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GEOLOGIC ATLAS OF THE UNITED STATES. 

l:Kl'l'S OF RUHVEY A0iJJ OF l'UBLICATION. 

The Geologieal Huney is making a topogrnphic and a. gc'O-" 

logic atlas of tlw United Stales. The topogruphie atlus will 
eomlist of maps ('al!t~(l atlas sheets, and the geologic atlas will 
consist of pn,rts called foll:os. Each folio illCludf's topographic 
and geologic lllnps of a certain four-sided area, calletl a Ijuad

milgle, OJ' of more than one Buell area, and a tf'xt dt-scribing its 
topographic and geologic features. A quadrangle is liinited by 
pnrallcJ8 and meridian8, not by political houndary lines, suell 
as those of Sbt[ps, COHn ties, and townships. Each fluadrnngle 
is named fl'om a town or a natural featnre within it, and at 
the sides unu cor1lel'S of cuch map are printed the names of 
adjacent qlludrtUlgles. 

seA LE8 (W TIm M 11 1'8. 

On a map drawn to the w~[Jle of' 1 ineh t.o the mile a linear 
mile 011 the ground would be represented by a lineal' illeh on 
thc map, and eat'll :,,;qnal'e mile of the ground would be repre
sented by U I:>quare inch of t.he map. The seale may beexprcssed 
also by a fraction, of whieh the numerator represents a unit of' 
linear mt'<tsure on the nHlp and the denominator t.he corre
spondiug nllmber of like units on the ground. Thus, as there 
are 63,300 inehcs in 11 mile, the scale 1 inch to the mile is 
exprcsl:>cd by the fraction 01' t.hc ratio 1:G3,:360. 

The thrce scalf'S nscd on standard maps of the GeologicHI 
tlurveyare J:()2,vOO, 1:12;'),000, and 1:250,000,1 inch on the 
map corresponoing approximately to 1 mile, 2 miles, and 4 
miles on the groulld. On the seale of 1: G2,500 a square inch 
of nUlp surfacc represents abont 1 !'l(luare mile of ea.rth sur
Ewe; on the seale of' l:J25,000, about 4 square IlJiles; and on 
the scalc of' 1:2t:iO,OOO, about 1() square miles. In geueral fl 

standard lIlap on the scale of' 1: 2;'>0,000 represents a "square 
degree" ~that is, an area measuring 1 degree of lat.itude by 
1 degree of longitude; Olle on the seale of 1: 12;3,000 represents 
one-fhurth of a "square llegree"; and one ou the seale of 
1:62,500 reprcOients one-sixteenth of a "square degree." The 
arclls of' the correspouding quadralJgles are about 4,000, 1,000, 
and 250 square mile!'l, thougll tlli:'y vary with the latitude, a 
"square degree" in the latitude of Boston, for example, being 
only 3,t:l:2,) square miles and one in the latitude of Galveston 
being 4,150 square miles. 

GEKlilHAL }'J:<]ATLHES SllO\V:X ON 'I'HE 1't'LAP8. 

The gelLeral features represent.ed on the maps are of 
three c1iOitind kintls-(1) inequalities of' suriiwe, called 
sudl as pluins, plateaus, va.lIeyOi, hills, flnd moulltains; 
diOitribution of water, called drainage, ~mdl as streams, 
and swamps; (3) the ,vorks of man, called culture, such as 
roads, railroads, villages, and eities. 

Reliej.-All altitudcs are lIlefisured from menn sea leveL 
The heights of many points have been aeeurately determined, 
and those of' some are gi\'cn ou the lUap in figures. It is 
desirable, however, to show t.he altitude of all parts of' the area 
mapped, the form of the surfaee, and t.he grade of llll slopes. 
This is oone by contour lines, printed in brown, weh repre
senting a certain height above sea leyel. A eontour on fhe 
ground passes through point!'l that have the salIle altitude. 
One who follows a contour will go neither uphill nor downhill 
but on a levd. The manncr in which eontoUl' lines express 
altitude, forlll, and slope is shown ill figure l. 

FIGURE L~Ideal view and col'l'e~ponding contour u:mp. 

The view r('prer-;ents a river yalley bet.ween two hills. In 
the foreground 1:l tllf:~ sea, with a bay t.hat. is partly inclosed by 
a hooked sand hflr. Un each side of the yalley is a terrace. 
The terrace on t.he rig-ht merges into a gentle upward slope; 
that on the left mt~l'ge8 into a steep slope that passes up\\:anl to 
a cliff, or scurp, whieh eontrasts with the gradual slope hack 
from its crest. Tn the Tllnp eaeh of these features is indieatt'd, 
directly beneadl its position in the view, by contour lines. 
The map does not include the distan-t part of the view. 

As contours are cont.inuous horizontal lines they wind 
smoothly about smooth surfaces, reeede into ravines, and pro
ject arollnll spurs or prominences. The relations of contour 
curve:l and anglml to the form of the lawl can be seen froTll 
the map lind ,yketeh. The contour lines show not Dnly the 
shape of the hills ~llld valleys but their altitu(le, as well as the 

of all slopei:3. 
tlistHuee represented by the space behveen two 

suceessi ve contour ]iJles~the contour intel'Yal-is the same, 
whethcr the contours lie along a diff or on a gentle slope; b~t 
to reach a gi\Cen height on a gentle slope one mnst go fart.her 
than on a steep :llope, and therefore contours are far apart on 
gentle slopes ano 1Iear together on steep slopes. 

The contour intenal is generally uniform throughout a 
single map. The relief of a flat or gently undulating country 
can be adequately represented only by the use of' a small con
tour interval; that of a steep or mountainou~ country eHn gen
erally be a.dequately represented on the sarne seale by the use 
of a larger interwl. The smallest interval eommonly used on 
the atlas sheets of the Geological tlurvey is 5 feet, which is 
used for regions like the Mississippi Delta and the Dismal 
Swamp. An interval of 1 foot has been used on some largc
seale map:l of very flat nrpas. On maps of more rugged coun
tryeontour intervals of 10, 20, 25,50, nnd 100 feeL are used, 
and on maps of' great mountain masses like those in Colorado 
the interval ]]lay be 2.50 feet. 

In figure 1 Ule contour interval is 20 feet, and thc contour 
lines therefore reln'cHent cont.ours at 20,40,60, and 80 feet, and 
so OIl, above mean ,sea level. Along the contour at 200 feet lie 
all points that are 200 feet above the sea~that is, thil:l contour 
'would be thc shore line if t.he sea were to rise 200 feet; along 
the contour at 100 feet are all points that are 100 feet above 
the sea; and so on. In the space between any two contour" 
are all points whose altitudes are above the lower and belo,v 
the higher contour. Thus the contour at 40 feet falls just 
below tIlt' edge of the terrace, and that at GO feet lies above tlle 
terrU{~e; therefore ull points on the termee are shovm to be 
more t.han 40 hut less than 60 feet above the sea. In this 
illustrat.ion all the contour lines are numbered, but on most of 
the Ocologieal Burvey'~ maps aU the contour lines are not 
numbered; only certain of them~say eyery fifth one, 'which 
is made slight.ly heavier-are numbered, for the heights shown 
by the o~hers may be learned by counting up or down from 
theso. More exaet altitudes for many points arc given in 
bulletins published by the GcologicalSurvey. 

Dmina/li':.-'Vatercourses are indicated by blue lines. The 
line for a pel'(:~nllial stream is unbroken; that for an inter
mittent stream is dotteo; and that for a stream which sinks 
and reappears is broken. Lakes and other bodies of water 
and t.he several t.ypes of marshy areas Hre also represented in 
blue. 

Cult-ure.-tlymbols for the works of man, including public
land lines and othet' boundary lines, a8 well as all the lettering,. 
are pril1tt~d in black. 

GliJOH)UlC P]~A.'l'CnES SH(J\YN ON THE ~IAPS. 

Thc mapR representing the geology show, by colors and 
con ventional signs printed on the topographic lllap a8 a base, 
the diHtrilmtion of roek masscs on the surface of the land 
and, by means of strueture sections, t.heir underground rela
tione! so far lUI known, in snch detail as t.he seale permits. 

KIN os (W ROCKS. 

Uoeks are of many kinds. On the geologic map they aro 
disting'lii:3hed a!'l igneous, 8edimentary, and metamorphic. 

Igneous 1·(Jcks.-Hocks that have cooled and consolidated 
from it state of fusion are known as igneou8. Molteu material 
lws from time t.o time been forced upvwrd in fissures 01' ehal1-
nels of yarious shapes and sizes through rocks of an ages to 
01' n\~arly to tlle surface. Hocks formed by the consolidation 
of molten material, ot' rnafj1na, within these channels-that is, 
below the surface---are called intrusi'lie. An intrusive lllass 
that occupies a nearly vertical fissure which has approximately 
pamllel wa.lls is called a d'ike; one that fills a large and ineg
ular conduit is termed a stock. Molten material tlwt traYerses 
stratifled roeks may be intruded along bedding planes, forming 
masses called sills 01' sheets if' they are relat.ively thin and 
laccoliths if they are Jarge lenticular bodies. Molten material 
that is inclosed by rock cools 'slowly, and its component 
minerals crystallize "dlen they solidify, so that intrusive rocks 
arc generally crystalline. ,Molten material that is poured 'out 
through ehannels that reaeh the surface is called lava, and 
Iflva ,may huild up volCtlnic mouutaiml. Igneous rocks that 
ha ve solidified at thc surfhce are called ('Xtru8ive or etfU81~ve. 

Lavas generally cool more rapidly than iutrusive rocks anu 
contain, ci:lpecially in their outer parts, more 01' less volcanie 
glass, produced by rapid ebilling. The outer parts of lava 
How,> Hre also usually made porous by t.he expansion of the 
gasei:3 il,t t.he magma. Explosions due to these gHses may 
aecompany volcanie erupt.ions, eausing the eject.ion of dust, 
ash, lapilli, and larger fragments. These materials, when con
solidated, constitute breecias, agglomerates, and tuffs. 

Sedimentary rocks. - Rock:-! composed of the transported 
fragments or particles of older rocks that have undergone 
dii:3iII tegration, of volcanic material deposited in lakes and seas, 
01' of material deposited in such bodies of 'water by chemica.l 
preeipitation or by organic action are termed sedimentary. 

The ehief a.gent in the transportation of rock debris is water 
ill motion, including rain, streams, and the )yater of lakes and 
of t.he sea. The materials are in large part carried as solid 
particles, find the deposits they form are called mechanical. 
tllldl deposits are gravcJ, sand, and clay, which are later con
solidated into eonglomerate, sandstolle, and shale. Some of 
the materials are earried in solution, and deposits composed of' 
t.hese mnterinls are called organic if formed with the aid of life 
01' chemical if formed without the aid of life. The more COIll

Illon rocks of chemical and organic origin are limestone, chert, 
gypsnlll, salt, certain iron ores, peat, lignite, and coal. Any 
one of t.he kinds of' deposits namcd lilay be formed separately, 
or the different materials may be intermingled in many ways, 
pro<lucing a great variety of roeks. 

Another transporting agent is ail' in motion, or wind, and a 
third is ice in mot.ion, or glaciers. The most characteristic of' 
the wino-borne or eolian deposits is loess, a. tine-grained earth; 
the most characteristic of the glacial deposits is till, a hetero~ 
geneous mixture of boultler!'l and pebbles with clay or sand. 

:'IIost sedimcIltary rocks are made up of layers or beds 
th~.t can bc easily separated. These layers are called strata, 
and rocks deposited in such layers are said to be stmUfied. 

The surhlee of the eartll is not immovable; over wide regions 
it very slowly l'~ses or sinks with reference to the sea, and shore 
lines are thus changed. As a l'esult of upwHrd movement 
marine sediment.ary rocks mny become part of the land, and 
most of our land SllITaee is in faet composed of rocks that were 
originally deposit.ed as sediments in the sea. 

Hocks exposed at the surface of the lanll are acted on by air, 
water, icc, animals, a.ntl plants, espeeially the low organisms 
known as bacteria. They gradua.lly disintegrate, and their 
more soluble parts are leached out, the less soluble material 
being left as a J·csidua.l layer. 'Vater washes this material 
down the slopes, awl it is eventually carried by rivers to t.he 
ocean or other bodies of water. Usually its journey is not con
tinuous, but it is temporarily built into river bars and Hood 
plaills, where it iorm~ alluv£UJn. Alluvial deposits, glacial 
deposits (collectively known as drifl), and eolian deposits 
belong to the surficial class, and the residual layer is com
monly ineluded )vith them. The upper parts of these .deposits, 
,vhieh are oecupied by the roots of plants, eonstitute soils and 
subsoils, the soils being usually distiuguished by a considerable 
admixture of organic matter. 

Metm/borpkic J·oclcs.-In the course of time and by various 
proeesses roeks may bccome greatly changed in composition 
and texture. If the new characteristics are more pronounced 
t.han t.he old the rocks arc called metamorphic. In the process 
of metamorphism the chemieal constituents of a rock may 
enter into ne,v combinations and certain substances may be lost 
or new ones added. A complete gradation from the primary 
to the metamorphic form may exist within a single rock mass. 
Sueh changes transform sandstone into quartzite and limestone 
into marble and modi(y other rocks in various ways. ~ 

From time to time during geologic ages rocks that have been 
deeply buried and have been subject.ed to enormous pressure, 
to slow movement" and to igneous intrusion have been af'ter~ 

ward raised and later exposed byerosiol). In such rocks the 
original structural featurcs may have been lost entirely and 
new ones substituted. A system of pafflllel planes along which 
the roek can be split most readily may have bcen deyeloped. 
This aequired quality gives rise to cleavage, and the cleavage 
planes may cross the original bedding planes at any angle. 
Hocks eharacterized by cleavage are called slates. Crystals of' 
.mica. or other minerHls lIlay have ,grown in a rock in parallel 
arrangement, causing lamination or foliation and producing 
what is known as schistosity. Hocks eharacrerized by schis
tosity are called schwls. 

As a rule, t.he older rocks are most altered and the younger 
are least altered, but to this rule Ulere are many exceptions,. 
especially in regions of igIleous activity and complex stl'ueture. 

G.EOLOGIC l·'ORMATIONS. 

For purposes of geologic mapping t.he rocks of all the kinds 
HbO\'e described arc divided into fm·mat'ions. A sedimentary 
formation contains between its upper and lower limits either 
rocks of uniform character or rocks more or less uuiformly 
varied in character, as" for example, an alternation of shale and 
limestone. If the passage from one kind of roeks to another 
is gradual it may be necessary to separate two contiguous for
mations by an arbitrary line, a.nd the distinction between some 
such formations depends almost entirely on the fossils they 
contain. An igneous formHtion' eontains one 01' more bodies 
of one kind of roek of similar oceurrence or of like origin. A 
metamorphic formation may consist of one kind of rock or of 
seyeral kinds of' rock haying common characteristics or origin. 

'Vher:t it is desirablc to l'eeognize and map one or more 
specially developed I~rts -of a formation the parts are called 
members or by some other appropriate term, such as lenlik. 



AGE OF THE FOHMA'L'lONS. 

Geologie time.-The larger divisions of geologic time are 
called pe6ods. Smaller diyisions fire called epochs, and still 
smaller ones fire called slages. The age of a rock is expressed 
by the name of the time' division in '",hich it. was formed. 

The sedimentary formations deposited dnring a geologic 
period are grouped together into a The principal 
divisions of a Rystem are called IJcrWs. aggregflte of for-
mations less than a series is ea.lled a group. 

As sedimentary deposits accumulate successively the younger 
rest on the olde,', and t.heir relative ages may be determined by 
observing their positions. In many Tcgions of intense disturb
ance, llO"Never, the beds have been overturned hy folding or 
their relations to adjacent beds have heen changed hy fhulting, 
so tlwt it may be difIicult t.o det.ermine t.heir relative ages from 
their prer,;ent posit.ions at thc surface. 

Many stratiiied roeks containfolSlSil,~, the remains or imprints 
of plants and animals which, at the time the strata ,vere depos
ited, lived in bodies of water or were washed into them or 
were buried in surficial deposits on the land. Huch rocks are 
said to be ·fossilif~rous. A study of these fosl:lils has shown 
tlwt the forms of life at eaell period of the earth's hist.ory ,vere 
to a grcat extellt diffcrent from the forms at other periods. 
Only the simpler kinds of marine plants and animflls lived 
when the oldest fossilifflroUS rocks were deposited. From tiUle 
to time more complex kinds developed, and as the simpler 
ones Ii ved on in nH)(hIied forms life becamc more varied. But 
during each period there lived forms _~hat did not exist in 
earlier times and have not existed sinee; these are chamctM'ist£c 
types, and they define the uge of any bed of rock in which 
they are found. Other types passed on from period to period 
and thus Ii" ked the systems t.ogether, forming a chain of life 
from the time of the oldest fosr,;iliferous rocks to the present. 
If two sedimentary formations are geographically so far apart 
that it is impor,;sible to determine their relative positions the 
characteristie fossils found in them may determine which ,vas 
deposited first. Fossils an' also of value in determining the 
age of formations ill the regiolls of intense disturhance men
tioned above. The fossils found in the st-rata of diflerellt areas, 
provinces, and continents a.fford the most effective lllel-JUS of 
eornbining loeal histories into a general earLh history. 

It is in Illany places difficult or impossible to determine the 
age of an igneous formation, hut the relative age of such a 
fo'nnat.ion can in geneml be ascl'rtained by .0bHerving whether 
an assocint(:'d setlimentary fOl'lllation of known age is eut by the 
igneous mass or lies upon it. Himilarly, the time at \vhich 
mehullorphie rocks weJ'e formed from thu original masses may 
be shown by their l'elation!:! to adjacent formations of known 
age; hut the age recorded Oil the map is that of the -original 
masses awl not that of their met'llllol'phism. 

8!Jrnboli5, colors, and pat!crn",.-Each formation is shown on 
the lllap by a distinctive eombination of color and pattern and 
is labeJed by a speeial Jetter symbol. 

Patterns composed of' parallel ''ilraight lines are used to 
represent sediHlPTltal'Y formations depol:!itetl in the sea, in lakes, 
or in other bodie!:! of standing wah~l'. l'aitems of dots and 
circles represent alluvial, glHcial, and eolian formatiolls. Pat
terns of triangles and rhombs arc used for igneous formations. 
Metalllorphie rocks of unknO\vn origin are represented by 
shOd dashes irregularly placed; if the rock is schist thc dashes 
may be arranged in \vavy lim's parallel to the structure pbuel:l. 
Suitable combination patterns are used for metamorphie forma
tions that are known to be of sedimentary or of igneous origin. 
The patterns of each class are printed in various colors. The 
colors ill which the patterns of puraJJel lines arc printed indi
cate age, a particular color being assigned to each system. 

Each symbol consists of two or more letters. The symbol 
for a formation whof:le ugc is known includes the syst.em sym
bol, which is a capital iettCl' 01' monogram; the symbols for 
other formations are composed of slllallletters. 

The names of the geologic tillle divisions, arranged in order 
from youngest to oldest, and the eolor and symbol assigued to 
each system are given in the subjoilled table. 

Geologic time di(ri,~i(J'/18 and syrniwls and colors assigned to the rock systems, 

DEVF:L01':'lENT AND HIGKIFlOANCI·~ OF SURFACE _F01GI8. 

Hills, va,lleYJ:l, and all other snrfiwe forms have been pro
duced by geologic processes. Most valleys are the result of 
erosion by the streams that flow t.hrough them (see fig. 1), 
and the alluvial pIn ins that horder muny streams were built 
up by the streams; 'waves cut sea clifls, and waves and ('urrents 
build up sand spits and hani. Hnrfhce forms thus eOllstitute 
part of the reeord of' the history of t.lle earth. 

Some forms are illseparably eonneckd wit.h deposition. The 
hooked spit shown in iigure"1 is an illustration. To this class 
'belong beaches, alluvial plains, lava streams, drUlulins (smooth 

oval hills composed of till), and moraines (ridges of drift made 
at t.he edges of glaciers). Other forms flre produced by erosion. 
The sea cliff is fin illusrmtion; it may be carved from any rock. 
To this dass belong abandoned river ('hannelr,;, glacial furrows, 
and peneplairis. In tbe making of a stream terrace an alluv'h-ll 
plain is built and afterward partly eroded away. The shaping 
of a plain along a. shore is usually a double process, hills being 
worn away (degtaded) and va.lleys filled up ((JgfJrIlded). 

All pflrts of the laud sur:bce are subject to the action of air, 
'water, and ice, which slowly wears them down, producing mate
rial that is carrie,d by streams towarct the sea. As this ,yea ring 
dmvn depends on the flow of water t.o the sea it can Hot be 
canied bBlow sea level, -which is therefore ealled the base-Ict'cl 
of erosion. Lakes or large rivers may determine base-levels 
for eertain regIons. A large tract that is long undisturbed hy 
uplift or subsidence is worn down nearly to base-level, and the 
fairly even sllrfllce thus produced is called If the 
tract is afterward uplifted it becomes a 
close relation to base-level. 

THE] Gli~OIi)GIU MA 1'S AND SHEETS IX 'l'HE FOLIO. 

Areal-gcology map. - The map showing the surface areas 
occupied by the seVeral formations is called an a1'eal-\"ol,oqq 
map. On the margin ir,; an explanation, which is the to 
the map. To ascertain the meaning of any coloI' or pattern 
and its letter symbol the reader should look for that color, 
pattern, and symbol in the explanation, where he will find 
the nalllC and desl'ription of the fOJ'lllfltion. If he desires to 
find any particular formation he should examine the explana
tion and find its name, color, and pattern and then trace out 
the areas on the lllap corresponding in color and pattern. 
The explanation shows also parts of the geologic history. The 
names of formations are arranged in columnar form, grouped 
primarily according to origin-sedimentary, igncous, and crys
talline ot -Unknown origin-and those within each group are 
placed in the oruer of age, the youngest at the top. 

Economic-geology map.-The lIIap rppresenting the distribu
tion of useful mineral!; and rocks aud showing their relations 
to the topogrnphie features Ilnd to the geologic fm'mations is 
termed tlw econorn-ic-geology map. Most of the formations 
indicated on the areal-geology map are shown on the economic
geology map by patterns in fainter colors, but the areas of 
produet.ive format.ions are emphasized by strong' colo1's. A 
mine symhol shows the locat.ion of each mine or quany and 
is aceornpnnied by the nllme of the principal mineral produet 
mined or quarried. Tf there are import.ant mining indust.ries 
or artesian basins in t.he area the folio includes speciul maps 

these addit.ional e('onomie features. 
8Iruciurc·secl,:ou .~Jreet.-The reln.tions of different beds to 

one another IlIay he seen in cliffs, canyons, shafts, a~d otJler 
nat.ural and artifj('ial cuttings. Any cutting that exhihitR these 
relations is ealletl a section, and the sallie term is applied to a 
diagram representing the rellltiolls. The nrrangemf'nt of the 
beds or masses of rock in the earth is called slrueture, and a 
section showing this flrrangement is called a structuTe sedion. 

The geologict is IIOt limited, however, to natural and arti
ficial euttings fbI' his information concerning the earth's struc
ture. Knowing the manner of formation of rocks, after tracing 
out the relations of the beds on the surfhee he can infer their 
relative pORitions beneath the surface and can draw sections 
representing the probable struet.ure to a. considerable depth. 
Sueh a section is illustrated in figure 2. 

FIGURE 2.-Sketch ~howing a vcrtiea] serf-ion below the surface at the front 
and a view beyond. 

The figure represents a landscape that is cut off sharply in 
the foreground on a vertical plane, so as to show the under
ground relations of the rocks. The kinds of'rock are indicated 

S.m<i"tonealldColl· 
glomel' .. te 

ShalyslIlldstone 

FIGURE B.-Symuols used ill sections to represent diITerent kinds of rook. 

by appropriate patterns of lines, dots, )'Ind dHshes. These pat
terns ltdlllit of much variation, but tlJose shown in figure 3 are 
used to represent the commoner kinds of rock. 

The plat.eau shown at HIC left of figure 2 prf'sents toward 
tJIC lower land an escarpment, or front, made up of' sandstone, 
-which fOI'IlI::> the difl~,. Dutl Rhall', which forms l.h(:' slopes. The 
hroad Ldt of lowt.'r land is traversed by seyeral ridges, whi('h, 
as showtJ in t.he sedion, corn'cpollli to the oltjerops of a folded 
bed of sandstone that ris(:s to the surface. The npturned 

of' thi'l bed form tJIC ridges, awl the intermediatc valleys 
the outcrops of limestone and ealeareolls shale. 

'Vherc the edges of the bed::> R ppear at the surface their 
thiekne~s can be meal'lUrecl and the angles at which they dip 
below the 8urii.lCe can be ohsened, Hnd by JIlefltlS of these 
observutionc their positions underground are inferred. The 
direction of the intersection of the surface of' a dipping bed 
'with a horizontal plane is called its slrilce. The inclination of 
the bed to the horizontal phme, measured at right angles to 
the strike, is called its dip. 

In many regions the beds are bent iIltO troughs and arch-es, 
such us are seen in 2. The flrdlCs are ealled anticlines 
and tbe troughs As the materials that formed the 
sandstone, shale, and limestolle were deposited beneath the sea 
in nearly flat layers the fact that the beds are no\v bent and 
foldetl sbows that forces have from time io time caused the 
earth's crust. to wrinkle along certain zone!:!. In places the 
beds are broken aeross and the parts hayc' slipped past each 
other. Such breaks are t.ermed faultlj. Two kinds of faults 
arc shown ill figure 4. 

. 
IPIGURE 4,-IU(~:ll Sl:ct.jOIlS uf broken and bent st.rata, showing (a) normal 

fa.ult~ and (b) a tlwllgt or reverse fault, 

At the right. of figure 2 t.he section shows schists that are 
truver::>ed by igneous rocks. The schists :Ire much contorted, 
and tllC form or arrangeI.nellt of their masses underground can 
not be illferl'ed. Benee that parL of the section sho\vs only 
what is probable, not. what is known by observation. 

Thf~ seetion also shows three sets of fonnatiolls, distinguished 
by their underp;round relations. The uppermost set, seen at 
tlw left, is made up' of beds of saudstone alld shale, ,yhich lie 
in It hOl'izoutJlI position. These beds were laid down under 
water bnt Hre HOW high aLo\'e the sell, forming a plateau, and 
Llleir ehange of altitude shows that this part of' the earth's 
slil'Htee has been uplifted, The beds of this l:iet Hre con
formable-that is, they arc parallel and ehow no break in 
sedilllcntntion. 

The next lowel' set of formations ('ollsisls of beds tJHlt are 
folded into a.rches and troughs. The beds ""ere once contin
uous, but the crests of the arebes have been removed by erosion. 
Tht'se beds, like those of the upper set, are conforlllable. 

The horizontal-beds of the platcau rest upon the upturned, 
eroded edges of the beds of the middle set, as ShOW11 at the left 
of the section. The beds of' the upper set are evidently 
younger than those of the middle set, whieh must have been 
folded and eroded between the timc of their deposition and 
tJIHt of the of the upper Gods. Tlw upper beds are 

to the middle bed~, Hnd t.he surface of eon tact 
is an uuconjonnity. 

The l(mest set of fOl'mations con::>ists of crystalline sehisi:s 
and igneous roeks. .At some periotl of their Itistory the sehists 
were folded or plieated by preHsure and intruded by lIla-sses of 
molten rock. The overlying beus of the middle set have not 
been traversed by these intrusive rocks nor have they been 
affected by the pressure of the intrusion. It is eviderit that 
considerable time elapsed Letween the formation of the schists 
and the beginning of the deposition of the beds of the middle 
set, alld during this time the schists were metamorphosed, 
disturbed by the intrusion of igncous masses, and deeply 
eroded. The contaet between the middle and lowest selli is 
another unconfbrmity; it marks it period of el"08ion between 
two periods of depor,;itioll. 

The seetioll and landscape in figure 2 flre ideal, but they 
illustrate aetual relations. The sections on the stl'ucture
section sheet are relatrd to the mups ill much the same way' 
that the r,;ectioll ill the figure is related to the landseape. The 
profile of the surfllee in each structure section eorresponus to 
the aetual slopes of tile ground along thc section line, and 
the depth to any lIlinera.l-prudl1eing or water-Leal'ing Led 
ehowu lllU.y be mE'llsured by u~iug the scale given on the map. 

ColumnaT sedion,-Many folios inelude a colwlJ([w,r section, 
which contains brief deseriptions of the sedimentary formations 
in the quadrangle. It ,,,hows the eharader of' the rocks as well 
as the thickness of the fOJ'mations awl tlle ordeT of their uccu
mulatio!!, the oldest at the bot.tom, the youngest at the top. It 
also indicates intervals of time that COJ'l"copond to ewmts of uplift 
and degradation and constitute interruptions of'deposition. 

'I'll!!': TEXT OF 'l'HE] FOLIO. 

The text of' the folio states briefly the relation of the a.rea 
llIapp('d to the general region in whidl it is situated; points 
out the sa.lieut natural features of' the geography of the area 
and indicntes their and their history; eonsiders 
the cities, towns, ra.ilroads, and other human features; 
deReribes the geology aud the geologie J,istory; and shows the 
eharaeter ami the I.ocnt.ion of the vallLable mineral deposits. 

GW)J-w E OTIS S;>.UTH, 

January, 1£122. Director. 



DESCRIPTION OF THE RATON, BRILLIANT, AND 
KOEHLER QUADRANGLES. 

INTRODUCTION. 

POSITION AND EXTENT OF THE QUADRANGLES. 

