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I)pheavel Dam, a spctocular  u e n l c  feature I n  Canyonland6 Natlonal Pak, Uth,  f l r s t  n o t d  I n  19ZI [ll, I s  a t  the center 

of a clrcular structure about 5 km I n  d lunter .  Cmplexly faulted, up l l f t ed  rocks of the dam are ewrounW by a 

otructural ly  depressed r lng  of rocks that I s  also corplaxly faulted. Wight, who nmpped Upheaval Don a t  a scale of 

1~62,500 and gave the f l r s t  cktel led rb r t r l p t l on  t21, con:l&red that the structure ml#t  k of cryptovolcanlc orlgln; 

h w v e r ,  he favored the hypotheslc that the central u p l l f t  end e v r c u n d l q  structural dopresslon ware the resul t  of sa l t  f l a r  

I n  the undrrlylng Pardox F o m t l o n  of  Pennsylvanlen ago. Bucher, on the othrr hand, f l nn ly  dvocated r cryptovolcanlc o r lg ln  

131. Boon and Albr l t ton ruggastad that m y  structur08 or lg lna l ly  Interpreted as cryptovolcanlc I n  or!gln by Bucher are of  

Inpact o r lg ln  01. Showrkrr 15.61 ear l l e r  supported the lnterpretat lon of Bucher, on the basla of  C f o m t l o n  observed near 

the center of the dam and the resul ts  of geophysical l v v e y s  by bes t ing  end Plcuf f  nl. I n  the les t  tvo decades, hamver, 

the evldence has becans carpel l lng that Boon and Albr l t ton *re r l# .  A reemlna t lon  of the s t r u c t v e  a t  Ilpheaval Dam I n  

the l l g h t  of current k n w l e d g  abcut lnpact craters, therefore, seam qpcpr la te .  

The rocks exposed a t  Ilpheaval Dam Include, I n  s t r r t l g q h l c  order upmrd, the Wnkcp l  and Chlnle Formtlons and the 

Wlngate Sandstone of Trlasslc age, the Kayonte F o m t l o n  of  T r l n s l c  (1) age, and the Navajo Sandstone of Trlasslc (1) a d  

J v a r l c  age. In addl tlon, c l a r t l c  dlkes 15,61 conpased of crushed gralne of qcprtz b r l v e d  f ran the Whl t e  Rlm Sandstone 

C W e r  of the Cutler Fonnt lon of  Pennlan age are Intruded near the center o f  the structure. Exposwas are superb, a d  Llp 

canyons p e r d t  mpplng of  the structure I n  three dlmnslons to  an antent not pmslble a t  any o t b r  knm Inpect sl te. 

Ow 1983 i l e l d  work revealed that  m s t  of the strongly d e f o m d  rodts at  Upheaval Oam are bounded by a serles of I l s t r l c  

fau l ts  that had not h e n  reccglzed earl ler.  Thlnnlng of  the Wngate, observed by k K n l @ t  on the east s l&  of the s t r u c t v e  

I21 and by J. H. Starart on tho south SIC nl, I s  &e ch lef ly  t o  I t s  truncatlon by these faults. Beds of the Wlngate, 

Keyenta, and Navajo ere displaced t o w r d  the center o f  the s t r u c t v e  along the l l s t r l c  faults. Arwnd the p r l p h e  y of the 

structure, the fau l ts  dip a t  r e l a t l v r l y  Iw angles t w a r d  the center, and d l s p l r c a n t  I s  n m l  or nearly para l le l  wl th  the 

beddlng. Hearer the center, the fau l ts  f l a t ten  and then r l s e  on the flanks of  the central u p l i f t ,  rhere d l sp lacmnt  k c o m s  

reverse. F r m  the delpest part of the anwlar  s t ruc twa l  depression lna rd .  each fommtlon generally rests wl th  fau l t  contact 

on the subJacent f o m t l o n .  On the flarJts of the central u p l l f t ,  beds of the Kapnta ere Qpllceted by mny thrust f w l t s  

that ere baslcal ly branches of the r l s lng  l l s t r l c  faults. The apparent thickness of the Kayenta I s  local ly  m r e  than doubled 

by th l s  thrusting. S t l l l  closer t o  the canter of the s t ructve.  the Wlngte has beon dofortrod by convergent flar In to  t l$t 

and open f o l C  [5.6,81 thet  plunge atay f ran  the apex of the d m .  At the center o f  the dam, k d o  of the h n k o p l  are hlghly 

C f o m d  and are duplicated by m y  mI I t h ~ s t s .  

The convergent d l sp lacmnt  of the rodts at  Uphaaval Dam I s  slmllar to  that obened  I n  lnpact structures at  Slerra 

Madera, Texas 191 and a t  Gasee Bluf f ,  k e t r a l l e  t101. Olsplacwent above the l l s t r l c  fau l ts  probably I s  doe chlef ly  t o  

collapse of s large translent cavlty prodrced by Inpact. Thls s ty le  of d e f o m t l o n  I s  I n w p a t l b l e  wl th  the stresses that 

occur I n  thr  rocks above s a l t  dlaplrs, *re obsorved d lsp lscmnt  I s  d l w r g n t .  

