
half a mile north of the dwelling hOllse a shaft has been 
opened to a depth of 25 feet. Here the layer or reef is about 
3t feet thick at the outcrop. The material thrown out of the 
shaft is a mixture of fluorite, sulphides, and a little quartz. 
Sphalerite is the most abundant sulphide, but galena, pyrite, 
and molybdenite also occur. The assay of a carefully taken 
sample of the material thrown 'out of the shaft shows zinc 
7.60 per cent; lead, none; gold, a trace; silver, 0.56 ounce.'" 

Whether or not this reef has any degree of continuity along 
the strike can not b~ stated, as no adequate surface explora
tions have been made. In the absence of any assurance of a 
continuous vein no estimate of the prospective value of this 
deposit is warranted. It may be said, however, that if only a 
few thousand tons of 7 per cent zinc ore could hB developed 
there is no apparent reason why mining upon H small scale 
would not be profitable. 

In the vicinity of the dwelIin~ house fluorite has been dis
covered near the well east of the creek bcd. The reef, which 
is not over 10 inehcs thick, trends north and south and stands 
nearly verticaL rro the south along the strike the mineraI has 
been uncovered in three or four places in a distance of some
what more than one-fourth of a mile. At one point a shaft 
sunk in black schist encountered fluorite and chalcopyrite dis
seminated in black hornblende schist. 

Other outcrops of fluorite were seen south of the eastwurd
flowing drain half a mile south of the house. Some of the 
fluorite in this vicinity is nearly free from other minerals, but 
specimens may be found which are made up of nearlyequa.l 
parts of fluorite and black sphalerite, with a littlr- qual't7. and 
pyrite. Such prospecting as has been done is not sufficient to 
demonstrate whether these deposits have any promising degree 
of persistence. 

PYRITE. 

Prospecting has been carried on at several pla~es along the 
east base of Riley Mountain between Click and Packsaddle. 
Most of the showings are pyrite gossans, though one, a mile 
north of Click, is magnetite. The pyrite botlies were under 
exploration during the summer of 1909, so that a fail' oppor
tunity of studying their features was afforded. 

Development work on the Roberts place, south of Honey 
Creek, shows thnt the iron cap gives place to the original 
sulphide within :20 feet of the surface. At this place the sul
phur-bearing HUl/erial is arsenical iroti pyrites. The mass has 
been shown to have a width of Hi feet and in June, 1909, had 
been exposed for a length of 25 feet. Adjacent to the Roberts 
pit and incline float Tllay be tra(~ed for a distance of 500 feet 
along the lower slope of the mountain. Somewhat farther 
north are other Rhowings along the same general, trend. The 
deposit is in limestone adjacent to a pronounced fault which 
brings the stratified limestones of Riley Mountain against 
much older crystalline schists on the east. The ore is not on 
the fault but about 50 feet 'vest of it.. It appears to have heen 
formed by replacement of the limestone and to follow the bed
ding of the rock, which dips toward the west, away from the 
fault. The rocks are poorly exposed, but t.here is reason for 
believing that they are greatly brpken adjacent to the main 
line of faulting, so that possibly the are follows a zone ·of 
shattering rather t.han a layer of the limestone. 

The structural conditions suggest that the deposits should 
continue in depth, hut developments are not adequate to show 
whether such is the case. The fault adjacent to which the 
pyrite ore occurs is traceable for seyeral miles southward from 
Honey Creek, though evidences of iron cupping were not 
recognized far beyond the B.oberts opening. 

About a mile north of Honey Creek, on the Bedford tract, 
is a shaft said to have been opened prior to the settlement of 
the district. Near by a shaft was sunk in 1909 to a depth of 
70 feet. Here there is evidently a crush zone adjacent. to a 
marked fault. The deposit which has been opened by the 
shaft appears to be a filling of crushed material along a· fault 
which brillgs together cherty limestone on the west and red 
sandstone on the east. The material is red iron oxide and 
coarsely crystalline calcite. Brown iron ore in the crystalline 
form of pyrite (that is, limonite pseudomorphs aftm.: pyrite) 
was observed, but part of the red oxide may have been deri~ed 
from the alteration of iron carbonate. East of the shaft there 
is a band of red sandstone 60 feet wide, then another fault 
bringing up the crystalline schists. 

