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Ex planation of map symbols

fault decorations indicating apparent sense of movement

certain g eolog ic contact, exposed

certain g eolog ic contact, interm ittantly exposed or obscu red

? ? ? u ncertain g eolog ic contact, interm ittantly exposed or obscu red

headscarp of landslide or other m ass m ovem ent, interm ittantly exposed

e horizontal bedding

inclined bedding , showing  dip and dip directiono20 - 045

jointset, showing  dip and dip directionÂ85 - 045

sm all fau lt, showing  dip and dip direction, with slickenline, showing  trend and plu ng e60 - 127
064 - 39

jä

#: dip-slip m ovem ent, bar and ball on downthrown side

U dip-slip m ovem ent on concealed fau lt, U  and D indicate u pthrown and downthrown sides, respectivelyD

fau lt, solid where exposed, dashed where interm ittanly exposed, dotted where concealed

axis of anticline

axis of synclineM M
F F

cross-section line

qu adrang le bou ndary

Ge ology of the  Capitan and Nogal Quadrangle s, Lincoln County, Ne w Me x ico
0 1 20.5

M iles
0 1 20.5

Kilom eters

by G eoffrey C. R awling
Open-file R eport 538 - revised Febru ary 2014

Base from  U S  G eolog ical S u rvey 1973 from  photog raphs 
taken 1971, field checked 1973
1927 N orth Am erican Datu m , N ew M exico coordinate system ,
 central zone, reprojected to U T M  zone 13N
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Correlation of u nits

De scription of Ge ologic Units 
 

Anthropoge nic De posits 
af  Artificial fill for stock tanks and hig hway em bankm ents. 
daf  Heavily distu rbed land arou nd the Capitan iron m ine open pit. 

 
Quate rnary and T e rtiary Surficial De posits 

QHa  Alluvium (Holoce ne  to Historic) – U nlithified g ravel and poorly to m oderately sorted clay, silt, and sand in active stream  
channels and ephem eral arroyos. G enerally incised into Qvf and terrace deposits. Only m apped where extensive; u nit is 
otherwise lu m ped with Qvf. T hickness: 0 to 2 (?) m eters. 

 
Qvf  Valle y fill (uppe r Ple istoce ne  to Holoce ne ) -  U nlithified valley fill com posed of poorly sorted clay, silt, and sand, com m only 

with ang u lar to su brou nded cobbles of local bedrock. M atrix m aterial is lig ht to dark brown. G rades into m inor allu vial and 
collu vial fans on toes of hillslopes. Anthropog enic distu rbance com m on in developed areas. G enerally incised by active 
drainag es, floored by sand and cobble to bou lder g ravel of QHa. T hickness: 0 to 6 (?) m eters 

 
Qaf – Alluvial fan de posits (middle  to uppe r Ple istoce ne ) – Allu vial fans com posed of poorly sorted cobbles, bou lders, sand, 

silt, and clay. Fans head in short, steep tribu tary canyons and interfing er with and/or spread ou t onto Qvf and terrace 
deposits. S tabilized by veg etation and apparently no long er active, and locally incised by drainag es floored with QHa. Only 
m apped along  m ajor drainag es where g eom orphic expression is clear on aerial photos, and along  steep slopes of Vera Cru z 
and Chu rch M ou ntains . T hickness: 0 to 8 (?) m eters.    

 
Qbt – Bajada and fan toe  de posits (middle  to uppe r Ple istoce ne ) -  L ow g radient, coalesced fan deposits at the base of larg e 

allu vial fans shed from  Vera Cru z and Chu rch M ou ntains. Contacts identified on aerial photog raphs. S im ilar in com position to 
adjacent allu vial fans. T hickness: 0 to 10 (?) m eters.  
  

Qls – Landslide  de posits (lowe r to middle  Ple istoce ne  (?)) -  Intact, back-rotated toreva blocks and irreg u lar slu m ps and 
ru bble piles of Dakota S andstone and G allu p S andstone that have collapsed onto u nderlying  T riassic and Cretaceou s shales 
and m u dstones. T hickness: 0 to 40 (?) m eters.  

 
Rio Bonito te rrace  de posits 

Qbt4 – Lowe st te rrace  de posit of Rio Bonito (Holoce ne ) –  Poorly to well-sorted allu vial deposits com posed of interstratified 
fine to coarse tan sand and sandy cobble to bou lder g ravel. Deposit is approxim ately at g rade of the R io Bonito and only 
present within sm all m eander bends of the active stream  channel. M apped from  aerial photog raphs. T hickness: 0 to 2 (?) 
m eters. 

