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I NT RODUCT I O N  

P u r pose a n d  S c o p e  

The L a  Grande-area mapping  program was undertaken by Geosc ience Research Consu l tants 
for the Oregon Department of Geology and Mi neral Industries to provide strat igraphic  and 
structural data concerni n g  rocks of the Col umbia River Basa l t  Group exposed west of the 
upper Grande Ronde Vall ey . These bedrock parameters are to be i ncorporated i n  the State's 
program to eval uate the ava i l ab i l i ty of geothermal energy near La Grande . 

The emphasi s  of the field  examination was 1) to determine the stra ti graphic sequence 
and structural confi guration of Tertiary vol can i c  and interfl ow un i ts which  are exposed i n  
the uplands west and south of La Grande and 2) to project these data to the l owl ands of 
the Grande Ronde Val l ey near La Grande . Photo i n terpretat i on of l inear and structural 
features is incl uded i n  the eva l uation and has been extended to adjo i n i ng areas to ga i n  
added structural a n d  geothermal perspective .  Post-Tertiary sedimentary un its were exam­
i ned to i nterpret rel at i ve ages of the l atest structural adjustments. 

Ac k n owl edgme n t s  

The wri ters thank the personnel o f  the Oregon Department o f  Geol ogy and Mi neral Indu� 
tries for thei r  f ie ld  conferences and prompt assistance throughout the project. We thank 
Or .. Wi l l iam H .  Taubeneck of Oregon State Uni versity for h is  discussions and. comments about 
our geol ogic observations and i nterpretations during the f ie ld  study. As noted in the 
text of this report ,  we have drawn freely upon h i s  comments and on the strati graphic set­
t ing  he has reported for correl ative rock uni ts i n  adjo i n i ng areas. We wish to acknowl ­
edge the consul tation provi ded by Boyd Hadden,  Oregon State Water Master i n  La Grande and 
his assistance in obta i n i ng wel l - log data rel ative to the fi e ld  area . 

We a l so thank Dr .  Susan·A .  Price of Rockwel l Hanford Operations for i ncorporating 
rock sampl es from the La Grande f i e l d  program i nto the on-going Col umbia Pl ateau regional 
geologic and X-ray fl uorescence ana l ytical  study . As a resu l t ,  La Grande-area geochemi cal  
data are di rectly comparabl e to those of  Col umbia Ri ver Basa l t  Group sampl es from across 
the Col umb ia  Plateau. 

Program  S ummary 

Chronol ogy and presentation of 1979 study 

The fiel d portion of the 1979 La Grande-area study began in early  June and conti nued 
unt i l  early September .  F iel d procedures fol l owed routine basal t-mapping techniques i n c l ufr 
i ng use of portab le  fl uxgate magnetometers . F ie ld  data and observations are presented on 
geologic  maps and cross sections . Photo i nterpretation of black-and-white,  vertical  ste­
reo ai rphoto pa i rs was compl eted dur ing  Jul y ;  i nterpretati on of 35 mm color obl i que stereo 
airphotos was compl eted i n  mi d-September. Photo data are on geologic  maps and i n  schema­
tic  diagrams . Exam i nation of l ogs and cutti ngs from the Magma-La Grande Wel l No . 1 was 
completed i n  September. Outcrop samp l es,  together with cutti ngs samples,  were submi tted 
for X -ray fl uorescence analysis near the end of the f i e l d  program; data are summari zed i n  
tabul ar  form i n  t h e  stratigraphic  discussion . 



D i v i s i on of work 

F i e l d  work was conducted by geol ogi sts Harren Barrash,  John D .  Kauffman and John G .  
Bond i n  the general areas of Cra i g  Mounta i n-Gl ass H i l l , H i l gard uplands and Grande Ronde 
Canyon , respec t i vel y .  Photo i nterpretation and l i near analysis  was by Ramesh Venkatakri sh­
nan of the Geophotography and Remote Sensing  Center of the Un ivers i ty of I daho .  X-ray 
fl uorescence ana l ys i s  was performed by the Basal t Study Group of the Department of Geology, 
Washington State Uni vers i ty .  

G e n e r a l  S e t t i n g  

Location and access 

F i e l d  mappi ng near L a Grande concentrated on an area covered by four 7 1 /2 -minute 
quadrangl e s :  H i l gard, La Grande S E ,  Gl ass H i l l , and Cra i g  Mounta i n ;  these quadrangl es i n­
c l ude the southwestern portion of the Grande Ronde Val l ey and adjacent upl ands (Fi gure 1). 
The �rea encompasses approximatel y 200 sq mi ( 575 sq km) and i ncl udes l ocales  i nforma l l y  
referred to i n  thi s report a s  H i l gard upland s ,  Grande Ronde Canyon , La Grande front, Glass 
H i l l ,  Cra i g  Mounta i n ,  Cra i g  Mountai n  fron t ,  Ladd Canyo n ,  Hot Lake and Grande Ronde Val l ey 
( F i gure 2 ) .  

The pri nc i pal vehi cular access route to the La Grande area i s  US I nterstate H i ghway 
80 North ( 180N) . *  Thi s hi ghway connects the study area wi th Pendl eton to the northwest 
and Baker to the south by way of H i l gard and Ladd Canyon respect ively .  State H ighway 82 
connects the study area w ith Enterprise to the east by way of Isl and C i ty and E l gi n .  Farm­
to-market roads provide  access to most l owl and areas near La Grand e ;  numerous haulage and 
l ogging roads offer fa i r-weather access to undeveloped upland s .  However , most private 
l ands i n  rural portions of the study area are posted for no trespass ing ;  spec i fi c  permis­
sion must be  obta i ned for f i e l d  entry. 

Physiography and c l imate. 

The study area i s  within the Bl ue Mountai n  section of the Col umbia P lateau (Fenneman, 
1 931 ) .  Topographica l l y , the area about La Grande i s  characteri zed by sediment-fi l l ed l ow­
l ands of the Grande Ronde Val l ey on the ea st and basal t-bedrock upl ands of the B l ue Moun­
tai n  backsl ope on the wes t .  Abrupt,  l i near escarpments mark the boundary between the two 
types of 1 and forms. 

The Grande Ronde Ri ver has inc i sed a meanderi ng course across the H i l gard uplands 
west of La Grande and a basal t-bedrock section i s  wel l exposed there . South of La Grande , 
i n  the Glass H i l l  area , a comparable  stratigraphic section of basal t has been exposed by 
Ladd Creek and i ts youthful tri butari es .  Overa l l  rel ief  in  these areas i s  up to  2300 ft 
(100 m) . 