It is evident that the showings of iron· gossan in the neigh
borhood of Honey Creek can have no value as a source of iron 
ore. Whether the deposits from which the gossan has been 
derived will ever be worked as a source of sulphur or arsenic 
can not be foreseen. Persons engaged in exploring the depos
its state that the sulphide shows no valuable amounts of gold 
or silver. 

.. Assay by E. E. Burlingame, Denver, Colo. 
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COPPER. 

No encouragement can be given that any copper prospect 
visited during the mapping of these quadrangles will ever be 
of commercial value. 

On both sides of the road about half a mile nortbwest of 
Wilberns Glen some crosscuts and a shaft about 35 feet deep 
have been opened. Films of malachite were noted associated 
with epidote-garnet schist. 

About three-fourths of a mile beyond the western edge of 
the Llano quadrangle, 400 feet south of the l\fason road, pros
pecting has been done in what is known as the Bauer prospect. 
At this point schiBts striking east and west lie near the edge of 
a large mass of fine-grained granite. An ineline of unknown 
depth dips 50° S. Carbonates were noted oYer about 150 feet 
of prospected ground. No sulphides were seen on the dump. 
A little garnet was observed. Two carloads of ore are reported 
to have been shipped. 

In May's pasture, 2 miles south of Babyhead, a short dis
tance east of the Llano-Babyhead road, a fine-grained pink 
granite contains malachite and some a7.Urite. A bout 2 tons of 
3 per cent rock is exposed at the surface, and a small trench 
has been made. 

There has been some prospe!ll;ing for copper on Adolf 
Schneider's place, 1t miles north of Llano River, 5 miles east 
of'the Mason County line, on a stream joining the Llano above 
Bauer's ford. Three holes from 1;'5 to 30 feet deep have been 
sunk in schists, which strike about north and south and dip 
about 35° E. A little chalcopyrite associated with hlack gar
net, epidote, quartz, and a little calcite may be seen in a layer 
of schist. Carbonates extend down only a few feet and but 
little gossan is seen. The occurrence is on the west side of a 
tongue of fine-grained red granite which outcrops about 30 
feet down the dip to the east.. Chalcopyrite and a little chal
cocite occur in the intrusive granite as well as in the schists, 
and a microscopic examination shows clearly the secondary 
nature of the ore-that is, it in part fills the cracks in feldspars. 
The solutions which brought in the copper therefore pene
h'ated the rocks after the intrusions of the granite and 
took advantage of fractures existing at this locality. An assay 
of some specimens selected from a collection in .Mr. Schneider's, 
blacksmith shop gave the following result: Gold, $0.41 per 
ton; sihTer, trace; copper, 0.94 per cent. 

Other prospect pits were seen at several localities, but none 
showed any possibilities for the development of an ore body. 

MANGANESE. 

On tbe southeast flank of Horse Monntain, .5 miles north of 
Llano, prospecting has been done on what is known us the 
Griffy manganese deposit. The schists and gneisses at this 
point strike N. 11 0 W. and dip 24° SW. 

Two pits were opened here, the southern onc 15 feet long on 
the strike and 12 feet wide on the dip. About 2 feet of mau
ganf>il8 oxide is exposed in tJlis pit. The ore is banded with 
quart7.. About 90 feet north on the strike a second pit reveals 
much leaner material. 

Both north and south from these pits, at intervals, small 
showings of oxide and silicates may he seen. An examination 
of the pits shows clearly that. the oxide present is a decomposi
t.ion product formed from the silicates which are ·observed In 
place. Both spessal'tite (a manganese garnet) and piedmontite 
(a manganese epidote) occur in considerable ab;i~dance. They 
are associated with quartz and feldspar in grains, forming 
layers, ~llltl probably reprcsent metamorphic equivalCllts of the 
original elements in the sediments. Microscopic cxamination 
of a. specimen, shows spessartite intergrown ·with piedmontite 
accom panied by much muscovite and quartz and some mag
netite. Decomposition in this vicinity has extended to 
very shallow depths and it seems almost certain that the 
deposits below the oxidized zone, because of their high silica 
content, discontinuity, and leanness, are without cOlltmercial 
value. 