 
Qbt3 – Inte rme diate  te rrace  de posit of Rio Bonito (Uppe rmost Ple istoce ne  to Holoce ne ) –  Poorly to well-sorted allu vial 

deposits com posed of interstratified fine to coarse tan sand and sandy cobble to bou lder g ravel. Deposit is sim ilar to Qbt4 in 
g eom orphic appearance and veg etative cover bu t has a terrace tread above stream  g rade.  M apped from  aerial photog raphs. 
T hickness: 0 to 3 (?) m eters 

 
Qbt2 – Inte rme diate  te rrace  de posit of Rio Bonito (Uppe r Ple istoce ne ) –  Poorly to well-sorted allu vial deposits com posed of 

interstratified fine to coarse tan sand and sandy cobble to bou lder g ravel. Deposit form s a terrace whose tread is g enerally 
preserved and is 3 – 4  m eters above present stream  g rade. M apped from  aerial photog raphs. T hickness: 0 to 4 m eters. 

 
Qbt1 – Highe st te rrace  de posit of Rio Bonito (Middle  Ple istoce ne ) - Poorly to well-sorted allu vial deposits com posed of 

interstratified fine to coarse tan sand and sandy g ravel of rou nded cobbles and bou lders. Deposit form s a terrace whose tread 
is g enerally dissected and is 5 – 10 m eters above present stream  g rade. G rades into and/or is locally overlapped by hillslope 
collu viu m . L arg ely m apped from  aerial photog raphs. T hickness: 0 to 6 (?) m eters. 

 
QT f – Alluvial fans of the  Capitan Mountains (Plioce ne  (?) to middle  Ple istoce ne  (?)) – Coalesced allu vial fans on the sou th 

flank of the Capitan m ou ntains com posed of > 95% Capitan g ranite (T cg ). Deposits are stable and are actively being  incised 
by m odern drainag es. T hey locally exist as ou tliers several m eters above cu rrent stream  drainag es and allu vial valley 
bottom s. T hickness: 0 to 30 (?) m eters. 

 
T g – Pe dime nt grave l de posits (Mioce ne  to Plioce ne ) – M oderately lithified, cru dely bedded pebble to bou lder g ravel with 

reddish clayey sand m atrix and local lenses of sand and sandy clay. L arg est bou lders are 80 cm  in diam eter. Clasts are 
dom inantly S ierra Blanca volcanic rocks and associated intru sive ig neou s rocks, althou g h ang u lar clasts of Cretaceou s 
Dakota S andstone and G allu p sandstone becom e increasing ly com m on near the base of the deposit to the east in the 
Capitan qu adrang le. Isolated deposits in the N og al qu adrang le are tentatively inclu ded in this u nit. Clasts on su rface of 
deposit are heavily weathered and fractu red. S u rface is partly stripped. Contains stag e III to III+ carbonate soil near su rface 
and local strong  carbonate bu ildu p (equ ivalent to stag e IV carbonate soil developm ent) at base of u nit. E xtensive downslope 
collu viu m  m akes base of u nit hard to define where not exposed in roadcu ts. Deposited by steep g radient stream s draining  the 
S ierra Blanca, predating  incision of m odern drainag es. T hickness: 0 to 20 (?) m eters. 

 
Ce nozoic Igne ous Rocks 

T iu – unde te rmine d igne ous rocks, undivide d (Oligoce ne ) – com prises dikes identified on aerial photos, probably larg ely T dd, 
the m ost com m on dike rock observed in the field.  

 
T dd – Diabase /diorite  and associate d rocks, undivide d (Oligoce ne ) – Aphanitic to very fine-g rained phaneritic and phaneritic-

porphyritic m afic ig neou s rocks form ing  dikes, sills, and less com m only,  irreg u lar intru sive m asses. G enerally lig ht to dark 
g ray on fresh su rfaces and brown to black on weathered su rfaces. W hen phaneritic, often has a “salt and pepper” appearance 
du e to fine-g rained equ ig ranu lar white feldspar and black to brown au g ite (?). Phenocrysts inclu de au g ite, hornblende, and 
tabu lar interm ediate (?) plag ioclase. T abu lar plag ioclase phenocrysts are u p to 4 cm  in diam eter and are u su ally alig ned with 
the dike m arg ins. T hickness: dikes are < 1 to 5 m eters wide. 

