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The U nc o m p a hgre Plateau (Figure 1) is a NWSE striking asym m etric a l a ntic lina l L ara m id e up lift b o und ed  o n the
west by the U nc o m p a hgre fault, a rea ctivated  Perm ia n/Pennsylva nia n reverse fault originating in the Anc estra l
Ro c ky Mounta in o ro genic p erio d  (Ba ars, 1981). The eastern b o und ary (Figure 3) c o nsists o f m ultip le WNW-ESE 
striking, left-latera l o b lique-slip  faults whic h sp la y into tra nspressive b end s a lo ng m ultip le NW-SE striking m o no c lines 
a nd  reverse faults (L iva c c a ri et a l., 2016).  Stratigra p hic a lly the area has a signific a nt a ngular unc o nfo rm ity b etween the
Triassic, Jurassic a nd  Creta c eo us sed im ents a nd  the und erlying Prec a m bria n igneo us intrusive b o d ies a nd  m eta m o rp hic 
fa c ies. The sed im ents o verlying the a ngular unc o nfo rm ity b egin with the Triassic Chinle Form atio n a nd  c o ntinue 
upsectio n through the lo wer Creta c eo us Burro Ca nyo n a nd  Da ko ta Form atio ns (Figure 2). Classific atio n o f the Meso zo ic, 
Pa leo zo ic, a nd  Prec a m bria n fa c ies is thoroughly a d d ressed by J.E Case (1991), as is m uc h o f the structura l m a p p ing o f 
the no rthwestern p o rtio n o f the U nc o m p a hgre Plateau. L ara m id e o ro genic stresses pro vid ed  the im p etus fo r the 
rea ctivatio n o f the Perm ia n/Pennsylva nia n fra ctures, intro d uc ing p lastic d efo rm atio n o f Jurassic sed im ents as evid enc ed  
by the Ca ctus Park a nd  Red la nd s reverse fault, a nd  were resp o nsib le fo r the brittle d efo rm atio n o f Jurassic sed im ents 
a lo ng the eastern p o rtio n o f the U nc o m p a hgre up lift (L ivic arri, 2007). Fina lly, L ara m id e tecto nic extensio na l stresses 
a cting up o n the tra nspressio na l faulted  c entra l no rthern U nc o m p a ghre Plateau, form ed  the U na weep  Ca nyo n Fault as a 
series o f d o wn-to-the SE norm a l fault structures (Figure 4), sup p o rting the previo us hyp o thesis o f the m o d ern c a nyo n 
fo rm ing due to inc isio n in the late Ceno zo ic by the a nc estra l Gunniso n a nd /o r Co lo ra d o  (Ho o d  et a l., 2014).

Figure 2.  Geo lo gic m a p  o f the stud y area (U SGS I-360-1) o verla id  o nto  stud y area regio n using ArcGIS.
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U na weep  Ca nyo n o riginated  as a L ara m id e-a ge pull-a p art b asin b etween the c o ntro lling left-latera l strike-slip  
faults found  in Ca ctus Park, Na nc y Ha nks Gulc h, Ta ylo r Gulc h, Ro c ky Pitc h Gulc h, a nd  North Gill Creek. The 
U na weep  Ca nyo n Fault has a d isp la c em ent o f 140 ft. just east o f Ro c ky Pitc h Gulc h. Prior to this stud y, there 
were two m a jo r hyp o theses fo r the fo rm atio n o f U na weep  Ca nyo n; Ceno zo ic inc isio n by the a nc estra l Gunniso n 
a nd /or Co lo ra d o  rivers (Ho o d  et a l., 2014), or Perm ia n-a ge gla c iatio n creating a sed im ent filled  gla c ia l va lley 
exhum ed  by a nc estra l river flo w (Soregha n et a l., 2007). We find  the latter to b e im p lausib le due to the structura l 
a nd  geo c hem ic a l d ata c o llected . The c o rrelatio n o f cro ss-c a nyo n faulting extend ing into the Jurassic sed im entary 
la yers, a nd  the evid enc es o f no rm a l fault kinem atics within the eastern U na weep  Ca nyo n pro p er, restrict the 
tim efra m e o f the U na weep  Ca nyo n Fault form atio n to the Meso zo ic o r Ceno zo ic p erio d . Ra d io m etric d ating 
would  c o nstra in this tim fra m e. Also using Pino n Mesa elem enta l c o nc entratio n d ata as a c o ntro l group  fo r north 
a nd  south Na nc y Ha nks elem enta l c o nc entratio n d ata so m e d ifferentiatio n o f geo c hem ic a l signatures o n either sid e 
should  b e evid ent due to influx o f sed im entary m ateria l fro m  infill. In a d d itio n, due to the d ifferenc e in m ec ha nic a l 
c o m p etenc y b etween Triassic infill a nd  Prec a m bria n crysta lline ro c k, so m e fo rm  o f d eviatio n to the strike o f the 
cross c a nyo n faulting would  b e exp ected . Based  o n the structura l d ata, the series o f L ara m id e NE-SW striking 
no rm a l faults between the c o ntro lling WSW-ESE striking left-latera l o b lique-slip  faults c o llectively created  zo nes 
o f wea kness c a p ita lized  by Ceno zo ic river inc isio n, lea d ing to the fo rm atio n o f the m o d ern U na weep  Ca nyo n.
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Figure 1. Regio na l m a p  o f c entra l western Co lo ra d o

