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CROSS SECTION A-A'

3-D OBLIQUE VIEW OF GEOLOGIC MAP

CORRELATION OF MAP UNITS
    The Boreas Pass quadra n gle, lo c ated en tirely ab o ve elevatio n  9,800 ft (2987 m ), is in
the far so uthwestern part o f the Fro n t Ran ge, a m ajo r c o n stituen t o f the so uthern  Ro c ky
M o un tain s.  A sm all area in  the so utheastern  m ap area is in  the n orthwestern part o f
So uth Park, a large, structurally c o m plex in term o n ta n e b asin. Geo lo gic a lly, the
quadran gle is very c o m plex, havin g experien c ed several perio ds o f structural defo rm atio n
a n d uplift, ign eo us in trusive a ctivity, hydro therm al alteratio n  a n d m in eralizatio n , a n d
in ten se alpin e gla c iatio n .

GEOLOGIC OVERVIEW

    Durin g the early to m iddle Paleo zo ic, the Protero zo ic ro c ks were likely b uried b y
m arin e c lastic a n d c arb o n ate sedim en tary ro c ks.  Early Paleo zo ic ro c ks o f this type are
well expo sed a few m iles to the west an d so uthwest in  the Brec ken ridge an d Alm a
quadran gles (Wallac e an d o thers, 2002; Widm a n n  a n d o thers, 2004).  All o f these early
an d m iddle Paleo zo ic m arin e sedim en tary ro c ks were ero ded away, at least in  the
n o rthern  an d eastern  m ap area, when the An c estral Ro c ky M o un tain s were uplifted
durin g Pen n sylvan ia n  tim e (Kluth, 1986).  Clastic sedim en ts derived fro m  the ero sio n  o f
the An c estral Ro c ky M o un tain s fo rm ed the red b ed sequen c es o f the Pen n sylva n ia n  an d
Perm ia n  M aro o n  Form atio n  fo un d in  the quadra n gle.  The M aro o n  Form atio n  thic ken s
rapidly fro m  n orth to so uth a cro ss the quadra n gle.  It is less than  600 ft thic k (183 m ) in
the n orthwestern part o f the quadra n gle, b ut n early 4,000 ft thic k (1219 m ) in  the
so uthwestern part o f the m ap area an d the adja c en t Brec ken ridge quadran gle.  The
M aro o n  Fo rm atio n  m ay n ever have b een  depo sited in  the n o rtheastern  m ap area.  This
in dic ates that the quadra n gle m ay have straddled the b o un dary b etween  a highla n d area
o f the An c estral Ro c ky M o un tain s an d the deep Cen tral Co lo rado  Tro ugh (De V o to ,
1972) sedim en tary b asin .
    The Triassic Chin le Form atio n  a n d the eo lia n  M iddle Jurassic Entrada San dsto n e were
depo sited un c o n fo rm a b ly o ver an  irregular ero sio n  surfac e that develo ped o n  the M aro o n
Fo rm atio n .  Further depo sitio n  o f sedim en tary ro c ks, separated at tim es b y perio ds o f
n o n -depo sitio n  a n d/o r ero sio n , c hara cterized the Late Jurassic to Late Cretac eo us perio ds
here as elsewhere in Co lo rado .  The Western Interio r Seaway c o vered the area durin g
Creta c eo us tim e a n d depo sited the c lastic an d c arb o n ate ro c ks o f the Dako ta San dsto n e,
Nio b rara Form atio n , Ben to n  Shale, an d Pierre Shale fo un d in  the quadra n gle.  Co m b in ed,
the Cretac eo us sedim en tary ro c ks are estim ated to b e o ver 2,500 ft thic k (762 m ) in  the
m ap area.
    All o f the Protero zo ic thro ugh U pper Cretac eo us ro c ks in  the regio n  were c o m plexly
defo rm ed an d uplifted durin g the Laram ide o ro gen y, whic h b ega n  n ear the en d o f the
Creta c eo us Perio d.  A m ajo r regio n a l thrust fault, the William s Ran ge thrust, tran sects the
quadran gle fro m  n o rthwest to so utheast an d is in terpreted to c o n n ect with the Elkho rn
thrust fault in So uth Park.  The thrust fault system  is fairly well expo sed in  the n o rthern
part o f the m ap area; ho wever, farther so uth it is c o m pletely c o vered b y Quatern ary
surfic ial depo sits fo r o ver fo ur m iles in  the M ic higa n  Creek drain age.  The William s
Ran ge thrust tecto n ic ally pla c ed Protero zo ic m etam o rphic a n d ign eo us ro c ks o ver the
Cretac eo us Pierre Shale.  M a n y other faults in  the quadran gle, as well as the two  m apped
syn c lin es, also  fo rm ed durin g the Laram ide o ro gen y.