 
T ml – Monzonite /latite  and associate d rocks (Oligoce ne ) – T an to brown aphanitic to very fine-g rained phaneritic ig neou s 

rocks form ing  dikes, sills and irreg u lar intru sive m asses. T ypically com posed of approxim ately equ al am ou nts of white 
feldspar and tan to brown m afic m inerals with little or no qu artz. Feldspar is larg ely interm ediate (?) plag ioclase with lesser 
am ou nts of potassiu m  feldspar and form s a felted network of interlocking  crystals. Inclu des rocks rang ing  from  syenite to 
diorite in com position. T hickness: dikes are < 1 to 5 m eters wide; base and top of larg er ig neou s m asses are not exposed. 

 
T cd – Diorite  of Champ Hill (Oligoce ne ) -  Dark g ray to g rayish-brown fine-g rained phaneritic diorite with 10-35% phenocrysts of 

au g ite u p to several centim eters across. N am ed for Cham p Hill, a stock in the Ang u s qu adrang le to the sou thwest. R ocks of 
sim ilar appearance bu t varying  phenocrysts percentag e form  dikes, sills, and irreg u lar intru sive m asses.  T hickness: dikes are 
< 1 to 5 m eters; base and top of larg er ig neou s m asses are not exposed. 

 
T rt – Rhyolite /T rachyte  and associate d rocks (Oligoce ne ) – W hite to pale orang e, aphanitic and u su ally aphyric ig neou s rocks 

form ing  dikes, sills and irreg u lar ig neou s m asses, often associated with fau lts. W here present phenocrysts are lim ited to 
qu artz, u su ally less than 10%. L ieseg ang  bands, flow-banding , and vesicles are com m on. T hickness: dikes are < 1 to 5 
m eters; base and top of larg er ig neou s m asses are not exposed. 

 
T mz – Monzonite  (Oligoce ne ) - M ediu m  to fine-g rained m onzonite. Com posed of approxim ately equ al am ou nts of white feldspar 

and tan to brown m afic m inerals with little or no qu artz. S im ilar in color and com position to T m l, bu t coarser-g rained. Present 
m ostly as irreg u lar discordant intru sions, often associated with fau lts, and less com m only as dikes. T hickness: u p to several 
tens of m eters, base and top of irreg u lar ig neou s m asses are not exposed.  
 

T vci – Intrusion of Ve ra Cruz Mountain Cub Mountain Formation– (Oligoce ne ) – Com plex felsic intru sion, probably a 
laccolith, u nderlying  Vera Cru z M ou ntain. Com posed of a core of biotite-phyric g ranite su rrou nd by aphyric rhyolite and/or 
trachyte and qu artz-phyric rhyolite. Finer-g rained rocks extend away from  the m ain intru sion as sills and dikes. T hickness: 
base is not exposed; several hu ndred m eters are exposed along  m ou ntain flanks.  

 
T cg – Capitan granite  (Oligoce ne )  -  W hite to pale orang e, su g ary-textu red, very fine-g rained alaskite g ranite. M afic m inerals 

are sparse, g enerally less than 5% of biotite and locally 7-8% of biotite and m ag netite. T hickness: base and top of the 
intru sion are not exposed, several hu ndred m eters are present in the northeast corner of the Capitan qu adrang le. 

 
T sv – Sie rra Blanca volcanic rocks (uppe r Eoce ne  to Oligoce ne ) - W alker andesite breccia of T hom pson (1972). Interbedded 

dark pu rple, pu rplish-red, red, and lig ht to dark g ray and g ray –g reen volcanic flow breccias, volcanic debris flows, shallow 
intru sive sills, lahars, and volcaniclastic sedim entary rocks from  the S ierra Blanca volcanic center. R ocks are g enerally alkalic 
and rang e from  m afic (tephrite, phonotephrite, trachybasalt) to interm ediate (andesite and latite) to felsic (rhyolite, trachyte, 
phonolite) in com position. Flow breccias are dom inant and consist of varicolored ang u lar to su brou nded clasts of volcanic and 
lesser intru sive rocks in a pu rple or pu rplish-g ray fine-g rained m atrix. M atrix is often propylitically altered. Clast popu lation 
m ay be m onolitholog ic or varied. Ou tcrops are m assive to cru dely bedded and individu al flow u nits are g enerally 2 to 3 m eters 
thick. S hallow intru sive sills are lig ht to dark g ray and aphanitic. L ahar deposits and volcaniclastic sedim entary rocks are red 
to pu rple m u ddy sandstones to cong lom erates with variably developed bedding  and sorting . S andstones are well-bedded, 
often with fining -u pward g raded beds less than 0.5 cm  thick. N atu ral exposu res of all u nits are poor and individu al u nits are 
not laterally traceable. T hickness: ~ 50 m eters are exposed in the qu adrang le.  