&neath the I l s t r l c  f a l t s ,  the exposed sectlon of beds f ran  h r k o p l  thrcugh Kqents I s  d e f o m d  I n  a broad structural 

dlnple, the m r g l n  of chlch extends I n  m a t  places s l l @ t l y  beyond the preurved l l d t  o f  the l l s t r l c  faults. Such a dlnple 

I s  expected t o  develop I n  so f t  s t r a t l f l d  rodts a t  corwlderable depth beneath large Impact craters, as s resul t  of d m e r d  

and lateral f l w  of the rocks engulfed by shock. Growth of  the central u p l l f t  a t  I)pheeval Dam, h l c h  Inclu&s rocks that I l e  

b e l w  the l l s t r l c  faults, m y  ba the resul t  par t ly  of early c w r r g e n t  f l w  I n  the shodc wave &r lng openlng of the translent 

cevlty, and par t ly  o f  Iete-stege collapse of  the cavlty. The presence at  dspth of  the Paradox Fomt lon ,  d ~ l c h  contslns beds 

of salt  a d  shale of Iw y l e l d  strength, nay have f ~ ~ l l l t e t e d  ckvelqnmnt of both the structurel dlnple and early 9-cuth of  

the u p l l f t  s t  the center of the dlnple. 

On the northeast and west sldes of the structure, the Wlnqete I s  local ly I n  contact wI t h  the Chlnla along nearly 

horizontal faults. These fau l ts  occur well b e l w  the l l r t r l c  faults. T l l t l n g  of the Wngate tcrrsrd the center of the 

structure and truncatlon a t  the base of the Wlngate of I t s  progressively hlgher beds t w r d  the center of the d m  suggest 

elther that the Wlnqate has k e n  thrust outward over the Chlnle or  thet relatively p last lc  beds of  the Chlnle have f l w d  

Ifward beneath the Wlngata. lb Interpret t h l s  dlspleccmnt as having ocarrrad during passage of the shock wve. 

R e l l d l r a r y  p s t r o ~ c p h l c  study of the c last lc  dlkes near the crnter of the dam shows that the dlke m t e r l a l  has been 

shock mtmrphosed. The dlkes are I n  contect ch lef ly  wl t h  the laderimst un l ts  of the W r k o p l  y the m t e r l a l  of the dlkes has 

c lear ly  h e n  L r l v a d  f ran  the lmmdlately subjecent Wll te Rlm Sandrtone. Unbr  the hand lens, hwewr,  the dlke m t e r l e l  I s  

nuch f lner gralned than n o m l  Wll t e  Rlm Sandstone end less than 204 of the orlglnal dat r l  t a l  sand gralns have survived. 

Under the mlcrosccpe, the dlke rocks are found to conrlst largely of sharp angular shards of  quartz ranglng fran 10 to  100pm 

across. Relatively fad gralns wl t h  planar featwas of Iml I r e  of probable shock o r lg ln  ware found. The observed 

m t m r p k l m  corresponds spproxlmtely to  that of class 1b shocked Coconlno Sandrtone at  Meteor Crater, as L f l n e d  by Uleffer 

[Ill. 
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Eqosure of the s t ructwal  dlnple that l l w  b e l w  fau l ts  related t o  c o l l q w  of the t r e m l r n t  c w l t y  I n d l c a t n  thet the 

dam has k e n  deeply eroded. The dlnple I s  5.2 km I n  rwrage dlmmter, and the d lars t r r  o f  the translent cavl t y  probably 

e x w d  thet of the dlnplr by 2(H t o  ML. If w a s a m  a depth- tod lmstr r  r r t l o  of 1x5 fo r  the t ramlent  a v l t y ,  I t s  

I n l t l a l  depth probdly  m s  abwt 1.3 t o  1.4 km At l rast  1 km o f  r t r a t r  has k e n  reroved by e r a l o n  r l nc r  the dam tms 

f o m d .  If the f l na l  c o l l w w d  crater was HA larger than the translent c w l t y  I IZ],  the f l na l  crater d l m t e r  probably mr 

about 8 t o  9 km. Upward extrapolrt lon of  the wtarm*t l l s t r l c  fau l ts  to  t h l s  dlatmter suqgosts that  &out 2 km of  rock has 

been erodsd fron the rrglon araund the crater IFlg. 0. Rostoratlon of t h l s  thickness of s t ra ta I n p l l w  that the Inpact 

occurred near the end of Cretaceous o r  I n  Paleopne tlm. 
e ., 

Uphenrl Darn I s  I n  the north-control part of the Colorado Platrau, r r rg lon of a ! y t  3.4 x loa kk. The average age of 

the Phanerorolc s t ra ta expooed on the Plateau, w l s t e d  by area of  e x p i r e ,  1: 1.6 x 10' yr. Mapt lng an e r t l m t r d  ra te  of 
-14 -2 1 

production of Inpact c r a t m  '10 la I n  d l m t r r  of 2.4 x 10 h yr fo r  the late Phanerorolc I l2 l ,  &out one Impact 

structure correrpondlng to  a crater I n  t h l s  r l z r  range should be axposed on the Colorado Plateau, provided thet there has beon 

no 106s by eroslon of a structure t h l s  largo. The s t r r t r  are nearly f l a t  ly lng across 9% of the Plateu. end largo 

r t r u c t v a l  anamlles are excqt lonal  l y  easy t o  detect. k the b&o& expaurrs are m n g  the k s t  I n  the w l d ,  I t  I s  

unl lkely that an eroded structure corrarpondlng to  an lnpact crater on the order of 10 km I n  d lms te r  w u l d  have k e n  mlssed 

I n  the course of the goologlc q p l n g  of  the rrglon. Upheaval D m  qprox lmte ly  f u l f l l l r  the s t e t l s t l c r l  rqwctat lon for a 

largo lnpact structure on the Colorrdo Plateau, and no other cendldate lnpact r t r u c t w e  of I t s  slze has been found. It war 

precisely t h l s  calculation that trlggored our Invart lgatlon. 
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Flgwe 1. Schsllatlc c r o s s ~ e c t l o n  t h r w *  Upheaval Darn, m d l f l e d  a f te r  121. Paradox Formt ion shom wi th crmses; 

Pennsylvanlm rocks above Paradox and Pennlan rocks sham wlth coarse stlpple; Mesozoic rocks shmm wlth f lne stlpple. 
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