The Raton, Brilliant, and Koehler quadrangles lie east of 
the Rocky Mountains, immediately south of the Elmoro and 
Spanish Peaks quadrangles (see fig. 1), and constitute the 
central part of the coal-producing area known as the Raton 
Mesa region or the Raton section of the Great Plains province. 
They are chiefly in Colfax County, ~. Mex" but include a 
Darrow strip of Las Animas County, Colo. 

FIGURE 1.-Index Illap of south-central Colorado and north-central New 
Mexico. 

The location o~ the Raton, BrllllBnt, and Koehler quadrangles (No. 214) Is shown by the dllrker 
ruUng. Published folios deacrlbing other quadrangles, indicated by lighter rUling, are the 
follOwing: 7, Pikes Peak; 36, Pueblo; 48, Tenmile di~trict; 58, Elmon>; 68, Wa1~burg; 71, 
Spanish Peo.ks; 111l!, Nepestll,; 186, Apishapa; 198, C".tle Rock; 008., Colorado Springs. 

The Raton and Brilliant quadrangles extend from 360 45' 
to 37 0 north latitude and from 1040 15' to 1040 45' west 
longitude. The Koehler quadrangle extends from 360 30' to 
36° 45' north latitude and from 1040 30' to 1040 45' west 
longitude. The three quadrangles include 717 square milps. 

VEGETATION. 

The lowlands of the Raton, Brilliant, and Koehler quad
rangles sustain a thin growth of grass, many kinds of small 
flowering plants, sevf'ral species of cactus (Opuntia), sagebrush 
(Artemisia iridentata Nuttall), and other small shrubs. Some 
parts of the lowlands that can be irrigated from storage reser
voirs are culti vated, but most of them are used for grazing. A 
few cottonwoods and willows grow along the streams, Piiion 
or nut pine (Pinus edulis Engelmann) and juniper (Jun1pe1'1's 
monosperma (Engelmann) Sargent, commonly known as cedar) 
grow in the highlands but are found also on some of the lower 
rocky slopes, their distribution being probably due to the 
chararter of the soil l'athp,r than to difference in altitude. 
Pinon and juniper grow mainly in rocky places, especially on 
sandstone and igneous rock, rarely on the marine shale 
(Pierre). 

Few trees or shrubs grow on the tops of the mesas, which 
are covered mainly with gras~ and small flowering plants. 
Some of the mesas are used for grazing and others for raising 
crops. The precipitation is sufficient for farming without 
irrigation. The sides of the mesas are in some places covered 
with forests of spruce, pine (Pinu8 hraohyptem Engelmann), 
aspen (Populu8 aurea Tidestl'om), and other trees, but in most 
places the spruce and the pine have been cut for lumber. 
Pifion and juniper are numerous, and scrub oak (probably of 
several species), locust (Robinia neomexieana Gray), and other 
small trees form thickets. In still other places underbrush 
and sturdy herbaceous plants grow in dense thickets, which 
effectively conceal every trace of the underlying rocks. In 
nearly all places the slopes of the mesas above an altitude of 
about 7,000 feet are covered with underbrush, whose inter
lacing roots hold in place fragments of rock that would other
wise be washed away. 

By "~illis T. Lee. 

In'the Brilliant and Koehler quadrangles the slopes of the 
mesas are not so completely covered with vegetation as their 
sides. Pinon, juniper, and scrub oak are numerous, and in a 
few places the pine and the spruce have escaped the lumber
man's ax, but they have generally been removed. Little use 
is made of pinon except for firewood, but juniper and locust 
are cut for fence posts. Aspen is used for building corrali'l, 
for making" corduroy" roads, and for floorillg bridges. 

SETTLEMENT AND INDUSTRIES. 

The main line of the Atchison, Topeka & Santa Fe Railway 
traverses the Raton and Koehler quadrangles from north to 
south. A branch from Dillon extends up Dillon Canyon to 
Gardiner and to Brilliant and another branch up Willo.w 
Creek to Van Houten. Another road, known as the St. Louis, 
Rocky Mountain & Pacific Railway but now a part of the 
Atchison, Topeka & Santa Fe System, extends from Raton 
southward to Clifton House, thence eastward beyond the 
q~adrangle to Des Moines, J\". Mex., where it connects with the 
Colorado & Southern, and from Clifton House southwestward 
through the Koehler quadrangle. A third railway, the Santa 
F~, Raton & Eastern, is in operation between Raton, Sugarite, 
and Yankee and has been constructed from Carisbrook to 
Chnningham. A branch of the EI Paso & South western Raill
reiad, which traverses the Koehler quadrangle, connects the 
caal-mining town of Dawson 'with the El Paso & Rock Island 
Railroad at Tucumcari. 

Raton, which had a population of 5,544 in 1920, is the 
largest town in northern New Mexico. It is the county seat of 
Colfax County, a division point on the Atchison. Topeka & 
8anta Fe Railway, and the center of the mining industry in 
the northern part of the Raton coal field. Coal mining is the 
principal industry in this region. There are four coal-mini~g 
towns in the Raton quadrangle, two in the Brilliant quad
rangle, and there is one in the Koehler quadrangle. YankeE', 
the easternmost mining town, stands picturesquely in the valley 
of the east fork of Chicorica Creek, almost surrounded by the 
high mesas. It was the headquarters of the New Mexico
Colorado Coal & Mining Co, until 1918, when the company 
suspended operations. 

Sugarite (shu-gar-eae), which stands between high mesas on 
the west fork of .Chicorica Creek, had in 1920 a population 
of 471, consisting mainly of men employed in the Sugarite 
mine, one of the newer openings of the St. Louis, Rocky 
Mountain & Pacific Company. The name Sugarite is a cor
ruption of the Spanish' word Chico rica (pronounced che
co-re'ka), and the creek and canyon as well as the town ate 
locally called Sugarite instead of Chicori('f\, 

Blossburg, in Dillon Canyon west of Raton, is one of the 
oldest mining towns in New Mexico; it was established soon 
after the Atchison, Topeka & Santa Fe Railway reached 
Raton. In 1890 its population W::IS 1,171, but in 1920 it was 
only 292. Gardiner, which had 985 inhabitants in 1900, had 
373 in 1920. The coke ovens there insure a small permanent 
population, and the opening of the ne'w Gardiner mine by the 
St. Louis, Rocky Mountain & Pacific Co. between Gardiner 
and Blossburg has caused an increase in the population of both 
towns. This company operates another mine in Dillon Can
yon farther upstream, at Brilliant, a town which in 1920 had 
a population of 606, made up almost exclusively of men 
employed in mining. 

Van Houten, another coal-mining town, one of the largest 
producers in the Raton coal field, stands near the openings of 
the "Tillow mine, on the south fork of Willow Creek, in the 
southeastern part of the Brilliant quadrangle. Its population 
in 1920 was 61l. 

Koehler, a town of 1,090 inhabitants in 1920, stands at the 
opening of the Koehler coal mine, in the Koehler quad
rangle. Maxwell is the center of the irrigation district of this 
quadrangle. 

Several names of places on the maps of these quadrangles 
indicate little more than temporary accommodations for the 
caretakers of the railroads. Among these places are. Caris
brook, Cunningham, Preston, Clifton House, Otero, Dillon, 
and Colfax. 

The Brilliant and Koehler quadrangles and the 'west half 
of the Raton quadrangle form part of the Maxwell land 
grant, which is owned by a company that has done little to 

settle and improve the land. The Brilliant quadrangle con
tains practically no roads except those near the mining towns 
and few houses outside the mining towns except small shacks 
that serve as stopping places for cowboys during the summer, 
while their cattle range in the highlands. 

More improvements have been made in the eastern half of 
the Raton quadrangle, which is subdi'dded into small tracts on 
which farm produce is raised in many places where the rain
fall is sufficient for growing crops or where storm waters can 
be stored for irrigation. Much of Johnson Mesa and some of 
Barilla Mesa is cultivated. Water is stored in several small 
reservoirs in the lowlands on or near the stream courses and 
used for waterillg stock and for irrigating small tracts of land. 
On the Meloche ranch a considerable tract of land is irrigated 
from a storage reservoir in Hunter Canyon, east of the Raton 
quadrangle, There are several small reservoirs on the west 
fork of Chico rica Creek, one of which supplies the city of 
Raton with water. Much of the lowland in the Koehler quad
rangle is under cultivation. The several lakes shown on the 
map are storage reservoirs supplied mainly from Vermejo 
River, They furnish water for irrigating a large area of 
agricultural land near Maxwell. 

GEOGRAPHY OF THE GREAT PLAINS PROVINCE. 

The Raton, Brilliant, and Koehler quadrangles are in the 
southwestern part of the Raton division of the Great Plains 
province. The surface of the part of this division of the Great 
Plains that lies in northeastern New Mexico and southern 
Colorado stands about a mile above sea level. This division, 
which embraces also the Mesa de Maya, farther northeast, 
includes many mesas or table-lands which have gently undu
lating surfaces that rise to altitudes ranging from a few hundred 
to more than 2,000 feet above the general level of the plain. 
Between this group of mesas and the mountains proper there 
are highlands that stand at a general level of 2,000 feet or 
more above the Great Plains. For nearly 150 miles along the 
Rocky Mountain front in northern New ~lexico and southern 
Colorado these highlands form a transitional zone bebveen the 
typical Great Plains and the mountains. The southern part 
of this transitional zone is known as the Ocate Mesa, but 
the main part embraces the Trinidad and Raton coal fields of 
the Raton Mesa region. 

Most of the Great Plains province slopes eastward from the 
region near the foot of the Rocky Mount::lins at the rate of 
about 10 feet to the mile, from altitudes ranging from 6,000 to 
7,000 feet, but in the part of that province that lies in the 
Raton Mesa region the altitudes range from 6,000 to more 
than 10,000 feet.. Large parts of the surface of the Great 
Plains are smooth and gently undulating; others are charac
terized by low mesas and shallow canyons; and still others by 
high mesas, rugged hills, and deep canyons. The highland 
area that includes the Uaton Hud Brilliant quadrangles and 
that was formerly called the Raton Mountains is probably the 
most rugged part of the Great Plains province. 

The Great Plains are drained by rivers that rise in the 
Rocky ~Iountains and flow to the Mississippi. The highlands 
of the Raton Mesa region lie between two of these rivers, the 
Arkansas and the Canadian, and are drained northeastward 
into the Arkansas, !liainly through the Purgatoire, which cuts 
a long, deep canyon into the plains before reaching the main 
stream; eastward through the Dry Cimarron; and southward 
into the Canadian, which has cut a conspicuous gorge in the 
plateau. The Purgatoire receives a small part of the drainage 
from the Brilliant quadrangle through Long Canyon and from 
the Raton quadrangle through San Isidro Canyon. The 
Canadian rises in the highlands of the Raton Mesa region west 
of the Brilliant quadrangle and receives most of the meager 
,1rainage from the Brilliant and Raton quadrangles. Some of 
the tributaries of this river head in the high mountains to the 
west and carry larger volumes of water than the trunk stream. 
Two of these tributaries, Crow Creek and Vermejo River, flow 
through the Koehler quadmngle. 

Though the Great Plains are in general drained by streams 
that flow eastward the Canadian forms an exception to this 
rule. From the vicinity of.Raton it flows in a southerly direc
tion for nearly 100 miles ::Ind drains, through tributaries that 
flow westward, a considerable area of the plain that lies east of 
it. The direction of the drainage is controlled in part by the 
Mesa de Maya dome. (See p. 3.) 



GEOLOGY OF THE GREAT PLAINS AND THE ROCKY 
MOUNTAINS. 

The rocks of the Great Plains lire chiefly sedimentary. 
Some of them have been formed from sediments deposited in 
the water of a sea that invaded the interior of the continent 
from time to time; others cOllsil"lt of material deposited in 
fresh-water lakes or on the flood plllins of rivers. Some 
originated as swamp deposits thnt contained a la.rge proportion 

FIGURE 2.-Map of North Americ&llhowing the p8.l'ts of the continent that 
were probably submerged during the early (Benton) part of Upper Cre
taceous time. 

The abaded pan or the map representil the area that b belleved to hi>''' been Qovered by the aea 
1n Benton tIme. (After Charles Schuchert.) 

of peat, which later was changed to coal; others consist of 
coarse sllnd, arkose, conglomerate, and other material that 
accumulated above sea level. The stratified rocks lie nearly 
horizontal beneath the plains but are sharply upturned along 
the mountains to the west. Some large areas are occupied by 
rocks of Tertiary age, others by rocks of Cretaceous age, and 
small tracts by Jurassic, Triassic, and older sedimentary rocks. 
Beneath these rocks, and not gen{!rally exposed at the surface 
of the Great Plains, lie representatives of some of the Paleozoic 
systems, and the whole sedimentary series rests on a founda
tion of granitic rocks of Archean age. 

The Rocky Mountains have been formed chiefly by relative 
uplift, and the mountain mass has undergone extensive erosion, 
which has exposed broad areas of the Arehean rocks. A long 
the eastern base of the mountaius the strata of the plains, 
which once extended over some or aU of the present mountain
ous area, now are steeply inc1ined. Their eroded edges form 
murow zones of outcrop. and collectively they make up a belt 
of ridges and \'alleys that parallels the mountains and that is 
commonly called the hogback region. This belt of hogbacks 
and strike valleys scparlltes the ancient and much-disturbed 
rocks of the mountains from the nearly level strata of the 
plains. 

At a few places along the mountain front in Colorado there 
are small remnants of red sandstone of Cambrian age, which 
are overlain by beds of Ordovician limestone and sandstone. 
There appear to be no Silurian or Devonian beds in this part 
of the Rocky Mountains, but such beds may lie beneath some 
parts of the Great Plains and have been overlain by younger 
beds along the shores of the ancient sea in which they were 
deposited. Carboniferous and Triassic strata, chiefly red, 
which differ greatly in thickness from place to place, rest on 
the older sedimentary rocks where these are exposed and 
o\yerlap them at most other places along the mountain front. 
Iu central and northern Colorado these beds are relatively 
thin, but in southern Colorado, where they are upturned to a 
nearly vertical position, they attain a thickness of about 
18,000 feet as measured across tIleir eroded edges, and in 
northern New Mexico they seem to be still thicker. 

Marine strata of J nrassic age occur farther north along the 
mountain front and also farther south, in western Texas, but 
their marine character in central Colorado and New Mexico 
has not been demonstrated. At mo&t places along the moun
tain front a thin but remarkably persistent formation- the 
Morrison-overlaps all the older strata. On this formation 
lie, in apparent conformity, sedimentary beds of Cretaceous 
age. The older beds are steeply inclined, vertical, or even 
overturned, as are also the Cretaceous beds in some places, but 
in general the Cretaceous beds are so far from the mountain-
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ous area that they are but little disturbed. 'Vhere the Cre
taceous rocks are upturned along the mountain front the 
resistant sandstones nea.r the base of the system produce a line 
of hogback l'idges that have smooth dip slopes on the east and 
rough, precipiton~ slopes on the west. 

The widespread occurrence of sedimentary formations of 
Cretaceous age in Colorado and K ew Mexico is probably due 
to a down warping of an eroded surface (a peneplain), the 
down warping having probably been accompanied by a rise of 
the sea level that caused the sea to submerge the central part 
of North A1U~rica. (See fig. 2.) The mountains that had 
existed in central Colorado and New Mexico during late Paleo
zoic and early Mesozoic , time had been worn down to low 
relief before the beginning of the Cretaceous period. During 
the later part of the Lower Cretaceous epoch this peneplain 
subsided relative to sea level sufficiently to allow the sea to 
invade a part of the continent. At the beginning of the 
Upper Cretaceous epoch the leveling had proceeded so far that 

FIG URE S.-Relief map of central Colorado and north·central New Mexico. 
The RaWn. Brlll!ant, " lid Koehler que.dra.nllies are In ~h<l.outhea6tern Pir!. ot the a .... a, ROUth ot 

Trlo ldad, III the vldllity of R_WII, N. Mex. The!r Joe_tlOIlI,shown I" fig. 1. Beale: 1 Inch-
40 mUetc, approxlmatel)'. Grand River hi now called Colorado River. 

1 The evJdence on which this statement and SOlDe of the following state· 
ments are based is summarized in the rollowing papers: Lee, W. T., Relation 
of the Cretacoous formations to tho Rocky Mountaine in Colorado and New 
Melioo: U. S. Geol. Survey Prof. Paper 95. pp. 27-68, 19Hi; ReMOns tor 
regarding the MatTison an introduotory Cretaceous formation: Gool. Soc. 
Amerioa Bull., vol. 26. pp. 803-814, 19I5. Lee, W. T., and Knowlton, F. H., 
Geology and paleontology of the Raton Mesa a.nd other regions in Colorado 
and New Ywoo: U. S. Geal. Survey Prof. Paper 101, 4GO pp., 118 pll., lilS. 

the newly made land. These accumulations of peat were later 
covered with marine sediments. This process Wag rep~ted 
several times at one place or another throughout the Upper 
Cretaceous epoch. For this reflson coal-bearing rocks of fresh
water and brackish-water origin are found at several horizons 
within the Cretaceous system near the bOl'der of the western 
continental land mass, though the rocks of this system in the 
central and eastern parts of the area occupied by this sea are 
marine. Not until late in the Upper Cretaceous epoch did the 
interior basin become filled to such an extent that swamps were 
formed in eastern Colorado and New Mexico. The material 
that accumnlated in these swamps is now represented in the 
Raton, Brilliant, and Koehler quadrangles by the coal-bearing 
rocks of the Vermejo formation and in the Denver Basin by 
the Laramie formation. 

The' quiescence under which the Cretaceous beds were 
formed was followed by a series of movements which were 
probably a part of a widespread uplift and disturbance that is 

~ftt·CA~!ftl"'N CRV ~1A L· EXTRU~ IVt ftOC~$ 

LONt MCKS AMOYO~WG( " OcOtR "~."' N CfttTAClOu S M:~~O[:~~~~G:;CK$ (::~f~r~.~';:~:;';'~% 
(1"<lWdl"'~O .... ",oll 
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FIGURB •. -Sketch geologie Illap of oentral Colorado and north-central New 
Mexico, !howing the general geology of the area. represented in tlgure 8. 

From geolortc ll18.p or North America hy WIlHI alld Stose, pubUlhed !n U. S. Geo!. Survey FC(lr. 
Fapel' 71. lQIl. Scale: 1 !nch_40 rolle •• apprOximately. 

recognized generally as marking the end of the Cretaceous 
period. By this uplift the sea was at length expelled from 
the interior of North America and the Rocky Mountains were 
formed. The movements were at first probably gentle, but 
they continued with increasing vigor. The ancient mountains 
of early Mesozoic time, whose roots had been buried under the 
Cretaceous sedimentary beds, were again uplifted. The first 
uplift of the new movement probably did not form notably 
high mountains, but it was sufficient to raise such Cretaceous 
beds as may have been deposited over the uplifted area to 
altitudes that permitted them to be eroded away and to expose 
also the rocks of pre-Cretaceous age to like erosion. These 
movements, which involved a differential uplift of several 
thousand feet, were accompanied by outflows of molten rock, 
the first of the great lava flows of Tertiary time in western 
America. 

The sedimentary record of the Tertiary period opens with 
the deposition of conglomeratic, arkosic, and igneous material, 
washed down from the newly elevated lands. At some places 
the early sedimentary rocks are prevailingly coarse; at others 
the coarse material alternates with shale and beds of coal. At 





plain of degradation and correspond in altitude to Barma 
Mesa. Others, surh as the part north of Towndrow Peak, lie 
at tbe level of the second plain and correspond in altitude and 
in character to Horseshoe Mesa, with which it was once prob
ably continuous, as shown in figure 7. The shape of the 
surface varies considerably from place to place. The south
westem part is rough, probably in some places owing to the 
long erosion of an old sheet of lava and in other places owing 
to the presence of younger la vas poured out upon the older 
one. The sUl'faee of the northern part of the area of the mesa 
that is included in the Raton quadrangle is about 500 feet 

CUNNINGHAM 
MtSA 

(pny". ctcd) 

4 

rocks are not now connected. Meloche Mesa attains its maxi
mum altitude at its southern point, from which it slopes evenly 
northward. At this southernmost point the igneous rock that 
occupied the surface extends downward 8S a stocklike mass in 
the exposed face of the mesa, forming a cliff' about 800 feet 
high. The smooth surface formed on the sheets of the igneous 
rock that cap the mesa is interrupted to the north by a small 
area that has a roughly uneven surface of craggy scoriaceous 
lava of recent origin. A low hill at the north end of the mesa 
is composed of this craggy material and probably marks the 
volcanic opening through which the lava was extruded. From 

As degradation of the softer rocks proceeded, this lava-fil1ed 
depression, as well as the broader mesas, was left ·undisturbed 
because of the protection afforded by the hard igneous rock. 
When the valley of the east branch ·of Sugarite Creek had 
rearhed a depth of about 1,000 feet below the top of Johnson 
Mesa there was a fourth period of volcanic eruption, at which 
time Yankee "Volcano" was formed, a'nd from it was extruded 
the baealt that flowed down the valley. Probably about the 
same time the vent north of Meloche Mesa was opened, and 
also the vents of Black and Round mesas, the lava sheets of 
which, however, may be somewhat younger. 

'000' 

FIGURE 7.-Sectlon from Round Mesa. to Barilla Me8&. in t.he Raton quadrangle, showing the relations of the different lava flows. 
The el\l"ly ballll lt lava 1I0w, wh1ch formerly <lxtenu6d from Barilla )'[_ to JOhll101I Mel&. waa cut through by a valley that hili! heeD In part Hlied wIth later baMlt, alld thilin tum hW l lnce been (lut through by Rathbun Creek. The eruption ot thillla~a 1'11\.11 tollowed by /lows of andealtlc lava, 

whlchcapll Hunter and MelOChe mesa .. and by flow. of the late8~ basalt, whlcb CllpII Round and Cunningham meRaIl, 

lower than the west end of the mesa and is relatively smooth, 
like the surfaces of the other lava sheets that lie at this altitude. 

There are several minor hills on Johnson Mesa, which may 
mark the volcanic vents from which the basalt was extruded. 
One of these hills, in the center of the mesa west of Towndrow 
Peak, has an altitude of 8,406 feet and is composed of dark
red scoriaceous basalt like that which elsewhere in northern 
New Mexico is found near volcanic craters. Anotlier conical 
hill, which may mark the older opening, as it is composed of 
hard and less scoriaceous rock, stands south of Towndrow 
Peak. A well-defined volcanic cone of recent origin rises 
several hundred feet above the general level of the mesa a 
short distance east of the Raton quadran~le. This cone is 
composed of scoriaceons basalt, cinders, and ash and has a well
defined depression in its side, which marks the opening 
through which the lava was poured out. 

The most conspicllous elevution on this mesa is Towndrow 
Peak, a conical mflRS of igneow'I rock of different origin from 
the basalt, which rises about 500 feet nbove the general level. 
(See PI. VII find fig. S.) Two miles west of Towndrow Peak 
stands a broad, low hill tlUlt is oval in form and that has a 
relatively smooth surfacE'. It consists principally of sand, 
gravel, and large wa tel'worn boulders. A smnll urea at the top 
is occupied by a thin sheet of basalt. 

Some depressions in tbesurfnce of Johnson Mesa are occupied 
by I<wet-weather lakes," but these are not so numerous as the 
similar depressions on the other mesas in the Raton quadrangle. 
The largest one lies south of Towndrow Peak (shown in the 
foreground in PI. VII) and is nearly filled with sand, day, 
and volcanic ash. Where it has been penetrated by wells this 
material attains a thickness of at least 37 feet. 

The rim of the mesa is a precipitous and almost continuous 
esca,rpment. In some places the weathered edges of the colum
nnr basalt sheets, 100 to 400 feet or more in thickness, form a 
single diff. In others the escarpment is made up of terraces 
or shelves, each shelf representing a single flow of lava. Here 
and there the older basalt seems to have been deeply eroded 
before the later flows were poured out upon it. These later 
flows occupy erosional depressions, and in places they seem to 
have flowed down the valleys in the channels of the streams. 
Cross sections of these old lava-filled valleys are exposed in the 
southern rim of Johnson Mesa (see PI. VIII), where a flow 
about 300 feet wide and 150 feet deep occupies an old valley 
and is separated from the lava in which the valley was eroded 
by blocks of basalt, the largest of which are 5 feet or more in 
diameter. The molten lava of this flow seems to have cooled 
from all sides alike, producing columns which radiate outward 
from the middle of the flow. 

llunter Mesa.-Hunter Mesa forms a long tongue extending 
southeastward from the main part of Johnson Mesa. It has 
a maximum altitude of 8,316 feet above sea level, and from 
this highest point it slopes steeply toward the southeast and 
less steeply toward the north. The surface in its northern 
part is about 250 feet lower than the adjacent parts of Johnson 
Mesa. In this respect it holds the same relation to Johnson 
Mesa that Horse Mesa hol(ls to BaritIn Mesa-that is, the lava 
of its cap rock is younger than thnt of Johnson Mesa and was 
poured out upon a surface from which the older lavas and 200 
to 300 feet of the underlying sedimentary rocks had been 
eroded away. The lava sheets have a maximum thickness of 
400 feet or more and are terminated on the west by nearly 
vertical cliffs. The east face is not so precipitous. 

Meloche 1Jlesa.-Meloche Mesa was probably once the south
ward extension of' Hunter Mesa, although their igneous cap 

this hill the surface descends by a steep but even slope, formed 
on the surface ofa lava flow, to a lower lava-covered mesa that 
lies east of the Raton quadrangle. 

Yankee" Volcano."-In the valley north of Johnson Mesa 
there are remnants of a low shelf, which have been preserved 
by their caps of hard basalt. The surface on which this lava 
was poured out stands about 7,400 feet above sea level, or 
1,000 feet lower than that on which the lavas of .Tohnson 
Mesa were poured out. The basalt sheet on the principal 
remnant of this shelf is surmounted by a conical hill composed 
of scoriaceous cinders and flow lava. There is a well-defined 
depreBBion in its western side, where the crater rim was broken 
away. (See fig. 8.) The surface of the flow west of the crater 

FIGURE 8.-1,a.vtl.-eapped Johnson Me8&. and Towndrow volcani~ peak In 
the distance; Yankee .. Volea.no" and later basalt flow in the roreground. 

is smooth. This flow once extended for a considerable dis
tance down the valley, and remnants of it now appear on two 
isolated mesas southwest of the cone. 

The simple structure of the mesae in the northern part of 
the Raton quadrangle presents a marked contrast to the com
plex structure of Johnson Mesa. The surface on which the 
igneous rocks of the western part of the mesa rest forms 
a part of the highest plain of degradation in this region, and 
the lavas that were poured out upon it were probably once 
continuous with those that cap Barilla Mesa. The second 
plain of degradation, whose level is represented by the tops of 
Bartlett, . Horse, and Horseshoe mesas, embraced part.s of the 
area now occupied by Johnson 'Mesa. Probably about the 
time that the lavas of Bartlett, Horse, and Horseshoe mesas 
were poured out ,:ol~anic openings were "made also on Johnson 
Mesa. Some of the lava from these openings flowed north. 
ward acroSB the site of Rathbun Canyon and connected with 
the lava of Horseshoe 'Mesa. Other flows covered the older 
sheets and filled valleys that had been eroded in them. On 
top of these younger layas were deposited beds of sand, gravel, 
and waterworn boulders, remnants of which are now found 
in the region east of Manco Burro Pass and west of Towndrow 
Peak. 

Erosion later cut away some of the igneous rock and 
degraded the areas oc'Cupied by the softer sedimentary rocks. 
Into one of the depressions formed by erosion was poured the 
lava of Hunter and Meloche mesas. Probably at about the 
same time the similar lava of Towndrow Peak was extruded. 

Black Mesa.-Several isolated mesa.q rise 300 to 500 feet 
above the generalleyel of the plain in the south~central part of 
the Raton quadrangle. The largest of the group is Black 
MeSA, so called because of its dark basaltic rock. This rock 
probably once extended over the group of mesas as a contin
uous sheet, but most of it has since been eroded away. The 
tops of Black Mesa and of the mesas farther eHst, near Cunning
ham Butte, are flat because those parts of this sheet are undis
turbed. The steep slopes surrounding these mesas are covered 
with large blocks of basalt that have fallen from the r.ap rock. 
Tbe small mesa east of Black .Mesa differs from the others in 
being rounded rather than flat· topped. The basalt, which 
once covered it in a solid sheet, is now broken into blocks that 
cover the whole surface of this mesa as the similar blocks cover 
the sloping sides of the others, 

In the midst of this group of basa1t~covered mesas stands a 
hill of very different shape, called Cunningham Butte. The 
principal mass is subcircular in outline, like that of Towndrow 
Peak, and consists of the same kind of rock. It has a prom
inent northwest elongation caused by a dike of the same rock, 
from which the softer shale on both sides has been eroded 
away. 

Ro'und Mesa. - Another basalt-covered mesa. known as 
Round Mesa stands partly in the Raton quadran~le and 
partly in the region to the south. It is 200 to 300 feet 
above the general level of the plain, but unlike some of the 
other lava-capped mesas its surface rises from tbe bordering 
rim by a slight but constant incline toward the center, where 
a low cone of scoriaceous and ropy lava marks the location of 
a vent from which the lava was extruded. (See fig. 9.) 
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FIGURE 9.-Lava·eapped Round Mesa. and a.880ciated volcanic cone. 

DISSECTED HIGHLANDS. 