The c l imate of the study area i s  typical of temperate areas ( Hampton and Brown , 1 964 , 
p .  4-8 ) .  Summer h igh temperatures typical l y  exceed 90° F (32° C ) ; winter l ow temperatures 
often fal l  bel ow 1 0° F ( -1 2° C ) . Average yearly prec i p i tation i s  between 1 3  and 23 i n  (33-
58 em) in the general v i c i n i ty of the study area ; hi ghl ands commonly receive greater 
amounts of prec i p i tation . Most prec i p i tat ion fal l s  in cool er months wi th Jul y through 
September showing a marked summer-time decrease .  

Pre v i o u s  Work  

Earl y geol ogic studies  i n  eastern Oregon used physiography and stream-pattern devel op­
ment to interpret structural geology. Buwa l da ( 1 92 1 )  observed that the La Grande-Baker­
Hunti ngton seri es of val l eys was a structural depression between the Wal l owa Mountai ns on 
the east and the B lue  Mounta i ns on the west . L i v ingston {1 938) described post-Miocene 
structures i n  northeastern Oregon and pl aced the Grande Ronde Val l ey i n  a setting  of 

*At the t ime of report prepara tion , I80N was being redesignated I82 .  
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F i gure 1 .  Loca t i on of 7 1 / 2 -minute quadra n g l e base maps . 

3 
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drainage-pattern development and topographic relief formed by relatively young faulting 
and uplifts. He observed stream-drainage changes as in the Powder River south of the study 
area. He interpreted eastward deflection of this stream to have resulted from relatively 
rapid structural uplift along the margin of the Grande Ronde Valley and blockage of the 
ancestral north-flowing stream. Livingston also noted that Union and Hot Lake hot springs 
are at the base of a major northwest-trending (Craig Mountain front) fault scarp. 

Several investigators have conducted geologic mapping more recently in and around the 
study area. Hampton and Rrown (1964) mapped the u�per Grande Ronde watershed at the scale 
of 1 :62, 500. They described the major pre-Tertiary, Tertiary and Quaternary geologic units 
and structures and discussed ground-water resources of the area. Schlicker and Deacon 
(1971) mapped 70 sq mi (180 sq km) near La Grande and concentrated on environmental and 
engineering aspects of geology. They emphasized the presence of interbeds within the 
basalt section and the relation of interbeds to landslides along escarpments. 

On a plateau-wide basis, Newcomb (1970) depicted the structural configuration of the 
Columbia Plateau. His 9eologic map(l :500,000) clearly demonstrates the marked northwest­
erly trending horst-graben-step faultin9 displacement present in the study area and the 
Grande Ronde Valley-Hilgard upland position relative to the Blue Mountains. �alker (1973b, 
1979) published two reconnaissance geologic maps at the scale of 1 :250,000; these place 
the present study area in the regional geologic framework of northeastern Oregon (Figure 3). 

Gardner and others (1974) prepared an unpublished report for Amax Exploration, Inc. 
which dealt with the geology and geothermal potential of the La Grande-Baker area. They 
compiled earlier work and added new maoping at the scale of 1:62, 500. Magma Energy, Inc. 
drilled the exploratory Magma-La Grande Well No. 1 in the fall of 1974 to test the geother­
mal potential of the Hot Lake area. Total drill depth was reported to be 2929 ft (893 m). 
Neutron-formation, density-dual induction-lateral, and temperature logs were run; these 
geophysical logs, plus descriptive logs and cutting sam�les, are on file with the Oregon 
Department of Geology and Mineral Industries in Portland. 

Baxter and others (1978) summarized the geothermal resources of Union and Baker coun­
ties of northeastern Oregon and published data from wells with water temperatures greater 
than that expected from a normal subsurface temperature gradient. Using chemical-composi­
tion data obtained from thermal-water analysis they concluded that warm water in the vi­
cinity of the study area is part of a deep ground-water circulation system in which tem­
peratures reach 212° F (100° C). 

Other recent and current mapping programs in northeastern Oregon have encountered 
stratigraphic settings within the Columbia River Basalt Group which contribute to the 
understanding of the stratigraphy in the La Grande area. These include Taubeneck (1970, 
1979), Wright and others (1973) , Price (1974, 1977), Kleck (1976) , Ross (1978), Reidel 
(1978) , Hooper and others (1979) and Shubat (1979). Observations also were obtained from 
geologists of the on-going Rockwell Hanford Operations-U.S. Geological Survey Columbia 
Plateau regional-mapping and geochemical program. 

Regional Overview 

The La Grande-study area lies near the southern margin of the Columbia Plateau. This 
plateau originally was a constructional surface created about 1 5  million years ago (Wat­
kins and Baksi, 1974) when flow upon flow of flood basalt spread across large portions of 
northeastern Oregon, southeastern Washington and west-central Idaho. These Miocene flows 
progressively submerged a pre-existing mature topography which, in Oregon, generally was 
eroded in Mesozoic and Paleozoic rocks (Figure 3). By the time extrusive activity waned, 
the plateau-basalt margin had spread south of the study area and burial by basalt was 
complete in the La Grande area. Although no ancestral highlands protruded above plateau 
level, local irregularities in the plateau surface were present near La Grande as a result 
of eruptions of andesite which made low mounds on the basalt plateau. 

Rocks underlying the Miocene flows of the study area can be studied nearby, as at the 
margins of Baker Valley to the south (Figure 3) and in the uplifted highlands of the Elk­
horn and Wallowa mountains to the southwest and east, respectively. These pre-Tertiary 
basement rocks include Triassic submarine metavolcanic greenstone, upper Paleozoic and 
lower Mesozoic metasedimentary lithologies and Mesozoic intrusive rock. The sub-basalt 

5 



Figure 3. 
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basement rocks i n  the area record a compl ex qeol oqic hi story of an upper Pal eozoic-l ower 
Mesozoic  marine envi ronment g i v i ng way to upper Mesozoic-l ower Tertiary mounta i n-bui l d i ng 
episodes and stream degradation concurrent with subsurface i ntrusive and metamorphic ac­
t i v i ty .  

Near La Grande, modi fication o f  the Col umbia  Pl ateau i nto i t s  present-day form began 
i n  late Miocene time as structural deformation and surface i rregul ari ties focused runoff 
i nto consequent channel s. In the study area , horst, graben and step-faul t movement a long 
northwest-trending fractures jumbled the pl ateau surface. Superimposed upon these vert i ­
cal adj ustments was the general upl i ft of the Bl ue Mountains to the northwest.  Thi s re­
sul ted i n  the southeasterly regional d i p  of the pl ateau rocks north of La Grande. Throug� 
out the upper Tertiary-Quaternary deformation cyc l e ,  sediments accumul ated i n  such depres­
sions as the Grande Ronde and Raker va l l eys whi l e  stream erosion d i ssected bordering up­
l i fted block s .  