    Num ero us faults, m o stly vertic al displa c em en ts o f less than  1000 ft (305 m ), cut
Eo c en e intrusives as well as o lder ro c ks, espec ially in  the n o rthern half o f the quadra n gle.
M o st o f these strike east-n o rtheast to n o rtheast.  Fro m  late Tertiary (Neo gen e) tim e to the
present, erosio n  o f the high m o un tain s was the do m in a n t geo lo gic al pro c ess in  the Boreas
Pass regio n .  Eviden c e o f a late Tertiary o r early Pleisto c en e paleo valley was fo un d o n
the high western a n d so uthern  slo pes o f Boreas M o un tain  where sm all rem n a n ts o f
c o arse, fluvial gravel are presen t.  A large diam icto n , possib ly as o ld as Plio c en e,
c o m po sed o f m ostly sub -an gular gravel was disc o vered alo n g a n d so uth o f the
Co n tin en tal Divide east o f Geo rgia Pass.  Further wo rk is n eeded to determ in e the o rigin
o f this gravel, whic h lo c a lly fo rm s the upper headwalls o f Quatern ary gla c ial c irques.

    In m iddle Eo c en e tim e, whic h m ay c o rrespo n d to the latter stages o f the Laram ide
o ro gen y in  c en tral Co lo rado , porphyritic in trusio n s o f in term ediate to silic ic c o m po sitio n
were em pla c ed alo n g a n d west o f the William s Ran ge thrust fault zo n e.  These in trusio n s
fo rm ed as so m ewhat irregular b ut largely c o n c o rda n t sills that vary in  thic kn ess fro m  less
tha n 5 ft (1.5 m ) to o ver 2000 ft (610 m ).  New 40Ar/39Ar age datin g yielded an  age o f
47.84 ± 0.18 M a fo r m o n zo n ite porphyry (Tm p) an d 45.27 ± 0.12 M a fo r quartz
m o n zo n ite porphyry (Tqp). U plift c aused b y the em pla c em en t o f in trusio n s m ay have
b en t the usually shallo w-dippin g William s Ran ge thrust fault upward, espec ially n ear the
M t Guyo t pluto n .  The fault zo n e in  that area m ay dip as steeply as 70° n o rtheast.  On ly a
few un am b iguo usly disc o rdan t m iddle Eo c en e dikes were o b served, an d these were in
Protero zo ic ro c ks c lo se to the William s Ran ge thrust.  Ho wever, porphyry dikes
(typic ally less tha n  20 ft (6 m ) thic k) were reported in  m in e workin gs in  the historic
Brec ken ridge m in in g district, the eastern  portio n  o f whic h is in  the n o rthwestern part o f
the m ap area (Ran so m e, 1911).  Ric h hydrotherm al m in eral deposits yielded
ec o n o m ic ally sign ific a n t qua ntities o f go ld, silver, lead, an d zin c in the Brec ken ridge
district.  These depo sits are in terpreted to b e gen etic ally related to the Eo c en e ign eo us
in trusive a ctivity.  Deposits were fo c used alo n g faults, fractures, an d c o n ta cts that fo rm ed
open  spac es an d pathways fo r the m in eralizin g hydro therm al fluids.  Later supergen e
en ric hm en t o f go ld derived fro m  n arro w b ut n um ero us vein s an d vein lets pro duc ed
shallo w, b ut lo c a lly spectac ularly ric h depo sits n ear the surfac e that were wo rked usin g
hydraulic a n d plac er m etho ds, in c ludin g tho se in Am eric a n , Geo rgia, Dry, an d M o n ito r
gulc hes, an d at the Wire Patc h depo sit o n  the n o rthwest slo pe o f Farn c o m b  Hill.
Altho ugh they were n ot ec o n o m ic a lly sign ific a n t (Lo verin g, 1934), a few sm all, sc attered
c o n ta ct m etam o rphic m in eral depo sits (skarn s) are presen t in  thin c alc-silic ate-altered
c arb o n ate b eds in  sedim en tary ro c ks adja c en t to o r very n ear intrusives.