 
Ce nozoic Se dime ntary Rocks 

T cm - Cub Mountain Formation (Eoce ne ) – W hite to tan sandstones, dark red sandy m u dstones, and pu rplish-red silty 
m u dstones. S andstones are m ediu m- to thick- bedded, cross-bedded, m ediu m -g rained, and arkosic to volcaniclastic. Pebble 
cong lom erate lenses, m u dballs, and ripu p clasts of red m u dstone, and olive, black, and g ray siltstone and shale are locally 
com m on. S andstones are m ore friable, and contain m ore varicolored lithic g rains than than u nderlying  sandstones of the 
Cretaceou s Crevasse Canyon Form ation. S andy and silty m u dstones are thick-bedded to m assive and m icaceou s. S everal 
ou tcrops are volcaniclastic in natu re, and the u nit thu s inclu des the S anders Canyon Form ation of Cather (1991), bu t the two 
form ations are not m appable separately. U nit is u biqu itou sly intru ded by ig neou s dikes, sills and irreg u lar m asses. T hickness: 
~ 140 m eters are exposed in the qu adrang le.  

 
Me sozoic Se dime ntary Rocks 

Kcc – Cre vasse  Canyon Formation (uppe r Cre tace ous) – Interbedded olive drab to g ray to bu ff m ediu m - to fine-g rained 
g enerally friable sandstone, g ray to black fissile carbonaceou s shale, and coal. U nit is u biqu itou sly intru ded by dikes, sills, and 
irreg u lar ig neou s m asses. T hickness: ~ 250 m eters based on cross-section A-A in the Capitan qu adrang le’; this estim ate is 
probably hig h to du e to nu m erou s dikes, sills, and u nm apped fau lts. 

 
Kgs – Gallup Sandstone  (uppe r Cre tace ous) – Pale lavender to pale g ray to tan, m ediu m- to very thick-bedded, trou g h cross-

bedded, clean qu artz sandstone and m inor chert and qu artzite pebble cong lom erate. S andstones are noncalcareou s and 
com posed of  m oderately sorted su bang u lar to su brou nded qu artz g rains with 1-2% chert g rains. Fou r m ajor sandstone beds 
are present, separated by recessively weathering  sandstones and m inor shales that are poorly exposed. T he u nit form s 
prom inent cliffs and ridg es. T hickness: ~ 75 m eters. 

Base from  U S  G eolog ical S u rvey 1973 from  photog raphs 
taken 1971, field checked 1973
1927 N orth Am erican Datu m , N ew M exico coordinate system ,
 central zone, reprojected to U T M  zone 13N
1000 m eter U niveral T ransverse M ercator g rid, zone 13, 
shown as red ticksContou r interval 20 feet
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Km - Mancos Shale  (middle  to uppe r Cre tace ous) - Black to pu rplish g ray lam inated fissile shale. Black to dark g ray to olive 

thin-bedded fine-g rained sandstone and siltstone beds less than 0.5 m eters thick are m inor constitu ents. Ig neou s intru sions 
are com m on. G enerally only well exposed in stream  cu ts and m anm ade excavations. T hickness: 210 to 270 m eters. 

 
Kd - Dakota Sandstone  (lowe r to middle  Cre tace ous) - G ray to tan to lig ht pu rple sandstone and m inor black shale. S andstone 

is m ediu m - to thick-bedded, trou g h to tabu lar cross-bedded, ripple-m arked, and com posed of su bang u lar to su brou nded 
vitreou s qu artz g rains. Orang e to ru sty red lieseg ang  bands are com m on on bedding  planes and fractu re su rfaces. S andstone 
is m ore resistant, form s m ore prom inent ou tcrops, and weathers into m ore ang u lar frag m ents than the overlying  G allu p 
S andstone. M atrix-su pported sandy chert pebble cong lom erate is com m only present at the base of u nit and as lenses 
throu g hou t the u nit. T hin discontinu ou s beds of black shale sim ilar to the overlying  M ancos S hale are sparsely distribu ted 
throu g hou t the u pper portions of the u nit. T hickness: 51 to 60 m eters.  