The Raton Mesa region ~onsists mainly of a dissected plateau 
whose surface ranges in altitude from that of the lowland plains 
to that of the highest mesas, or from about 6,500 to 9,000 feet 
or more above sea level. This plateau has been developed upon 
rocks that are more resistant than the soft rocks of the lowland 
plains but less resistant than the igneous rocks which cap the 
mesas. At one time the smface of this plateau was continuous 
with that represented by the tops of the highest mesas. (See 
fi~. 5.) The erosion which reduced the plains to their present 
form did not reduce .the plateau so much in the same time 
because its surface is formed of harder rocks. 
, " In the mesa region of the northern part of the Raton quad
rangle, where the ancient surface has been protected by sheets 
of igneous rock, the slopes are steep and relatively regular in 
outline, but in the Brilliant quadrangle and in the northwest
ern part of the Koehler quadrangle, where erosion hns not been 
influenced by these sheets, the streams ha.ve dissected the 



plateau into an intricate network of ridges and sharp, V-shaped 
valleys. (See fig. 10.) 

The rocks of the highlands consist of alternating beds of 
hard and soft strata. At the base of thpse beds is the soft, 
easily eroded shale that occupies the lowlands. Above this 
shale lies a resistant sandstone, ·which is overlain in some 
places by shale and coal and in others by conglomerate. Where 
the Eandstone and conglomerate crop out together they gener
ally form a single bench. (See PI. IlL) Upon the conglom
erate lies a bed of soft rock, mainly shale, about 100 feet thick, 
which erodes easily and forms smooth slopes. Still higher 
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FIGURE 10.~T'l'ofile typical of the disse(~ted plateau in the BrillJant quad· 
rlmgle 

there are several beds of mussi ve sandstone separated by thin 
layers of shale, the whole ranging in thickness from 300 to 600 
feet. The sandstones are hard and resist erosion so well that 
they generally form cliffs where they crop out, making a nearly 
continuous escarpment that is one of the most prominent fea
tures of the Raton Mesa region. (See PIs. I and III.) Most 
of the rocks above these cliff-forming sandstones are soft and 
form relatively smooth slopes. A typical profile in the dis
sected highlands is shown in figure 11. 

FIOURE 1l.-Diagraulluatic profile illustrating the prinCipal elements of the 
topographic featmes of the dissected highlands of the Raton Mesa region. 

The shale that lies between the tvt'O series of prominent 
bench-forming !flyers is relatively thin and from a distance is 
inconspicuous. The cliff-formin?: layers-b and f in figure 
ll-form a bold. persistent escarpment in most places along 
the eastern margin of the Raton Mesa region. (See PI. I.) 
The escarpment is cut through by nnmerous st.reams, so that 
the valleys and canyons form deep reentrants separated by 
promontories which Q\"erlook the plains like bold headhtnds 
overlooking the sea. The shelf-making sandstones crop out 
high up in most of these ptomontories, but in the reentrants 
they gradually approach the level of the streams. The valleys 
in the reentrunts become narrower upstream until, where 
they cross the line of contact of oue of the hard sandstones,!, 
they are reduced to narrow box canyons. These canyons 
widen to some extent in the softer strata, but in most places 
upstream from the line of outcrop of the most resistant saud
stone (the Trinidad) the streams occupy box canyons or narrow 
V-shaped valleys. 

The middle group of' land forms that have resulted from the 
dissection of the highlands occupies a large part of the Raton 
and Brilliant quadrangles and the northwestern part of the 
Koehler quadrangle. The highlands of the Brilliant and 
Koehler quadrangles are cut into an intricate pattern of steep 
ridges and branching valley canyons. Those in the northern 
part of the Raton quadrangle are not cut into so int.ricate a 
pattern because of the protection afforded by the hard rocks 
that. cap the mesas. The middle group in the Raton quad
rangle is represented by the slopes of the meSRS, ·which, though 
precipitous, are comparat.iyely regular in shape and conform in 
outline to the rim of the mesas. 

All the main ridges in t.he Brilliant quadrangle-those lying 
between the main lines of drainage-rise to nearly the same 
altit.ude. The altitude of the highest points is a little more 
than 8,000 feet above sea level and that of the crests ayerages 
a little less. These crests seem to be the least degraded parts 
of the ancient plain of degradation that occupied this region. 
The maximum altitudes of the highlands correspond closely 
with the alt.itudes of the second plain of degradation alrelldy 
described, which has been preserved in part by the laya flows 
of Bartlett, Horse, and Horseshoe mesas. As these plains slope 
eastward, away from the mountains, the original peneplain 
probably lay some,yhat. abmTe the highest points of the ridges 
(see fig. 5), for even the least degraded parts, which are com
posed of poorly consolidated sandstone, must have been worn 
down faster than the basalt-covered mesas. Since the time of 
this planation some areas, such as the southern part of the 
Raton quadrangle, have been cut down nearly 2,000 feet; 
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other areas, such as the greater part of the Brilliant quad
rangle, have been deeply di"sectedj and still others, such as 
the central part of t.he Raton Mesa region west of the Brilliant 
quadrangle, are only slightly dissected and lie at altitudes of 
8,000 feet or more above sea level. Thus the Brilliant quad
rangle constitutes a part of the deeply dissected transitional 
zone between the uniformly degraded areas of the typical Great 
Plains and the slightly dissected highlands in the central part 
of the Raton Mesa region. 

The main streams of the Raton and Brilliant quadrangles 
have exc'a:vated depressions in this plateau which are canyon
like in its central portions and valley-like llear its borders. 
These valley-like canyons may be described as valley canyons, 
though they are locally called canyons, irrespective of their 
form, which varies with the rock structure. (See figs. 10 and 
13.) Their upper or canyon-like parts are cut in relati\Tely 
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PIGl'RE 12.~Pro!i1es across the valley of Canadian River, showing the 
effect of the rocks exposed. 

hard rocks-the coal-bearing sandstone and shale of the Raton 
formation-and assume the modified V shape illustrated in the 
profile of figure 10. Below the crossing of the lowest hard 
stratum-the Trinidad sandstone-the canyons widen to val
leys, the floor of which consists of soft Pierre shale (see figs. 11 
and 12) and finally merge into the open plain. Erosion 
influenced by the rock structure has produced in this region 
land forms that simulate those of a rugged coast facing the sea. 
If these quadrangles were submerged until the Trinidad sand
stone lay near sea level they would exhibit the int.ricate shore 
line, bays, drowned valleys, bold headlands, and other charac
teristic features of a sunken coast. 

LOWLANDS. 

General features.-The degraded areas that surround the 
mesas are represented by the relatively level lowlands in the 
southern part. of the Raton quadrangle and the greater part of 
the Koehler quadrangle. These lowlands form partR of the 
Great Plains and owe their existence mainly to the presence of 
soft, easily eroded shale. They were formed by the coalescence 
of several yalleys. Vermejo River, Canadian Hiver, and Crow, 
·Willow, Dillon, Raton, Chicorica, Una de Gato, and other 
creeks all occupy well-defined valleys in the highlands; bllt in 
the southern part of the Raton quadrangle and in the Koeh leI' 
quadrangle these valleys join laterally to form the lowland 
plain. Layers of hard rock within the soft shale and accumu
lations of rock from the highlands, chiefly fragmental basalt., 
haye protect.ed the shale from erosion and thus caused the 
development of minor features of the relief. Degradation is 
now progressing rapidly; the plain is trenched by steep-\valled 
gorges 01' arroyos, which increase in number and in size toward 
the highlands. 

Elevations d'ue to layers of hard rock.-l\Iany of the minor 
land forIlls in the lowland area have been deyeloped throu~h 
differences in the hardness of the rocks, soft rocks being eroded 
faster than hard ones. In t.he southwestern part of the Haton 
quadrangle, east of Clifton House, there is an irregular ridge 
which is rrof:1sed by the 8t. Louis, Rocky l\lountain & Pacific 
Railway. This ridge is capped by a thin layer of limestone 
that has retarded erosion, but the soft. shale east. of the ridge, 
.which is stratigraphically below the limestone, has been worn 
down 100 to ~OO feet. Less conspicuous unevennesses in the 
plain, due to hard layers of rock, are seen at many other placE'S 
in the~e quadrangles, especially near the principal lines of 
drainage. 

Elevations due to surface accumulations of hard detrital 
rode.-At several placE'S in the Raton quadrangle the surface 
material of the lowlands consists of detritus made up of pebbleE 
and angular fragments of hard rock. The conspicuous ridge 
in sec. 6, T. 30 N., R. 25 E., on the southern slope of Johnson 
Mesa, is capped by fragmental rock, which apparently marks 
the course of an ancient stream that drained a part of t.he 
southern slope of this mesa. Another similar bed of detritLls 
caps the ridge south of Linwood Canyon, a mile east of Raton. 
The detritus on this ridge was eyidently washed from Bartlett 
Mesa by Linwood Creek when this creek flowed where the 
ridge now stands. Since that time this creek has lowered its 
bed about 150 feet. Some of these beds of' detritus occur many 
miles from the mesas, but most. of them lie near the foot of the 
slopes. Much of the surface between Black Mesa and Johnson 

Mesa is covered with them. In the southern part of the Raton 
quadrangle and in the Koehler quadrangle the pebbles in the 
surface debris are waterworn and were doubtless deposited by 
the larger streams. In some places these gravel beds are 
several feet thick and protect the underlying shale from 
erosion. Small gravel-capped hills stand southeast of Raton 
near the creek which flows through the town, and gravel 
formerly deposited by Canadian River now covers a knoll, 
6,2B4 feet in altitude, that stands a mile east of that river, near 
the southern margin of the quadrangle. Similar gravel-capped 
hills occur at many places in the Koehler quadrangle, t.he 
most conspicuous of' which are Cedar Hills, in the extreme 
southwestern corner of the quadrangle. East of Canadian 
HiYer, except in the vicinity of the streams, the shale is covered 
with several feet of cemented gravel and angular fragments 
of rock. 

Valleys and arroyos.-The valleys in t.he lowland region are 
not so distinct from the plain as to make it necessary to describe 
t.hem separately. They head in broad-mouthed reentrants in 
the highlands and form what. are here called valley canyons. 
The short temporary stream courses, however, are clearly 
marked. In the Southwest these stream courses, 'which are 
generally known as arroyos, reach their maximum development 
in semiarid regions, where much of the rain falls in short, 
violent showers, commonly called "cloudbursts." The term 
arroyo is often used in the sense of ravine or gulch and is 
sometimes applied to small valleys and canyons, but in this 
folio it is used to designate the narrow, steep-walled water
courses that trench the plain and that range in depth from a 
few feet to 20 feet or more. They are canyon-like in form but 
differ from canyons and gorges in that they are small and are 
cut in soft rock. 

}Iauy parts of the gently sloping plain are trenched with 
these arroyos. They range in length from a few hundred feet 
to several miles. rfheir walls are almost vertical and they form 
effectual barriers to grazing stock and to ordinary travelers. 
They have been formed wherever flood 'waters gather into 
streams of sufficient force to cut through the soil but are most 
numerous near the highlands, from which small torrents carry 
fragments of hard rock at velocities so high that they ha",e 
greflt power of abrasion. 

DRAINAGE. 

General featu·res. - The average annual precipitation at 
Raton is a little less than 13 inches, but the precipitation on 
the highlands is considerably greater. The northeastern part 
of the Raton quadrangle drains northward through San Isidro 
Canyon to the Purgatoire, and the northwestern part of the 
Brilliant quadrangle drains northward through Long Canyon 
to the Purgatoire, and thence by way of the Arkansas and t.he 
Mississippi to the Gulf of Mexico. The main lines of drain
age, however, are tributary to Canadian River, which flows 
soutlnv3nl to central New Mexico and thence southeastward to 
the ~Iississippi and the Gulf. Although Yermejo River and 
Crow, "\Villow, Dillon, Raton, Chicorico, and Uila de Gato 
creeks o('C'upy separate canyons in the highlands, these canyons 
were all branches of Canadian Canyon before the ridges that 
separated them ..,vere eroded away. 

During most of the year a little water del'iYed from springs 
in the sandy rocks may be found in the larger canyons, 
especially in the uplands, but little ofit reaches the plain. At 
times even the surface flow of Canadian HiYer ceases where it 
emerges from its canyon, although water may always be found 
below the surface in the grayelof the stream bed. Farther 
upst.ream, however, there is a small permanent flow, and many 
of the tl'ibutflTy streams are perennial, but even the stream 
courses that are usually dry sometimes conta.in raging floods of 
muddy, debris-laden storm water that sweep great quantities 
of rock waste out upon the plain. 

Springs.-Aside from the seepage springs that supply the 
streams in the dissect.ed highlands there are many springs 
under the rims of the mesas. They range in volume of flow 
from small seeps to streams of considerable size. The flow 
from several of these springs along the southern rim of Bart
lett :J.Iesa has been considered sufficient to supply water for 
the city of Haton, and at one time pipes were laid to carry t.he 
water to t.he city, but t.he project was not completed. Most of 
the springs in the Raton quadrangle are used for watering 
stock, but some of those ·east of the quadrangle have volumes 
of flow so great that their water is used fo1' irrigation. 

The posit.ion of the springs that lie under the rims of the 
mesas is due. to the nature of the rocks. Some of .the igneous 
rock of' the mesas is columnar and some of it is porous. The 
rainwater that falls on the mesas finds its way downward 
th.ough the sheets of lava to beds of poorly consolidated sand 
and gravel. These beds rest on relatively impervious shale. in 
the Raton formation, which prevents most of the water from 
sinking through it. The sand and gravel hold the water for a 
time, releasing it so gradually that many of the springs are 
only Rlightly affected by differences in rainfall from season to 
season. 



DESCRIPTIVE GEOLOGY. 
STRATIGRAPHY. 

SEDIMENTARY ROCKS. 

GENERAL FEATURFi!. 

The sedimentary rocks exposed in the RatOD, Brilliant, and 
Koehler quadrangles belong to the Cretaceous, Tertiary, and 
Quaternary systems. Rocks of some of the older systemF! 
underlie these quadrangles and crop out in areas surrounding 
them. Those of Cretaceous age occupy the surface over about 
two-thirds of the Raton, most of the Koehler, and small areas 
in the southeastern part of the Brilliant quadrangles. Those 
of Tertiary age occupy the greater part of the Brilliant, the 

I 

~I 

fl--'~'M" 

6 

part of the Upper Cretaceous series, including heds of Niobrara, 
BentoD, and Dakota age; the Morrison formation, perhaps of 
Lower Cretaceous age; and the "Red Beds," of Triassic and 
Carboniferous age, underlie these quadrangles. 

COLORADO GROUP. 

Strata belonging to the Colorado group have been found in 
the Elmoro quadrangle, which joins the Raton quadrangle on 
the north. There the beds of the upper part of this group are 
of Niobrara age and consist of the Timpas limestone and the 
overlying Apishapa shale." These formations extend soutJ]
ward beneath the Raton and Brilliant quadrangles, and similar 
rocks crop out farther east and south. Certain fossils indicate 
that the upper part of the Apishapa shale crops out in the 
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FlGURB 18.-Genera1izell section for Raton, Brilliant, Ul1d Koehler quadrangles. 
8ea.le: Ilnch_800feet. 

northern third of the Raton, and the northwestern part of the 
Koehler quadrangle. They are confined to the highlands and 
lie unconformably on the Cretaceous beds. The Quaternary 
beds consist of the high-level gravels, of unconsolidated mate
rial that caps some of the low buttes and ridges, and of fine 
loeaalike material that is spread out generally over the plain. 
A columnar section showing the character of the consolidated 
rocks of these quadrangles and of their relations by age is 
given in figure 13. 

The numerous local sections from which this general section 
was compiled and the lists of fossils by which the relative ages 
of the several formations have been determined are given in a 
report on the Raton Mesa region published as Professional 
Paper 101 of the United Btates Geologicall:lurvoy. 

CRETACEOUS SYSTEM. 

The part of the Cretaceous system exposed in the area here 
considered includes the upper part of the Colorado group of 
the Upper Cretaceous series, which is exposed in the southeast
ern part of the Raton and the eastern part of the Koehler 
quadrangle, and the Pierre shale, the Trinidad sandBtone, and 
the Vermejo formation of the Montana group. These rocks 
are more than 3,300 feet thick and include nearly 3,000 feet 
of marine shale, 100 feet of massive sandstone, and a maximum 
of 200 feet of coal-bearing sandstone and shale. Nearly 3,000 
feet of marine shale was penetrated in a well drilled east of 
Raton, in which rocks of Montana age were not distinguished 
from those of Colorado age, and the bottom of the shale was 
not reached. 

H younger Cretaceous rocks or rocks of Laramie age were 
ever deposited in this area they were eroded away prior to the 
deposition of the overlying rocks, of Tertiary age. The lower 

southeastern part of the Raton quadrangle and in the eastern 
part of the Koehler quadrangle, but in those areas no line of 
sepam.tion between the Apishapa and the overlying Pien-e 
shale can be mapped. 

The Pierre consists mainly of soft, easily eroded, dark shale 
of marine origin, which has been worn down in the lowlands 
of the Raton, Brilliant, and Koehler quadrangles and in the 
broad reentrants that head in the highlands. It is a thick 
formation, with thin beds of yellowish shaly limestone near 
its base and irregy.larly cylindrical concretions of limestone at 
many horizons, especially in its upper part, and with sandy 
beds near the top, which constitute a transitional zone between 
the typical shale and the overlying massive sandstone. 'rhis 
shale is 1,200 to 1,300 feet .thick in the Elmoro quadrangle, in 
southern Colorado, and is still thicker farther north. Of the 
3,000 feet of shule indicated by the well put down near Raton 
probably 2,000 feet or more belong to the Pierre. In Hunter 
Canyon the top of this shale crops out at altitudes of about 
8,000 feet above sea level. South of Meloche Mesa the highest 
known stratum of Colorado (Niobrara) age occurs at an altitude 
of about 6,650 feet. To this indicated thickness of 1,350 feet 
must be added a correction for dip, which, on the assumption 
that the dip is uniform and that there are no displacements 
by faulting, amounts to 750 feet, these assumptions making a 
tliickness for the Pierre at this locality of 2,100 feet. 

A shaly limestone in the lower part of the Piene shale about 
3 miles southwest of Black Mesa contains a variety of fossil 
shells of marine invertebrates, including several chambered 
shells-Ammonites, Baculites, and Scaphites-and bones and 
teeth of fishes. Few fossils were found near the middle of the 

Pierre formation, but many have been obtained from its upper 
part. These are all marine in vertebrates, which, according to 
T. W. Stanton, have a wide stratigraphic range, none of them 
being restricted to definite zones. 

TRIlttDAD SANDSTONE. 

Name and character.-Next above the Pierre shale lies a 
body of massive gray sandstone which ranges in thickness from 
less than 50 feet to a little more than 100 feet. This sandstone 
is somewhat feldspathic but consists principally of grain~ of 
quartz. Although poorly cemented it does not weather readily 
and it generally crops out in precipitous cliffs. At most places 
in the Raton, Brilliant, and Koehler quadrangles its thickness 
varies little from 100 feet. At some places it contains near the 
middle a shaly zone, which is locally carbonaceous. 

The name Trinidad, from Trinidad, Colo., was given to this 
sandstone in the Elmoro folio by R. C. Hills.' He defined 
the formation as consisting of a light-gray sandstone 70 to 80 
feet thick, which he called Upper Trinidad, and a series of thin 
layers of sandstone and shale ~bout 75 feet thick, which he 
called Lower Trinidad. The term was later redefined S to 
apply only to the upper sandstone, the so-called Upper Trini
dad of Hills, his so-called Lower Trinidad being referred to the 
Pierre shale. The term Trinidad sandstone is applied in this 
folio to the massive portion above the sandy transitional zone 
that forms the upper pert of.the Pierre shale. 

Within these quadrangles the Trinidad sandstone constitutes 
a well-defined sedimentary unit, but farther south it merges 
into coal~bearing rocks which overlie a. cliff-making sandstone. 
This lower sandstone (see fig. 14), which seems to be the equiva-

FIGURE 14.-Sketcb lIeCtion illustrating the relation of tbe TrInidad IIl\Dd
stone to the coal beds in the VermeJo formation above and to the Pierre 
shale below. 

a, 0001 (Ra.ton bed) at bRIIEI of Yermejo f01'ntllotiOll. band e, Olltf_ma1dng Trinidad !R!ldstOll8. 
C, Tl'fl.IUIitlon zone bet_ Pierre Bhale below ILIld Trinidad fi&Ildltone abcrn. d, 0001 In 
TrinldadNUldstOIlB. VerUcol@(lole:llnch=-olOOfeet,appt'OOdmately. 

lent of ~ome part of the transitional zone of the Raton region, 
has locally been called the Trinidad on the erroneous assump
tion that it is the same as the Trinidad sandstone near Raton. 

Distribution and BWl'face form.-The Trinidad sandstone 
crops out in the escarpment overlooking the lowlands and 
underlies the north third of the Raton quadrangle, the greater 
part of the Brilliant quadrangle, and the northwestern part of 
the Koehler quadrangle. It usually forms cliffs .that rise 
abruptly above lese precipitous slopes of Pierre shale. Along 
the border of the highlands it forms a distinct bench (PI. III). 

Fossils and age relationB.-The Trinidad sandstone contains 
numerous impressions of a fossil fucoid (Halymenites major 
Lesquereux), which are so abundant that the formation was 
once called the "fucoidal sandstone." It also contains marine 
invertebrates and impressions of the leaves of land plants, 
although few have been collected within these quadrangles. 
The association of these marine and land forms indicates that 
this sandstone is a sea~margin formation. 

The Trinidad sandstone has been traced continuously 
throughout the Raton Mesa region, and the greater part of the 
evidence bearing on its age, which is in doubt, was obtained 
from the northern part of this region. It overlies Pierre shale, 
as does the Fox Hills sandstone, and R. C. Hills describes it 
as representing some part of the Fox Hills fonnation. 8 

Richardson 4 collected from it several in vertebrate fossils in the 
Trinidad field, and Lee' has added a few from the Raton field. 

Of the seventeen invertebrates found in the Trinidad sand
stone T. W. Stanton states that. some have a wide range in 
time but that others have been found only in the upper part 
of the Pierre and in the Fox Hills. Of eight forms specifically 
identified, six range downward into the Pierre, leaving only 
two, one of which is doubtfully identified, that occur only in 
the Trinidad sandstone. The fossil plants from the rocks 
overlying this sandstone indicate· Montana age. The six 
fossils of the Trinidad sandstone are not distinguished from 
those of the overlying formation. The stratigraphic position 
of this sandstone, which lies beneath a formation of recognized 
Montana age, indicates that it is not youngest Montana. 

Name and character.-Nex:t above the Trinidad sandstone 
and lying conformably on it is a body of coal-bearing shale 
and sandstone called the Vermejo formation, which has a 
maximum thickness of about 76 feet in the Brilliant and Raton 
quadrangles but which thickens locally in the Koshler quad-

1 U. S. Geol. SOl'Vey Gaol. Atlas. Elmoro folio (No. 68), p. S, 1899. 
ILee, W. T., and Knowlton, F. R., Geology and paleontology of the 

Raton Mesa. and other regions in Colorado and New Mexico: U. S. Geol. 
Survey Prof. Paper 101, p. 48, 1917. 

8 Hille. R. C., U. S. Geol. Survey GeoL Atlas, Elmoro folio (No. ISS), 1899; 
Walsenburg folio (No. 68). 1900; spanish Peaks folio (No. 71), 1900. 

4Richardson, G. B., The TrInidad ooal field, Colo.: U. S. Gaol. Survey 
Bull. 881, pp. 879---4.46, 1910. 

~Lee, W. T., and Knowlton, F. H., Geology and paleontology of the 
Raton Meso. and other regions in Colorado and New Mexico: U. S. Geol. 
Sarvey Prof. Pa.per 101, 1917. 



rangle to a maximum of about 200 feet. As the formation is 
variable in thickness within short distances the avemge thick
ness,60 to 75 feet, is indicated on the map. It thins to the 
east, owing to the removal by erosion of the higher beds, and 
does not outcrop in the eastern part of the Raton quadrangle, 
where it was entirely eroded away before the younger sedimen
tarv beds were formed. It thickens to the south and ·west to 
a ~axirnum of' nearly 400 feet in the ,,,estern part of' the Raton 
::\1esa n'gion, but in all places the highest beds of the Vermejo 
have been eroded away and the original thickness is nowhere 
exposed. The name is derived from Vermejo Park, N. Mex., 
about 50 miles west of Raton, where the formation has a maxi
mum thickness of about 375 feet. 

The Verm~jo formation consists of sediments that are mainly 
of fresh-water origin. Sandstone occurs in it in layers which 
in regularity of thickness are intermediate between those of 
marine origin below and those of stream deposition above. In 
general appearance the sandstone resembles the Trinidad sand
stone, except that most of it is more friable. On weathering 
it disin tegrates rapidly and crumbles to beds of sand. 

In most places the Vermejo consists principally of shale,' 
much of it carbonaceous. It mnges in color from blue through 
many shades of buff and tan to coal-black. Beds of high
grade coking bituminous coal occur at many horizons within 
the formation. These range from thin seams to beds 15 feet 
thick and from slightly carbonaceous shale through mixtnres 
of shaly and coaly matter in different proportions to coal that 
is free from shale. The coal beds are persistent over wide areas 
and are relatively uniform in character. The coal usually 
rests on shale, which in many places ('ontains fossil rootlets. 
At some places silicified stumps and trunks of trees haye been 
found in the coal. The coal beds are usually covered with 
shale containing great numbers of fossil plants in the form of 
impressions of lea yes and crushed branches and trunks of trees. 
These plants indicate proximity to uplands, but the uniformity 
in the character of the sediments throughout the Raton Mesa 
region and the absence from them in all places of material 
coarser than sand show that these lands 'were not high. The 
Vermejo was probably formed on broad coastal plains so far 
from the source of the material that the sediments show little 
difference in character throughout the Raton Mesa region, an 
area about 90 miles long and 50 miles wide. 1 

An exception to this rule is found in the Dawson district, 
which includes the northwestern part of the Koehler quad
rangle, where the V erm~jo is more complex in structure than 
elsewhere. In this district it consists of a lower coal-bearing 
portion, which contains the coal locally called the Dawson 
bed; a median sandstone, here named the Rail Canyon sand
stone member, from a locality near Dawson; and an upper 
coal-bearing portion, whose lowest coal ranges from 2 to 4 feet 
in thickness. The Rail Canyon sandstone is in so many places 
made up of clay pellets that it may be regarded as a mud
ball conglomerate. In some places it rests on the Dawson 
coal, but in others it is separated from this coal by many feet 
of shale. This relation is evidently due to local erosion of the 
lower portion of the Verm~jo before the material of the Rail 
Canyon sandstone was deposited. This sandstone occurs in 
Saltpeter Mountain below the higher coal and is recognizable 
as far north as the east wall of FiYe Dollar Canyon, where it 
occurs between two coal beds and is less than 2 feet thick. 
It was not found farther north. 

Di-stribution and surface form.-The Vermejo formation 
underlies the highlands and crops out above the Trinidad 
sandstone in most places along the escarpment in the south
eastern part of the Brilliant quadrangle. In some places south 
of Van Houten and near Red RiYer Peak it has not been 
found; nor has it been found in the Raton quadrangle east of 
Bartlett Mesa. It is essentially continuous to the north, west, 
and south of these quadrangles and underlies the highlands 
generally throughout the greater part of the Raton Mesa 
region. As the formation is easily eroded it crops out chiefly 
in gentle slopes (see fig. 11), many of which are inconspicuous 
because they lie in the steep escarpment amid more imposing 
topographic forms. In the two quadrangles here described the 
Vermejo is at many places so thin that it appears as a shaly 
zone in the cliff formed by the underlying Trinidad sandstone 
and the overlying conglomerate. (See PI. IX.) 

Fossils and age.-Post-Vermejo erosion left so little of the 
Vermejo formation in the Raton, Brilliant, and Koehler quad
rangles that they do not form good collecting ground for 
Vermejo fossils, but large collections of such fossils have been 
made from other parts of the Raton Mesa region. Aside from 
fossil seaweeds and a single shell reported from a bed above the 
lowest coal bed in the southern part of the Raton l\Iesa region 
the fossils thus far found in the Vermejo formation in the 
Raton Mesa region are land plants. A fnlllist of the Vermejo 
flora has already been published. 2 According to F. H. Knowl
ton, these plants, which represent 108 species, belong to the 
Montana flora. Eighteen of them occur also in the Yermejo 

lLee, W T .. and Knowlton, F. H.. op. cit., p. 54. Lee, W. T., R!;llatiun 
of the Cretaceous formations to the Rocky :Mountains in Colorado and ::-l" ew 
Mexico: U. S. Geol. Survey Prof. Paper 95, pp. 27-58, 1917. 

·U. S. Geot Survey Prof. Paper 101, pp. 227-228, 1917. 
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formation of the Canon City field, Colo., but the Vel'mejo for
mation near Canon City differs from that of the Raton Mesa 
region in being much thicker and in having in the middle ot 
it a layer of sandstone of marine origin, which contains fossil 
invertebrates that tend to correlate it with the Fox Hills 
sandstone. This sandstone occurs in the Colorado Springs 
quadrangle,S about 40 miles northeast of Canon City. The 
Montana age of the Yermejo plants and their relation to the 
invertebrate's in the coal measures of the Canon City field 
furnish grounds for the belief that the Vermejo was deposited 
contemporaneously with the Fox Hills sandstone of the Colo
rado Springs quadrangle. 

The Vermejo formation constitutes the lower part of the 
rocks formerly called the Laramie of the Raton Mesa region. 
They were so designated because of their supposed equivalency 
in age to the Laramie of the Denyer Basin. This designation 
was abandoned when it became known that the coal-bearin):!; 
rocks are separated by a well-marked unconformity into two 
formations, neither of which contain the fossil plants charac
teristic of the Laramie formation of the Denyer Basin. The 
lower formation is of )'Iontana age and is therefore older than 
Laramie; the other is of rl'ertiary age and is therefore younger 
than Laramie. If beds of Laramie age were eyer deposited in 
the Raton Mesa region they were eroded away before the 
Tertiary sediments were laid down. The Vermajo flora 
includes fossil plants that indicate its correlation with forma
tions in many places west of the Rocky Mountains which, on 
the evidence of fossil plants as well as other evidence, are con
sidered middle Upper Cretaceous. 