An analysis of t.he Horse Mountain ore by R. A .. F. Pen
rose, jr., follows: 

Analysis of manganese ore from Horse Mountain, Llano County, Tex. a 

Manganese. _ 
Jron _____ _ 
Silica __ 
PhosphorlU! _ 
Lime __ 

24.60 
3.22 

35.93 
None. 

8.48 

In Mason County manganese occurs in somewhat the same 
manner as at Horse Mountain. It has been described in the 
report just cited. 

OIL. 

A small oil seepage in a spring near the town of Burnet has 
deposited at the surface asphaltic material in the cr:'lCks and 
interstices of the neighboring limestones. In Post Mountain, 
also, a little oily residue is found about 20 feet above the base 
of the Cretaceous. The beds in which this oily residue is 
found are very near the base of' the Cretaceous 'system, and 

a Ann. JWpt. Geol_ Survey Arkansas for 1800, vol. 1, p. 447 

consequently only a few feet above the underlying Paleozoic 
beds. (See geologic map, PI. III.) 

The underlying late Cambrian and early Ordovici:m limf.-'
stones, shales, and sandstones have not. shown any indication 
of oil throughout the Llano-Burnet region. The Carboniferous 
strata of the region, on the other hand, hft ve a decidedly pet.l'o
liferous odor. Though the Trinity formation a.t Burnet is 
deposited on Ellenburger limestone, it is quite possible that a 
short distance to the east Carboniferous beds, raised by faulting, 
may be the basement upon which the Cretaceous sands rest. It· 
is possible, therefore, that oil has passed from the underlying 
Carboniferous into the porous sands of the Trinit.y formation 
~nd spread laterally as far west as Burnet. 

As has been pointed out by Taff and Reed,'" the sands of 
the Trinity formation are of such character HS almost to pre
clude the idea that. oil originated in them. 

The lack of other indications of oil in other portions of the 
Trinity in this region, the structurally broken and eroded con
dit.ion of thc underlying Paleozoic, and the petroliferous odor 
of the Carboniferous beds point to the conclusion that though 
a small quantit.y of oil may have passed upwa.rd from below, it 
is extremeIy improbable that oil in commercial quantities is 
present in the Burnet and Llano quadrangles. 

CEMENT MATERIALS. 

A number of specimens of limestone were eXHmined for their 
mHgnesia content, with reference to their usefulness in the 
manufacture of cement.. The results ,vere as follows: 

Pm'centage of magnesia in litne.~tones of Llano-Bu,rnet region. 

Ellenburger limestone on HaiI'stono Creek near road run· 
ning north frulll Mormon Mills 0.42 

Carboniferous lime~tone east of Marble Falls_ . 51 
Cretaceous limestone 1 mile northeast of Chalk Knob on 

west side of divide_'_ .40 
Ellenburger limestone near Burnet__ .80 
Crotaceous limestone in first railroad cut north of Lake 

Vict.or___ . .ro 

It is evident that magnesia in these rocks would not be a. 
disturbing factor in the manufacture of cement. 

WATER RESOURCES. 

RAINFAT,L. 

The central Texas region has a climate bordering on the 
semiarid. Cot.ton seems to thrive there, but the region has 
had a distressing record of other crops either injured or 
completely destroyed by droughts. The annual precipitation 
avemges about 20 inches. Unfortunately, however, this sup
ply is not distributed equally over the se3S011, being con
centrated more or less in the spring ancI fall, with occasional 
midsiunmer rains. The failure or partial failure of this supply 
at anyone of these periods results in loss to either the farmers 
or the stoekmen. The ranges depleted by ('.atde during the 
winter are dependent on the spring rains; 91e crops are directly 
dependent. on occasional showers throughout the summer; and 
the winter supply of grass, appears or fails to appear in 
response to the presence or absence of autumnal precipita.tion. 
A portion of the annual precipitation iA lost by evaporation 
immediately or soon after falling; a portion sinks int.o the soil 
and cl'evices in the rocks; and a portion runs off in the 
·streams. The recovemblc portions will be hriefly discussed. 