Figure 3. Structura l m a p  o f the no rthern U nc o m p a hgre Plateau, CO. Pro vid ed  by L iva c c a ri et a l., 2016.

Figure 4. Structura l m a p  a nd  cross-sectio ns o f the U na weep  Fault in eastern U na weep  Ca nyo n, 
no rthern U nc o m p a hgre Plateau, CO.

Figure 5. Structura l m a p  o f eastern U na weep  Ca nyo n.  Sym b o ls a nd  structura l features c a n b e referenc ed  to the legend  in Figure 4. Go ld  stars with num b ers represent lo c atio ns whic h c o rresp o nd  to p ictures a nd /or
sa m p le lo c a tio ns in Figure 6 a nd  Figure 7.  Go ld  stars without num b ers rep resent lo c atio ns where d ata was sa m p led  fro m  sim iliar outcro p s a nd  la nd fo rm s to num b ered  go ld  stars.

Dia gra m  1.  Red stero net represents NW-SE
extensio na l stra in, b lue stero net rep resents

NE-SW c o m p ressio na l stra in. Figure 6. Structura l p ictures o f stud y area a b o ve, slic kenlines o n
b o tto m , with lo c a tio n num b ers in go ld  stars c o rresp o nd ing to Figure 5.

Dia gra m  2. Structura l a nd  m inera lo gic a l m o d el o f hydro therm a l system s o bserved  in the no rthern 
U nc o m p a hgre Plateau, CO; b ased o n geo c hem ic a l o bservatio ns a nd  c o m p a ra b le m o d els pub lished  

by Fisher a nd  Julilla nd , 1986.
Dia gra m  3.  Elem enta l geo c hem ic a l signatures o f sa m p les ta ken fro m  seven lo c a tio ns o n the no rthern
U nc o m p a hgre Plateau. This d ata is prelim inary, further sa m p ling is required  fo r a m ore in d ep th a na lysis. 

L o c a tio ns c a n b e referenc ed  by c o lo r to Dia gra m  4 legend . Data pro c essed by Actla bs, Ca na d a. 

Dia gra m  4.  Cho nd rite no rm a lized  p lo t o f REE signatures, sa m p les
c o rresp o nd  to go ld  stars in Figure 5, L o c a tio ns c o rrelate by c o lo r

with Dia gra m  3.

Figure 7.  Brec c iatio n sa m p les a nd  o utcro p s o n the U nc o m p a hgre Plateau, with c o rreso nd ing num b ered  go ld  stars to m a p  lo c atio ns o n Figure 5 (left).
Sc hem atic illustratio n (right) with d ifferent m ec ha nism s o f brec c iatio n in hyd ro therm a l system s a nd  geo m etric representatio n (Jebra k, 1997).