Something of the climate of Vermejo time and of the surface 
conditions in the Raton Mesa region during this epoch is 
known from the fossil plants. Some of the ferns belong to 
swamp-loving types, others to types that thrive on drier 
ground. Fan-palms and other marsh plants are numerous, but 
the hardwoods are most abundant. However, these differ 
materially from the hardwoods that now grow in New Mexico. 
There were few oaks or other trees that might thrive in a cool 
climate. The near relatives of the Yermejo plants are found 
now in such warm, moist regions as parts of Australia, southern 
Africa, and the subtropical parts of ~ orth America. 

The fossil plants indicate rather clearly that the sediments 
of the Vermejo formation were laid down in a warm, swampy 
region close to sea level. In the sluggish streams and bayous 
floated many water plants, and at the edge of the water grew 
large-leafed cannas. In the swamps grew fan-palms, cypress
like trees, many varieties of figs, and an occasional breadfruit 
tree. Laurels, ivies, and grapevines also were abundant. 
Details of' this flora have been published elsewhere. 4 

TERTIARY SYSTmr. 

Name and -subdivisions.-N ext above the Yermejo formation 
lie coal-bearing rocks of fresh-water origin, which have a max
imum thickness in these quadrangles of about 1,150 feet, 
although they are somewhat thicker in the area west of these 
quadrangles. They lie unconformably on the Vermejo forma
tion where it is present, and in some places they overlap it 
onto the Trinidad sandstone. In the southwestern part of' the 
Raton Mesa region this overlap brings the Tertiary beds in 
contact with the Pierre shale. The name Raton formation has 
been adopted for the coal-bearing rocks above the unconformity. 
These rocks constitute the principal part of what was called 
Laramie in this region before the beds above the Vermejo were 
shown to be of Tertiary age. The formation varies consider
,ably from place to place, but four well-marked zones are 
recognizable throughout the Raton and Brilliant quadrangles 
and three of these zones can be traced throughout the Raton 
Mesa region. In order from oldest to youngest they include 
the basal conglomerate, a series of coal-bearing rocks here 
called the lower coal group but known locally as the "Sugarite 
zone," a series of ledge-making sandstones locally called the 
barren series because of the absence of commercially valuable 
coal, and a: series of coal-bearing shale and sandstone called the 
upper coal group. 

Basal conglomerate.-The conglomerate at the base of the 
Raton formation is a pebbly sandstone of variable character. 
At the outcrop along the escarpment in the Koehler quadrangle 
and the southeastern part of the Brilliant quadrangle, where it 
is 10 to 40 feet or more in thickness, it is made up largely of 
siliceous pebbles and forms a conspicuous ledge. (See PIs. 
IX-XI.) In the vicinity of Raton it is in some places only 
2 or 3 feet thick and consists of sand through which a few 
small pebbles are scattered. East of Raton it is variable in 
thickness and character, and in some places it is entirely 
absent. Near Linwood Canyon it increases in thickness 
locally to 25 or 30 feet and contains pockets of small pebbles. 
In Sugarite Canyon it is wholly absent, but in many places in 
the eastern part of the Raton quadrangle it may be recognized 

"Finlay, G. I., U. S. Geol. Survey Geol. Atlas, Colorado Springs folio 
(No. 208), 1916. 

4 Knowlton, F. H., U. S. Geol. Survey Prof. Paper 101, pp. 226-285, 1917. 

as a hard quartzose layer 1 to 10 feet thick above the Trinidad 
where that sandstone forms a cliff. III the Koehler quadrangle 
it form3 a conspicuous ledge near Koehler, but it becomes less 
prominent toward the south. In the bluffs of Saltpeter Can
yon the bed is only slightly pebbly. 

This conglomerate has been traced toward the northwest 
through the Trinidad coal field, where it is in some plfWes 50 
feet or more in thickness, and along the ·western margin of the 
Raton Mesa region, where it is made up largely of pebbles and 
attains a thickness ranging from 200 to 300 feet. It becomes 
coarser toward the south, and at its southwestern extremity, in 
the vicinity of Ute Park, N. Mex., it contains rounded pebbles 
or boulders, the largest 6 inches or more in diameter. 

This basal member of the Raton formation generally consists 
of a matrix of firmly cemented sand, almost a quartzite in some 
places, in which are embedded pebbles of many kinds of rock, 
pebbles of chert and quartzite being the most numerous. The 
pebbles are irregularly distributed, some in roughly lenticular 
masses, some in small" pockets," and some scattered generally 
throughout the mass. Besides the chert and quartzite there 
are pebbles of gray quartzose sandstone similar to the Dakota; 
pebbles of conglomeratic sandstone like the conglomerate of the 
Purgatoire formation j pebbles of petrified wood, which may 
haye come from the Vermejo formation or from the Dakota 
sandstone j pebbles of red sandstone from the red beds of 
Carboniferous or Triassic age, which crop out in the mountains 
west of the Raton Mesa region j pebbles of cherty limestone 
containing crinoid stems and horn corals, such as are found in 
the limestones of Pennsylyanian age which occur below the red 
beds j pebbles of quartz, jasper, and fine-grained igneous or 
dike rocks; pebbles of coarsely crystalline rock like the gran
ites of the mountain core; pebbles of feldspar, most of them 
kaolinized but others showing characteristic crystal faces; and 
in a few places rounded or waterworn pebbles of coal, which 
probably came from t.he coal beds of the Vermejo formation. 

In the Brilliant, Raton, and Koehler quadrangles the con
glomerate is coarsest and thickest where the Vermejo formation 
is thinnest, as in Crow Canyon (see PIs. IX and X), or where 
that formation is entirely absent, as south of Van Houten (see 
PI. XI) and in Linwood Canyon, east of Raton. The base of 
the Raton formation rests on Trinidad sandstone north of 
Barilla l\lesa, and in the southwestern part of the Raton ~fesa 
region the conglomerate overlaps the Vermejo formation and 
the Trinidad sandstone and rests on Pierre shale. These local
ities are in line from southwest to northeast and may mark the 
course of one of the streams which helped to erode the Vermejo 
formation. As its yalley was the lowest part of the degmded 
area it was the first to be filled when deposition was renewed 
and received the coarsest material. 

In many pl~e8 the lower surf~e of the conglomerate is 
covered with cylindrical, wormlike bodies an inch or more 
long and about an eighth of an inch thick. These bodies are 
most numerous and best preserved where the conglomerate 
rests on coal or on carbonaceous shale. They look like fillings 
of worm burrows, but their nature is not definitely known. 

In some places the base of the conglomerate is very uneven 
and extends downward into irregular cracks or openings the 
nature of which is not well understood. These cracks were 
observed at several places in the Brilliant quadrangle, but they 
are best seen in the Willow mine, where measurements and 
sketches of some of them were made. (See fig. 15.) 

. . 

~ '. 
FIGURE 13 -Sketches showing the relation of the basal conglomerate of 

the Raton formatioll to the underlying shale and coal of the Verruejo 
formation in the wine face of the Willow mine, near Van Houten, 

The coogiomerate SeemS to fill lrregular crevlcesln the upper surf ace of the coai and associated 
shaieoftheVermejoformatlon. 

LOWe1' coal group.-Next above the conglomerate is a series 
of beds of coal-bearing shale and sandstone about 100 feet thick, 
locally called the" Sugarite zone." This series is best devel
oped in the Raton quadrangle, where it contains the Sugarite 
coal bed, on which a mine has been opened in Sugarite Canyon. 
In the Brilliant quadrangle also the group consists of coal-



bearing shale, but the coal beds are thin and differ in nnmber 
from place to plaee. In Canadian Canyon six thin beds of 
cOIil occur in a measured thickness of 60 feet of strata. This 
so-called "Sugarite zone" caD be recognized for a considerable 
distance north of the area here described, where it extends into 
the Trinidad coal field of Colorado, but little attempt has been 
made to differentiate it except in the Raton quadrangle. It 
has not been recognized in the western and southern parts of 
the Raton Mesa region and seems there to merge into coaJ'Se 
sediments. 

Barren serWs.-Above the lower coal group is a series of 
sandstones separated by thin layers of shale. These sandstones 
weather to a yellowish-brown color and are locally called the 
"barren series" because they contain no thick beds of coal. 
The series ranges in thickness from about 300 feet in the east
ern part of the Ra.ton quadrangle to about 600 feet in the 
western part of the Brilliant quadrangle. The sandstones are 
massive and resistant, so that they form cliffs along the out
crop. (See fig. 11, p. 5.) It is chiefly these sandstones that 
make the escarpment facing the plains so precipitous. 

Upper coal group.-Above the barren series lies the highest 
member of the Raton formation, known locally as the "upper 
coal group." In it occur several thick beds of coal, which 
in some places are mined. This group of beds crops out in 
the sides of the high ridge. throughout the grester part of the 
BrilHant quad:rangle and underlies the highest mesas of the 
Raton quadrangle. It consists of shale, friable sandstone, and 
coal in alternating layers. The coal beds of this group are less 
persistent than those of the Vermejo formation, and the coal is 
more shaly. In most places the beds are more easily eroded 
than the underlying beds, so that they crop out in gentle slopes 
(see fig. 11), and much of the group has b""n eroded away 
during the dissection of the highlands. The coal, although 
bituminous, is much softer than the bituminous coal of the 
Vermejo formation and weathers readily, so that in few places 
can a correct judgment of tile character of a coal bed be 
formed from an exposure of it seen at the outcrop. 

Many sections of this formation have been measured at its 
outcrop, and in several places it has been penetrated by the 
diamond drill. Some of these sections and drill records are 
gi ven in the plate showing drill records, at the end of the text. 

Fos8ils and age.-Invertebrate fossils have been found in the 
Raton formation at only one place in the Raton Mesa region
on the ridge south of Dillon Canyon, near the eastern line of 
the Brilliant qnadrangle, where a few poorly preserved fresh
water shells were found. But the Tertiary age of the forma
tion has been determined chiefly from the evidence afforded by 
the fossil plants, which are in many places abundant and are 
especially well preserved in the upper coal group. The Raton 
formation in these quadrangles has furnished a considerable 
number of plants, and in other parts of the Raton Mesa region 
has furnished large col1ections. The plants have been found 
at many levels from the bottom to the top of the formation, 
but they are most abundant near the coal beds. A full list 
of the Raton flora has been published elsewhere. 1 It con
tains 148 species, only 4 of which are found in the underlying 
Vermejo formation. It is noteworthy also that this flora 
contains few species found in the Laramie formation of the 
Den vel' Basin, with which the coal-bearing rocks of the Raton 
formation formerly were correlated. On the other hand, it 
corresponds closely with the flora from the beds which lie 
unconformably on the Laramie, just as the Raton formation 
lies unconformably on the Vermejo. It also corresponds with 
the flora from the older Eocene beds in Wyoming, western 
.colorado, western New Mexico, and on the Gulf Coast, notably 
the Wilcox group. 

Although the rocks containing this assemblage of plants rest 
directly on those of the Vermejo formation~ the Raton and 
Vermejo floras are distinct. They are similar ill many ways, 
for swamp vegetation grew here in both epochs~ but close 
inspection shows notable differences. The marine algae of the 
Vermejo flora are not represented in the Raton flora, nor the 
cone-bearing trees. There were fewer ferns but vastly more 
palms in Raton time than in Vermejo time. Magnolias grew 
in great numbers. and laurel, cinnamon. sumac, buckthorn, 
and many other shrubs, as well as herbs, were common, but 
the hardwood trees formed the most conspicuous gro~p in the 
Raton flora. On the whole, the Ra~on plants were probably 
direc:t descendants of those of Vermejo time. The differences 
arose from developmenfduring the time between the Vermejo 
and the Raton epoch. .. 

During the Raton epoch the Raton Mesa region was a low, 
swampy surface to which the streams from the newly formed 
highlands to the west brought sano and silt. In the swamps 
accumulated the vegetable matter which on being covered by 
the stream-horne debris formed coal. In the shallow, open 
waters grew water lilies of modern type, and in the marshes 
reedlike gl'ass, fan palms, and ferns. About the smaller 
marshes may ha ve been seen cillIHlmon and breadfruit trees, 
and in the larger marshes many magnolias, figs, sweet gums, 
and sycamores and climbing vines. On the higher ground 

1U. B. Geol. Survey Prof. Pa.per 101, pp. 281S-286, 1917. 
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there were numerous hardwood trees, such as oaks, walnuts, 
beeches, chestnuts, and poplars. 

In the eastern part of the Raton field the Raton formation is 
overlain by the lavas that cap the mesas and by the poorly 
consolidated sand and gravel that in some places lies beneath 
these lavas. The coal-bearing rocks west of the mesas are over
lain by beds of coarse material, which may be equivalent to the 
Poison Canyon formation. Since the publication of the geo
logic folios covering the Trinidad coal field, in southern Colo
rado, the Raton and Poison Canyon formations have generally 
been regarded as unconformable with each other.!! The Poison 
Canyon formation, mainly because of ita lithologic character 
and its stratigraphic relations, was correlated with the Denver 
formation of the Denver Basin. G. B. Richardson found in it 
fossil plants that are identical with species in the Denver for
mation, and later the same species of plants were found in the 
Raton formation. This evidence shows that the Raton, the 
Poison Canyon, and the Denver formations are of approxi
mately the same age. 

It seemed difficult to reconcile the stratigraphic and paleonto
logic evidence until the work was done for this folio, when, in 
the highlands west of Raton, it was found that in many places 
the beds above the upper group of coals are arkosic and con
glomeratic and closely resemble those of the Poison Canyon 
formation. No line .of demarkation corresponding to the 
unconformity that was supposed to exist in the Trinidad field 
between the Poison Canyon and older rocks was found, and it 
seems probable that there is little difference in age between 
them and that the diiferences in physical character Hre due to 
local variations in sedimentation. Similar relations in the 
vicinity of Castle Rock, Colo., have been described by Richard
son,s who shows that the Dawson arkose and the Denver for
mation constitute essentially one formation, although they 
differ in physical character. . 

QUATERNARY SYSTEM. 

PLEISTOCENE SERIES. 

OccuT1'ence and kind.-At two places beds of gravel occur 
on the basalt that caps. Johnson Mesa, in the Raton quad
rangle. Other beds of gravel underlie the lava sheets of the 
high meeRs. The gravel is in some places unconsolidated 
and in others poorly cemented, so that it is rarely well exposed. 
Its occurrence in most places under the lavas, however, is 
shown by the pebbles that are generally distributed over the 
sides of the mesas jnst below the rim. The gravel of the 
highest mesas includes pebbles of quartz, quartzite, argillite, 
limestone, chert (some of which contain crinoid stems), a 
variety of fine-grained igneous rock like that which occurs in 
dikes and intrusive sheets in the foothills to the west, several 
kinds of granitic rock (especially 'the red granite that is 
abundant in the Culebra Range), gneiss, schist, and quartz 
monzonite porphyry like that which occnrs in great intrusive 
masses in the foothills of the southwestern part of the Raton 
Mesa region. 

The gravels that have come from underneath the highest 
lavas are observed to advantage in the slopes of Barilla Mesa. 
On the trail up the western slope, about a mile south of the 
S'tate line, beds of these pebbles, some of them 6 inches or 
more in diameter, were observed from the base of the lava 
downward for 100 feet or more, but they were not seen in 
place, and the true thickness· of the gravel beds was not 
determined. On the opposite side of the narrow neck of the 
mesa beds of yellow sand and gravel that seemed to be undis
turbed were observed along the wagon road and down to a 
point 60 feet below the base of the lava. On the other hand, 
about 1., miles farther south, in the point of Barilla Mesa 
north of the Yankee mines, no pebbles were found and the 
coal-bearing sandstone extends upward practically to the base 
of the lava. However, gravels are abundant in 'other parts of 
Barilla Mesa, as, for example, in the long spur west of Rath
bun Canyon. 

Beds of gravel occur in some places under the younger lavas 
of Bartlett, Horse, and Horseshoe mesas, but these beds seem 
to be not so widely distributed as the older gravel beds, and 
they also differ from the older ones in containing pebbles of 
basalt similar to that of the older flows: The basalt of some of 
these Hows contains pebbles of Siliceous rock, which the molten 
basaltic lava had picked up, the combination forming a con
glomeratic basalt. This conglomerate, on erosion, furnished 
the pebbles that lie beneath the younger flow. A bed of con
solidated gravel of this kind, 15 feet thick, lies nnconformably 
on the Raton formation at the south end of Horseshoe Mesa. 
Upon this consolidated layer lies a greater thickness of poorly 
consolidated and poorly exposed sand and gravel. 

On Johnson Mesa gravel beds occur both above and below 
the sheets of basalt. Those above the basalt are well·exposed, 
but no place was found where their full thickness could be 
measured. The hill west of Towndrow Peak rises 150 feet or 

'U. B. Geol. Survey Gaol. Atlas. Elmoro folio (No. 68), 1899; Walsenburg 
folio (No. O!!). 1900; Spanish Peaks folio (No; 71), 1001. 

• Rlohardson, G. H., U. S. Geol. Survey Gaol. Atlae, Castle Rook (oUo 
(No. 198), p. 8,1915. 

more above the general level of. the mesa, and the slopes are 
.covered with pebbles and rounded boulders, mainly of quartz 
and light-colored igneous rock, a quartz monzonite porphyry. 
Many of these boulders are a foot or more in diameter. At 
several places where small undisturbed parts of the beds are 
exposed the irregular bedding of the sand and gravel is sug
gestive of stream action. A similar deposit east of Manco 
Burro Pass rests on the lava sheet but overlaps it to the west 
onto the underlying sedimentary rocks. This deposit is about 
60 feet thick and consists of sand and coarse gravel composed 
of quartz and quartz monzonite porphyry, such as the gravel 
that is found on the hill west of Towndrow Peak. But 8SS0-

ciated with these materials are rounded pebbles of basalt. 
A bed of cemented gravel 70 feet thick occurs under the 

lava of Johnson Mesa. at the head of San Isidro Creek. 
Between the head of this creek and Manco Burro Pass this 
gravel bed is only 10 feet thick. It is wen exposed and COll

tains various kinds of pebbles, including many of basalt. 
In Hunter Canyon, south of Johnson Mesa, a similar 

deposit of gravel separates the lava of Johnson Mesa from the 
nnderlying coal-bearing rocks, and at the west end of that 
mesa a bed of cemented gravel a little more than 45 feet thick 
occupies the sarne position. The pebbles in that place consist 
of the several kinds of rocks found in the beds already 
described, including basalt. The presence of these pebbles 
of basalt raises a. query as to the relations of the older lava of 
Johnson Mesa to the lava that caps Barilla Mesa, for these 
pebbles were obviously derived. from older lava flows. In 
places where these basalt pebbles occur under the younger 
lavas, such as those of Horseshoe Mesa, they may readily have 
been derived from the cap rock of Barilla Mesa. But, as 
already stated, the cap rock at the west end of Johnson Mesa 
stands: at the same altitude as that of Barilla Mesa and is pre
sumably of the same age. Yet these basalt pebbles prove that 
this flow is not the oldest one in the region. 

Origin and age.-The gravel was probably deposited by 
stresms on the old plain' of degradation (.ee fige. 7 and 20), 
and their presence in some places but not in others suggests 
that they occupy depressions eroded in these plains. The beds 
are not exposed continuously enough to indicate the course 
of the ancient streams, but the abundant pebbles of igneous 
rock, which were probably brought from the southwestern part 
of the Raton Mesa region, indicates that the larger streams 
flowed in general northeastward, the direction in which they 
seem to have flowed in earlier Tertiary time, as shown by the 
distribution of the basal conglomerate of the Raton formation. 

The plain of degradation represented by Barilla Mesa is the 
highest one in the Raton quadrangle and is the oldest well
marked plain in the Raton Mesa region. After it had been 
formed on the sedimentary rocks its depressions were filled 
with gravel brought down from the mountains, and these 
deposits were in turn covered with basalt. Renewed erosion 
cut away parts of the older basalt flow and degraded the 
general surface of the region to the level of the lower plain. 
This younger plain of degradation seems to have been more 
irregular than the older one, for the gravel beds are not 
found in all places and where they do occur they range in 
thickness from a few feet to 166 feet or more.. This maximum 
thickness of the younger gravels occurs in Horseshoe Mesa, 
where their base at the southern point of the mesa is about 400 
feet lower than the older gravels, which are exposed under 
the rim of Barilla Mesa where this mesa joins Horseshoe Mesa. 
(See fig. 7, p. 4.) 

In his description of the Trinidad region, in Colorado, 
Hills4 says that the volcanic eruptions which resulted in the 
outflow of the mesa lavas occurred at the close of the Eocene 
and extended into the succeeding epoch. This statement 
implies that the plain of degradation on which the lavas rest 
was formed before the end of Eocene time. Later Darton 5 

stated that certain gravels fonnd under the lavas of Mesa de 
Maya belong to the Ogalal1a formation, which, he says, "con
tains numerous bones of Pliocene age at many localities in 
Kansas and in adjoining regions." This correlation does not 
rest on a secure basis, and the pebbles of basalt suggest later 
age. It seems probable that the plain on which they rest is a 
part of the peneplain which in late Tertiary time had been 
completed over the Great Plains province and on which the 
sands and gravels of early Quaternary age were spread out. 

This correlation harmonizes the data gathered in the Raton 
Mesa region with those obtained in other parts of the Great 
Plains. It is obvious from the structure (see fig. 6) that after 
the early Tertiary deposits were laid down there was renewed 
uplift of the mouhtains and warping of the surface east of 
them. The irregularities of the surface thus produced were 
later planed off; large areas were stripped of the Cretaceous 
beds and of such Tertiary beds as may have covered them. 
The long time required for this erosion renders it improba ble 
that this plain was completed at the end of Eocene time, but 
if it is a part of the Great P~ains peneplain, which was n.ot 

t HUts, R. C., U. S. Gaol. Survey Geol. Atlas. Elmora folio (No. 58), 1899. 
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completed until the end of the Tertiary period and 'on whic.h 
the deposits of Quaternary age were spread out, there was 
ample time for this work. 

The evidence on which the lava flows are referred to early 
Quaternary is chiefly physiographic and is given below under 
the heading "Geologic history" (p. 13), but certain bones 
found in the well of Mr. A. Halles on this mesa appeal' to 
('on firm the conclusion that they are of Quaternary age. Mr. 
lIalles informed the writer that in sinking this well he dug 
through 30 feet of loose" volcanic ash JJ and into material which 
he described as "soil." In this material he found fragments of 
bone, the largest of which was cylindrical, "18 inches long and 
{) or 8 inches in diameter." The size and shape suggest the 
limb bone of a Pleistocene mastodon. 

Other unconsolidated deposits fill depressions in the surface 
of the lavas on the high mesas. A large depression south of 
Towndro-w Peak was once occupied by a lake and still holds 
water during wet weather. It is filled with clay and sand to a 
depth of at least 37 feet. A ,veIl at this place penetrated 30 
feet of soft clay and entered an underlying bed of sand for 
7 feet. 

On the sides of the mesas and in the lowland areas there are 
many deposits of unconsolidated detritus of recent origin, con
sisting of fragmental lava from the cap rock of the mesas, 
debriR from landslides, stream gravels, alluvium, surface wash, 
wind deposits, and other materials. 

Talu8.-The slopes of the lava-capped mesas are generally 
covered with angular fragments of the lava, which in some 
places constitute masses of talus formed by the fall of parts of 
the basalt wben the softer rock below was eroded away. 
Furtber erosion causes these masses of talus to scatter as they 
slowly work their way down the slopes, and much of the mate
rial is washed far out onto the plain. In some places, as on the 
west slope of Horse Mesa north of Lake Alice, the talus is so 
abulldant that it completely obscures the underlying rocks for 
a considerable distance from the base of the cliff. In several 
places on the south slope of Hunter Mesa and on the slopes of 
l\Ieloche Mesa there are large masses of igneous rocks, most of 
which were derived from the top of the mesa, though some 
of them may be sills or small stocks. 

The slopes that surround Black Mesa, Round Mesa, and the 
smaller mesas between these two are covered with blocks of 
lava derived from the cap rocks. The covering of the first 
small mesa east of Black Mesa consists entirely of these blocks, 
the original lava sheet having been wholly broken down. 

Land.~lide8.-Landslides were observed at many places in the 
Ra.ton and Brilliallt quadrangles, but few of them are conspicu
ous enough to deserve individual mention. One slide on the 
southeast slope of Horseshoe ]\1esa has displaced a considerable 
mass of the sedimentary rock and left exposed a conspicuous 
cliff, ,vhich is shown at the left in Plate VI. Another land
slide in the weRt fork of Schomburg Canyon, in the Brilliant 
quadrangle, has left exposed the cliff shown in Plates IX 
and X. 

Incipient landslides may be seen at many places, especially 
along the outcrop of the Vermejo formation in the southeast
ern part of ' the Brilliant quadrangle, where the soft shale of 
the Vermejo formation is crushed by the weight of great blocks 
broken from the massive conglomerate that rests upon it. In 
some places these blocks have so crushed and displaced the 
beds of shale and coal of the underlying Vermejo that the true 
character of' the beds can not be determined from surfa.ce expo
sures. This conglomerate (loes not weather as readily as the 
neighboring rocks, and some of the canyon sides are covered 
with boulders derived from it. 

Stream ,qravel.-In a few places beds of' waterworn gravel 
cap low buttes and terraces in the canyons and on the low
lands. A small group of' these gravel beds lies southeast of 
Raton. One of these beds, in the southern part of the Raton 
quadrangle, stands at an altitude of 6,294 feet, about 100 feet 
above the present bed of the river which doubtless deposited 
the grave1. Several of the low hills in the' Koehler quad
rangle are capped with beds of waterworn gravel, and con
siderable areas in the Cedar Hills and an area east of Canadian 
River are capped with cemented beds of coarse gravel and 
angular fragments of rock. 

Alluvium and wind deposits.-In relatively recent time 
sheets of alluvium have been spread out by the streams along 
their courses through the lowlands and in the broad mouths of 
the canyons, but at, present most of the streams occupy deep 
trencheR cut in these sheets. These trenches expose the allu
vium to thicknesses of 20 feet or more. At many places in 
these quadrangles there is little distinction between surface 
wash and alluvium. There seems to be a complete gradation 
from the silty deposits that are typical of flood-plain deposition 
to the mixtures of soil and rubble deposited by the floods 
which follow the short, violent showers or "cloudbursts." 

It is also impossible to distinguish clearly between water
laid :md wind-laid deposits. The surface of the lowlands in 
these quadrangles, like that in the Great Plains generally, is 
at many places covered by fine material that resembles loess 
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and that has sometimes been called "mountain loess." The 
deposits of' thi5 material in these quadrangles are at !'lome 
places obviously alluvium, but at others they doubtless consist 
of wind-blown dust. The surface in this region is not wen 
protected by vegetation, and strong winds frequently shift 
great quantities of fine material as dnst, which as it settles 
mingles with other deposits to form the veneer of loose mate
ria.} that covers most of the lowlands. However, there are no 
very thick deposits of wind-blown material in these quad
rangles, and probably the same dust is lifted again and again 
and shifted from place to place with only minor geologic 
results. 

IGNEOUS ROCKS. 

By J. B. MERTlE, Jr. 

GENERAL FEATURES. 

The igneous rocks of the Raton, Brilliant, and Koehler 
quadrangles are of considerable interest for t.hree reasons~first, 
because of their connection with the geologic Listory of this 
region; second, because of the observed relations between the 
manner of their intrusion and extrusion and the tectonics of 
the region; and third, because of possible variations in the 
chemical and mineral composition of the different lavas, due to 
magmatic differentiation. An adequate exposition of the 
igneous geology should be more than a mere description Hnd 
comparison of the igneous rocks in these quadranglE,s; it 
should include references to features of' the igneous rocks of 
adjacent areas, though only the rocks of these quadrangles 
need be described in detail. 

If classified according to their mode of origin the igneous 
rocks may be divided into two general types-the intrusive 
and the extrusive. These two types, however, are by no 
means sharply defined, for some of the intrusive bodies are 
dikes, which fill fissures that served as conduits for the lava 
in its passage from its underlying reservoirs to the overlying 
sheets. In 80lUe of' these dikes the two types grade into each 
other, but other dikes, and probably also the sills, were not 
formed of extrusive lava but are abnormal products of igneous 
intrusion, their character being due in part to physical differ
ences in mannel' of intrusion and solidification and in part to 
original differences in the composition of the lavas. 

The extrusive lavas in the area under discussion may be sub
di vided into groups according to their ages, but the intrusi ve 
rocks can not be thus subdivided, and they are therefore classi
fied according to differences in manner of intrusion and solidi
fication. A further subdivision of the dikes and sills that 
show markedly the effects of the differences is made accord
ing to their chemical and mineral composition. 

ERUPTIVE ROCKS. 

The lavas in these quadrangles are found on the mesas, but 
some of the younger lavas in areas farther east are found on the 
floors of the valleys. Nearly all the oldest lavas are on 
the highest mesas, and nearly all the younger ones are on the 
lower mesas. After the first flows were poured out pflrts of the 
surface were eroded, and these parts were in turn covered with 
younger lavas. In this way three general periods of voleanism 
are indicated in the Raton and Brilliant quadrangles. A 
fourth period, represented by the youngest lavas of the region, 
is indicated in the area east of these quadrangles. During 
each of the three periods there were many flows of lava, but 
the intervals between the flows were short in all except the 
third period. Certain obvious differences in the character of 
the lavas also justify their subdivision into groups correspond
ing with the foul' periods of eruption. One minor interval of 
erosion during the third period has been recognized, and the 
petrographic differences between certain lavas of this period 
indicate that there may be other intervals that are not yet 
recognized. 