STREAMS. 

There are two types of strp11ms in the region-(l) the 
through-flowing rivers, the Llano and Colorado, and (2) sub
sidiary drainage, tributarie.'l of the Llano and the Colorado and 
of other streams. 

Th'e flow of Colorado River is extremely variable a.nd is 
subject to rapid rises with. oc(~sional floods. At Austin the 
stream, when low, discharges from 800 to 400 second-feet; 
when "up" it discharges 8000 second-feet or more. Llano 
River diS-charges at. low water about 75 'second-feet and, like 
Colorado River, increases its discharge enormously when pre
cipitation is heavy within its drainage basin. Along both 
of these streams irrigation has been practiced on a small scale, 
and on Loth also there are sites suitable for the development of 
water power. At Llano a concrete dam furnishes power for 
electric light and other purposes, and at Marble Falls a con
crete dam of considerable dimensions is being built on Colorado 
HiveI'. As both of these streams have a perennial flow, 
ranches along their COUI'8es have an ample supply of water 
and can be irrigated by pumping with gasoline or other engines 
or by power derived from the streams themselves. 

The smaller watercourses of the region may be grouped 
untler two heads, depending on whether or lIOt their surface 
flow is perennial. Such streams as Cold Creek, Honey Creek, 
and Little Llano H..iver, in the Llano quadrangle, and Morg-an 
and Fall creeks, in the Paleozoic areas of the Burnet quad
rangle, are fed by relatively strong springs, either at their heads 
or along their courses, and afford sufficient water at all times 
of the year for stock on the ranchpB through which they flow. 

a Taff, .J. A .• and Heed. W. J., The Madill oil pool, Oklahoma.: Bull. U. S. 
Geol. Survey No. B81, 1910, p. 513. 



Of.a ,'erv differellt character, however, are most of the streams 
in the pre-Cambrian basin. The beds of these are filled with 
an increasing load of sand. During most of the year they are 
to all appearances dry, and it is only by digging in their beds 
that water can be found. Uninviting as they ~ppear, however, 
they furnish with a little labor sufficient water for the ranges 
through ,\'hich they flow. Among the factors which bring 
about this overloaded condition of the pre-Cambrian streams 
are the o('('asional torrential rains, the stripping of vegetation 
from the granite areas by overstocking of ranches, and the 
rapid 'disintegration of' the bare rocks, a result of' alternating 
hot days and cool nights. 

SPRINGS. 

The springs of the area have been described under the 
hE'ading "Drainage." They are important in that they give 
rise to a num bel' of perennial streams and afford ,tater for 
cattle in many areas that would otherwise be quite worthless 
far grazing. 

WELLS, TANKS, AND CISTERNS. 

Where. springs or streams are not available wells furnish the 
necessary water supply, if the season is favorable. Wells arc 

16 

VE'l'y generally distributed throughout the region. In the pre
Cambrian area they fire dug either in soil, granite, or sehist, 
and to only moderate depths. The water whi~h they furnish 
is derived entirely from the supply held in the porous surface 
material or in fissures 01' joints in thc upper portioll of the 
bedrock. As these joint" and fissures are distributed with 
extreme irregularity, the successful location of weBs becomes 
more or less a matter of chance. Inasmuch, however, aH the 
rocks are generally much fractured, usually but little difficulty 
is E'ncountered in obtaining a moderate supply of water. This 
supply, however, is dependent on rainfall, and in times of pro
traeted droughts many wells go dry and water must be hauled. 

In 80me arellS underlain by limestone wells must be sunk to 
greater depths, for in these rocks water bhanne]s are likely to 
be more loealized and unless a channel is struck a well may be 
Slink many feet withont Sll('cess, 

In the Creuweous areas wells usually encounter water 
at some horizon in the Trinity formati~n. Farther east, 
where deeply buried beneath overlying rocks, this forma
tion is an extremely important factor in underground water 
Bupply. 

In many places cisterns are constructed and the drinking 
supply for a season caught during the cold winter rains. 

Locally, too, cisterns are filled during winter with river water. 
This device insures a sup-ply of cool water during the summer. 