A series o f 109 structura l d ata p o ints were rec o rd ed  in the eastern U na weep  Ca nyo n stud y area. 
Measurem ents at lo c a tio ns (Figure 5) verified  WNW-ESE striking, left-latera l o b lique-slip  faults 
that cross-cut U na weep  Ca nyo n. Based  o n slic kensid e striatio ns a lo ng these faults, the structures 
ha ve left-latera l strike-slip  a nd  b o th no rm a l a nd  reverse-d ip  slip . This d ata was c o m p iled  a nd  
a na lyzed  using FaultKin (Allm end inger, 2016), tra nsferred into stereo net d ia gra m s, whic h 
revea led  stra in c o nsistent with L ara m id e-a ge tecto nic fo rc es (Dia gra m  1). The tensio na l stra in 
d irectio n suggests that U na weep  Ca nyo n origina lly fo rm ed  as a series o f d o wn-to-the SE no rm a l 
fault structures. The NE-SW striking U na weep  Ca nyo n no rm a l faults form ed  as tra nstensio na l 
b end s b etween the cross-c a nyo n c o ntro lling WNW-ESE striking faults (Figure 4).These m a jo r 
c o ntro lling faults inc lud e the Na nc y Ha nks Gulc h, Taylo r Gulc h, Ro c ky Pitc h Gulc h – Big 
Do m inguez, a nd  North Gill Creek fault zo nes (Figure 5). These faults are the eastward c o ntinuatio n 
o f sim ilar WNW-ESE striking, left-latera l o b lique-slip  faults found  in the Pino n Mesa area, just 
northwest o f U na weep  Ca nyo n, for exa m p le the Dry Creek Gulc h Fault. Country ro c ks a d ja c ent to 
these faults are highly silic ified  a nd  a ffected  by synkinem atic, ep itherm a l m inera lizatio n 
(Dia gra m  2).  The sequenc e b egins with synkinem atic fluorite-a m ethyst-c a lc ite-hem atite-go ethite, 
a nd  b arite, fo llo wed  by p o st-kinem atic Cu-c arb o nates, a nd  sm a ll c o nc entratio ns o f sulfid es. 
Minera lized  flum es are lo c ated  a lo ng left-latera l o b lique-slip  faults (Figure 4). Multip le typ es o f 
brec c iatio n ha ve b een o bserved  a lo ng faults suggesting they fo rm ed  by a c o m b inatio n o f high 
fluid  pressures a nd  tecto nic c o m m inutio n in zo nes o f tra nstensio na l faulting (Figure 7).
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Multip le sa m p les were gathered  fro m  seven m inera lized  zo nes a lo ng fra ctures 
in U na weep  Ca nyo n a nd  Pino n Mesa (Fig. 5). The sa m p les were crushed  a nd  
m icro-m illed . A who le ro c k litho geo c hem istry a na lysis was p erfo rm ed  using 
ICP-OES a nd  ICP-MS at ACTL a bs, Ca na d a . Elem enta l a na lysis d ata was 
gra p hed  p er elem ent as c o nc entratio n in p p m  (Dia gra m  3). Of interest was the 
c o rrelatio n b etween elem enta l signatures related  to the elevatio n a nd  lo c a tio n 
o f the sa m p le sites. U p p er Na nc y Ha nks m ine sa m p les reta ined  the sa m e 
elem enta l p ea ks in b o th the no rth a nd  south sid e sa m p les. Though d ifferent tha n 
the p ea ks fro m  up p er m ine sa m p les, the lo wer Na nc y Ha nks m ine sa m p les a lso 
reta ined  p ea k c o rrelatio n in b o th no rth a nd  south sid e sa m p les. Pino n Mesa
lo wer a nd  up p er sa m p les c o rrelated  with lo wer Na nc y Ha nks m ines. High
levels o f As, Pb, Mo, a nd  Zn, were used to referenc e a pro p er hydrotherm a l
m o d el (Dia gra m  2), (Fisher et a l.,1986). Cu a nd  Sr were a no m a lo usly high o n
Pino n Mesa reflecting the influx o f Tertiary intrusive fed  hyd rotherm a l
m inera lizatio n. REE d ata returned  was then c ho nd rite no rm a lized  a nd  p lo tted
(McDo no ugh, 1995). The gra p hed  d ata p o ints ind ic ate the m inera ls were
d erived  fro m  a n interm ed iate sourc e ro c k (Dia gra m  4). Bec ause sa m p les were
ta ken fro m  vein m ateria l they reflect the c hem ic a l c o nstituents o f the sourc e
ro c k. The Prec a m bria n igneo us b asm ent in the area o f the sa m p les is prim arily
interm ed iate c o m p o sitio n, a nd  therefo re c o uld  b e the sourc e o f this d ata.