Restated, the study area l ies i n  a regional sett ing  o f  nearly vertical l y  faul ted and 
regional ly  ti l ted Col umbia River Basa l t  Group fl ows in which  basalt-fl oored basins  have 
been fil l ed with sediments and basa l t-bedrock upl ands are being  eroded by youthful and 
rejuvenated streams . 

Thermal  S p r i n g s  a n d  He l l s  

Regiona l l y ,  the study area is  i ncl uded i n  the Deschutes-Umati l l a  Pl ateau-Bl ue Mounta i n  
heat flow provi nce of B lackwel l and others ( 1 978).  They eval uate this province to have 
a heat flow approximately 50% greater than i s  ant i c i pated for continental l ocal i t i es; tem­
perature gradients average about 44°/km. Th i s  heat fl ow provi nce , however , is not consid­
ered to have the hi gh-temperature thermal potential  of the H i gh Cascade Range province to 
the west and the combi ned Basin and Range-H i gh Lava Pl a i ns-Owyhee Upl ands-Western Snake 
Ri ver Basin provi nces to the south. 

Local l y ,  thermal water was uti l i zed commercial l y  i n  the v i c i n i ty of La Grande before 
the turn of thi s century when a heal th resort was constructed at Hot Lake i n  the 1 880 ' s .  
Subsequently, thermal springs and wel l s  were developed for publ i c  and commerc ial  use i n  
the v i c i n i ty of Cove and Uni on . Recentl y ,  wel l s  yiel ding  warm water were dri l l ed i n  and 
around La Grande by the city ,  the Union Pacific  Ra i l road and Boi se Cascade Corp. In al l ,  
more than twenty thermal springs and wel l s  are reported i n  the v i c i n i ty of La Grande and 
the Grande Ronde Val l ey ( F i gure 4; Tab le  1 ) .  

Thermal -water s i tes i n  the Grande Ronde Val l ey can most aptly be cal l ed warm spri ngs 
and wel l s .  None of the thermal water reaches boi l i ng temperature; the 1 85° F (85° C )  
temperature reported for Hot Lake ( Baxter and others, 1 978) i s  the area's warmest .  Most 
typica l l y ,  waters are l ess than 1 00° F ( 38° C )  (Table 1). 

Di stri bution of thermal springs is  strongly associated with faul t zones. I n  addition , 
thermal springs appear to be very l ocal i zed and pass to the surface through narrow con­
dui ts .  At Hot Lake , for exampl e ,  cool potabl e water used at the l odge i s  obtai ned from 
a sha l l ow wel l no more than 1 50 ft ( 45 m) from Hot Lake hot spring.  

As summari zed by Baxter and others ( 1 978) , "the hot waters evi denced by the various 
hot springs i n  the study area [Grande Ronde-Baker val l eys] are most l i kely due to deep 
c i rcul ation of meteoric water a long fault  zones . "  Gardner and others.ll 974) , however, 
do not rule out the possibi l ity of a shal l ow mafic i ntrusion beneath the Grande Ronde 
graben. 

7 
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Tabl e l .  THERMAL SPRINGS AND WELLS NEAR LA GRANDE , OREGON 

Fi gure 4 Surface 
Location Temperature* Flow Rate Location* 
Number S�r i ng or Wel l Name* Deg. C Deg. F GPM* Section - Townshi� - Range 

1 Unnamed ( not sampled 1 )  Sec . 6 ,  Tl S ,  R39E 
2 C l ayton Fox Wel l ( 2 9 )  26 79 1 ,250 SE 114 ,  NW 114 ,  Sec . 20,  Tl S ,  R39E 
3 Wagner Wel l ( 1 9 )  32 90 3 , 500 artesian SE 1 14 ,  SE 114,  Sec . 24 ,  Tl S ,  R38E 

4 E l wyn Bingaman Wel l (28)  24 . 5  
5 ,000 pumped 

76 50 SE 114 ,  SE 114 , sec . 20 , Tl s ,  R39E 
5 Norm Woodel l Wel l ( 30)  24 . 6  76 900 NE 1 14 ,  NE 1 14 ,  Sec . 36 , Tl S ,  R38E 
6 Creston Shaw Wel l ( 26 )  26 79 300 SE 1 I 4 ,  SE 1 I 4 ,  Sec . 31 ' Tl s ,  R39E 
7 C i ty �Jel l #2 (20)  22  72 275 SE 1 1 4 ,  NE 1 1 4 ,  Sec . 6 ,  T3S , R39E 
8 C i ty Wel l #1 ( 2 1 ) 21  70 500 ( 35 m ESE of C i ty Wel l #2)  
9 Un i on Pac i f i c  RR Wel l #2 ( 22 )  26 79 75 NW 114 ,  SW 1 14 ,  Sec . 5 ,  T3S , R38E 

1 0  Union Pac i f i c  RR Wel l #1  ( 2 3 )  27  8 1  1 00 ( 200 m WSW of #2  RR Wel l ) 
ll Boi se Cascade Wel l ( 25 )  20 68 300 SE 1 14 ,  SE 114 , Sec . 26 ,'T2S , R38E 
1 2  Warm Creek Spring  ( 8 )  2 7  8 1  250 NE 1 14 ,  SW 1 14 ,  Sec . 9 ,  T3S, R40E 
1 3  Grange Hal l Spri ng ( 7 )  26 79 1 5  SW 114 ,  SW 114 ,  Sec . 9 ,  T3S, R40E 
1 4  Hoofnag l e  Warm Spring ( 1 6 )  24 75 5 SW 1 1 4 ,  SE 1 14 ,  Sec . 1 0 ,  T3S, R40E 
1 5  Cove ( Swimming Pool ) Hot 

Spri ng ( 27 )  29 84 226 N�J 1 I 4 ,  NW 1 14 ,  Sec . 2 2 ,  T3S , R40E 
1 6  Cove Bath House Warm 

Spr i ng ( 1 5 )  29 84 2 NW 1 I 4 , Nl� 1 I 4 , Sec . 22 ,  T3S , R40E 
17 Gi rdner Warm Spring (5 )  22  72  20 SW 1 I 4 , NW 1 I 4 , Sec . 27 ,  T3S, R40E 
1 8  Hot Lake-Courtright Wel l  ( 4  [A] )  79 1 74 20 SE 1 14 ,  SE 114 ,  Sec . 5 ,  T4S ,  R39E 
19 Hot Lake Resort Hot Spring ( 3 )  85 1 85 1 , 700 NW 1 1 4 ,  SW 1 14 ,  Sec . 4 ,  T4S , R39E 
20 Hot Lake-Courtright Spri ng 

( 4  [B]) S\� 1 1 4 ,  S\4 1 14, Sec. 4, T4S ,  R39E 
21 Magma-La Grande \�ell No. 1 ** Bottom hol e  Cente r ,  N l�  1 14 ,  Sec. 9 ,  T4S ,  R39E** 

temp . 1 30° F ** 
22 Duck Pond Spr i ng ( 6 )  26 79 1 5  NW 114 ,  SE  1 14 ,  Sec . 1 5 ,  T4S , R39E 
23 Un ion  Junction #1  Warm 