On the cattle ranges where other supplies are not at hand 
artificial ponds, locally termed tanks, are constructed by build
ing earthen dams across small streams and are filled during 
heavy rains. Some of these tanks are of considerable siz{', and 
water many head of stock. 'I'o guard against drought many qf 
thEiffi are equipped with wells and windmills. 

SUMMAHY. 

In conclusion it may be said that no abundant supply of 
underground water is to be expected in the area underlain by 
prc-Ounbriim rocks; that in the Paleozoic areas the structure 
is not such as to promise more than a moderate supply for 
local use; that in the Cretaceous areas of the region the 
Trinity formation is not buried deeply enough to give more 
than a moderate supply for purposes of stock raising, etc.; that 
irrigation on a moderate scale can be practiced along both 
Colorado and Llano rivers by utilizing the" rather steep 
gradient of the rivers either ror power or small ditches; and 
that much of the country must continue to depend on rainfall 
for its water supply. 

January, 1912. 
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Pl .... TE I.- GLAUCONITIC SANDSTONE OF CAP MOUNTAIN FORMATION RESTING 
BY OVERLAP ON PRE-CAMBRIAN GRANITE. 

Oil Bea.er Creek. in the northwestern part of the Burnetquadran~le. 

PLATE IV.-CHARACTERISTIC BENCH (IN FOREGROUND) PRODUCED BY EROSION 
OF WALNUT CLAY AT BASE OF COMANCHE PEAK LIMESTONE. 

Minor berlch irl backirourld irl Comarlche Peak limestone. 

PLATE VII. - FALLS AT MOUTH OF FALL CREEK) IN NORTHWESTERN PART OF 
BURNET QUADRANGLE. 

The lalls £0 over Ellenbur;:-er limestone which is covered With travertine deposi~ed by the stream. 

PL.f.TE IX.- CHERT-BEARING MAGNESIAN LIMESTONE OF THE ELLENBURGER 
FORMATION IN CLIFF ON HONEY CREEK IN RILEY MOUNTAIN SOUTHEAST 
OF LLANO. 

PL .... TE II.- FOLDED AND FAULTED PRE_CAMBRIAN BANDED GNEISS. 

Illustrates small faults aCI;ompanied by flow mo_ement. the layerinJ:' above and below being und i$turbed. 

SCHIST FRAGMENT IN PRE-CAMBRIAN GRANITE. 

ShOw5absorption of the schist aloni its Oldie. 

PLATE X. ENCHANTED ROCK, IN SOUTHWESTERN PART OF LLANO QUADRANGLE. 

Looklni s. ~5' W. from m)st easterly peak 01 the £"roup. ShoNs edoliat ion 01 the gran ite para lle l to the surface. 

TEXAS 
LLANO AN D BURNET QUADRANGLES 

PLATE: lll.-ELLENBURGER LIMESTONE nN THE CLIFFS) FAULTED AGAINST CAR_ 
BONIFEROUS (SMITHWICK ) SHALE (BENEATH POND IN FOREGROUND ). 

At Morman Mill, 8 m iles south 01 Burnet. Edge 01 water along the bluff marks line 01 fault plane. 

PL.f.TE VI.- CRETACEOUS CONG LOMERATE AT THE BASE OF THE TRIN ITY FOR
MATION REST ING ON HORIZONT ALLY BEDDED CARBONIFEROUS (SMITHWICK) 
SHALE. 

East bank of Colorado Ri.er, about 3 miles north 01 south edge of Burnet quadra"i1e. 

PL.o.TE VIlI.-" EDGEWISE" CONGLOMERAT E OF SHALE PEBBLES (iN T HE 
ROCK )l..T T HE LEFT) AND BOW LDER-LIKE MASSES OF CALCAREOUS 
MUD, CHARACTERISTIC OF THE UPPER PART OF TH E WILBERNS 
FORMAT ION. 