    Durin g Quatern ary tim e, glac iers pro duc ed n um ero us c irques an d the deeply gla c iated
valleys o f Fren c h Gulc h a n d the M iddle a n d So uth Forks o f the Swa n  River o n  the
n o rthwest side o f the Co n tin en tal Divide, an d M ic higa n  Creek, Fren c h Creek, Jefferso n
Creek, an d North Tarryall Creek so utheast o f the Divide.  Deposits o f glac ial till a n d
o utwash were pro duc ed.  Ro c k gla c iers are presen t an d so m e m ay b e active in  several o f
the high c irque b asin s.  A few visually specta cular protalus ram part depo sits were fo rm ed
fro m  lo o se ro c ks fallin g a n d b ein g depo sited as arcuate ridges alo n g the b ases o f lo n g-
lastin g sn o w an d ic e fields.  Ric h plac er go ld depo sits fo rm ed durin g the Pleisto c en e
m ain ly in  gla c io fluvial o utwash, espec ially alo n g Fren c h Gulc h in  the n o rthwestern part
o f the m ap area.  Plac ers in  the n o n -gla c iated, sm aller gulc hes n o rth a n d east o f
Farn c o m b  Hill were fo rm ed b y m ass-wastin g an d erosio n  o f supergen e depo sits.
Lan dslides c o ver a sub stan tial portio n  o f the Boreas Pass quadran gle an d are the m o st
exten sive geo lo gic al hazard.  Other geo lo gic hazards in  the m ap area in c lude ro c kfall,
deb ris flo ws, flo o ds, an d swellin g so ils.  No eviden c e o f Quatern ary faultin g was fo un d
in  the m ap area.

    Paleo protero zo ic am phib o lite-fa c ies layered m etam o rphic ro c ks an d Paleoprotero zo ic
to  M eso protero zo ic gran itic in trusive ro c ks are exposed in  the n o rtheastern  part o f the
quadran gle an d in  a sm all area alo n g the western edge.  The layered m etam o rphic
gn eisses an d rare schists were derived fro m  do m in a n tly c lastic sedim en tary proto liths,
possib ly with so m e interlayered vo lc a n ic ro c ks.  The layered ro c ks are fo liated a n d
c o m m o n ly fo lded.  Regio n al m etam o rphism  a n d defo rm atio n  o c c urred c o n c urren tly with
the em pla c em en t o f syn tecto n ic pluto n s durin g the Paleo protero zo ic (Reed a n d o thers,
1987).