Spring ( 1 3 )  37 99 1 5  NE 1 14 ,  SE 1 14 ,  Sec . 22 ,  T4S ,  R39E 
24 Union Junction #2 Warm 

Spr ing  ( 1 4 )  29 84 25 NE l 14 , S�l 1 14 ,  Sec . 23 ,  T4S ,  R39E 
25 Cooper Warm Sprin� ( 1 0 ) 23 73 5 NE l I 4 , NW l I 4 , Sec . 1 2 ,  T5S , R40E 
26 Cropp Hot Spring 24) 32 90 5 NE 1 14 ,  NW 114 ,  Sec . 25 ,  T6S , R39E 

*Name and number in ( ) ,  temperature, f low rate, and l ocation data are from Baxter and others , 1 978 . 
**Data are from Magma Energy, Inc . wel l  descri ption and temperature l ogs . 



S T RATI GRAPHY 

Strati graphic  uni ts present in  the study area are Miocene or  younger . The  ol dest 
un i ts are basal tic lava fl ows and associ ated i nterbeds of Miocene age; these uni ts are 
assigned to the Col umbia  Ri ver Basal t Group. Local l y ,  andes i te fl ows cap the basal ts .  
Andesi tes of  s imi l a r  appearance and  rel ative strati graphic  posi ti on a l so have been in­
cl uded i n  the  Col umbia Ri ver Basa l t  Group by others ( Gil l ul y ,  1937; Pardee , 1941; Walker, 
1 973a ; Ross,  1978 and Taubeneck, 1979). 

Basa l ti c  and andes i t i c  rocks of the Col umbia Ri ver Basalt. Group form the upl ands 
whi c h  surround the Grande Ronde Val l ey .  Younger, a l )uvial and l acustri ne deposi ts make 
up the exposed units i n  the Grande Ronde Val l ey .  Dri l l -core data i ndi cate that the fi l l  
i n  the Grande Ronde Val l ey i s  prima r i l y  Pl eistocene-age l ake depos its (Hampton and Brown , 
1964). Cutti ngs from the Magma -La Grande Wel l  No . 1 near Hot Lake (Appendi x )  f it  th i s  pat­
tern of a l l uv ia l  and l acustr i ne sediments over Col umbi a  Ri ver Basal t Group u n i t s .  

C o l umb i a  R i v e r  B a s a l t G r o u p  

The Col umbi a  Ri ver Basal t Group, a s  descri bed above , i s  a stratigraphic  un i t  o f  re­
gional extent and i s  present throughout the four quadrangl es of the f ie ld  area . Al l of 
the fl ows near La Grande appear to bel ong to the Yaki ma i nterval of the Col umbia Ri ver 
Basa l t  Group ( F i gure 5). Within  the study area rocks of the Col umbi a  Ri ver Basal t Group­
Yakima Subgroup are separated i nto four map un its .  The four are: 1) Grande Ronde Rasal t 
{Tgr} which i s  overl a i n  by 2 )  basa l t  of Glass H i l l  (Tgh) which l ocal l y  i s  overl a i n  by 3)  
andes ite of r�ahogany �lountai n  ( Tmm) and 4)  andes i te of Cra ig  Mounta i n  (Tern). The l atter 
three names are i n formal strati graphic designations used i n  th i s  report for mapping pur­
poses . The basal t  of Glass H i l l  i ncl udes both the bl ack ol i v i ne and diktytaxi tic* ol i v i ne 
fl ows of Taubeneck (1979) i n  quadrangles north and east of the study area . The �1ahoqan.v 
Mounta i n  and Cra i q  Mounta i n  andes ite un its occur at the same stratigrapnic i nterval i n  
the study area, but appear to represent accumulat ions from separate sources . 

Regi onal l y, Grande Ronde Rasa l t  i s  the ol dest un it  of Yakima Rasal t of the Col umbia 
River Basal t Group.  In  the study area the overly i ng basa l t  of Glass H i l l  has not been 
concl usi vely  ass igned to e i ther the �anapum (m iddl e )  or Saddl e Mounta i ns ( upper) subdi vi ­
s ion of Yaki ma Basa l t  ( Fi gure 5)  ( see Basa l t  of Glass H i l l  di scussion , p. 15). Andesi te 
mapped to the northeast i n  Ore�JOn by \-la l ker ( 1 973a ) and Ross (1978) i s  strati 9raphical l y  
pl aced i n  the Saddle Mountains  (or upper Yakima) i nterva l ; thi s appears to be the case 
near La Grande . 

The vari ous Col umbia Ri ver Basa l t  Group subdi v i s ions of the study area have di fferent 
major-el ement compos i ti ons ( Tabl e 2 ) .  I n  addit ion, the basal t of Glass H i l l appears to be 
made up of two chemical l y  d ist inct  types whi ch, w i th more deta i l ed f ie ld  work , cou l d  be 
mapped separately i n  the La Grande area . Overal l ,  chemical di fferences among Col umb i a  
Ri ver Basal t Group units are numerous . Grande Ronde fl ows , for example, have a s i l i ca 
(S iOz) content of about 54% which matches that of correlative fl ows across the Col umbi a  
Platea u .  I n  the overl y i ng basa l t  of Glass H i l l ,  the di ktytaxitic un i ts have a l ower 
s i l i ca content (about 51-52%); the gl assy fl ow i nterval conta i ns more s i l i ca than Grande 
Ronde Basal t ( about 57-61%) . As di scussed i n  more deta i l  subsequently (p.15), chemical 
composi t i on of the di ktytaxitic flow matches that of the levi flow ( S hubat ,  197Y) in the 
Mi nam Canyon area. The andesite units at the top of the Col umbi a  Ri ver Basa l t  Group 
section have the h ighest s i l i ca content (61-66%) . Other major-el ement data which hel p 
to document the geochemi cal di fferences i ncl ude oxi des of ma9nes i um (MgO) ,  t i tani um (TiOz) 
and i ron ( FeO ) .  For add it ional i nformation concerni ng chemical i denti fication of Col umbia 
Ri ver Ba sa l t  Group un its the reader i s  referred to Hright and others (1973) , Price ( 1 977),  
and Reidel {1978). 