The oldest lavas are found on Barilla Mesa and at the west 
end of Johnson :Mesa. The flows range in thickness fi'om 100 
to 500 feet and consist of a number of sheets. The variation 
in total thickness is due in part to erosion, but the minimum 
thickness occurs where the flows are fewest. If the variation 
in thickness 'Were due to uneven original distribution of the 
lava the number of flows would doubtless be nearly the same 
in all places, for the lavas were highly fluid and probably 
spread rapidly over the country. 

The flows are separated by scoriaceous material, which repre
sents the rapidly cooled surfaces of the aIlcient lavas. On the 
north side of Barilla )fesa five separate sheets of lava have been 
distinguished, and in the west face of Raton Mesa, north of 
these quadrangles, there are at least eleven sheets. The flows 
seem to have occurred in rapid succession-as rapid, perhaps, 
as those of Vesu vius. 

These older lavas were extruded chiefly through fissures. 
Many dikes formed in this way are found in the area surround
ing the mesas. Their trend is in general east and west, differ
ing a.t only a few places more than 20Q from the normal trend. 

At some places, however, the lava seems to ha~e been erupted 
through volcanic vents rather than through fissures, for low 
volcanic cones occur on both Barilla and Johnson mesas. 

PKTROGRAPS:"!. 

The most striking feature of t.he lavas poured out during the first period 
of eruption is their lnarked similarity in chemical and mineral cOlllposition 
and in texture_ Examination of a large number of specimens of the differ. 
ent flows indicat.es that, there is a COlIlmon type to which these lavas con
form in all except a few details. so that a oomposite description of them 
will represent the mean of the specimens examined. 

The hand specimens are ash-gray to dark-gray, compact to vesiculM 
I"Ocks, and some of them contain phenocrysts that appear as numerous red 
specks sClattered through the rock, the largest 2 millimeters in diameter. 
These phenocrysts are iddingsite. which was derived from olivine_ The 
groundrnass is generally aphanitic_ 

Under the micl"Oscope these rocks are invariably porphyJ'itic, and the 
phenocrysts are considerably less abuudant than the gl'OUndlllaSs. The 
altered phenocrysts of olivine are of a reddish-brown semitl'anslucent mate_ 
rial and contain numerous inclusions of magnetite. The reddish-brown 
mineral grades into pleochroic varieties, which are believed to be iddings· 
ite. The euhedral and equant outline of the original olivine crystals is 
well preserved, showing that the iddingsite is a true pseudomorph after 
olivine. The alteration of the olivine is usually complete, but suffieient of 
the core of some of 1he crystals is preserved to show its origina.l character. 

The groundmass is holocrystalline and h8J:! a fine·grained doleritic fab
ric. The essential minerals are plagioclase, pyroxene, altered olivine, and 
magnetite. The plagioclase is the variety labradorite and occurs as Bubhe
dral prismatiC crystals, none more than 0.5 millimeter in greatest diame
ter. The pyroxene is augit.e and occurs in short, chunky greenish-yellow 
nonpleochroic prhllls, the largest 0.1 millimeter in diameter. The magnet
it.e is in the form of euhedral equant crystals, the largest 0.5 millimeter 
in diameter. Apatite in pale-green needles havillg a maxiulUm length of 
0.6 millimeter is t.he only accessory mineraL In a few of the vesiculM 
varieties some of the gas cavities are filled with calcite. 

All these rocks are true olivine basalts. Volumetric mineral analyses of 
nine specimens of the lavas of the first period were made by the ROBiwal 
method. The percentage of apatite, which in none of the analyses exceeds 
1 per cent, was distributed among the percentages of other minerals, and 
tllese were recalculated to 100 per cent. The maximum, minimum. and 
average mineral composition. as determined by this method, is shown 
below. 

Percentage of principal minera'ls in lavas of first period of eruption. 

Labradorite ____ _ 

Augite 
Magnetite 
Alt.eredolivine __________________________ _ 

57 
52 

13 

2S 

83 

24 

Average_ 

46 

29 
8 

17 

The average of the~e nille Ilulleral aualylles IS thought to be faIrly 
representative of the lavas liS a Whole. A chemical analysis of one speci
Illen of t.hese lavas is given on page 11. 

The lavas of the second period are found on Bartlett, Horse, 
and Horseshoe mesas Hnd on the northern part of Johnson 
Mesa. When they were poured out the older lavas had been 
eroded away in part, and the younger flows, which seem to have 
been slightly less viscous than the older ones, were spread out 
evenly over wide areas, covering, perhaps, more ground than 
had been covered by the older sheets. Owing to erosion the 
younger sheets lie at lower elevations than the older ones and 
in some places abut against the rocks that underlie the older 
lavas. (See fig. 7, p. 4, and PI. V.) During this period 
there were fewer separate flows than in the former period. 
There were still fissure eruptions, but several volcanic cones 
like the one on Bartlett Mesa were formed. 

PETROGRA.PHY. 

The lavas of the second period of eruption, like those of the first period, 
are very much alike in appeaxance, composition, and habit. Like thoee of 
the first period, they range in color from light gray to dMI, gray lUId 
include both compact and vesicular \'arieties. They are universally por
phyritic, but in the hand specimens the only phenocry~ts commonly 
visible are crystals of altered olivine. The groundmass is aphanitic. 

The microscope shows phenocrysts of augite. olivine, and, rarely, of 
biotite. The phenocrysts of olivine, which axe rather well formed, attain 
a maximum diameter of 2.0 millimeters and contain inclusions of wagnetite. 
The aitertltioll to iddingsite is general in these rocks, but it has not pro
gressed so far as in the older lavas. The center of the olivine is almost 
invariably unaltered or is altered only along cracks that. penetrate the 
crystals. Augite occurs in yellowish-green phenocrysts, the laxgest of 
which have a diameter of 1.0 millimeter. The crystals of augite, Ilk';} those 
of olivine, contain inclusions of magnetite, but the inclusions are not so 
numerous. 

The grOUndlll&SS is holocrystalline and consists essentially of labradorite 
(in laths up t.o 0,4 millimeter in length). augite, olivine, and magnetite, and 
Il.Cce~sory apatite. Oalcite tills eome of the vesicular cavities. 

The lavas of the second period of eruption, like those of the first period, 
are olivine basalt.s. The following tl1.bles show the average mineral com
position, and maximum and minimum variation from the mean, as 
computed by the Rosiwal method from seven typical lavas of tWs period. 
Three of these specimens were obtaIned from the lavas in the area east of 
the Raton quadrangle. 

Peraentage of principal minerals in lavas of second period of eruptt'on. 

Labradorite _______________ _ 
Augite __________________________ _ 

Magnetite __________________ _ 

Alt,ered olivine ___________ _ 

57 
88 

17 

20 

86 

26 

A.verage. 

" 38 , 
12 

The averag'e of the seven volumetriC analyses represents the average 
mineral composition of the lavas of the second period of eruption. A 
chemical analysis of one specimen of these layas is given on page 11. 

THIRD PERIOD OF ER"Cl'TIOX. 

The lavas of the third period occur on Hunter Mesa, 
Meloche Mesa, Yankee "Volcano," Hound Mesa and Black 
Buttes (including Black Mesa and Cunningham Butte), Town-



drow Peak, Johnson Mesa, and other mesas east and south of 
the Raton quadrangle. The flows were not so large as the 
older ones, and the lava issued from many widely separated 
vents, although some was extruded from fissures. C nlike the 
older lavas, those of the third period occur at different alti
tudes; some are on low mesas, as those of Black Buttes; others 
are on high mesas, as those of Towndrow Peak, on Johnson 
Mesa. Many of the differences in altitude, but not all, may 
be due to erosion between flows. Some of the openings from 
which the lavas were extruded were on the high mesas, so that 
certain high-altitude lavas may be of the same age as those on 
the lowlands. Also there are several different kinds of lava in 
this group, as described below. The group 'will doubtless he 
subdivided when a wider knowledge of the igneous rocks of 
this region is obtained. Until that time the lavas may for con
venience be grouped together thus loosely, and the flows may 
be described separately. 

Hunter JrIesa.-There are at least three kinds of lava on 
Hunter Mesa and probably a greater number of flows. In the 
saddle that separates Hunter Mesa from Johnson 'Mesa there 
are two kinds of lava, a hauynite basalt and an ordinary 
olivine basalt, but the relative ages of these two flows have not 
been ascertained. Hauynite basalt has also been observed on 
the east side of Hunter Mesa, in Hunter Canyon, so that it has 
a considerable lateral extent. Lava of both these types prob
ably flowed southward from Johnson Mesa. .Just above these 
lavas lies a mass of augite andesite, which forms the upper and 
major part of Hunter Mesa. The low hill at the north end of 
Hunter Mesa is the northel'lllimitofthe augite andesite. The 
basaltic rocks, then, marked the beginning of the volcanism 
which formed Hunter Mesa, and the flows of augite andesite 
occurred later. There is no means of estimating the time that 
elapsed between the extrusion of the basaltic rock at the base 
of Hunter Mesa and that of the augite andesite which forms 
the top of the mesa, and it is even possible that the two flows 
may have been synchronous. 

The haUynite basalt in the saddle at the north end of Hunter Mesa [s 
a very dark gray porphyritic vesicular rocb:, containillg phenoorysts of 
pyroxene and olivine as much as 2.0 millimeters in diameter. The ground
mass makes up most of the rock and is aphanitic. 

The phenocrysts are augite, olivine, and hauynite. The augite occurs 
in greenish-yellow crystals, which carry inclusions of magnetite. The 
olivine Is fresh and colorless in part, but along the edges and cracks much 
of it iA altered to iddingsite. It also contains inclusions of magnetite. The 
hatlynite, which was not observed in crystals larger than 0.5 millimeter in 
diameter, has two distinct sets of planes of cleavage, whioh stand at right 
angles to each other. Magnetite, apatite, augite, olivine, and red serpen
tinous material appsar as inclusions, generally in the centers of the crys
tals. The crystals of hal1ynite have remarkably clear edges, but at BOIne 
distance from the edges of each Ol'ystal there is a circular opaque zone 
which may extend to the cenWr. 

The groundmass is composed of labradorite, augite, magnetite, apatite, 
and nepheline. The nepheline forms a faintly birefringent interstitial 
cement. 

A volumetric mineral analysis under the microscope gave augite, 61 per 
cent; magnetite, 18 per cent; olivine, 10 per cent; labradorite, 8 per cent; 
hatlynite, 5 per cent: and nepheline, B per cent. The most striking feature 
of this rock is the scarcity of plagioclase. 

The hauynite basalt on the east side of Hunter Mesa, in Hunter Canyon, 
is probably a part of the same flow, for it has the same general appearallce 
under the microscope as the hatlynite basalt just described. Nepheline 
was not observed in this specimen, and the percentage of plagioclase was 
small. 

'1'he olivine basalt, which is associated with the hauynite basalt at the 
north end of Hunter Mesa, is a very fine grained basaltic rock of nonnal 
type. The olivine, which forms the only phenocrysts, is altered along the 
edges and cracks to a yellowish nonpleochroic serpentinouB product. 

The augite andesite, which forms the upper part of Hunter Mesa, is a 
pinkish-gray, somewhat pumiceous, aphanitic rock. Under the microscope 
it is seen to have a hypoorystalline porphyritic habit. It contains pheno
crysts of basaltic hornblende, the largest of them 2.0 mUlimeters in size. 

The basaltic hornblende occurs as subhedral prisms, pleochroic from 
green to brown, and contains many iuclusions of magnetite. Black altera
tion rims are common. 

The groundmass consists of feldspar, augite, magnetite, olivine, and 
glass. The plagioclase is andesine in subhedrallaths. A Jittle orthoclase, 
not unlike the andesine in habit, is also present. The olivine is somewhat 
altered. Analcite occurs as a cavity :H.1ling. 

A volumetric mineral analysis under the mieroscope showed andesine, 
45 per cent: augite, 85 per cent; magnetite. 6 per cent: glaBs, 6 per cent; 
basaltic hornblende, 4 per cent; analcite, 3 per cent; and olivine, 1 per 
cent. The rock has been named an augite alldeBite because of the andes· 
itic character of the plagioclase feldspar. 

Meloche Mesa. - Meloche Mesa is somewhat lower Lhan 
Hunter Mesa and is connected with it by a narrow ridge. The 
rock which forms Meloche l\lesa is about the same as that 
which forms the upper part of Hunter Mesa, and the two 
extrusions oflava may have been roughly contemporaneous. 

The highest point on Meloche Mesa is at its south end, 
whence the lavas are supposed to have come. At this point 
the igneous rock, which is exposed in a steep cliff, extends 
from the surface downward as a stock or volcanic neck. Cer
tain bedded volcanic material) which underlies the lava at the 
southeast side of Meloche Mesa, rests on an eroded surface 
about 700 feet lower than the south end of Johnson .Mesa. 
This relation gives an idea of the difference in age between 
this lava and that on Johnson Mesa, which belongs in the 
oldest group. 

The lava of Meloche Mesa is chiefly andesitic_ Several 
specimens collected from different parts of the mesa show a 
slight difference in mineral composition. A chemical analysis 
has been made of one specimen of this lava. (8ee p. 11.) 
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A typical specimen of thi! lava is a light-gray vesicular rock, with black 
phenocrysts of basaltic hornblende. The gronndmass is aphanitio. The 
microsoope shows that it is a dominantly crystalline rock carrying few 
phenocryst!. The phenocry~ts are exclu~ively pseudomorphs after basaltic 
hornblende. Most of the hornblende crystals have beeu entirely altered to 
a black, opaque substance, which appears red on thin edges. The centers 
of a few of the crysta.ls show two minerals, one yellow and the other oolor
less. The yellow mIneral may be included augite, but the colorless one is 
probably of secondary origin. This alteration is thought to be of mag
matic origin. 

The groundmass consists of feldspar, augite, altered olivine. magnetite. 
apatiw, and glass. The feldspar consist! largely of prisms of andesine, but 
a little orthoclase forms an interstitial cement. The allgite occurs as very 
small greenish-yellow prismatic crystals, the largest not exceeding 0.07 
millimeter in size. The glass is oolorless to yellow. Some analcite fllls 
cavities. 

A volumetric mineral analysis, under the microscope, shows feldspar, 
45 per cent; augite, 35 per cent: altered olivine, 7 per cent; glass, 5 per 
cent: maguetite, 4 per cent; hornblende, 2 per cent; analcite, 2 per cent. 

Other specimens of the lava of Meloche Mesa show certain variations. 
Some are holocrystaJIine. In two specimens hornblende was entirely lack
iug; in another it was more plentiful than the pyroxene. In this specimen 
the hornblende was quite unaltered and showed a strong pleochroism from 
brown in one direction to greenish and almost colorless in another. The 
feldspar is of variable character also. The plagioclase usually has nearly 
the composition of andesine, but the interstitial feldspar is more often 
oligoclase than orthoclase. 

At the north end of Meloche Mesa there is also an olivine basalt, which 
is a fresh·looking rock that contains phenocrysts of oliviue and augite. Its 
relation to the andesitic rocks is not known. 

Mesa east oj Meloche Mesa.-At the north end of Meloche 
Mesa stands a low, craggy hill, which represents an orifice from 
which issued the lava that forms the low mesa east of Meloche 
.Mesa. This mesa, which lies mainly east of the Raton quad~ 
rangle, is about 500 feet lower than Meloche MeAa, and this 
vertical distance is believed to represent the erosion which took 
place in the interval betwee~ the formation of the two lava 
caps. 

The lava of this mesa, like that of Meloche Mesa and the upper part of 
Hunter Mesa, is mainly an augite andesite. The rock is very light gray, in 
most places deuse but in some places vesicular. It is holocrYJ;taliine and 
nonporphyrltic and has a flne.grained hypidiomorphic granular fabric. 
The component minerals are andesine, orthoolase, augite, magnetite, and 
apatite. The andesine and subordinate orthoclase fill the interstices 
between augite and magnetite. 

A volumetric mineral analysis of this lava shows feldspar, 60 per cent; 
augite, 80 per cent; magnetite, 9 per cent; and apatite, 1 per cent. A 
chemical aualysis of the rock is given on page 11. 

A specimen of hal1ynite baBalt, almost identical with that collected 
from the base of Hunter Mesa, has also been taken from the mesa east of 
Meloche ?tIesa. The relation of this rock to the andesitic lava is not 
known. 

Sierra Grande.-Sierra Grande, a prominent volcanic moun
tain surrounded by many lava flows which have issued from 
it, stands about 20 miles southeast of the southeast cornel' of 
the Raton quadrangle. It is referred to here because seveml 
specimens collected from this volcanic mass have been identi
fied as pyroxene andesites, a rock type common in the third 
period of eruption. This mountain has had a long and com
plex igneous history, and it has probably been a center of 
volcanic acti vity at many times since the beginning of volcanic 
action in this region, Its andesitic lavas may have been poured 
out during the third period of eruption, but the almost com
plete destruction of its crater by erosion and the deep trenching 
of its sides harmonize better with the idea that its lavas belong 
to an earlier period of eruption. 

Towndrow Peak.-Towndrow Peak, on Johnson Mesa (see 
PI. VII), consists of lava which broke through the basaltic cap 
of the mesa and spread out to its present position. The high 
angle of slope of this peak is good evidence of the extreme 
viscosity of the lava. The glassy character of the lava is 
further proof of its great viscosity. The absence of scoriaceuus 
material indicates a lack of explosive violence, the lava prob
ably having been squeezed quietly out upon the mesa from a 
central vent. 

This lava, which is designated a hornblende dacite, differs 
considerably from any of the rocks so far described, but it is 
almost identical with that which forms Cunningham Butte. 
The lava of Cunningham Butte is known to be older than 
the basalt of Black _Mesa, and the lava of Towndrow Peak is 
unquestionably younger than that which caps Johnson Mesa. 
There is no means of ascertaining, at least within the Raton 
quadrangle, the relative age of the lava of Towndrow Peak as 
compared with the lavas of Hunter or Meloche mesas. 

The lava from Towndrow Peak is pure white wheu fresh but weathers 
reddish. It, is compact and megascopically porphyritic, the phenocrysts 
being feldspar and hornblende. The groundmass is dense and aphanitic. 

Under the microscope the lava is seen to have a vitrophyric habit.. The 
feldspar is andesine and ranges in size from a maximum of 8.0 millimeters 
down to tiny crystals in the glassy matrix. Zonal growths are common, but 
the variation in composition indicated by the different extinotions in these 
zones is small. A few inclusions of magnetite were noted. The crystals 
of hornblende, which moe of the basaltic variety, attain a maximum size of 
5.0 millimeters and grade into much smaller crystals set in the glass. The 
subhedral prisms are pleochroic, in tones of green and brown. There are 
numerous inclusions of magnetite, and magnetite also ocours in the glassy 
base. The glass is colorless to dusty brown. 

By volume the proportion of minerals in this rock is glass, 67 per cent; 
feldspar, 21 per cent; basaltic hornblende, 10 per cent: magnetite, 2 per 
cent. 

The chemical analysis of a rock from Red Mountain, fru-ther east on 
Johnson Mesa, which is identical with the rock from Towndrow Peak, when 
calculated into normative minerals, shows the presence of nearly 22 per cent 
of quartz and almost 18 per cent of orthoclase. There is no trace of these 
miuerale in the rock mode. This amount of normative quartz shows that 
the rock is dacitic and not audesitic, as the microscopio examination would 
suggest. 

Yankee "Volcano_I)-The base of the lava that forms Yankee 
"Volcano" is about 1,000 feet lower than Johnson Mesa, and 

this difference in elevation represents the amount of erosion 
that took place from the time of the extrusion of the lava of 
Johnson Mesa and the outpouring of the Yankee flow. From 
this relation it appears that this lava is probably younger than 
the lava of either Hunter or Meloche mesas. At least two dif
ferent flows, and probably more, have issued from Yankee 
"Volcano," for two widely different rock types have been 
recognized among the lavas. 

One 01 the speoimens frOln Yankee "Volcano" is a quartz.bearing olivine 
basalt. It is a dark-gray, somewhat vesicular rock that has a general 
aphanitic appearance. Under the microscope it appears as a somewhat 
glassy, porphyritic rock. Olivine, augite, and quartz constitute the pheno· 
crysts. The quartz occurs as corroded g-raills that show numerous interuai 
cracks. At the outer edge of the crystals there is a resorption rnn. com
posed of a zone of augite needles, radially arranged with respect to the 
center of the quartz. 

The groundmass is composed of plagioclase, augite, olivine, magnetite, 
and glass. The plagioclase is scarce, and forms an interstitial cement, the 
individual crystals not exceeding 0.05 millimetel' in size. The augite aud 
olivine of the groundmas6 have the same general characters as those of the 
phenoOl'Ysts. The glass is colorless to yellow. 

The volumetric analysis of minerals in this rock shows augite, 55 to 65 
per cent; glass, 5 to 15 per cent; magnetite, 11 per cent; feldspar, 9 per cent: 
olivine, 8 per cent; and quartz, 0.5 per cent. 

The other specimen from Yankee "Volcano" is a nepheline basalt. It is 
a dark-gray oompact rock. of holocrystaUine porphyritio fabric. The 
phenocrysts. which are olivine and augite, have the same habit as those in 
the specimen described above. The groundmass, however, is lacking in 
feldspar, being composed of augite, nepheline, and magnetite. 'l'he nephe
line is anhedral and fills the interstloes between the other rock-forming 
minerals. 

The mode of this rock, as determined by the Rosiwal method, is augite, 
61 per oent; nepheline, 11 per cent: magnetite, 8 per cent: olivine, 10 per 
cent: and glass, 10 per cent. 

Black -,-"'I£esa and Round Mesa. - Although the lava caps 
of Black Mesa and Round Mesa are 10'iyer than Yankee 
"Volcano," the lavas aTe probably of about the same age, the 
difference in altitude of 650 feet being due to the ancient slope 
of the surface. There are two kinds of rock on these mesas. 
Black Mesa and it!'! neigh bor8 are covered with basalt and 
Cunningham Butte with dacitic rock. Fragments of the dacitic 
rock are included in the basalt, from which it follows that the 
basalt is younger than the dacite and presumably younger than 
the flow at Towndrow Peak, which consists of' closely related 
rock. 

This basaltic lava forms a dense dark-gray porphyritic rock, with an 
aphanitic groundmass. The phenocry~ts conaistof olivine, augite, and lab
radorite. The crystals of olivine attain a ma.xhnum size of B.O millimeters 
and have the habIt usually developed and previousLy desoribed. The 
olivine is very little serpent.inized. The crystals of augite do not exceed 0.7 
millimeter in size and are developed in chunky prisms. Labradorite that 
shows magmatic resorption occurs in crystals as mnch as U'j millimeters in 
length. 

The groundlllass consists of labradorite, augite, magnetite, and glass in 
a fine-grained basaltic fabric. The glass is colorless to yellowish·brown. 

A mineral analysis of a specimen from Black Mesa shows the rock to 
contain augite, 60 per cent; labradorite, 13 per cent: olivIne, 11 per cent; 
magnetite, 11 per cent; and glass, [j per cent. The rock is a normal type of 
olivine basalt. 

Cunningham Butte.-Although Cunningham Butte, stands 
in the midst of the Black Buttes, the group of buttes that sur~ 
rounds Black Mesa, it cOllsists of rock different from that of its 
neighbors. It is an elongated plug, connected at both ends 
with a dike which runs northwest and southeast. TIle top of 
the butte is probably a remnant of a surface flow. 

In the hand specimens, this rock is similar to that from Towndrow Peak. 
It is light in color, almost white when fre8h, and alters reddish. It is 
noticeably porphYl'itic, and the phenocrysts are mainly hornblende and 
subordinately plagioclase. 

Under the mIoroscope much glass is apparent. The hornblende is a 
green variety and has uo pleochroic tones in brown like those of the rock 
from Towndrow Peak. It occurs in euhedral prisms. The plagioclase, 
which is developed largely in the groundrnass, bas nearly the compOSition 
of andesine and here and there shows rims of oligoclMe. It has the form of 
subhedral, poorly terminated laths. Ana.lcite In six-sided forms that show 
a marked tendency toward a rounded outline is also present. This min
eral appears to be primary but may have been formed shortly after the 
solidification of the rock. Iron oxides in euhedral and subhedral grains 
are accessory. 

Although no quartz has been observed in this rock, its general resem_ 
blance to the dacite of 'J'owndrow Peak is so mru-ked that quartz probably 
constitutes some of the rock glass. The term dacite, rather than andesite, 
is therefore applied, 

Green Mountain jlows.-Ab0ut 3 miles east of Round ~fesa, 
at the southeast corner of the Raton quadrangle, there is some 
siliceous igneous rock which forms the northern extremity of a 
series of lava flows that came from Green Mountain, to the 
southeast. 

Some of the lava from this vicinity shows distinct flow lines 
(see PI. XII) and has much red glass distributed in irregular 
patches along a general trend parallel to the flow lines, which 
gives it a banded appearance. 

Owing to the large quantity of glass in the mode of these 
rocks their petrographic family can not be determined ... "ithout 
a chemi('al analysis. They resemble so much the ot.her dacitic 
rocks, however, that they too are probably dacites. 

The lava Il miles east of Round Mesa is a light·colored rook, similar in 
general appearance to that of CUlluingham Butte and Towndrow Peak. 
It is a porphyritic rock that contaius phenocrysts mainly of plagioclase. 
The composition of the plagioclase, as in the specimens fl'om Towndrow 
Peak and Cunningham Butte, is andesine. The groundmass is composed 
of plagioclase. hornblende, a very little magnetite, and about 50 per cent of 
rock glass. The hornbl61lde, which is a basaltic variety, has a small extinc
tion angle and occurs as slender priSIllS. Most of the glass is clear and 
colorless and has an index of refraction noticeably lower than Canada 
balsam. In tbis glass there are irregular patches of cloudy glass, which 
possibly represent incipient devitritlcation. Alteration to calcite has taken 
place along cracks that permeate the glass in an irregular pattern, 



FOURTII PERIOD OF ERl,TPTION. 

Within the general volcanic field east of the Raton quad
rangle the flows of a fourth period of eruption lie on the valley 
floors. These flows came from volcanoes of the central type. 
Most of the craters are well preserved, and their cones are but 
little incised by erosion. It is apparent that this latest mani
festation of volcanism is very recent. The last flows probably 
occurred less than a thousand years a.go. 

There a.re no lavas of this latest period of eruption within 
the Raton, Brilliant, and Koehler quadrangles, but a short dis
tance to the east many volcanic cones were formed duriug this 
period. The largest and probably the most perfectly pre
served of these cones is Mount Capulin, about 5 miles south
west of Folsom, K. Mex. The lava from this volcanic cone is 
a vesicular and glassy olivine basalt, but other types of lava 
are known from these latest volcanoes. 

The different kinds of igneous rocks attributed to the three 
eruptive periods in the Raton and Brilliant quadrangles haye 
already been described. The lavas of the first two periods are 
basalts that closely resemble one another. The percentage 
of feldspar is about the same in both. In the lavas of the 
second period there appears to be a slight increase in the 
amount of pyroxene and a correspondingly slight decrease in 
the amount of olivine. but these differences are too small to 
have any significance. The chief difference between the two 
types is textural, for the layas of the second period contain, in 
addition to phenocrysts of olivine, phenocrysts of pyroxene 
and, in a few specimens, of biotite. Moreover, in the flows of 
the second period the olivine, both of the phenocrysts and 
ground mass, is less altered. 

The lavas of the third period show great variation as compared 
with one another, and they also differ greatly from the lavas of' 
the first and second periods. Thus there have been recognized 
among the lavas of the third eruptive period pyroxene andes
ite, olivine basalt, haiiynite basalt, hornblende dacite, quartz
bearing olivine basalt, and nepheline basalt. The olivine
bearing rocks of this period show still less alteration of the 
olivine than the lavas of the second period of eruption. In 
comparing the olivine basalt of the third period of' eruption, 
such as that at Black Buttes and Round Mesa, with the olivine 
basalt of the second period, it should be noted that olivine, 
augite, and plagioclase all occur as phenocrysts in the lavas of 
the third period, whereas only oliviue and augite with occa
sionally biotite were ohserved as phenocrysts in the lavas of 
the second period. It therefore appears that among the olivine 
basalts of this region there is a progressive development of 
phenocrysts from the lavas of the oldest to those of the young
est flows, olivine developing first, olivine and augite next, and 
olivine, augite, and plagioclase last. There is no chemical 
basis for this relation, because the oldest basalts were the rich
est in plagioclase and the youngest the poorest. It is therefore 
not likely that these phenocrysts represent an excess over a 
ternary eutectic ratio. More probably they originated deep 
within the earth, and they point to a longer period of cooling 
prior to the extrusion of the lavas of the latest flows. 

Another point of difference between the basalts of the three 
eruptive periods is the progressive fineness of grain and the 
development of glass in the mode during the yolcanic eruptions 
in this region. The lavas of the earliest flows have a doleritic 
habit, those of the second period are somewhat finer in grain, 
those of the third period contain some glass, and those of the 
fourth period, as developed east of the Raton quadrangle, a.re 
highly glassy. The latest basaltic layas seem to have been not 
much less fluid than the older lavas of similar composition, for 
the lava that issued from Mount Capulin, east of the Raton 
quadrangle, and that represeuts the fourth period of eruption, 
flowed for miles down the valley of Cimarron River. The 
later sheets of la \'a were thinner than the earlier and conse
quently cooled more quickly, and this fa.ct may account for 
the differences in the granularity and crystallinity of the two 
kinds of rock. 