ACKNOWLEDGEMENTS
The autho rs than k the fo llo win g in dividuals an d gro ups fo r c o n trib utio n s to this
pro ject: the U S Geo lo gic a l Survey’s (U SGS) STATEM AP c o m po n en t o f the Natio n al
Co o perative Geo lo gic M appin g Pro gram  an d the State o f Co lo rado  Severan c e Tax o n
m in eral extractio n  fo r fun din g; the Co lo rado  Geo lo gic a l Survey (CGS) Geo lo gic
M appin g Adviso ry Co m m ittee a n d State Geo lo gist Karen  Berry fo r selectin g this
quadran gle fo r c o m pletio n ; Peter Barkm a n n , Sen io r Hydro geo lo gist an d m appin g
geo lo gist at CGS, for helpful field visits an d m a n y enthusiastic discussio n s a b o ut the
geo lo gy o f the regio n , an d for his assistan c e with pro ject lo gistics, in c ludin g
arran gin g fo r the age-datin g o f ign eo us ro c ks with Dan  M iggin s at Orego n  State
U n iversity;  Ro b ert “Bo b ” Kirkham , autho r o f m an y geo lo gic m aps in  Co lo rado , fo r
do n atin g his tim e to pro vide a tho ro ugh peer review o f b o th plates, whic h
sub stan tially im pro ved them ;  Caitlin Bern ier o f Pan gaea Geo spatial fo r diligen t a n d
pro fessio n a l GIS an d c arto graphic support, an d fo r preparin g b o th plates fo r
pub lic atio n ; the Park Co un ty Sheriff’s Offic e, an d particularly Captain  Dan  M uldo o n ,
fo r patro llin g the Geo rgia Pass an d Boreas Pass ro ads, an d for c o m m un ic atin g to the
sen io r autho r where the use o f a n  ATV -type vehic le for o ffic ial purposes is legal; the
Sum m it Co un ty Open  Spac e a n d Trails Departm en t fo r acquirin g pub lic ac c ess rights
an d m ain tain in g m iles o f trails an d ro ads in privately-o wn ed historic m in in g areas in
the n o rthwestern part o f the quadran gle; Ric k an d M ic helle Carro ll, o wn ers o f M iddle
Fo rk RV  Resort in  Fairplay, fo r pro vidin g their “c lassic ” Airstream  trailer to the
sen io r autho r fo r lo dgin g, an d fo r their c am araderie.

REFERENCES
De V o to , R.H., 1965, Fac ies relatio n ships b etween  Garo  San dsto n e a n d M aro o n
Fo rm atio n , So uth Park, Co lo rado : Am eric a n  Asso c iatio n  o f Petro leum  Geo lo gists
Bulletin , v. 49, n o . 4, p. 460-462.

De V o to , R.H., 1971, Geo lo gic history o f So uth Park an d geo lo gy o f the Antero
Reservo ir quadran gle, Co lo rado : Quarterly o f the Co lo rado  Sc ho o l o f M in es, v. 66,
n o . 3, 90 p., sc ale 1:62,500.

De V o to , R.H., 1972, Pen n sylva n ia n  a n d Perm ian  stratigraphy an d tecto n ism  in
c en tral Co lorado ,in De V oto , R.H., ed., Paleo zo ic stratigraphy an d structural
evo lutio n  o f Co lo rado : Quarterly o f the Co lo rado  Sc ho o l o f M in es, v. 67, n o . 4,
p.139–185.
Kello gg, K.S., Bartos, P.J., an d William s, C.L., 2002, Geo lo gic m ap o f the Frisc o
quadran gle, Sum m it Co un ty, Co lo rado : U .S. Geo lo gic al Survey M isc ella n eo us Field
Studies M ap M F-2340, sc ale 1:24,000.

Kirkham , R.M ., Keller, J.W., Ho uc k, K.J., an d Lin dsay, N.R., 2006, Geo lo gic m ap o f
the Fairplay East quadra n gle, Park Co un ty, Co lo rado : Co lo rado  Geo lo gic al Survey
Open -File Report 06-9, sc ale 1:24,000.

Kluth, C.F., 1986, Plate tecto n ics o f the An c estral Ro c ky M o un tain s,inJ.A. Peterso n ,
ed., Paleo tecto n ics a n d sedim en tatio n  in  the Ro c ky M o un tain  regio n , U n ited States:
Am eric a n  Asso c iatio n  o f Petro leum  Geo lo gists, M em o ir 41, p. 353–369.
Lo verin g, T.S., 1934, Geo lo gy a n d o re deposits o f the Brec ken ridge M in in g District,
Co lo rado : U .S. Geo lo gic al Survey Pro fessio n a l Paper 176, 64 p.

Lo verin g, T.S., 1935, Geo lo gy an d o re depo sits o f the M o n tezum a quadran gle,
Co lo rado : U .S. Geo lo gic al Survey Pro fessio n a l Paper 178, 119 p.