*Di ktytax it ic  denotes an igneous rock texture characterized by numerous sma l l ,  angul a r ,  
i rregularly shaped voids bounded by crystal i ntergrowth s ,  some of 1vh ich  protrude i nto the 
cavi t ies . 
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Tab le  2 .  X-RAY FLUORESCENCE ANALYSIS OF  OUTCROP AND CUTTING SAMPLES FROM THE LA GRANDE AREA 

Fiel d 
Sample Ana lytical Rock 
Number Number S i02 Al 2o3 Ti02 Fe2o3 FeO MnO CaO MgO K20 NA20 P205 Unit  

GRC 1 06 GRC 1 005 66 . 48 1 7 .42 0 . 56 2 .00 0 . 96 0 . 08 4 . 79 1 . 41 l. 95 3 . 96 0.32 Tmm 

GRC 278 JDK 05 61  . 08 1 8 . 90 0 . 52 2 .00 2. 22 0 . 08 7 . 1 7  2 .98  1 . 22 3 . 63 0 . 1 8  Tern 

GRC 240A JDK 03 64 . 06 1 7 .62  0 . 76 2 .00 1 . 59 0 . 1 0  5 . 1 2  2. 21 2 .02 4 . 20 0 . 33 Tern 

GRC 261 JDK 04 61 .67 1 7.65 0 . 75 2.00 3.23 0.1 4 5.61 2. 45 2 .67 3 . 43 0 . 40 Tghg 

GRC 259 JDK 09 61 . 80 1 7 . 75 0 . 74 2 .00 3 . 35 0 . 1 2  5 . 47 2. 1 7  2 . 20 4 . 00 0 .40 Tghg 

GRC 1 40 JDK 02 57. 28 1 7 .  07' 1 . 27 2 .00 6 . 24 0 . 1 8  6 . 39 3 . 37 2 .30 3 . 26 0 . 64 Tghg 

GRC 539 JDK 1 0  58 . 1 9  1 7.88 1 .33 2 .00 4 .86 0 . 1 4  6 . 46 2 . 94 2 . 06 3 . 47 0 . 66 Tghg 

GRC 1 39 JDK 01 51  . 09 1 6 . 9 1  1 . 97 2 .00 8 .87 0 . 1 8  8 . 89 6 . 23 0 .82 2 . 53 0 . 49 Tghd 

GRC 282 JDK 06 50 .92  1 6 .4 1  1 . 53 2 . 00 9 . 1 1  0 . 1 7  9 .47 7 . 03 0 . 56 2 . 42 0 . 38 Tghd 
">:> GRC 500 JDK 07 50 . 74 1 6 . 5 2  1 .44 2 .00 9 . 20 0 . 1 7  9 .81 6 . 65 0 . 52 2 . 59 0 . 37 Tghd 

GRC 501 JDK 08 52. 13 1 6 . 58 1 . 24 2 . 00 7. 71 0 . 1 8  9 .48 7. 1 0  0 . 78 2 . 42 0 . 39 Tghd 

GRC 1 00 GRC 1 004 54 . 28 1 5 .0 1  2 . 1 8  2 .00 1 0 . 56 0 . 22 7 .69 3 .  91 1 .48 2 . 28 0 . 40 Tgr 

GRC l l 5  GRC 1 006 53 . 24 1 4 . 54 2 .06 2 .00 1 1  . 70 0 . 23 7 . 79 4 .01  l. 35 2 . 72 0 . 36 Tgr 

Standard Tgr BCRP 900 54 .67 1 4 . 76 2 . 28 2 .00 1 0 .63  0 . 1 8  6 .83 3 . 56 1 . 77 2 .97 0 . 35 Tgr 

JDK l l  * 51 . 1 9  1 6 . 90 1 .47 2 .00 7 . 22 0 . 20 1 0 .37  7 . 40 0 . 35 2 . 54 0 . 37 Tghd 

JDK 1 2** 51 . 84 1 6 . 79 1 .40 2 . 00 7 . 42 0 . 1 8  1 0 . 01 7 .05 0 . 39 2. 55 0 . 37 Tghd 

Tmm andes ite of Mahogany Mounta i n  
Tern ande s i te of Cra i g  Mounta i n  
Tghg basa l t  of Gl ass H i l l ,  glassy 
Tghd basa l t  of Glass H i l l ,  d i ktytaxitie  
Tgr Grande Ronde Basa l t  

*Samp l e  of cuttings from Magma -La Grande Wel l No . at wel l  depth of 1 1 70-1 3 20 ft. 
**Sampl e of cuttings from Magma-La Grande Hel l No . at  wel l depth of 1 320-1 4 1 0  ft. 



Grande Ronde Basa l t  

Grande Ronde Basa l t  (Tgr) crops out i n  al l upland portions o f  the study area ; rock 
exposures , however, are sparse i n  the southwestern part of the area . Grande Ronde Basa l t  
consi sts o f  numerous simi l ar-appearinq basal t flows which average 50 ft ( 1 5 m) i n  thick­
ness ; l ocal l y  they may be more than 1 65 ft ( 50 m) thi c k .  Approximately 1 475 ft ( 450 m) of 
Grande Ronde fl ows are exposed on the east side of Glass lli l l . However, total thi ckness 
of the fl ow stack within  the f ield  area is not known ; the base of the Grande Ronde un i t  
i s  not exposed i n  the four quadrangles studied .  I n  add i tion ,  the Grande Ronde sect ion i n  
the Magma-La Grande \�el l No . 1 i s  shortened by faul ting and does not give an accurate ver­
t i cal dimension to the extrusive un its (Appendix) .  

Fl ow-structure characteristics  are remarkabl y consistent i n  Grande Ronde un its . The 
l ower three-fourths to two-thi rds of rel a t i vely thin fl ows cons ist  of a basal col onnade 
which has 3-1 0 ft ( 1 -3 m) diameter, smooth-faced col umns . Fl ows which are thicker than 
65 ft (20 m) commonly have an entablature above the basal col onnade cons i st i ng of 6-20 i n  
(0 . 2-0 . 5  m )  di ameter hackly  col umns .  Scattered , el ongate ves i c l es and microves i c l e  l ayers 
are common throughout the col onnade and entabl a ture; the l ower 1 2-20 i n  ( 0 . 3-0 . 5  m) of 
some fl ows are markedly  vesi cul a r .  

Grande Ronde flow tops are 1 0-30 f t  ( 3 - 1 0  m) thic k  and may form one-thi rd o f  the fl ow 
th icknes s .  Exposed flow tops are orange-to-purpl e ,  rubb l y ,  permeab le  breccias  o f  vesi cu­
l a r  and partly massive angul ar  b locks . Ground water co11111only seeps from fl ow tops to form 
spring and vegetation l i nes on sl opes . Flow-top surfaces and parting surfaces wi th in  the 
massive parts of fl ows may be hummocky with 6 ft ( 2 m) or more rel i ef on swa l e s .  