 
T rJsm - Morrison Formation (Jurassic) and San Pe dro Arroyo Formation (uppe r T riassic), undivide d – T hese two u nits are 

both very poorly exposed (u su ally bu ried by collu viu m , allu viu m  or landslide deposits from  the overlying  Daktoa S andstone) 
and are thu s g rou ped tog ether. T he M orrison form ation is com posed of lavender, pale g reen, and pale pu rple m u dstone, 
siltstone, fine sandstone, and pisolitic lim estone. All rocks are friable except for lim estones, which occu r as thin ledg es. 
Irreg u lar chert nodu les are com m on in the m u dstones. U nit appears to be prog ressively tru ncated by the basal Dakota 
u nconform ity – it m ay be 5 m eters thick along  the north side of the qu adrang le and is not present in the Fort S tanton 
qu adrang le to the sou th. T he S an Pedro Arroyo Form ation is com posed of dark brownish-red to pu rplish-red fine-g rained, 
m icaceou s, u su ally crossbedded sandstone, siltstone, and conglom erate, and dark red and pu rplish-red, m assive and 
biotu rbated m u dstone. Poorly exposed, except for ou tcrops on north side of R io Bonito Valley near Fort S tanton. G enerally 
only appears as dark red soils and su bcrop. Com bined thickness: 23 to 48 m eters.  

 
T rsr - Santa Rosa Formation (uppe r T riassic) – M ediu m  brown, yellowish-brown, and orang e to tan sandstone, cong lom erate, 

and cong lom eratic sandstone. S andstones are m ediu m- to fine-g rained, broadly trou g h-cross-bedded and com posed of 
rou nded to su brou nded qu artz, black chert, and altered ferrom ag nesian m inerals and/or lithic frag m ents. Base of the u nit is 
often m arked by a g ray, orang e, or red m ediu m-to thick-bedded qu artzite and chert pebble cong lom erate with a m atrix of 
coarse chert-rich sand. Cong lom erate is frequ ently scou red into u nderlying  G raybu rg  Form ation. T hickness: 30 to 77 m eters. 

 
Pale ozoic Se dime ntary Rocks 

Pg - Grayburg Formation (uppe r Pe rmian) – W hite, pale orang e, and tan fine- to very fine-g rained friable clean qu artz 
sandstone and su bordinate siltstone. Q u artz g rains are well-sorted and well-rou nded. L im y sandstone and dolom ite beds are 
locally present at the at the top of the u nit. Very poorly exposed and hig hly variable in thickness and extent du e to deposition 
in karst depressions on the S an Andres  Form ation and tru ncation by the basal T riassic u nconform ity. U nit is the lower 
m em ber of the Artesia G rou p. T hickness: 0 to 53 m eters 

 
Psa - San Andre s Formation (middle  to uppe r Pe rmian) - L ig ht to dark g ray and blu ish-g ray thin- to very thick-bedded 

lim estone and dolom ite. L im estones and dolom ites are carbonate m u dstones, wackestones, and g rainstones. Freshly broken 
su rfaces are darker g ray than weathered su rfaces and are com m only fetid. S ilty and sandy beds com m on. T op of form ation is 
a paleokarst su rface, with local silicified, ang u lar breccia. Dark brown irreg u lar chert nodu les are sparse. Fossils are sparse 
and are dom inantly crinoid stem  frag m ents. Adjacent to the Capitan plu ton the u nit is m etam orphosed into a su g ary, 
brecciated, white to orang e-brown, relatively soft rock. Associated iron m ineralization form s irreg u lar m asses of m ag netite. 
T hickness: 305 m eters, based on m apping  in the R u idoso area to the sou th.  

 
Pyu – Ye so Formation and olde r rocks, undivide d - cross-section only 
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artificial fill and heavily distu rbed land
Allu viu m
Valley fill
Allu vial fan deposits
Bajada and fan toe deposits
L andslide deposits
L owest terrace deposit of the R io Bonito
Interm ediate terrace deposit of the R io Bonito
Interm ediate terrace deposit of the R io Bonito
Hig hest terrace deposit of the R io Bonito

U ndeterm ined ig neou s rocks, u ndivided
Diabase/diorite and associated rocks
M onzonite/latite and associated rocks
Diorite of Cham p Hill
R hyolite/trachyte and associated rocks
M onzonite
Intru sion of Vera Cru z M ou ntain
Capitan g ranite
S ierra Blanca volcanic rocks
Cu b M ou ntain Form ation
Crevasse Canyon Form ation
G allu p S andstone
M ancos S hale
Dakota S andstone
M orrison Form ation and S an Pedro Arroyo Form ation, u ndivided
S anta R osa S andstone
G raybu rg  Form ation
S an Andres Form ation

T g Pedim ent g ravel deposits
QT f Allu vial fan deposits of the Capitan M ou ntains