Another progressive change from the oldest to the youngest 
basaltic lavas is an increase in the relative amounts of augite 
and pl!:lgioclase. The lava of the flows of the first and second 
periods, as shown by the volumetric analyses !:llready given, 
contains more plagioclase than augite, whereas in that of the 
flows of the third and fourth periods the reverse is true, the 
augite predominating over the plagioclase. This difference 
may be due in part to differences in the chemical composition 
of the lava, but it is more probably due to the greater power of 
spontaneous crystallization inherent in augite than in plagio
clase, which enabled the augite to crystallize sooner than the 
plagioclase in the quickly cooling late flows. Hence the glassy 
material of the later flows probably in large part represents 
plagioclase. 

To show the variations in the chemical composition of the 
lava of the flows seven specimens that 'were selected as types of 
the rock of the various flows were analyzed in the laboratory 
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of the United States Geological Survey. The results of the 
analyses and the theoretical mineralogic composition (norllls) 
o(the rocks analyzed are given below. 

Analyses and norms of la'VlUJ fj'om the Raton .i.lIe~a region, N .. MuJ;. 

Analyses. 

___ ~I~~~I~I~II[i~l(") 
Al.O._ ___ Hi 0;) 1546 21 87 1788 15 li3 I 1503 Hi 43 
SID. ______ _ 51 68 49 73 54 08 53 52 67 9S 40 72[ li3 27 

FeIO. ___ 5 22 3 32 5 22 4 21 2 68 5 52 2 43 

FeD 564814 88351 18686650 

~:~o ::: ::: :::: ::: ::: '::: II :::: 

K.O 1.39 .87 2.88 2.39 3.00 2.34 1.71 

~,:F , :: I 1 :: I : 1 :: 1.:: I[ :: I ~:n:: 
CO. _ __ None None None None 1\one None None 

~no~__ ~- -- -~;-I-----.l~- Non~9 Non~1 Non~4 I 18 I 12 

P.O. ___ 451 421 91 126 33 17,,1·IJO 

iloOltlloo27lo0"7"5lOo62 Wo6s11000sj-997s 

___ J_~ __________ ~~~~~ 
Quartz_ .. ____ 1.56 ----------- _ .. _------ 21.90 --------- 1.14 
Orthoclase __ 8.34 [i. 00 17.24 14.46 17.79 10.01 
Albite ______ 31.96 27.77 45.59 42.97 38.25 29.34 
Anorthite __ 20,02 25.02 21.68 HI. 07 13.07 16, Ii! 21.41 
Corundum __ ----- 1.73 
Leucite _____ . 10.46 -------
Kepheline __ ----- .28 .57 --- HI. 46 ------
Dlopside ___ 14.71 16.01 6.72 1.fil ill. 36 12.61 

Hypersthene 10.84 n.M 3.00 !-------- 17.34 
Olivine ___ 7.62 4,76 fI,44 --- 9.03 
Helllatite ____ 5.22 2.68 
Magnetite __ 7.66 4.8'7 6.03 -- 7.89 il. 4~ 
llmenite ____ 2.89 3.04 1.82 213 .46 1.82 243 
Apatite ___ 1.01 I.OI 2.0:! B,02 .67 4.03 1.34 

L512. Olivme basalt. First eruptIve pel'lOd. Ea~t rlm of 13arllla Mesa, 
near Yankee, N. Mex. Spnbol, II (Ul).[i.3.4. Andose. 

L515. Olivine basalt. Second eruptive period. South rill) of Barilla 
}!esa, at the mouth of Chicorica Creek, Colfax County, N. Mex. Symbol, 
, 111.5.3' 4(5). Camptonose. 

L541. Augite andesite. Third eruptive period. Meluche Mesa, Colfax 
County,~. Mex. Synbol, (I) 11..'5. ' 3.4. Andose 

L542. Augite andebite. Third eruptive period. Mesa east of Meloche 
}Iesa, Colfax County, ~. :!'tfex. Symbol,' U 5.2.(3).4. Akerose. 

M15. Hornblende dacite. 'rhird eruptive period. Red Mountain, Col· 
fax County, N, Mex. Symuol, 1. ' 4.2 4. Las~enose. 

1315. Nepheline basalt, Third eruptive period. Flow at Yankee, 
K. Mex. SYlnbol, III.(7)8.(2) 3.4. Unualued. 

L571 (Ii). Olivine basalt. Fourth eruptive period. Mount Capulin, 
Union County, K. Mex. Symbol, II \111).5.3.4. Andose. 

Specimens 1,512, L510, BI5, and L571 (8) were analyzed by George Stei
ger, and specimens L541, L542, and 'Ml;i by J. G Fairchild. 

Under the microscope SpecillH:lIlS obtained from Towndrow Peak Rnd 
Red }!ountain appear to be identical, but a~ thlit- from Red Mountain is 
less weathered it. was selected fOl' analysis, though the locality fit which it 
wa,s collected is some distance east of t.he Rat.on quadrangle. 

SpecilJlens L;)12 and L515, which represent the flow~ of the first and 
second p"riods of eruption, fall respecti vely into t.he families andosA and 
c/1mptonose, but each i~ transitional toward the other, a fact that conilrms 
the conclusion reached by microscopic examination-that there i~ little 
difference between the lavas of the first and second periods of eruption. 
Specimen Ll'.il1 (a) also is an ando~e, grading toward a camptonose, and 
shows that the lavas of Mount CapuliIl, the most recent ffow~, are nearly 
identical with those of the first two periods of eruption. 'rhe close similar· 
it.yof the lavas of the oldest and youngest flows is also strikingly ~een in 
the similarity of the norms. 

Specimens L541 and L542 are respectively andose and akerose, but 
L541 R.pproaches piedmontose. Specimen L542 differs from L541 mainly 
in containing a somewhat higher proportion of lime as compared with the 
alkalies. Though fnlling in different classes and rangs in the quantitative 
system of classiHcation, they are nevertheless much alike. Both were 
determined microscopically as augite andesites. 

Specimens M15 and Bl0 are the two types that show the greatest diver· 
gence from the otber rocks. Specimen Jd15 is a rather siliceous rock and 
is classed as a lassenose, a family that Includes mallyof the granites and 
rhyolites. 'I'his rock contains ttbout 67 per cent of glass, and neither qnartz 
nor orthoclase appear to haye entered into the mode, but the chemical 
aoalysis shows clearly the silicic character of the rock. 

Specimen B15 falls int.o an unnamed division of the quantitative sys 
tem-II1.tl.3.4. Actually. hO'wever, this specimen is transitional in both 
order and rang, as indicated by the symbol III.(7)8.(2)3.4, and is not truly 
representative of the division to which it is assigned. Hence no name for 
it is propo~ed. 

The I!ubrangs of six of these norms haye the symbol 4, and the seyent.h 
is transitional from 5 toward 4. The norms of two other lavas from the 
a·rea ea~t of the'. Raton quadrangle, one from t-;ierra Grande and one from 
the Ban Rafael flow, likewise belong in subrang 4. This fact shows the 
regional predominance of soda over potash, and as the percentuge of silica 
i~ relath'ely low, nepheline, haUynite. and analcite have been formed in 
some of the layas. 'I'be albitic character of t.he plagioclase feldspars in the 
int,rusiYe vogesites of the region also irJdicates the sorlie nature of the rocks. 
In one of the lavas, B1!I, a'very low content of silica 11as resulted in the 
forlllation of normative laucite, though ollly nepheline was recognized in 
thin section. 

Harker 1 has distinp;uished two types of volcanic eruptions, 
one from fissures and the other from central vents, which he 
correlates respectively 'with plateau-building and lllountain
building movements. Although the Raton Mesa region is 
essentially a plateau the volcanic eruptions there were not 
exclusively of the fissure type. In the passage from the 
oldest. to the youngest period of volcanism in the region there 
seems to have been a progressive increase in eruptions of 

1 Harker, Alfred. The natural history of igneous rodis. 1909. 

the central t.ype and a corresponding decrease in those of the 
fissure type. Even the lava sheets of the oldest eruptions, 
however, probably did not come entirely from fissures that 
were opened for long distances, for low volcanic hills with 
gently sloping sides have been noted on Johnson and Bartlett 
mesas, and the outpouring of lava of an old eruption is sup
posed to ha ve been concentrated at these places. The central 
type of eruption was increasingly developed during the third 
eruptive period, as illustrated by the volcanic hills at Town
drow Peak, at Yankee "Volcano," at Round Mesa, and at a 
number of other places south and east of the Raton quad
rangle, where volcanic eruptions occurred during this period. 
The fourth or last period of eruption culminated in the maxi
mum development of the central type of eruption, accompanied 
by much explosive volcanic action, and most of the later cones 
therefore consist of tuffaceous and scoriaceous material that 
stands at a high angle of slope. The lavas of the last volcanic 
period are also more vesicular than those of the preceding 
periods, a fact indicating a greater development of magmatic 
gases. The large amount of gas in these latest lavas may have 
made the latest eruptions the most explosive. 

INTRUSIVE ROCKS. 

The intrusive rocks in the Raton and Brilliant quadrangles 
occur in dikes and sills, which invade the rocks of all the sedi
mentary formations. No larger intrusive bodies are known in 
these two quadrangles, although such bodies are found in 
neighboring areas to the north, west, and south. The intru
sive rocks of' these quadrangles are of two clearly defined 
types-(l) the basaltic rocks, such as compose the lava sheets 
already described, and (2) a series of sodic yogesites, which are 
petrographically distinct from the basalts and which represent 
the products of extreme magmatic differentiation. There are 
likewise two 'tyell-defined types of rock bodies-(l) dikes and 
plugs that represent openings through which the lava was 
carried upward to the surface and (2) dikes and sills that did 
110t reach the surface and therefore had no connection with the 
flows. The two petrographic types coincide in a general way 
with the two types of bodies-that is, the basaltic rocks of the 
dikes that supplied the lava for the -flows have about the same 
composition as the rocks of the oyer lying sheets and are differ
ent f!'Om the sodic vogesites of the sills and dikes that are not 
connected with surface flows. There are other basaltic rocks, 
however, which occur in both sills and dikes that are not 
believed to have been directly connected with flows. 

In these two quadrangles there are mHny dikes, plugs, and 
sills of' hasaltic rock, of which two general types may be dis
tinguished. The first of these types consists of the larger dikes 
and plugs, which were connected with the lava flows. Dikes 
of this kind are relatively scarce, because there '''ere apparently 
not many fissures through which the lavas of the first and 
second periods of eruption reached the surface. One of the 
finest examples of this type is a large dike north of Johnson 
Mesa, east of the Raton quadrangle, along the Colorado and 
Kew Mexico State line. This dike is connected with the east 
end of Barilla Mesa. Plugs are even less commonly exposed, 
because, although many of the later flows came to the surface 
through openings now represented by plugs only a few plugs 
have been exposed by erosion. 

Basaltic rocks of the second type forlD the small dikes and 
sills that have been intruded into the sedimentary rocks of this 
area. These rocks are generally found in or near the coal beds 
in the Cretaceous and Tertiary strata. Sills of this kind are 
found in the Van Houten mine in Willow Creek, on the ridge 
south of Cotton wood Creek, in Coal Creek, and around Red 
River Peak. Dikes of this kind have been noted in Little 
Crow Canyon, in Coal Creek, at a place 3 miles northwest of 
Koehler, at another place 6 miles southeast of Raton, and 
elsewhere. 

Tbese basaltic rocks haYe Illuch the same cOlllpo~ition and habit as 
those of the basaltic flows. 'I'he lUllld Ilpe(limens consist of dark-gray rocks, 
generally greenish. As a. rule they are holocrystallill8 and porphyritic. 
though the phenocrysts are llot in all specimens visible to the naked eye. 
Olivine. pyroxene, and plagioclase are the common phenocryst~, but in 
IIlanyof the more altered specimens the olivjne and pyroxene are com
plet.ely altered to secondary products. 'rhe olivine in all the dikes and 
sill~, however. bas been altered universally to a green sel'pent-inous mineral, 
wherells the olivine of the flows has been altered just as universally to the 
red iddingsit-e already deserlbell. 

The' groundmass of these rocks is about tbe same as that of the other 
bllsaltic rocks and usually consists of labradorite, pyroxene, and magnet
ite, with accessory apatite. The groundmas8 in a sill south of Johnson 
Mesa included considera.ble haUynite in the characteristic fonT and six 
sided grain~ with brown, cloudy centers, This sill may have been eon
neeted witlJ. the flows that forll). the lower part of Hunter Mesa, already 
described, 

By the substitution of ba~altic hornblende for olivine there is a transi
tion between the oUYlne basalts above described through hornbl ... nde 
basalts to the hornblende-pyroxene vogesites. The hornblende basalts 
differ from the olivine basalts in the usual absence of olivine and in their 
intersertal nonporph}Titic habit. They differ also from the vogesites in 
tha.t plagioclaHe forms a considerable part of the rock mode, and this 
plagiocla~e is labradorite and not a sodie variety, such as is found in the 
vogesites of this area. 



A notable feature of t.hese tlikf' rockR, as well as of the vogesitic rockR, 
is th("il' t<,ndency toward extensive ait.eration, which their 
ish ('0101'. Many of these rock~ are completely of 
chlol'itic and ~erpentinou~ products and calcite, and mObt of tbem 
part.ialalt<,ra.tion of dark minerals to light chlol'itlc minf:'ru.Js. A~ the dikes 
and sills o('cur along zonf'S of original weakness and have well·marked con 
tacts with t,he country rock they invaded, these (lontacts afforded ample 
channels for the mlgration of underground waters, whiC'h formed solut-lolls 
that probably caused the alteration not<,d. 

SODIU VOGE"]'l'E:'!. 

OCCURRE:>IC:n: AND DI8TRIRt:TION. 

The sodic vogesites occur in the same general form fiS the 
basaltic rocks of the second type-that is, they constitute sills 
and dikes in and near the coal measures. Sills of these rocks 
have been observed in Coal Creek, in Dillon Canyon, on the 
north side of Canadian River, at the graphite mine in Cotton
wood Canyon, and at several places on the sides of Red Rh'er 
Peak. A dike of this kind was also noted in Chicorica Creek. 

:PE·.rROGRA:PH1:. 

The sodie vogesites are dark·gray to liark greenish-gray compact rocks, 
some of them rather coarse grained and others almost aphanitic. Almost 
without exception they are Ilonporphyritlc. 'l'heir fabric is in some places 
almost ophitic or diabasic. }.foro commonly, perhaps, it is granu}(iJ', and 
here and there it. is intersertal. 

The most comlUon es"ential rock·fonning minerals are hornblende, 
pyroxene, plagioclase, and magnetite. The dark millerals predominate 
greatly over the plagioclase. 'fhe hornblende is commonly more or less 
altered. but its original character i~ usually evilient. In every specimen 
examined except one the hornblende is basaltic aJld showed pleochroism 
only in tones of yellow and brown. 'fhe exceptional spedmen ~howed 
pleochroism in tones of brown and green. 'fhe hornblende i~ generally in 
the form of poorly terminated prisms, but some of it is anhedral. The 
pyroxene is most cOlllmonly augite in small chunky prisms, but diopsidic 
augite also occurs. JAke the hornblende, the pyroxene is generally partly 
altered. Here and there a little biotite il> developed in anhedral ,areas, hut 
as a rule it is much chlorit.ized. The most iuterest.ing feature of these rocks 
i~ the plagioclase. In five out of eight specimens examined, it was either 
albite or oligocla~e·albite; in two it was either ande~ine or labradorite; and 
in the other it was indeterminate. The plagioclase is commonly much 
sericitized. Apatite in long needles, with the characteristic basal parting, 
is unusually abundant. Olivine wa~ observed in only one of t.he rocks, 
who~e plagioclase was andesine or labradorite. 

In addition to calcite and the chloritic and sericitie material developed 
in these rocks SOlue quartz and zeolites are developed as secondMY prod, 
ucts. One specimen contained spherulitic aggregates reselllbling prehn· 
ite; another contained a zeolite having an index of refraction about tho 
same as that of thOIllpsonite and a birefringence comparable to that of 
natrolite. In the dike in Chicorica. Creek analcite occurs in the ground· 
mass, but whether it is primary or secondary is uncertain. 

These rocks. then, are chiefly hornblende·augite sodic vogesites. They 
seem to be very closely allied t.o the hornblende·augite vogesites in the 
Apishapa quadrangle,' which lies north of the Raton and Brilliant quad 
rangles in Colorado. 

STRUCTURE. 

GENERAL FEATURES. 

The sedimentary rocks that crop out in the Raton, Brilliant, 
and Koehler quadrangles fall into two general classes-those 
of marine origin and those of nonmarine origin. The older 
formations, such as the Pierre shale, were deposited in nearly 
or quite horizontal beds below sea level. Others, such as the 
Trinidad sandstone, were deposited close to sea level, and still 
others, such as the Vermejo formation, -were deposited on lov,t
lying coastal plains or in coastal swamps. The younger sedi
mentary beds are of nonmarine origin a.nd were deposited on a 
slightly inclined plain to which streams brought sediments 
from the mountains on the west, depositing their loads here 
and there as they swung laterally over the aggrading plain. 
These yonnger beds (the Raton formation) are more varied in 
character and more complicated in structure than the older 
ones. They consist of coarse channel deposits, fine-grained 
flood-plain accumulations, and swamp deposits, in'terfingering 
and merging in a complex manner one into the other. Many 
of the beds are lenticular, and at some places there are 
unconformities. 

The sediments that were deposited on the floor of the sea. 
and on the old coastal plains have since been warped from 
their nearly horizontal position and raised to maximum alti
tudes of nearly 8,000 feet above sea level, but the movements 
were so broad and so regular that they produced no conspicu
ous structural features in the Raton, Brilliant, and Koehler 
quadrangles. The major structural features in these quad
rangles result from broad flexures, which embrace not only the 
whole Raton Mesa region but extend far beyond it. AbJo, 
they are associated 'with two or more great orogenic or moun
tain-forming movements, which affected the whole southern 
Rocky Mountain region. These movements may be termed 
the post-Vermejo uplift and the post-Raton uplift. 

POST-VERMF..JO UPLIFT. 

Effect of the uplifl.-Some time between the end of the 
Vermejo epoch and the beginning of the Raton epoch, t.he 
beds in this region which had been formed below sea level and 
on coastal plains were uplifted and exposed to erosion. The 
same uplift reelevated the mountains west of the Raton Mesa 
region, whose roots had been covered by marine strata, and 
raised them so high that such sedimentary beds as may have 
covered them were in some places removed, so that rocks in the 
core of the newly elevated range furnished material to the next 
succeeding formation. 

I CrOI>S, 'Vhitman, Dike rocks of the Apish!~pa quadrungle, Colo.: U. S. 
Geol. Survey Prof, Paper 90, pp. 24-26, 1914. 
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The erosion that followed this uplift removed from these 
quadrangles the greater part of the Vermejo formation and all 
of the later beds that may have been formed there prior to 
the uplift. ~ ow1ere in the Raton Mesa region can a measure 
of this erosion be obtained, for at no place is the Vermejo 
formation completely exposed. It has a maximum measured 
thickneas of nearly 400 feet, and where it has been entirely 
removed this figure gives the best actual measure of post
Vermejo erosion obtainable in this region. A thickness of more 
than 1,200 feet of the Vermejo formation remains in the Canon 
City field, but there also the upper part has been eroded away. 
It has been shown 1 that the marine Cretaceous formations 
probably once extended over the mountainous area i\'est of the 
Raton Mesa region and that they were removed by the post~ 
Vermejo erosion, which would indicate that this erosion must 
have amounted to several thousand feet. This erosion resulted 
in the unconformity between the Vermejo and Raton forma· 
tions in the Koehler and Brilliant quadrangles and in the 
western part of the Raton quadrangle and in that between the 
Trinidad sandstone and the Raton formation in the eastern 
part of the Raton quadrangle, where the Vermejo was entirely 
removed. The character of this unconformity is shown by 
the several detailed sections given in the plate of sections. 

Age ~f the l1plift.-The post-Verm~jo unconformity has been 
recognized throughout the Raton Mesa region. The youngest 
beds below it are of Montana (Upper Cretaceous) age and the 
oldest beds aboye it are Tertiary. It has been correlated with 
the post-Cretaceous unconfonnity of the Gulf region and with 
the post-Laramie unconformity of the Denver Basin. It is 
probably a part of the general post-Cretaceous unconformity 
that has been recognized in many places throughout the South
ern Uocky Mountain province. 

POST-RATON 'CPLIFT. 

The largest structural features in the Raton, Brilliant, and 
Koehler quadrangles were formed by an orogenic disturbance 
that affected the Southern Rocky Mountain province some 
time during the Tertiary period after the Raton formation had 
been laid down. The mountains were again lifted, upturning 
the sedimentary formations, including the Raton, along the 
foothills. Probably at the same time also were formed the 
syncline east of the foothills in the Raton J\Iesa region and 
the .Mesa de l\laya dome (figs. 5 and G, p. 3), which lifted the 
beds at its center several thousand feet. The Dakota sandstone, 
which had been covered by about 3,000 feet of ma.rine sedi
mentary strata, now lies near the center of the dome at alti
tudes of more than 6,000 feet. above sea level. 'Vithin the 
area considered in this folio the younger marine beds (Pierre 
shale and Trinidad sandstone) outcrop at altitudes ranging 
from 6,000 t.o 8,000 feet. Some of this uplift may have taken 
place at the time of the post-Vel'mejo movement. and some may 
be the result of minor movements at other times, but the rela
tion of the dome and syncline to the Tertiary planation surface 
indicates that the uplift took place before the peneplain was 
completed. In other words the planation was accomplished in 
middle and late Tertiary time. 

The Raton and Brillhmt quadrangles lie behveen the center 
of the :\Iesa de Maya dome and the syncline. The strata have 
a gentle northwesterly dip, ranging from about 150 feet to the 
mile in the eastern part of the Raton quadrangle to only a few 
feet in the Brilliant and Koehler quadrangles. The bending 
of the stl"clta was so regular that it produced few faults, and 
these few ha ye small displacement. Slight secondary warp
ing of the beds also occurred. In some parts of the Raton 
Mesa region outside of these quadrangles larger secondary 
structural features were produced, such as the Morley dome, in 
the center of which, 4 wiles north of the Raton quadmngle, 
the beds are locall}~ arched severai hundred feet. 

The most conspicuous effect of this uplift was the production 
of surface feat.ures by renewed erosion. The top of the Mesa 
de Maya dome was ,planed off to' form the peneplain repre
sented by the tops of the mesas, the uneven surface of which 
appears at the unconformity between the Raton formation and 
the gravel beds which underlie the lavas of the high mesas. 

The effect of the post-Raton movement on the, volcanic 
activity of the region is not known, but the grouping of the 
numerous extinct volcanoes and lava flows near the center of 
the Mesa de Maya dome indicates some relation between the 
doming and the volcanic activity and suggests that this activity 
may have originated with the doming movement and that some 
of the early lava flows may have been removed by erosion. 
1\' umerous dikes and sills of intruded igneous rock are found in 
these quadrangles, some of 'which differ in composition from 
the mesa lavas and may be older. There are two distinct 
types of intrudeu igneous rock in the area bet-ween Willow and 
Can'adian canyons-basalt and lamprophyre. These rocks 
occur in dikes, which cut the strata, and in numerous sills, 
which separate or cut diagonally across them, presenting in 
cross section an intricate pattern of interlacing lines. 

1 Lee, 'V. T .. Relation of th(' Cretaceous formations to the Rocky ~foun
tains in Colorado and New Mexico: U. S. Geol. Survey Prof. Paper 95. pp. 
);.\7-58,191i'i. 

The small faults produced in these quadrangles are of the 
normal type. In some places the faulting seems to have been 
followed by a slight thrust, perhaps a recoil, so that the beds 
of the hanging wall bend downward as shown in figure 16. 

FIG1.'RE 16.-Sketch of normal fault in Willow mine, south of Van Houten. 
The coal bed, which ha" been dropped about l~ feet, ts bent downward on the downthrown side 

oe the eault. as If it had b&m subjected t.o comprelllllon 'IUd slight upthl'Ustfng after the 
origlnalfaultlng. 

Similar faults were noted in the mine at Brilliant and in the 
Willow mine, but most of the faults observed in the mines are 
ordinary normal faults with displacement of only a few feet. 

GEOLOGIC HISTORY. 

PRE-PALEOZOIC TIME. 

The oldest rocks of tIle Raton Mesa region, in which the 
Raton, Brilliant, and Koehler quadrangles are situated, are 
the crystalline pre-Cambrian rocks that form the core of 
the mountains to the west. These rocks doubtless extend east
ward underneath the surface and form the base on which the 
oldest sediments of the Great Plains were deposited. Some of 
the finer grained crystalline rocks may represent ancient sedi
ments, but the coarse-grained granite represents molten magma 
that cooled below the surface of the earth and was exposed 
only when the mountains were formed and the surficial rocks 
removed by erosion. 

PALEOZOIC EVENTS. 

During a great part of the Paleozoic era large areas of 
North America were covered by the waters of epicontinental 
seas, which shifted in position from time to time and in which 
sediments were deposited. The Raton Mesa region, however, 
ma.y have remained above sea level in early Paleozoic time or 
marine sediments may have accumulated there. The second 
alternati ve is the more probable, for small remnants of sedi
mentary beds formed in Cambrian and Ordovician seas are 
found along the monntain front north of this region and larger 
remnants are found south of it. In central New Mexico also 
there are remnants of sedimentary formations of Devonian and 
early Carboniferous (Mississippian) age, and the .Mississippian 
beds extend northward into Colorado. In early Pennsylvan
ian time large parts of the southern Rocky Mountain region 
stood above sea. level, and nonmarine deposits accumulated at 
many places in the region. These deposits contain thin beds 
of coal, with which are found plants representing an early 
Pennsylvanian (Pottsville) flora. These deposits were later 
covered by the sea, in which thick limestones were formed. 
In the mountains west of the Raton Mesa region layers of 
limestone alternate with coarser material, which was evidently 
laid down near the shore. 

Later in Pennsylvanian time the beds of limestone and 
associated rocks were raised aboye sea level and to some extent 
eroded, so that in places pebbles of fossiliferous limestone are 
found in the basal conglomerate of later sedimentary beds. 
These beds (the Manzano group) were formerly classed as 
Pennsylvanian, but more recent investigation has shown that 
they are Permian. They form a part of the" Red Beds H of 
the southern Rocky Mountain region. Some of them were 
deposited in the sea and conta.in marine invertebrates j others, 
consisting of coarse sand and conglomerate, may represent 
accumulations on the uplands. The history of the "Red 
Beds" is long and complicated and has not yet been fully 
worked out. The detritus from the highlands, which probably 
occupied about the same place as the present Rocky Moun
tains, was carried to the lowlands by streams and deposited 
there, in part as alluvial wash. A part of it was carried 
beyond these lowlands to shallow shifting bodies of water, 
some of which may have been saline lakes, though others were 
arms of the sea. The waters of these bodies evaporated, leav
ing layers of salt and gypsum, in some pla~es interbedded with 
shale and in others with limestone containing shells of marine 
or brackish-water mollusks. The "Red Beds" continued to 
accumulate through the Permian epoch and into Triassic time. 

MESOZOIC EVENTS. 

Triassio and Jurassic periods.-Although it is uncertain 
what part of the "Red Beds" may be Permian, it is certain 
that some of the fine-grained sedimentary rocks of the upper 
part of the "Red Beds" accumulated during the Triassic 
period in waters that were fresh enough in some places to be 
inhabited by fresh-water clams (unios) and the crocodile-like 
animals called belodonts. Triassic sedimentation was inter
rupted by a movement that domed the strata in some places in 
northeastern New Mexico and may also have lifted the moun
tains to some extent, for renewed erosion planed off the tops of 
the domes. The truncated edges of the older strata were later 
covered with beds of sand, which hardened into the Exeter 
sandstone. This formation may be of Jurassic age, but no 



fossils have been found in it. It is well exposed in the waUs 
of the canyons east and south of the Raton Mesa region. There 
are reasons for believing that the Exeter sandstone of eastern 
New Mexico was formed at a.bout the same time as the'Vinga.te 
sandstone of western New Mexico and the La Plata sandstone 
of southwestern Colorado. At abont the same time beds of 
gypsum and limestone accumulated at some places in north
eastern New Mexico and eastern Colorado. Some of these 
beds haye been referred at one time or another to the Triassic 
and some to the Morrison formation. In northwestern New 
Mexico and southwestern Colorado, west of the mountains, 
beds of gypsum and limestone occur in the Jurassic rocks above 
the 'Vingate sandstone. Certain beds east of the mountains 
have the same lithologic character and occur at so nearly the 
same place in the stratigraphic column that they also may be 
Jurassic. 

Cretaceous period.-Probably in early Cretaceous time the 
streams of the Rocky Mountain region spread out sediments of 
many colors and of wide range in composition, from limy mud 
to sand and even to conglomerate. These beds consolidated to 
make the Morrison formation, which underlies the Raton, 
Brilliant, and Koehler quadrangles and crops out on all sides 
of them. This formation has been fonnd at many localities, 
from central New Mexico to Montana and from Utah to east
ern Colorado. In some places it contains fresh-water shells 
and the remains of land animals. In many places it contains 
the bones of gigantic dinosaurs, some of which lived in the 
swamps and the streams and ·on the shores of the shallow 
temporary lakes. The mountains that furnished the coarse 
sediment.s of late Paleozoic Rnd early Mesozoic time had been 
so much worn down by Morrison time that the Morrison for
mation was deposited over most if not all of the area they 
formerly occupied. 