Outcrops o f  Grande Ronde fl ows genera l l y  are l edges 3-1 0 ft ( 1 -3 m) h i gh .  They con­
s i st of l i ght-brown or gray, smooth undul ating  col umns which may be cut by random to 
nearly rectangul ar fracture set s .  Less common l y ,  rubbly flow-top breccias or massive 
ves icu lar  flow tops form jutting  pi nnacl es above l ow rubbly l edges . 

Local vari ations do occur and serve as marker un its .  I n  the  Grande Ronde Canyon near 
Perry, for exampl e ,  two anomal ously thick brickbat fl ows (Fi gure 6) make d i st i nctive and 
l ocal l y  mappabl e u n i ts w ith in  the Grande Ronde sequence. These appear to thin westward , 
however, and become general l y  unrecognizabl e near H i l gard. Another l ocal marker i s  a 
glassy fl ow at the top of the Grande Ronde section i n  the northwestern corner of the study 
area . Thi s probably i s  an extensi on of the gl assy Grande Ronde fl ow reported by Taubeneck 
( 1 979) to the northeast .  The unit  is recogni zable by the presence of l arge , up to 3 ft 
( 1  m) across ,  dense gl assy boul ders on upl and surfaces . 

Most Grande Ronde flows are aphyri c ,  al though a few pl agiocl ase , pyroxene or ol i v i ne 
phenocrysts are scattered through some fl ows . The groundmass of Grande Ronde fl ows gen­
eral l y  i s  dul l bl ack ,  very fi ne grai ned and sparsely ves icu lar .  

Sedimentary interbeds were not found i n  the Grande Ronde sequence with in  the study 
area . Local l y ,  a few thin  l ayers of very fi ne-grained , bri ghtly col ored pyrocl astic de­
bris or ash crop out between Grande Ronde flows ; these can serve as marker horizons over 
short di stances .  Two reddi sh-p i n k  ash l ayers are wel l  exposed a l ong 180N and rai l road 
cuts in the Grande Ronde Canyon near Perry and can be used for identifying  mi nor struc­
tural offsets . A reddish  ash l ayer and oxi di zed flow top hi gher in the Grande Ronde sec­
tion al so makes a good stratigraphic marker south of H i l gard . 

F ie ld  i dent i fi cati on of Grande Ronde Basal t  i n  the La Grande study area was confi rmed 
by geoc hemical analys i s  of sampl es from two basa l t  flows (GRC -100 , 1 1 5 ) i n  the Grande 
Ronde Canyon (P l ate I ) .  X-ra.v fl uorescence data (Tabl e 2 )  show these flows to have simi ­
lar  major-el ement composition to a Grande Ronde standard (BCRP 900) for the Col umb ia 
Platea u .  

Pal eomagnetism of Grande Ronde fl ows , as  determi ned i n  the f iel d with a portabl e 
fl uxgate magnetometer, appears to be a norma l ( N ) -reverse(R )-norma l ( N )  up-section sequence .  
Thi s sequence i s  i n terpreted to be a southwestward extension o f  the N1-R2-N2 portion of 
the magnetostrati graphic sequence present nearer the center of the Col umbia P lateau (Hoop­
er and others , 1 979;  Taubenec k ,  oral communicat ion ) .  

I t  was common, however, to obta i n  i ncons istent pal eomagnetic read i ngs wi thin some 
Grande Ronde flows and at s i ng le  outcrops . The i ncons i stencies d id  not appear to be 
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Figure 6. Grande Ronde Basalt near Perry. 

View is to the northeast in the Grande Ronde Canyon in Sec. 34, 

T2S, R37E. This exposure is slightly west of that depicted by Hamp­
ton and Brown (1964, p. 21). Brickbat entablatures (vertical bars) 
of two thick Grande Ronde Basalt flows form cliff faces and make 
local stratigraphic markers for structural interpretation. The mag­
netostratigraphic reverse(R2)-norn�l(N2l contact is in the upper 
slope (dashed-line). Large float blocks of andesite of t1ahogany 
Mountain are near the ridge line (arrows). 
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related to position within a flow and occurred both at flow interiors and at flow tops and 
bottoms. Paleomagnetic determinations of N1-R2-N2 are based on data from clusters of 
field measurements taken at basalt outcrops in which a vertical sequence of flows is ex­
posed. Consistent reversals which occurred at specific stratigraphic levels within the 
basalt pile have been so indicated on the geologic maps (Plates I-IV) . The lower reversal, 
from normal(Nl) to reverse(R2), occurs approximately 1 000 ft l300 m) down in the Grande 
Ronde section in the Ladd Canyon area. The upper reversal, from reverse(R2) to normal(N2), 
occurs approximately 3 5 0  ft (100 m) down in the section in the Grande Ronde Canyon. 
Thinning of the normal(N2) section in a southerly direction is suggested by the location 
of the reverse-normal (R2-N2) break which occurs approximately 2 5 0  ft (7 5 m) below the top 
of the Grande Ronde section in Ladd Canyon. 

Basalt of Glass Hill 

Basalt of Glass Hill (Tgh) consists of a number of flows and interbedded lithic and 
tuffaceous sediments which occur above the Grande Ronde Basalt sequence and, in places, 
helow the andesite of Mahogany Mountain and Craig Mountain. As observed previously, the 
Glass Hill sequence probably is the lateral equivalent of the black olivine and diktytaxi­
tic olivine basalts of Taubeneck (1979). 

Basalt of Glass Hill has an irregular vertical and lateral distribution pattern 
thoughout much of the upland areas. Outcrops are most abundant near the La Grande front 
north of the Grande Ronde River and in the Hilgard uplands between the Grande Ronde Canyon 
and Glass Hill. Scattered outcrops are present on Craig Mountain. The unit does not 
occur in the northwestern portion of the study area. The thickness of the Glass Hill 
sequence ranges from less than 6 ft (2 m) near probable accumulation margins to greater 
than 5 00ft (1 5 0m); the greatest thickness occurs in the upper Sheep Creek area (Plates 
I-III ) .  

A slight angular unconformity is interpreted to exist between Grande Ronde and Glass 
Hill sequences. Thickness and distribution patterns suggest westerly onlap of Glass Hill 
units onto a slightly easterly tilted Grande Ronde Basalt surface. Warping of the surface 
and/or nearness to a source may have led to the thick accumulation of Glass Hill units in 
the vicinity of Glass Hill. 

The basalt of Glass Hill sequence is recognized in the field by stratigraphic posi­
tion and by lithologic differences from the underlying, more uniform-appearing Grande 
Ronde flows and overlying platy andesite units. As observed in the introductory remarks 
of this chapter, X-ray fluorescence analysis data also distinguish the Glass Hill sequence 
from underlying and overlying units. The Glass Hill sequence is recognizable in cuttings 
from Magma-La Grande �lell No. 1 and is a good marker unit, or structural datum, near the 
Grande Ronde Valley. 