PLAn: XI .-CHARACTERISTIC BENCHES AND GRASS-COVERED PLAINS ON 
THE TRINITY FORMATION IN THE NORTHEASTERN PART OF THE 
BURNET QUADRANGLE. 
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St. Marys 
Dover I 

Redding . . 
Snoqualmie 
Milwaukee Special . . 
Bald Mountain-Da.yton 
Cloud Peak-Fort McKinney. 
Nantahala . 
Amity .... 
Lancaster-Mineral Point 
Rogersville 
Pisgah ... 
Joplin District 
Penobscot Bay . 
Devils Tower . . . 
Roan Mountain . 
Patuxent .. 
Ouray ... 
Winslow .. 
Ann Arbor. 
Elk Point 
Passaic .. 
Rockland 
Independence .. . 
Accident-Grantsville . 
Franklin Furnace . 
Philadelphia. 
SantaC~ 

Belle Fourche. . . 
Aberdeen-Redfield 
EI Paso .... 
Trenton. 
Jamestown-Tower . 
Watkins Glen-Catatonk 
Mercersburg-Chambersburg. 
Engineer Mountain. . 
Warren ... 
Laramie-Sherman 
Johnstown . 
Birmingham . 
Sewickley .. . 
Burgettstown-Carnegie 
Foxburg-Clarion 
Pawpaw-Hancock 
Claysville 
Bismarck 
Choptank 
Llano-Burnet . 
Kenova ..... . 
Murphysboro-Herrin . 

State. 

Pennsylvania .. 
Tennessee ... 
South Dakota . 
South Dakota . . 
Indian Territory . 
South Dakota . 
South Dakota . 
California 
Pennsylvania 
Idaho-Oregon 
Idaho ....... . 
Indiana-Illinois 
Washington 
Wyoming-$(lUth-Dakota .. . 
South Dakota-Nebraska .. 
Kansas ..... . 
Pennsylvania 
Arizona .... . 
Arizona ... . 
South Dakota . 
South Dakota . . 
Pennsylvania 
North Carolina-Tennessee .. 
North Dakota-Minnesota 
Tennessee-North Carolina .. 
Arkansas-Missouri 
Colorado ..... . 
Pennsylvania 
Indian Territory-Arkansas. 
Pennsylvania 
North Carolina-Tennessee .. 
Pennsylvania . . 
Arizona. 
Wyoming-South Dakota . . 
Wyo.-S. Dak.-Mont. . . 
Arizona .. 
Colorado. 
Colorado 
Indian Territor:y 
Pennsylvania .. 
Pennsylvania. 
Colorado . . 
Maryland.., Virginia 
Del.-Md.-N. J ... 
California . . 
Washington 
Wisconsin 
Wyoming .. . 
Wyoming. 
North Carolina-Tennessee. 
Pennsylvania . 
Wisconsin-Iowa-Illinois 
Fennsylvania . , . . . . . . 
N. Carolina-So Ca.rolina 
Missouri-Kansas . .. 
Maine 
Wyoming 
Tennessee-North Carolina 
Md.-D.C ........... . 
Colorado. 
Arka.nsas-Indian Territory 
Michigan. 
S. Dak.-Nebr.-Iowa .. 
New Jersey-New York 
Ma.ine ....... \ .. 
Kansas 
Md.-Pa.-W. Va .. . 
New Jersey .. . 
Pa.-N. J.-Del. .. . 
California .. 
South Dakota. . . . . 
South Dakota . . . 
'Texas ............ . 
New Jersey-Pennsylvania .. 
North Dakota. 
New York .. 
Pennsylvania . . . . . 
Colorado ........ ... . 
Pennsylvania-New York .. 
Wyoming .......... . 
Pennsylvania .. 
Alabama . ..... . 
Pennsylvania .. 
Pennsylvania . . 
Pennsylvania . . . . 
Md.-W. Va.-Pa. 
Pennsylvania . . . . . . . . . 
North Dakota. 
Maryland .......... . 
Texas ........... . 
Ky.-W. Va.-Ohio ...... . 
Illinois 

§ These folios a.re also published in octavo form. 
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Circulars showinll the location of the area covered by any of the above folios, as well as informa.tion concernill2' topoETaphic maps and other publications of the GeoloiP-cal Survey. may be had 
on application to the Director, United States Geological Survey. WalOhiJli1;on, D. C. ! 