M arvin, R.F., M ehn ert, H.H., Naeser, C.W., an d Z artm an , R.E., 1989, U .S. Geo lo gic al
Survey radio m etric ages, c o m pilatio n  “C”; Part five, Co lo rado , M o n ta n a, U tah, an d
Wyo m in g: Iso c hro n /West, n o . 53, p. 14-19.

Parker, B.H., Jr., 1974, Go ld pla c ers o f Co lo rado  (Bo o k 1): Quarterly o f the Co lo rado
Sc ho o l o f M in es, v. 69, n o . 3, 268 p.

Po o le, F.G., an d Stewart, J.H., 1964, Chin le Form atio n  an d Glen  Can yo n  San dsto n e
in  n o rtheastern  U tah an d n o rthwestern Co lo rado : U .S. Geo lo gic al Survey
Pro fessio n al Paper 501-D, p. D30-D39.

Ran so m e, F.L., 1911, Geo lo gy an d o re depo sits o f the Brec ken ridge district,
Co lo rado : U .S. Geo lo gic al Survey Pro fessio n a l Paper 75, 187 p.

Reed, J.C., Bic kfo rd, M .E., Prem o, W.R., Alein ko ff, J.N., an d Pallister, J.S., 1987,
Evo lutio n  o f the Early Protero zo ic Co lo rado  pro vin c e; Co n strain ts fro m  U -Pb
geo c hro n o lo gy: Geo lo gy, v. 15, p. 861–865.

Ro b in so n , C.S., Warn er, L.A., an d Wahlstro m , E.E., 1974, Gen eral geo lo gy o f the
Haro ld D. Ro b erts tun n el, Co lo rado : U .S. Geo lo gic al Survey Pro fessio n a l Paper 831-
B, 47 p.

Rulem an , C.A., Bo han n o n , R.G., Bryan t, Bruc e, Shro b a, R.R., an d Prem o, W.R.,
2011, Geo lo gic m ap o f the Bailey 30’ x 60’ quadran gle, n o rth-c en tral Co lo rado : U .S.
Geo lo gic al Survey Sc ien tific In vestigatio n s M ap 3156, sc ale 1:100,000, pam phlet, 38
p.

Sherida n , D.M ., an d M arsh, S.P., 1976, Geo lo gic m ap o f the Squaw Pass quadran gle,
Clear Creek, Jefferso n, an d Gilpin  Co unties, Co lo rado : U .S. Geo lo gic a l Survey
Geo lo gic Quadra n gle M ap GQ-1337, sc ale 1:24,000.

Walla c e, C.A., Keller, J.W., Bartos, P.J., M cCalpin , J., Ro ute, E.E., Jo n es, N.N.,
Gutiérrez, F., William s, C.L., an d M o rgan , M .L., 2002, Geo lo gic M ap o f the
Brec ken ridge Quadra n gle, Sum m it Co un ty, Co lo rado : CGS Open -file Repo rt 02-08,
Sc ale 1:24,000

Widm a n n , B.L., Bartos, P.J., M ado le, R.F., Barb á, K.E., an d M o ll, M .E., 2004,
Geo lo gic m ap o f the Alm a quadran gle, Park a n d Sum m it Co un ties, Co lorado :
Co lo rado  Geo lo gic a l Survey Open -File Report 04-3, sc ale 1:24,000.
Widm a n n , B.L., Kirkham , R.M ., Keller, J.W., Poppert, J.T., an d Pric e, J.B., 2005,
Geo lo gic m ap o f the Co m o  quadra n gle, Park Co un ty, Co lo rado : Co lo rado  Geo lo gic al
Survey Open -File Report 05-4, sc ale 1:24,000.

Widm a n n , B.L., M o rgan , M .L., Bartos, P.J., Shaver, K.C., Gutierrez, F., an d
Lo c km a n , A., 2002, Geo lo gic m ap o f the Keysto n e quadra n gle, Sum m it Co un ty,
Co lo rado : Co lo rado  Geo lo gic al Survey Open-File Report 02-03,sc ale 1:24,000.

40Ar/39Ar AGE DATE INFORMATION

VERTICAL EXAGGERATION 1.5X

N