Basal diktytaxitic units of the Glass Hill sequence commonly have reverse(R) paleo­
magnetism and overlie Grande flows with normal (N2l paleomagnetism. A few field measure­
ments suqqest that an uppermost diktytaxitic flow and upper obsidian-like mottled units 
have normal(N?) paleomagnetism; the authenticity of this polarity reversal was not con­
clusively determined during the field study. The lower reverse(R) portion of the basalt 
of Glass Hill may be time equivalent to the paleomagnetically reverse(Rs) portion of the 
\<lanapum Formation (Figure 5). However, Shubat (1979) tentatively places a diktytaxi tic 
flow (Levi) near Minam in the Saddle Mountains interval. This diktytaxitic flow has nor­
mal paleomagnetic polarity although its major-element geochemistry is similar to dikty­
taxitic basalt of this study. In the La Grande-study area no significant erosional cycle 
and only minor, local structural discordances are interpreted to have occurred in the time 
interval between the end of Grande Ronde Basalt accumulation and the beginning of the . 
extrusion of basalt of Glass Hill. Based on these field relations near La Grande, this 
report favors the �lanapum (R3) correlation for the lower reverse(R) diktytaxi tic flows in 
the Glass Hill sequence. The upper normal?(N?) diktytaxitic and obsidian-like flows may 
correlate with the lower normal portion of the younger Saddle Mountains Formation. 

Several of the Glass Hill flows exhibit vertical and lateral variations in hand-spec­
imen texture, and flows of different lithologic types may be interfingered locally. None 
of the individual lithologic types could be traced laterally throughout the map area. 
Figure 7 is a schematic diagram of stratigraphic sections of Glass Hill units at numerous 
locations in the La Grande field-study area. A brief description of flow types and 
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Figure 7 .  Schema tic diagram of ba sa l t of Gl a s s  Hil l distribution.  
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sedimentary interbeds i ncl uded i n  the Gl ass H i l l  sequence foll ows ; geochemical data for 
outcrop samples GRC- 139 , 282 , 500 and 501 and Magma-La Grande Wel l No . 1, sampl es JDK-1 1 
and 1 2  are presented i n  Tabl e 2 .  

Di ktytaxitic  basal t ( Tghd):  Di ktytaxit ic  ba sa l t  is the most widespread flow type i n  
the Glass H i l l  sequence .  Diktytaxitic basa l t  ranges from one to s i x  or more fl ows and 
reaches approximately 400 ft ( 1 20 m) total thickness east of I80N in the upper Ladd Canyon 
area . I nd i v i dual fl ows are 9eneral l y  30-50 ft ( 1 0- 1 6  m) thic k .  

At l east two fl ows o f  di ktytaxit ic  ba sa l t  are abundant l y  phyric with 1 - 2  mm ol i v i ne 
gra i n s .  These fl ows serve as  strati graphic markers over much o f  the fiel d area and i n  the 
t·1agma-La Grande !·!e l l  No . 1. Local l y ,  black gl assy interval s occur with i n  or between d ik­
tytaxit ic  basa l t  un i ts ;  these may be  c h i l l ed portions of  the di ktytaxi ti c  fl ows and/or 
interfingerings with gl assy basal t .  

Outcrops o f  d i ktytaxitic  basa l t  commonly form l edges 3-20 ft ( 1 -6 m )  i n  hei ght that 
cons i st of large , moderatel y  rounded b locks .  Indi vidual flows con s i st of  a vesicular flow 
top up to 1 0  ft (3  m )  thick and a col onnade that forms the remai nder of the flow. Heath­
ering of the unit typical l y  produces rounded spal l ed cobbles  and a grus-l i ke soi l . 

Glassy basal t ( Tghg) : G lassy aphyric mottled basal t* occurs in the southwestern and 
eastern portions of the H i l gard uplands from Ladd Creek northward to the tabl eland around 
Morgan Lake and westward to the boundary of the map area . At l east four Glass H i l l  gla ssy 
basal t flows or flow units ,  tota l l i ng more than 200 ft (60 m ) ,  are present on both s ides 
of Ladd Creek above the mouth of i ts canyon . A thick sequence of g lassy fl ows or fl ow 
uni ts i s  exposed i n  the headwal l scarp above the major l a ndsl i de west of Taylor Creek i n  
Sees . 1 9  and 20,  T3S, R38E .  The upper five to s ix  fl ows or flow units i n  th i s  Taylor 
Creek section are dense, black and obsidian- l i ke ;  the l ower two to three have promi nent 
thin pl aty joi nts . The obs i d i an- l i ke fl ows were observed primari ly  i n  the Taylor Creek 
area and interpreted to be near-sourc e ,  l ate-stage products of the gl assy , aphyric ,  mot­
tl ed basa l t  eruptive cyc l e .  

Outcrops of the glass�aphyri c,mottled basal t general l y  are l edges of moderatel y 
rounded col umns ,  3-5 ft (1-1 . 5  m )  i n  diameter , with pitted surfaces. Ves icu lar  flow tops 
are mass ive .  Some fl ows have thi n ,  i rregular platy partings (F i gure 8 ) ;  other flows have 
smooth col umn faces which are cut by pl anar joint sets . 

Fresh surfaces are b l ack , very fi ne grai ned-to-glassy and sl i ghtl y vesicular  with 
round to el onqate ves i c l e s .  Evenl y  di stri buted , pa l e-yel l ow to dul l -green , amoeboid­
shaped 1 /8- 1/2  in  diameter (3- 1 2  mm) discolorations give the flows a distinctive "splotchy" 
pattern on unweathered surfaces . Howeve r ,  thi s spl otchy mottl i ng occurs sporadical l y  i n  a 
few underlying Grande Ronde fl ows or porti ons of fl ows of other Glass Hi l l  l i thologic types 
and, therefore, i s  not diagnostic as a s i ngl e criterion .  

Coarse-grai ned basa l t  (part of Tgh undi fferentiatesll: Coarse-grai ned black basa l t  i s  
best exposed i n  the headwal l  of a l arge l andsl ide on Cra i g  Mountai n  front i n  Sec . 1 ,  T4S , 
R39E . Two fl ows total l i ng 50-65 ft ( 1 5-20 m)  occur above di ktytaxit ic  basal t of the Glass 
Hi l l  i nterval and below pl aty andes ite of Cra i g  Mountai n .  Coarse-gra i ned black bas�l t has 
a sparkly rough-textured fresh surface. Indi vidual gra ins are 2-5 mm i n  l ength. The fl ows 
have massive,  ves icu lar  tops and basal col umns which are 3-5 ft ( 1 -1  . 5  m )  i n  d iameter. 