The stream deposition of Morrison time was probably accom
panied by the slow subsidence of a large area in the interior of 
North America, including the southern Rocky Mountain 
region. This movement culminated later in the occupation of 
the interior of the continent by the sea. Later in Cretaceous 
time the Morrison sediments, which are of varied constitution 
and color, were covered with sediments that have a uniform 
constitution and color over a wide area. The lower part of 
this new material is light colored and consists of relatively 
pure quartz sand and fine conglomerate. The deposition 
of this material was followed by that of dark mud, which 
formed shale, some of it limy. These deposits make up the 
Purgatoire formation. They show a great change in physical 
conditions in the region and probably denote a long break in 
the sequence of deposition between the Purgatoire and the 
underlying Morrison formations. The change in the charac
ter of the deposits marks the advance of the sea over an area 
which had formerly been occupied by marshy lowlands that 
lay but little above sea level. The subsidence of the land, 
which was possibly accompanied by a rise of sea level, had 
progressed far enough at the close of the Morrison epoch to 
aUow sea water, supposedly from the Gulf of Mexico, to 
invade the interior of the continent as far at. least as the pres
ent mountain front. The truncated edges of the Purgatoire 
formation there upturned indicate that it may once have 
extended considerably farther. Similar sediments west of the 
mountains may be of the same age, also the Lakota and 
Fuson formations of more northerly localities. 

The Purgatoire formation was covered in turn by the sand 
that formed the Dakota sandstone, the name being restricted to 
the equivalents of the beds so called in south.ern Colorado. 
This sandstone is lithologically similar to the basal sandstone of 
the Purgatoire, and until recently the Purgatoire was regarded 
as the lower part of the Dakota. The two sandstones may not 
be essentially different in age and may be regarded as belong
ing in a single group of strata. 

At the beginning of the Upper Cretaceous epoch the Rocky 
Mountain region had been planed down nearly to sea level. 
The area considered in this folio was included in the subsid
ing area, and the sand of the Dakota seems tQ have been dis
tributed somewhat uniformly over the site of the southerD 
Rocky Mountains. Continued subsidence, possibly intermit
tent and accompanied perhaps by a rise of sea level, resulted 
in the formation of' the broad interior basin of Upper Creta
ceous time. In the waters of this basin were deposited the 
sand, mud, and limy ooze which hardened into the marine 
formations of the Upper Cretaceous series, and on its shores 
accumulated the beds of peat which were later transformed 
into the Upper Cretaceous coals. rrhe rate of sedimentation in 
this basin ·was comparable with the rate of subsidence, and 
probably at no time was the sea yery deep. In many places it 
was so shallow that sediments were distributed somewhat uni
formlyover large areas, probably by waves and currents. At 
times during the Upper Cretaceous epoch parts of the basin 
were filled with. sediments to the limit of marine deposition, 
and broad coastal plaills, ,yhich ex1:€nded from the western 
shore well out toward the center of the basin, were formed. 
On these low-lying flats grew the vegetation that formed peat 
in the broad swamps. 

bton, BrUUant. and Koehler. 
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The coal beds and other features that indicate nearness to 
land during early "Cpper Cretaceous time occur in the western 
part of the basin from central New Mexico northward. The 
Raton Mesa region was covered by an open sea until after the 
middle of Montana time, when the basin had become nearly 
filled with sediment, derived mainly from the west. The 
coarser sediments delivered to the sea were deposited near shore 
and hardened into the Trinidad sandstone. The finer sedi
ments doubtless accumulated farther off shore, but these haye 
since been eroded away. Along the line of outcrop in the 
Raton coal field the filling progressed from southwest to north
east. \Vh,le the sand that formed the Trinidad sandstone was 
accumulating near Cimarron, southwest of the Koehler quad
rangle, the mud that formed the upper part of the Pierre shale 
was accumulating neRr Raton, and while the vegetable matter 
that formed coal was accumulating near Cimarron the sand 
that formed the Trinidad sandstone was accumulating near 
Raton. (See fig. 14, p. 6.) 

'Vhen the sands of' Trinidad time had filled the sea in this 
region to the limit of marine deposition, coastal swamps were 
formed in which accumulated the vegetable matter that became 
the Verm~jo coal beds. The later events of Cretaceous time 
in this region are not knowll, for the evidence of them has 
been destroyed by erosion. Farther north, however, near 
Canon Oity, the fresh-water sedimentation of Vermejo time, 
interrupted now and then by temporary incursions of the sea, 
continued until a thickness of 1,000 feet or more of strata had 
accumulated. Still farther north, in the Denver Basin, the 
sediments of a formation generally regarded as still younger
the Laramie-were deposited. 

POST·CRETACEOUS UPLIFT AND EROSION. 

Cretaceous sedimentation was terminated in the southern 
Hocky Mountain province by a general withdrawal of the sea 
from the continent. This withdrawal may have been due 
wholly or in part to a lowering of the sea level, possibly because 
of some readjustment in the interior of the earth that increased 
the capacity of the OCMn basins, or it may have been due to a 
rise of' the land. The withdrawal of the water was accom
panied by a differential movement that lifted the mountain 
region above the level of the surrounding country. The 
erosion that followed this up!.ift gave rise to the post-Laramie 
unconformity of the Denver region, the post-Vermejo uncon
formity of the Raton Mesa region, and the post-Cretaceous 
unconformity of the Gulf Coast. These unconformities are 
probably local ma.nifestations of a general post-Cretaceous 
erosion that affected the whole southern Rocky Mountain 
province. 

The diastrophic movement that resuscitated the mountains, 
w hose roots had been buried beneath the Cretaceous strata, 
changed the Rocky .Mountain region from an area of general 
down warping to one of general upwarping. It included many 
local orogenic movements and volennic eruptions, which seem 
to have been produced by the same causes that effected the 
world-wide changes in the distribution of land and sea that 
have been regarded as marking the end of the Mesozoic and 
the beginning of the Cenozoic era. 

Although the first post-Cretaceous uplift in the southern 
Rocky Mountain province was significant in that it ended a 
long period of relative quiescence and began a period of great 
mountain-making movements and intense volcanic activity, the 
actual magnitude of the uplift probably was not so great as 
that of some uplifts which followed. The differential uplift, 
however, must have amounted to several thousand feet, for the 
Cretaceous beds that had covered the mountains were eroded 
from them, in some places exposing the pre-Cretaceous rocks 
to erosion. All beds that may have been formed in the Raton 
.Mesa region later than those of the Verm~jo were removed. 
The Verm~io also was removed entirely from the eastern part 
of this region and reduced to a maximum thickness of little 
'more than 400 feet in the western part. 

CENOZOIC EVENTS. 

TERTIARY PERIOD. 

In the Raton Mesa region the post-Cretaceous uplift and 
erosion were followed by the deposition of the stream and 
swamp deposits that constitute the Raton formation. This 
deposition may have been caused in part by local subsidence, 
possibly in the syncline (fig. 5, p. 3) that had already begun to 
form. But this subsidence was not enough to allow the sea 
to return, for no marine beds have been found in the Tertiary 
formations of this region. At first the streams deposited sand 
and gravel, which were derived from the highlands on t.he west, 
but later they deposited finer sediments, and on their broad 
flood plains grew the subtropical plants which supplied the 
vegetable matter that formed the coal beds of the Raton 
formation. 

Tertiary beds that are younger than Raton were possibly 
formed in this region and later eroded away. Remna.nts of 
these beds are found in the northern part of the region, where 
they form the Poison Canyon, Cuchara, and> Huerfano forma-

tions. The oldest of these formations.we~ cut by intrusive 
igneous rocks· of the Spanish Peaks eruption, during which 
were formed great stocks and dikes of granite porphyry, ;mon
zonite porphyry, lamprophyre, augite diorite, and perhaps also 
basalt. 1 Probably at about the same time .quartz monzonite 
porphyry in the form of sills and dikes was injected into the 
Raton and older sedimentnry formations in the southwestern 
part of the Raton Mesa region. As no rocks younger than 
Raton occur in this part of the region this intrusion can only 
be assigned to post-Raton time, but the similarity of these 
rocks to the intrusive rocks of the Spanish Peaks renders it 
probable that t.hey were produced by the same volcanic dis
turbance and were formed not before the end of the Eocene 
and possibly during the orogenic disturbances that brought the 
Eocene to a close. The broad domes and synclinal flexures 
east of the mountains (see fig. 5, p. 3), which inv.olye the 
youngest consolidated sediments of'the region, may also have 
been formed chiefly through these disturbances. The newly 
elevated lands were attacked by erosion, which seems to have 
continued in this region nearly to the close of the Tertiary 
period. By that time a peneplain had been produced which 
extended across the beveled edges of the upturned sedimentary 
rocks. This peneplain may have been coextensive with the 
Great Plains. A peneplain in northern Colorado formed at 
essentially the same time has been called the Rocky Mountain 
peneplain. 

QU ATER:-< ARY PERIOD. 

On the plain just described thin beds of gravel were spread 
out and over them were poured great floods of lava, remnants 
of which form the hard basalt caps of the mesas that extend 
from Raton eastward to Oklahoma and Texas. At the same 
time la.rge dikes and sheets of igneous rock were in many 
places formed in the sedimentary rocks. Little direct evidence 
of' the Qua1:€rnary age of these gravels and lava flows has been 
found; they are placed in the Quaternary chiefly because of 
their physiographic relations. 

The opinion formerly prevailed that the mesa lavas of this 
region are middle Tertiary in age, but there was little real 
basis for this opinion, and much evidence has been gathered 
which indicates that the Quaternary perjod ·was longer than 
was formerly supPQ!:)ed. The lepgth of time ·required for the 
general degradation of the plains that surround the mesas is of 
the .same order of magnitude as that required for carving out 
certain mesas in northern :.\fontana which are covered with 
Pleistocene till and which rise a thousand feet or more above 
the floor of the neighboring valleys. It is also comparable to 
the length of Quaternary time as indicated in western Colo
rado by Pleistocene glacial deposits on divides up to 2,000 feet 
aboye the bottoms of canyons tributary to the Grand Canyon 
of the Colorado. 

The beginning of the Quaternary period may have been 
marked in the Rocky Mountain region by a notable orogenic 
movement, and one of the results of this movement ma.y have 
been the outpouring at many places of basaltic lavas: This 
suggestion finds support in the fact that after the first great 
flow of lava in the Raton Mesa region the same kind of basaltic 
lava was extruded in this region again and again down to a 
time so recent that the youngest cinder COnes and flows show 
little alteration by erosion. The alternation of these periods 
of eruption wit.h the peri~ds of degradation has resulted in the 
steplike character of the lava-covered mesas. (See fig. 7, p. 4.) 

ECONOMIC GEOLOGY. 

The mineral resources of the Raton, Brilliant, and Koehler 
quadrangles consist of coal, graphite, clay, and building stone, 
There are slight indications of the occurrence of oil and gas, 
but these substances have not been found in paying quantities, 
Other natural resources are the surface and underground 
waters and the soils. 

The field work on which this folio is based extended over 
several years. In 1908 and again in 1910 work was done near 
Raton, chiefly for the purpose of classifying coal lands. This 
work was followed by stratigraphic work that embraced the 
entire Raton Mesa region and later a still broader area in the 
southern Rocky Mountain province, the results of which were 
published in Professional Puper 101 and in other scientific 
papers cited in this folio. The topographic map of the Raton 
quadrangle was made in 1911. and 1912, and the maps of the 
other two quadrangles later. In the meantime the geologic 
work was progressing, so that much of the data for the folio 
was transferred to the maps as soon as they were completed. 
Additional observations were made from time to time as late as 
1919. Thus the mined-out areRS as shown on the maps should 
not be interpreted as representing exactly the conditions in the 
years given on the maps. Some of the mines have been in 
active operation for years, and the worked-out areas have been 
gradually enlarged. 

Caution should also be exercised in in1:€rpreting exact 10caM 

tions with reference to land lines. Only a few of the corners 

lU. S. Geol. Survey Geol. Atlas, Spanish Peaks folio (No. 71), pp. B-f, 
1901. 



fixed by land surveys were located in the field by the map 
makers. The land lines are fixed on the maps with reference 
to the corners they found. Thus, though a land liDe appears 
straight, yet if it passed t.hrough all fixed corners on its course 
it would not be straight. The land lines shown may therefore 
lead to error if they are used in making exact locations. 

COAL. 

OCCURRENCE. 

Coal is the most valuable natural resource in these quad
rangles, and the only one that has been much developed. It 
occurs in two formations-a lower one, of Cretaceous age, called 
the Vermejo formation, and an upper one, of Tertiary age, 
called the Raton formation. For convenience of reference the 
lower and best developed coals are described by districts, and 
the localities are referred to by numbers, which appear on the 
maps and on the graphic coal sections. The numerous coals 
are described by groups and beds, and the localities are 
indicated by numbers. 

COAL HEDS OF 'l'HE VERMEJO FOHMATION. 

The coal of the Verm~jo formation underlies the greater part 
of the Brilliant quadrangle, the northwestern part of the 
Koehler quadrangle, and a small area in the northwestern 
part of the Raton quadrangle. The coal-bearing rocks were 
removed by recent erosion from a small area in the southeast
ern cornel' of the Brilliant quadrangle, from the southern and 
eastern parts of the Raton quadrangle, and from the greater 
part of' the Koehler quadrangle. The Vermejo formation was 
also removed by post~Cl'etaceous erosion from small areas south 
of Van Houten and neal' Red River Peak, where the Raton 
formation now rests unconformably on the Trinidad sand
stone. The Vermejo may possibly have been eroded also 
from areas now wholly covered by the younger rocks in the 
Brilliant quadrangle, though no such areas are now known. 
(See fig. 17.) 
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Koehler district.-The Koehler coal district lies between 
Saltpeter Creek, in the Koehler quadrangle, and Crow Creek, 
in the Brilliant quadrangle. In the center of the district, 
where the main part of the Koehler mine is situated, there is 
only one bed of coal in the Vermejo formation and it occurs 
near its base, In the southern part of the district there are 
two coal beds in tilis formation. The coal beds south of Curtis 
Canyon had not been carefully prospected when the writer 
visited the area. A thick bed of coal occurs in Saltpeter 
Mountain at locality 1, and a still thicker bed farther north, 
in Five Dollar Canyon. From Curtis Canyon northward, 
however, the outcrop bas been surveyed, and the coal, which 
has been opened at short intervals, shows the features illus
trated in sections 2-39 in the plate of coal sections. In the 
northern part of the district the main bed forks. Two beds 
also occur in Crow Canyon, at localities 38 to 42, but farther 
east in this canyon only one bed of coal was found, at local
ities 43-48, and this bed does not extend to Falls Canyon 
(locality 49). 

The variations in the coal bed from place to place and its 
relation to the neighboring rocks are indicated in the sections, 
which are arranged in order from south to north along the out
crop and designated by numerals which correspond to the local
ity numbers on the map, Many of the sections of the coal 
beds here given are taken from the records of the engineers 
who surveyed the outcrop and opened the prospects. All the 
sections were constructed from measurements made in fresh 
prospect openings, and only such sections of the coal beds are 
presented as will give a general idea of their structure and 
their relation to neighboring beds. 

The coal beds in the Vermejo formation vary greatly in 
thickness and character from place to place, because of irregu
larity of original deposition, which is indicated by variations 
in the number and position of the partings of shale and 
impure coal, and because of differences in the erosion of the 
beds. At localities where the basal conglomerate of the Raton 
formation appears in the section the coal was partly eroded 

shows signs of thinning out toward the west. Two drill holes 
in Crow Canyon, 2,000 feet and 1 mile respectively west of the 
outcrop, reveal the presence of only one bed of coal, presuro
ably the upper bed. 

In the north wall of Crow Canyon the two beds persist as 
far east as locality 40, but at locality 41 only the lower bed is 
present, the upper one having been eroded away. However, 
both beds were found farther north in West Antler Canyon, at 
locality 42, but only one bed, presumably the upper one, was 
found at localities ezst of this canyon. This upper bed is con
tinuous south of' Schomburg Canyon as far as the southern 
border of the quadrangle, but it thins out farther south. It 
was not found in Falls Canyon (locality 49) nor in the high
lands farther east, between this canyon and Van Houten. (See 
section 50, fig. 17.) In this part of the quadrangle the 
Vermejo formation is absent and the Raton formation lies 
unconformahly on the Trinidad sandstone. 

Farther north, at locality 51, the Willow coal bed reappeal'S 
between the Trinidad sandstone and the basal conglomerate of 
the Raton formation. From this locality westward and north
ward along the outcrop to locality 62 the Willow coal bed 
ranges in thickness from 6 feet to nearly 15 feet. In the area 
between these localities the post-Vermejo erosion removed 
most of the Vermejo rocks that overlie the coal and in some 
places cut away the upper part of the coal bed but nowhere 
removed it entirely. The variation in thickness of the coal is 
due in part to this erosion. North of Van Houten the COllI 

has been destroyed in some places by the intrusion of igneous 
rock, and although there is much coal in North Willow Cau
yon no undisturbed body of it is known to be of value under 
the existing conditions of mining. 

The Willow mille is in the southern part of the Brilliant 
quadrangle, partly north and partly south of Willow Creek. 
The main openings are in the sides of the canyon, and froro 
them the entries are driven on the bed back into the hills on 
both sides. This mine became productive in 1902 and has 
been in operation since that time. 

FIGURE 17.-Sections acros!! the Raton, Brilliant, and Koehler qua.drangles showing the unconformity at the base of the Raton formation. 
Sections are arranged from 80uthweat at the left to northeast at the right IUld numbers ludlcate the locaifties On the economic-geology map" where the sectlous were measured. 

In the Raton quadrangle the Vermejo beds were removed by 
post-Cretaceous erosion from most of' the area east of Raton, 
where the Raton formation now rests unconformably on the 
Trinidad sandstone. How much of Bartlett Mesa is under
lain by them is uncertain, but their presence north of this 
mesa as far east as Ban Francisco Canyon indicates that they 
may underlie most of this mesa, 

The coal of the Vermejo formation was opened first near 
Raton and was called the Raton coal bed. Later development 
has proved that there are two beds of economic value and in 
some places two other thin beds, which, however, ha ye not 
received separate names. (See sections 107-116 in plate of 
coal sections and in fig. 17.) 

The Vermejo coal of the Raton coal field has been mined in 
five districts-the Dawson district, which lies chiefly west of 
the Koehler quadrangle, with a mining center at Dawson. 
N. Mex.; the Koehler district, which lies in the northern part 
of the Koehler quadrangle and the southern part of the 
Brilliant quadrangle, with a mining center at Koehler; the 
"TiUow district, in the Brilliant quadrangle, with a mining 
center at Van Houten; the Blossburg district. which lies on' 
both sides of Dillon Canyon, partly in the Raton quadrangle 
and partly in the Brilliant quadrangle; and the Raton district, 
which is wholly in the Raton quadrangle. 

Daw80n district.-The underground workings of the mines 
at Dawson extend eastward into the Koehler quadrangle and 
may eventually be extended as far as Saltpeter Creek, 'which 
is regarded as the line of separation between the Dawson and 
the Koehler districts. There are no mine openings and few 
prospects in the part of the Dawson district that lies in the 
Koehler quadrangle. 

The coal mined at Dawson is the lowest and thickest of 
several beds in the Vermejo formation, but it becomes thinner 
and more shaly toward the east and is represented in Saltpeter 
Mountain by a coal bed only a few inches thick. One of the 
higher coal beds of the Vermejo, perhaps a 3-foot bed about 
38 feet above the one mined at Dawson, becomes thicker 
eastward and contains 5 feet 6 inches of coal in Saltpeter 
Mountain. It is not certain which of these coal beds is to be 
correlated with the bed mined in the Koehler district, but the 
position of the Koehler coal at the bottom of the Verm~jo 
suggests that it corresponds to the lower bed in the Dawson 
district. 

away before the pebble bed was formed. Thus, at locality 29 
more than half of the coal bed was removed. 

The Koehler mine is one of the largest producers of coking 
bituminous coal in the Raton coal field. The character of the 
bed within the mine differs but slightly from that shown by 
the sections measured at the surface, and therefore no mine 
sections are given. The quality of the coal is indicated by 
four analyses in the accompanying table. The floor of the 
mine is shale, but the hard Trinidad sandstone lies only a 
few feet below it. The coal is overlain in some places by 
shale and in others by the basal conglomerate of the Raton 
formation. 

Willow di8trict.·-The Willow coal district lies between 
Crow Creek and Canadian Canyon, in the Brilliant quad
rangle. The coal of the Vermejo formation in this district has 
until recently been called the Raton coal bed but is now 
known locally as the Willow bed, a name derived from the 
mine which opens on 'Villow Creek at Van Houten. This 
coal is but little distmbed in the southwestern part of the dis
trict, where the main part of the Wi1low mine is situated, but 
south of 'Villow Creek, east of the mine, it was removed by 
erosion in whole or in part before the deposition of the Raton 
formation. There is also a large area between North'Villow 
Creek and Canadian Canyon from which the coal was removed 
by t.he post-Cretaceous erosion. Little coal is to be expected 
east of a line connecting localities 48 and 51. 1\1ost of the coal 
in this district north of Willow Creek that escaped this ero
sion was later destroyed by intrusions of igneous rock. So 
intense was the metamorphic action that accompanied this 
intrul:jio[,l that the coal in Cottonwood Canyon was changed to 
graphite. 

Two beds of coal in the Vermejo formation, which are sepa
rated by a maximum measured interval of 24 feet, are exposed 
in the southwest wall of Crow Canyon. (See section 38 in 
plate of coal sectioIls.) The upper bed is the thicker one. 
The lower bed may be an offshoot or "split" from the upper 
one or it may be a local lens, for it is not recognizable as a 
separate bed either in Ox Canyon, to the south, or in the north 
'wall of Crow Canyon east of Antlers Canyon. It has a maxi~ 
mum thickness of 2 feet 8 inches. (See section 41 on plate 
of coal sections.) As its relation to the higher bed is not 
definitely known the sections representing it have been platted 
in their correct relative positions in the illustration but set off 
from the sections representative of the higher bed. Where 
the outcrop crosses Crow Creek this lower bed is shaly and 

The roof of the mine differs from place to place, ranging 
from shale or bony coal to the massive conglomeratic sandstone 
that constitutes the base of the Raton formation. This sand~ 
stone rests on the coal at some places where the shale of the 
Vermejo formation, which normally overlies the coal, was 
removed during the post-Vermejo erosion. At places where 
the shale was not thus removed it remains between the coal 
bed and the conglomerate. This roof shale has a reported 
maximum thickness of 20 feet. 

In parts of the mine where the conglomeratic sandstone rests 
on the coal its lower smiace is covered with a network of 
cylindrical bodies that are supposed to be the casts of worm 
borings. In these parts also, notably ill the eastern part of the 
mine south of 'Villow Creek, numerous irregular masses of 
conglomeratic sandstone occur within the coal and are con· 
nected with the overlying conglomerate. Some of these masses 
extend partly through the coal bed, others extend completely 
through it. At some pla.ces these masses lie along a fault 
plane; at others they are irregular in form and contain angular 
blocks of coal, which are embedded in the sand and gravel. 
The origin of these bodies is not known. 

The Willow mine yields a high-grade coking bituminous 
coal. It is vitreol.ls to dull in luster and has a seamy or 
banded texture, which is caused by the alternation of thin 
layers of vitreous coal with seams of dull coal or mineral char
coa.l. It differs greatly in purity from place to place, being 
bony or shaly in some places and relatively free from bone 
and other bedded impurities in other places. Some of the 
shale parts readily from the coal, but much of the bone is not 
separable by ordinary methods of mining. 

The chemical composition of the coal from the Willow mine 
is indicated by the analyses in the accompanying table. 

The Willow coal bed is the same as the Koehler bed, but in 
the southern part of the 'Villow district the bed is thinner and 
more irregular than it is neal' Koehler. This difference is 
doubtless. due in part to original differences in the thickness 
of tbe bed, but in some places the thinning is due to erosion 
after the bed was formed. Some of the irregularities were 
produced by local disturbances of the rocks, which formed 
several small faults and caused the intrusion of the igneous 
rock of several dikes. The coal is coked on both sides of the 
dikes but seems to be unaffected a few feet from them. The 
variation in the thickness of the coal bed, as indicated by 
measurements made in the southern part of the Willow district, 
is shown in sections 52-61 in the plate of coal sections. 



In the southwestern part of the mine the coal is in some 
places bony, but farther east it is thicker and less bony, 
though it becomes thinner toward the southeast owing to the 
removal by erosion of its upper part, and mining on it was 
stopped at places where its thickness decreased to 2 feet 6 
inches. 

Betwf'en the forks of Willow Canyon (see section 56 in plate 
of coal sections) the coal bed is 13 feet thick and is overlain 
by the basal conglomerate of the Raton formation. Farther 
west, however, this bed is divided into two benches by a layer 
of shale, and the lower bench is said to pinch out. Northeast 
of Spring Gulch the entries were driven in on the lower 
bench, but the upper bench occurs there and will possibly be 
mined in the future. 

Near the northern extremity of the part of the mine east of 
Spring Gulch the coal bed has been disturbed by rock move
ments and by the intrusion of igneous rock near the horizon 
of the coal. The bed is warped and faulted and at several 
places the coal has been coked. West of the main entry there 
is a normal fault that has a downthrow of 15 feet to the north
west. This fault is peculiar in that the beds of the hanging 
waH are bent downward instead of upward, as would naturally 
be expected in a normal fault. (See fig. 16, p. 12.) The condi
tion of the coal bed north of the mine workings has been tested 
in two places by the drill. One hole was put down in the 
canyon east of Spring Gulch, about 1,150 feet upstream from 
the point where the stream crosses the outcrop of the coal. 
About 2,000 feet farther up the canyon another drill hole was 
put down, but it showed that the coal here had been destroyed 
by intrusive igneous rock. The occurrence of more than 8 
feet of coke here, however, indicates that a thick body of coal 
occurs north of the "Villow mine, and places may yet be 
found where it has not been destroyed. 

In the easternmost part of the mine north of Willow Creek 
the coal bed is thick (see coal section 59) and the coal is 
relatively free from impurity, but at many places it has been 
destroyed by igneous intrusion. The coal is so good, however, 
that such parts of the beds as have not been affected by the 
intrusion are still mined on a small scale. The analyses of 
five samples of coal collected in the Willow mine, included 
in the table of analyses given herewith, indicate the character 
of the coal. 

The floor of the coal bed is a sandy black shale, which is at 
most places carbonaceous and hard. In the easternmost part 
of the mine, south of 'Villow Creek, the floor is ridgy or 
"billowy," the crests of the billows rising 2 feet or more above 
the troughs. Farther west in the mine the floor shale, where 
it has been penetrated to the underlying Trinidad sandstone, 
is about 5 feet thick. Northeast of Spring Gulch it is more 
than 17 feet thick and contains beds of sandstone and a 1-foot 
bed of coal. The top of the Trinidad sandstone was appar
ently uneven, and the depressions in it were filled with clay 
and sand prior to the formation of the coal. 

Area north of .LVorth Willow Canyon.-l\fuch of the Jaud 
north of J\Torth 'Villow Canyon, some of it south of Canadian 
River and some north of it, may not contain coal of economic 
value. The coal of the Vermejo formation is not found in a 
considerable area near Red River Peak but is found in the 
area farther north west, although it has there been destroyed 
at many places by igneous intrusions. It occurs undisturbed 
and in full thickness, however, at some places, as in Coal 
Canyon (locality B9), where it is more than 7 feet thick. In 
this area, however, no body of undisturbed coal large enough 
to warrant mining on it has yet been found. The bed thins 
to 1 foot 6 inches at locality 70, on Canadian River, and 
drill record B, from a locality farther southwest, near the 
head of Coal Canyon (see fig. 18) indicates that conditions 
unfa vorable to mining extend westward several miles from the 
outcrop. 

In some places in this district igneous rock Wa:3 forced into 
the Vermejo coal and transformed it to graphite. Prospects 
have been opened on this graphite in Cottonwood Canyon, 
and there is an abandoned mine at locality B6, where graphite 
was mined years ago. 

Blossburg diI3trict. - The Blossburg district lies between 
Canadian River, in the Brilliant quadrangle, and the divide in 
the Raton quadrangle west of Raton. 1I10st of the coal in the 
north wall of Canadian Canyon has been destroyed by igneous 
intrusions, but that farther north is undisturbed. The strati
graphic relations of the coal beds in the Blossburg district and 
the relation of the" beds" or "benches" of the Vermejo coal 
to one another are shown graphically in sections 77-113 in the 
plate of coal sections. The relations back from the outcrop are 
probably similar, but they are complicated by the lack of con
tinuity of some of the coal beds, due either to their lenticular 
form ;1' to the removal of the higher beds in some places by 
the post-Vermejo erosion. It is not easy to recognize the line 
of separation between the Vermejo and Raton formations in 
the drill records thus far available, and it is now quite impos
sible to correlate the coal beds shown in the platted records of 
holes drillEd in the Blossburg district. (See drill records A to 
M, fig. 18.) 

Baton. Brllua.nt and Koehler. 

15 

Coal has been mined in this district for many years, but 
most of the old mines have been abandoned. The New Gar
diner mine, which has an opening at locality lOB, was in 
active operation in 1919, and a new mine opening had been 
started at a place a little south of locality 97. The nature of 
the, coal beds is indicated by the sections platted in the plate 
of coal sections, most of which were measured in prospect 
openings along the outcrop. The bed on which the New 
Gardiner mine was opened is the third coal bed above the base 
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The only mine in operation on the Sugarite coal bed in 
1919 was the Sugarite mine, 'which was opened in 1912 at 
Sugarite. The bed here thickens locally so much that it con
tains a valuable body of bright, black noncoking bituminous 
coal of vitreous luster. Large quantities of resin occur in it in 
irregular streaks and lumps. The floor of the mine is soft 
shale that heaves badly in some places, especially when it is wet. 

The quality of this coal is indicated by two analyses of 
samples collected in the Sugarite mine and one from the old 
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FIGURE 1S.-Seetionscompiled from diamond·drill records and sections measured at the surface with Locke Jevel showing position and thickness of coal. 
beds (represented by black bands) in the Vermejo and Ruton formations, 

SectioneWBl'<l mellsnred lit places Indicated by corresponding letters QD theeconoml",geologymaps, 

of the Vermejo formation, but in the opposite wall of Dillon 
Canyon west of this mine there is only one bed (see section 
92 in plate of coal sections), although farther south there are 
two or more beds of Vermejo coal. In the mines now aban
doned coal was possibly taken from both these beds where the 
rocks separating them were so thin that they may have been 
regarded as only a parting within a single bed. 

The quality of the coal in this district is indicated by an 
analysis given in the accompanying table. 

Raton distriet,-The Raton district is not now commercially 
important. There are several abandoned coal mines in the 
district, but no mines are now in operation there. The occur
rence and character of the Vermejo coal beds in this district 
are indicated by sections 114-129 in the plate of coal sections 
and in figure 17. 

There are two well-defined groups of coal beds in the Raton 
formation in these quadrangles, a minor group in the lower 
part of it and a major group in the upper part. These groups 
are separated by non coal-bearing rocks, consisting chiefly of 
massive sandstone. 

S'ugarite coal bed.-Se\Teral beds of coal occur in the lower 
coal g~oup of the Raton formation, but only one, the Sugarite 
bed, is known to be valuable under present conditions, A 
thin bed crops out at several places in the Brilliant quad
rangle at a horizon which indicates that it is probably the 
Sugarite coal, and beds at or near this horizon were penetrated 
at many places by the dril1. 

The Sugarite coal has been found in the Raton quadrangle 
wherever the Raton formation crops out, but it has been 
systematically prospected in only a small area near the to~vn of 
Sugarite. It occurs in the western part of the quadrangle, but 
it is not thick enough there to be of much value. It has not 
been mined 'west of the old Wagon mine, locality 134, north
east of Raton. EMt of this locality the bed has been opened 
at many places, and its variations in thickness are shown 
graphically in the plate of coal sections (localities 134-1B9). 
l.'his coal attains its maximum known thickness near the town 
of Sugarite. Drill prospects and openings at the outcrop indio 
cate that it thins both east and \\'est of this town. The center 
of the swamp in which the vegetable matter that formed the 
coal accumulated was apparently near the present site of 
Sugarite. 

Wagon mine, which was opened at locality 134 and which 
operated from 1902 until 1912. The Sugarite coal has been 
mined for local use also at localities 157, 166, and 167. 

UPPER COAL GROUP OF RATON QUADRANGLE:, 

Little is known of the coal beds of the upper coal group in 
Bartlett Mesa, and the beds east of this mesa may therefore 
be described before tllDse of the larger area farther west and 
soutI}. The stratigraphic position of the several beds of coal 
is indicated by the drill records in figure 18. 

Yankee coal bed.-The lowest thick coal bed of the upper 
group in the eastern part of the Raton quadrangle is known as 
the Yankee bed. It has been mined to some extent, but in 
1919 no mines were in operation on this bed. The farthest 
point west at which the Yankee bed was recognized is locality 
170, northwest of Carisbrook. East of Sllgarite Canyon it 
seems to be continuous throughout the northeastern part of 
the Raton quadrangle. In the east wall of Sugarite Canyon 
it was observed in prospect openings at localities 171 and 
172. At local,ties 173-179 there are old mines, now aban
doned. At one time this eoal was also opened at t.he Block 
coal mine, at locality 181, and at the Old Sperry 'mine, at 
locality 182. Its identity south of this locality is somewhat 
doubtful, but it is recognized east of Barilla Mesa at localities 
183 and 184. The two prospects in Bear Canyon, at localiti€s 
185 and 18B, are probably also on the Yankee eoal bed. 

The Yankee bed crops out in the northwestern part of 
J ohman ':\fesa at several places aboye the cliffs of the barren 
series, but it has been opened at only a fe'w places, probably 
because it is too thin to be of much value. It crops out on the 
west and south slopes of Johnson Mesa, but no satisfactory 
measurements of its thickness were made there. A line drawn 
from a point 1 mile east of Potato Mountain to Manco Burro 
Pass would mark approximately the southeastern limit of the 
Yankee bed in this mesa. 

The Yankee coal has been mined west of the town of 
Yankee, where a mine was operated from 1906 to 1914. The 
openings of this mine are at localities 175-179, The coal is 
variable in thickness Bnd character and the shale floor gave 
much trouble by creeping lRterally and closing the entries. 
The bed contains a black bituminous noncoking coal of vitre
ous luster that contains much resin. Its quality is indicated 
by an analysis of a sample collected within the mine before 
mining was suspended. 



Beds above the Yankee eoal.-Several beds of coal were 
observed above the Yankee bed north of Raton (see sections 
marked Raton and Cari.brook and drill record R, fig. 18), and 
thick beds have been found high in the sides of the mesas at 
many places farther east, but the beds have not been system
atically prospected and can not now be definitely correlated 
with one another. These upper coal beds vary in character 
from place to place, and some of them contain many partings 
of shale, which detract greatly from their economic value. 
The variation in the thickneas of the beds is best shown by 
platted sections. (See fig. 19.) Surface indications of rela
tively thick beds of coal were found at several places in upper 
Sugarite Canyon, but no undisturbed bed was seen in thia 
canyon. Near the southern end of Horse Mesa, however, both 
the Yankee bed and a higher bed of impure coal, 5 feet 8 
inches thick, have been opened. 

A bed of coal thick enough to be of economic value occurs 
65 feet above the Yankee coal and has been opened nearlocal
ity 175, where it contains one bench of coal 2 feet 10 inches 
thick and two thin benches, each less than 8 foot thick. The 
bed is known locally as the Metcalf bed. 

The high .. t coal bed of the upper coal group, known locally 
.. the Kellogg bed, has been opened at locality 187. At a 
point 470 feet from the mouth of this opening a sample of the 
coal was collected for analysis. 

About 2 miles farther northeast, at locality 188, there are 
two beds of coal 64 feet apart. An opening known 8S the 
Reynolds mine, though a mine was never operated there, was 
made on the lower bed. A sample of the coal was collected in 
this opening for analysis. A thick bed of coal, possibly the 
same bed, occurs farther southeast, at localities 189 and 190. 

Many years ago coal was mined for local use west of Manco 
Burro Pass, where the coal bed is reported to be 3 feet 4 
inches thick. The same bed east of this pass is {) feet thick. 

Three beds of coal occur above the Yankee bed in Rathbun 
Canyon, near locality 184. The highest and thickest one is 
platted in section 191, in figure 19. The record of a drill hole 

FIGURE 19.--SectioDs of coal beds younger than the Yankee coal, measured 
chle8y In p:rospect openings. 

Black baud!! repnlllllDt coal. Number. above columnl In4Jeate localities marked oa the 
eoonoml<>geolorY map where MOtion. were measured. 

on the eastern slope of Barilla Mesa near the head of Rathbun 
Canyon also indicated 8. good thickness for this bed. The coal 
beds between this one and the Yankee coal are thinner. The 
lower bed contains 3 feet of coal in two benches, and the 
higher bed contain. 2 feet 11 inch .. of coal in two bench ... 
Reports of coal beds opened at different times in Bear Canyon 
indicate that these upper beds are rather thick where they crop 
out in this canyon, but no definite measurements were made. 

Some of the highr.r coal beds of the upper group underlie 
the western part of Johnson Mesa. The thickest bed has been 
opened at locality 192, in the Llewellyn mine. (See section 
192, fig. 19.) The quality of the en.l in this mine i. indi
cated by the analy.i. of a sample collected 500 feet from the 
opening. Another abandoned opening, known as the Turner 
mine, is a quarter of a mile northwest of the Llewelly~ mine. 
The coal in this mine is reported to be 4 feet 6 inches thick. 

Locality 193 is the site of the old Latimore mine. A coal 
bed 2 feet thick is reported to occur 52 feet above thi, coal. 
A quarter of a mile farther sc;>uth there is an abandoned open
ing called the Hobbs mine, in which the coal bed is reported 
to be 6 feet thick. No details of it were obtained. Three 
beds are also reported to occur above the one worked at the 
Hobbs mine. The first bed contains 3 feet 1 inch of coal, the 
second 2 feet 10 inches of coal, and the third 4 feet of coal. 
Locality 194 is the site of the old Honeyfield mine. (See sec
tion 194, fig. 19.) A bed containing 2 feet 6 inch ... of coal 
is reported to occur 94 feet above this coal. These higher 
beds of coal crop out farther .outh, but they probably do not 
underlie any great part of Johnson Mesa. Within 1 to 2 
miles from the outcrop the northwestward dip of the strata 
should bring them to the gravel beds on which the mesa lavas 
were outpoured, as illustrated in figure 20. 

UPPER COAL GROUP OF BRILLIANT AND KOERLBR QUJ,.DR.!N(3-LES. 

Generalfeatures.-The series of stratified rocks that contain 
the upper group of coal bed, of Raton age i. about 500 feet 
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thick. Coal bed. occur at many horizon. within this 500 feet 
of strata, and many of the beds are commercially valuable, but 
only two have been prospected sys~matically over a wide area.. 

FIGURE DO.-Seetion at west end of Johnson Mesa, at locality 415 on map. 
Shows the relRtlon of the bualt Iavaeheet and auool&tedgra¥eli to the beds of coal In the 

underl71ng Baton formatlou. 

The lower bed i. called the Tin Pan coal, from Tin Pan Can
yon, in the northeastern part of the Brilliant quadrangle; the 
higher bed is coiled the Potato Canyon coal, from Potato 
Canyon, in the central part of this quadrangle. These two 
beds have been surveyed at their outcrops and have been 
opened at short intervals, The mining engineers kept records 
of the measurements they made of the coal in these openings, 
and from these records many of the coal sections have been 
platted. Several other bed. of coal are locally thick enough 
to be of economic value, but relatively little is known of them . 
The upper coals crop out in the highlands in the northern part 
of the Koehler quadrangle. They underlie the greater part of 
the Brilliant quadrangle and the high m.... of the Raton 
quedrangle. 

Tin Pan coal.-The Tin Pan coal probably underlies the 
highlands in the southern half of the Brilliant quadrangle, but 
the southernmost prospects on it are in the south wall of 
Potato Canyon. The bed contains much bright, clean coal, 
but it includes many partings of shale. It may consist of 
several lenses of coal, each separated from the others by thin 
layers of shale, or it may be made up of several wedgelike off
shoots from a central thick bed. This central mass may have 
lain east of the outcrop, where it was eroded away, or it may 
still exist under the surface to the west. It is quite impossible 
at present to correlate the several benches, and the details of 
the bed are beet presented graphically, 88 they are in sections 

195-217 in the plate of coal section.. Seetion. 212-217, 
however, may represent not the Tin Pan bed but some higher 
bed. 

The Tin Pan coal underli .. the highland. between Rombo 
and Dutchman canyons, but little is known of it there. It 
crops out in Dutchman Canyon, where it has been opened at 
localities 218--220, and in the south wall of Dillon Canyon, 
at localiti .. 221-227. 

This coal is mined in Tin Pan Canyon and in Dillon Oan
yon, near the town of Brilliant. Before the mine was opened 
the coal was prospected along its outcrop, and the results are 
shown in sections 228-244 in the plate of coal sections. Pros
pect openings made later farther east and in the west wall of 
Coal Canyon show that the bed extends 8S far as Coal Creek 
with litt1e change in thickness or character. It has not been 
systematically prospected still farther east. Prospect drillings 
west of tbe mine show that the coal becomes shaly toward the 
west and that the bed assumes more nearly the character 
which it exhibits in Rombo Canyon. 

The Brilliant mine, in Dillon Canyon, and the Tin Pan 
mine, in Tin Pan Canyon, work the main bench of coal 
shown in sections 228-244 in the plate of coal sections, 
Throughout most of the developed area the bed consists of 
this thick. bench of coal, above and below which lie thinner 
benches, but in the area north of Dillon Canyon the presence 
of bony coal and a thick bed of sandy shale in the middle of 
the bed made mining expensive and caused the abandonment 
of this part of the mine. The roof of the mine consists in 
some places of the bench of coal above the lower bench and 
in others of the shale parting between these two benches. 

The coal is softer than the older or Vermejo coals, is lus
trous and bituminous, and yields poorer coke. The thickness 
of the bed· 88 observed in the mine is shown in sections 228-
244 in the plate of coal sections. The quality of this coal 
is shown by the analysis given in the accompanying table. 
North of Dillon Canyon the main bench is thinner and a 
higher bench is thicker than the corresponding benches south 
of the canyon. Farther east, however, the lower bench is 
thick enough for profitable mining, and new mines were 

.AnaZyBeB of 8ampH8 01 coaj: from the Raton, Brilliant, and Koehhr quadranglu, N. Nez. 
[lIadeat the P11;1;&bur&'h lal!on.tory of the Bureau of:mne..] 
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opened on it north of locality 244 about in 1919. Prospects 
farther east and in Coal Canyon, at localities 245-248, indicate 
that this thickening of the coal is local. 

Coal bed8 near the Tin Pan coal.-Although the Tin Pan 
coal bed is the lowest of the large beds of coal in the upper 
coal group there are several thin beds beneath it. (See sec
tions Nand 0, fig, 18,) A bed 90 reet below the Tin Pan 
coal is about 4 feet thick in the spur south of locality 242 
and has been mined there for local use. A bed about 200 
feet above the Tin Pan coal between Dillon and Coal canyons 
has also been opened in a number of prospects and found to 
contain coal of considerable commercial value, 

Potato Canyon and Savage Canyon coals.-In Potato Canyon 
a thick bed of coal lies 115 feet above the Tin Pan bed. It has 
been surveyed at the outcrop and opened at short interval.s from 
this canyon northward to Rombo Canyon, and a bed supposed 
to be the Potato Canyon coal has been opened and examined in 
detail in Tin Pan, Coal, and Savage canyons, with the results 
shown in sections 249-300 in the plate of coal sections. Like 
the Tin l'an coal this bed differs in thickness and character 
from place to place, consisting of several benches of clean, 
bright coal separated by thin layers of shale, as indicated in 
the graphic sections, 

Coal beds near the Potato Canyon coal.-Coal crops out at 
many places in the western part of the Brilliant quadrangle 
and the northwestern part of the Koehler quadrangle, but little 
is known of the extent of the beds or of their correlation with 
other beds. Coal beds were observed in the southwestern part 
of the Brilliant quadrangle at localities 301-310, and the 
measured sections at these localities are shown in figure 21. 
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FIGURE 21.-Sectlons of coal beds in the Raton and Vermejo formations In 
the southwestern part of the Brilliant quadrangle. 

Black ba.nds represent COB1. Number~ a.bove columns Indicate 10m1.lities marked On economic· 
geology map where sections were meaS\lred, 

A coal bed crops out at several places in Canadian Canyon, 
in the western part of the quadrangle, but it is too thin to be of 
much value, although a little coal was once mined for local 
use about a mile from the western boundary of the quadrangle. 

QUALITY AND Q"C'ANTITY OF OOAL. 

All the coal in the Raton field is bituminous, and much of it 
is of coking quality. 'Vith some apparent exceptions the coal 
of Cretaceous age is highest in rank and makes the best coke. 
The Tertiary coals, with few exceptions, have lower heating 
value than the Cretaceous coals, burn more freely, and either 
form weak coke or are noncoking. The samples collected for 
analysis were al1 obtained from working faces in mines in the 
same manner, and each represents a complete cross section of 
the bed or such part of the bed as was sampled. 

The Vermejo or Cretaceous coal has been most extensively 
mined and is represented in the table by 10 analyses. These 
analyses show an average of 14,990 British thermal units for 
the pure or ash~free and moisture-free coal. The next younger 
or Sugarite coal has been mined at only one place. Theoreti~ 

cally it should be of lower rank, for it is younger than the 
Vermejo coals, yet the analysis of the three mine samples shows 
an average for the A.sh~free and moisture-free coal of 15,013 
British thermal units. It may be that the large amount of 
resin in this coal increases its heating capacity. The coals of 
the upper coal group of the Raton formation are all more brittle 
than the older coals and have lower fuel value. The five 
samples represented in the table, which were collected from 
mines in the upper coal beds, show an average of 14,624 
British thermal units for the ash-free and moistnre-free 
coal. Thus, except for the Sugarite coal, which seems to be 
abnormal, there is a notable difference in character between 
the coal of the youngest beds and that of the oldest. This 
difference is shown in the "pure" coal analyses by an average 
difference of 389 British thermal units. 

Although there is a large quantity of coal in these quad
rangles, the continuity of the coal beds of the V ermejo forma~ 

naton, Brliltant, and Koehler, 
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tion is so broken and the character of the younger beds so 
irregular that an estimate of the quantity is likely to be mis~ 
leading. The quantity of coal in the Vermejo formation is 
rendered uncertain in two ways-(l) the intrusions of igne~ 
ous rock have destroyed it in many places and the areal extent 
of the intrusions is not known, and (2) some of the coal , ... as 
eroded a~'ay in post-Cretaceous time, and the barren areas are 
of unknown extent. The quantity of coal in the Raton for~ 
mation is rendered uncertain by the variation in the character 
of the beds. A coal bed thick enough in one locality to be 
mined with profit may break up laterally into several benches 
separated by shale or it may become so thin as to be practically 
valueless. ' 

GRAPHITE. 

Little has been done with the graphite in the Canadian 
district. A mine was opened on it in 1889 in Cotton wood 
Canyon, at locality 66, by the Standard Graphite Co. of New 
York. Some of the material was shipped for experimental 
purposes, but no further use has been made of it. 

A sample for analysis was collected at a place 160 feet from 
the mouth of the old mine, where the graphite is about 3 feet 
thick. In oruer to obtain a representative sample the '",eath~ 
ered material was cleared from the exposed face of the bed. 
The sample represents the entire thickness of the graphite at 
this place, and the analysis therefore shows a greater per~ 

centage of impurity than would be found in pieces selected 
from the best material. The sample was analyzed as coal in 
the laboratory of the United States Geological Survey (now the 
laboratory of the Bureau of Mines) at Pittsburgh. The results 
are as follows: 

Analysis of graphite from the Raton coal field, N, Mex. 

[11', M, Stanton, chemist In charge, Laboratory No. M21. Air-drying 10SB, O,40.J 

Moisture._ .. _ .. _ .. __ . ______ 
VolatUe mattf'r ... ______ . __ 
Fjxed ~a.rbon_ ... ____ .... __ 
Ash ______ .. 
Sulphur _____ . _____ .. __ . ___ 

S&mpie88 
received, 

1.111 

6,07 
76,11 
16,51 

,17 

CLAY, 

0.91 
6,09 

76.42 
16.68 

,17 

Sample tree 
trommol!. 

tureandash, 

6,15 7.89 

77.12 92,61 
16,78 _______ _ 

.17 .20 

Shale and clay for brick can be obtained in many parts of 
the Raton, Brilliant, and Koehler quadrangles. The shale in 
the Raton and Vermejo formations occurs as thin sandy layers 
but has never been much utilized. The Pierre formation con
sists chiefly of dark clay shale, which has been used neal' Raton 
(see PI. II) in making brick for the local market. This shale 
occupies the lowlands of the three quadrangles. 

BUILDING STONE. 

The Trinidad sandstone has furnished building stone for 
local use, but the demand for it is hardly sufficient to warrant 
its quarrying for shipment. It has been used somewhat exten~ 
sively in Raton and in neighboring mining towns. It has an 
attracti ve appearance because of its even texture and light 
color, but its tendency to weather irregularly and scale off 
lessens its usefulness. Some of the massive sandstones of the 
Raton formation seem to be suitable for building stone, but 
little use has been made of them. Some of this stone would 
probably be more durable than the Trinidad sandstone, but its 
uneven rusty-brown color makes it less attractive. 

The rock of the basaltic flows, sills, and dikes makes durable 
building material, although it is somewhat difficult to work. 
Similar rock quarried elsewhere is crushed for balla-st, but little 
use has been made of it in these quadrangles, except locally, 
where volcanic cinders have been used in making footpaths 
.and drives. 

The lighter-colored igneous rocks, especially the pink and 
blue mottled varieties that occur in the extreme southeastern 
part of the Raton quadrangle, seem to be suitable for use as 
ornamental stone. (See PI. XII.) They polish well, and 
the colors are pleasing to the eye. The hornblende a.ndesites 
of Cunningham Butte and of Towndrow Pe3k probably would 
also make excellent building stone. They are lasting and 
much more easily worked than the tougher basalts. 

INDICATIONS OF OIL AND GAS. 

Natural gas and petroleum occur in the Raton, Brilliant, 
and Koehler quadrangles but have not yet been found in pay
ing quantities. East of Van Houten, near the point of the 
mesa in the fork of Willow Creek, gas escapes from a natural 
vent in sufficient volume to be ignited. Gas has been flowing 
steadily for many years from a well drilled north of Barilla 

Mesa, a few miles beyond the northern border of the Raton 
quadrangle. A well in the Koehler quadrangle, near Max
well, furnishes a small quantity of gas for domestic use. 

Indications of oil have been reported from many places in 
the mesa region, and a small flow was encountered in the coal 
mine at Dawson, N. Mex. Several wells have been drilled in 
search of oil, but no productive pools have yet been found. 
A well put down about 2 miles east of Raton is reported to be 
2,700 feet deep, but it did not reach the bottom of the shale. 
Oil has been found in cavities of the basalt in a dike 2t miles 
south of Black Mesa. A well was sunk at the side of this 
dike to a depth reported to be about 1,000 feet. Oil has also 
been found in a basalt dike near Trinchera, Colo., a few miles 
northeast of the Raton quadrangle. Oil is more abundant at 
this place than in the dike south of Black Mesa, and more is 
known about it. As its occurrence in both places is probably 
due to the same causes, a knowledge of the conditions near 
Trinchera may throw some light on the conditions generally in 
the Raton, Brilliant, and Koehler quadrangles. 

The rock of the dike at Trinchera is somewhat scoriaceous, 
and in some places the cavities are full of petroleum. The oil 
is very fluid and flows in small streams from the rock when it 
is broken, but until the rock is broken it does not escape. A 
piece of the fresh rock from this dike was treated in a Soxhlet 
extraction apparatus with ether for three days, and afterward 
allowed to stand in benzole for a month, until no more oil was 
extracted. The piece was then broken open, and the cavities 
which had not been fractured were found full of oil that wai:\ 
unaffected by the benzole. An examination of a thin section 
of the rock showed that the cavities are lined with calcite. 
Some of the rock that had been treated with benzole was 
boiled in hydrochloric acid, by which treatment considerably 
more of the oil was extracted. The oil is therefore evidently 
sealed within the cavities by calcite, and when this is dissolved 
it escapes. 

On the assumption that the oil was derived in some way 
from an underlying oil-bearing stratum a well was drilled near 
the dike. It was started neal' the top of beds of Niobrara 
age and passed through beds of Benton age into the Dakota 
sandstone. Oil was found near the bottom of the Benton, but 
not in sufficient quantity to warrant further development. 

GROUND WATER. 

Water issues as springs from the gravel that underlies the 
sheets of lava that cap the high mesas. The water is free from 
objectionable mineral matter, and the flow is great enough to 
make these springs valuable sources of domestic supply, but 
few of them have thus far been utilized. Springs occur at 
many places in areas occupied by the Raton formation, espe
cially in seepage areas at the outcrops of layers of sand
stone, so that small streams usually flow near the heads of the 
canyons. 

The water that issues at a few places from the Pierre shale is 
strongly charged with sulphate and other substances that are 
equally objectionable in drinking water. Moderately good 
water sufficient for domestic use is found in the coarse super~ 
ficial deposits that overlie the Pierre shale in many parts of 
the lowlands, and there is'a small underflow at some places in 
the gravel beds near the courses of streams. 

The Dakota and Purgatoire sandstones, which underlie the 
Raton, Brilliant, and Koehler quadrangles, are the most useful 
water-bearing strata in the Rocky Mountain region, but no 
well in these quadrangles has yet reached them. The well east 
of Raton, said to be 2,700 feet deep, was started about 300 feet 
below the top of the Pierre shale, so that this shale and the 
beds of Colorado age must together be 3,000 feet or more 
thick. Hydrostatic pressure would probably force the water 
from these sandstones well up toward the surface, but flowing 
water would probably not be obtained. 

SOILS, 

The soil of the mesas, which has been derived from the 
basalt, is a dark rich loam, admirably suited to farming. The 
precipitation on the mesas is sufficient for agriculture, hut the 
altitude is so great that crops which are easily destroyed by 
frost can not be raised. The soil of the lowlands is of two 
general varieties-a dark adobe soil derived by decomposition 
from the Pierre shale and a lighter colored soil derived from 
silt washed down from the highlands. The lowlands are used 
for farming. wherever water can be impounded for irrigation 
and in some places for dry farming. A considerable area in 
the southern part of the Koehler quadrangle is irrigated from 
reservoirs that Conserye flood waters, chiefly those of Vermejo 
River, but the greater part of the surface in these quadrangles 
is used for grazing. 

May, 1922, 
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PLATE II.- JOHNSON MESA, AS SeEN FROM RATON. PLATE III.-NORTH WALL OF CANADIAN CANYON, SOUTH OF GARDINER. PLATE I.- AN EASTWARD-FACING PROMONTORY NEAR VAN HOUTEN , RISING 1,000 
FEET ABOVE THE LOWLAND PLAIN. 

foreground (a) and lower s lope composed 01 soft Piefr6 shale. Trinidad sandstone (6) and basal COn. 
Shows lowlands of the plain, high flat-lopped table-lands 01 the mesa .elrion, and smooth brush-covered slopes of the mesas. A characteristic canyon wa ll ending in a promontory that overlooks the plain . The cottonwoods in 

the midd le ground £" rOW only near th e stream. Pinon and ju niper grow on the dry hillsides. 
a, Pierre shale; b, Trin idad sandstone; e, Vermejo formation ; d, lower part of Raton formation. £"Iomera te of Raton formation (0) together form base 01 c liff (Yermejo format ion absent). Hard 

sandstones (d) of middle part of Raton formalion near top of c liff. 

PLATE IV.- PART OF SOUTH RIM OF BARILLA MESA NORTH OF YANKEE. 

Shows the uneven su rface characteristic of the hi e-hest mesas; two sheets 01 lava, the lower one re£"u lariy colum· 
nar, th e upper one less so: and the dense ~rowth of scrub oak and aspen that covers the slopes of the mesa.. 

PLATE VII. - TOWNDROW PEAK ON JOHNSON MESA, FROM THE SOUTH 

The plain ilnd the lower part 01 the mesa slope are form ed on Pierre sha le, and the precipitou s mesa rim is the ede;e 01 
the basalt sheet that caps the mesa. Under th is rim the sandstones of the Raton formation crop out conspicuously at 
only one place, the format ion bei ng-covered with brush and slide rock in mostpllces. 

PLATE V. - EAST RIM OF BARTLETT MESA, LOOKING NORTHWARD TOWARD AN OLDER AND 
HIGHER MESA. 

Shows the blsalt cap 01 Bartlett Mesa (a); the rem nant (b)of an older mesa, whic h lies at and beyond the northern 
border of the Raton quadrangle; and an outl ier (e) of the hie-herdistan! mesa. In the fo ree- round is the slope 
o/Sue-arite Canyon, covered with scrub oak and scattered pines and spruces. 

PLATE VII I.-PART OF SOUTH RIM OF JOHNSON MESA. 

PLATE VI.- HORSESHOE AND BARILLA MESAS AS SEEN FROM 
JOHNSON MESA. 

a, Smooth surface of Horseshoe Mesa; b, c, ede-II of the shllet of basalt 
(thin at b,th ick at c) wh ich caps the mesa; d,narrow neck con· 
nectine Horseshoe Mesa with the higher Bari ll a Mesa ; II, volcanic 
cone on Bari lla Mesa from wh ich the lava cappine- Horseshoe Mesa 
was probablyedruded: j,reeent land slide on steep slope of mesa. 

PLATE IX.- NORTH WALL OF SCHOMBURG CANYON. 

The pelk consists of younger andesitic lava which overlies the basa lt sheet that fo rms the fli t surface of the mesa in the Shows the columnar structure of the basalt e~posed in the cross section of a Ian stream that flowed 
down an old valley, one s ide of which appelrs It the left. The trees in the fo reground are 20 to 
30 feet high. 

Tr inidad sandstone (a) overlain by shale and Wil low coal bed (b),Sfeet thicK,of theVer
mejo for mation, On which rests unconlormlbly the basal cone-Iomerate(e) of the Raton 
lormation. 

loreground. 

PLATE X .- RELATION OF THE WILLOW COAL BED TO 
OTHER BEDS WHERE THE VERMEJO FORMATION 
ISTHIN. 

The coal bed (a ), here about 5 feet thick. is separa ted by a few 
teet of sh ale (b) fro m the unde rlyin 2" Trin idad sandstone 
(e). The basal conglome rate (d) of the Raton for mat ion 
rests with uneven base directly on the coa l. 

PLATE XI.- CLIFF SOUTH OF VAN HOUTEN, SHOWING RELA
TION OF RATON FORMATION TOTRINIDADSANDSTONE 
WHERE VERMEJO FORMATION IS ABSENT. 

The basal conglomerate (a) of the Raton formation rests on the 
Trinidad sandstone (b). 

PLATE XII.- POLISHED SURFACE OF PINK AND BLUE RHYOLITE. 
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