B lac k  ol ivine  basal t ( Tgho ) :  B l ac k  o l i vi ne basa l t  occurs i n  the northwestern portion 
of the Glass Hi l l  7 1 /2-mi nute quadrangle and underl ies  Gl ass Hi l l  l ookout . At l east two 
bl ack olivi ne basal t fl ows crop out i n  Sec . 1 ,  T4S ,  R37E;  here they are separated by one 
glassy aphyric mottl ed basa l t  flow. Black ol i vi ne basal t typi cal l y  i s  dul l bl ack ,  very 
f i ne grai ned and "peppered" with 1 mm transl ucent bronze-colored o l ivine gra i n s .  The 

*It shoul d be noted that Glass Hi l l  gl assy ba sal t sampl es GRC-259 and GRC-261 taken i n  the 
Tayl or Creek section have more andes i ti c  than basal tic  chemical characteristics (Tab l e  2 ) .  
I n  hand-specimen and outcrop characteri stic s ,  however, a basalt texture and appearance typ­
i fies the gl assy fl ows. The term basa l t  i s  reta ined i n  this  text to be compati b le  with 
previous and current work of others i n  the area and to be compati b le  wi th the more basa l t i c  
chemical character o f  other gl assy Gl ass H i l l  basal t samples analyzed (GRC- 1 40 and 539) . 

17 



Figure 8. Pla ty j ointing in ba sa l t .  

P l a ty j ointin g o f  t his Gl a s s  Hil l flow typifies that  o f  several 
fl ows within t he G l a s s  Hil l sequence . Similar appearing j ointing 
a l so is  exhibited by a ndesite in the Ma hogany Moun tain and C raig 
Moun tain units . Joint s  a re c u rvilinear and  may c hange from horizon­
tal to vertic a l  within a sin gle o utc rop . T he expo sure depic ted is 
ea s t  of I 80N in Sec. 32, T4S , R39E. 
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needl e of a Brunton compass i s  defl ected from ma9netic north when the compass i s  hel d 
within  1 ft ( 0 . 3  m) of a black ol i vi ne basa l t  outcrop. Outcrop characteristics  are s imi­
lar  to those of gl assy basal t fl ows . 

I nterbedded sediments (Tghi): Interbeds of tuff brecc ia, mudstone and l i thic sand­
stone occur within  the Gl ass H i l l  sequence ;  however, they are not l atera l l y  extensive . 
Sedimentary units appear to be thickest and most abundant near the La Grande front i n  the 
v i c i n i ty of the Grande Ronde Canyon ( Pl ate I I ) .  North of the Grande Ronde Canyon near Fox 
Hi l l  Road ( Sec . 25, T2S, R37E),  for examp l e ,  a mass i ve tuff breccia,  ly ing  bel ow a di kty­
tax it ic  basalt fl ow, i s  up to 50 ft ( 1 5  m) th i c k .  A l ayered mudstone , which  a l so l i es 
near the base of the Glass Hi l l  sequence, i s  up to 25 ft (8 m) th i c k .  Near the top o f  the 
Glass H i l l  sequence, a poorl y  sorted wa�er- l a i d  l i thic sandstone, composed primari l y  of 
vol canic detri tus , i s  up to 1 3  ft (4 m) thi c k .  These sedimentary units appear to th i n  
abruptly to the west; they were not present i n  Glass H i l l  outcrops north of the Grande 
Ronde Ri ver about 2 mi ( 3  km) west of the La Grande front .  South o f  the Grande Ronde 
Ri ver, however, scattered outcrops occur west of the La Grande front in the Rock Creek 
area. 

The massive tuff unit noted above probably i s  the southwestward extension of the tuff 
reported by Taubeneck ( 1 979) to be at the base of the sequence whi c h  overl ies  Grande Ronde 
Basal t .  Most exposures of the tuff are on s l opes north and south of the mouth of Grande 
Ronde Canyon (P l ate I I ) ,  al ong the Mi l l  Creek-Morgan Lake road west of the center of Sec . 
1 8, T3S, R38E ( Pl a te I I )  and al ong Ladd Creek near the Ladd Road- I80N intersection (P l ate 
I I I ) .  

Andes ites of Mahogany Mountai n  and Craig Mounta i n  

At l east two separate areas o f  ande s i te accumulations are exposed within  the study 
area ; they occur from the Grande Ronde Canyon northward and from Cra i g  Mountai n  westward . 
As observed at the begi nning  of thi s  chapter, these are i nforma l l y  des i gnated the andesi te 
of Mahogany Mounta i n  (Tmm) and the andesite of Cra i g  Mountai n  (Tern) , respectivel y .  The 
andes ite i s  the youngest Terti ary vol cani c  uni t i n  the area ( F i gure 5 ) . These accumula­
tions are composed primari l y  of  gray pl aty and mass ive andesi ti c  l a va fl ows . 

North of the Grande Ronde Canyon the thickness of the andesi te of Mahogany Mounta i n  
i ncreases northeastward from the accumulation ' s  di stal marg i n  to more than 650 ft (200 m) 
at the La Grande-study area north boundary. In the southern part of the area , thickness 
of the andesite of Cra i g  Mountai n  i ncreases eastward across the Cra i g  Mounta i n  7 1 /2-mi n ­
ute quadrangl e from approximately 1 00 ft ( 30 m) to greater than 700 ft ( 2 1 5 m) . I t  i s  
poss ib le  that the two andesite accumul ations were ori ginal l y  d i stal parts of a much larger, 
perhaps coal esced, accumul ation to the east which, in part, i s  now sediment-covered below 
the floor of the Grande Ronde Va l l ey .  The Morri s  H i l l  area and Tamarack Mounta i n  may be 
minor centers of accumu l ation . 

North of the Grande Ronde Canyon i n  the H i l gard and La Grande SE 7 l /2-minute quad­
rangles (Plates I and r n ,  andesi te of Mahogany Mounta i n  overl i es the basa l t  of Glass li i l l  
sequence.  Because andes ite outcrops and down-sl ope col l uvium i n  this  area are restricted 
to north of the Grande Ronde River  and east of Hami l ton Canyon, i t  i s  i nterpreted that the 
course of the Grande Ronde R iver and the devel ooment of some s ide streams were control l ed 
l ocal l y  by the southern margin of andesi te accumula tion . 

I n  the Cra i g  Mounta i n  to Tamarack Mounta i n  region, and i n  the patches i n  western and 
central portions of the Gl ass H i l l  7 1 /2-minute quadrangl e (P lates I l l  and I V ) , andesite 
of Cra i g  Mounta i n  i s  in contact with both Grande Ronde Basal t and basal t of Glass H i l l .  
I n  l ower Ladd Creek area of the northeastern portion of the Gl ass Hi l l  7 l /2-minute quad­
rangle, an angular unconformity separates gently d i pping (<5° ) ande s i te of Cra i g  Mounta i n  
from underl y ing ,  more steepl y d i pping  ( 1 5°-20°) black aphyric mottled basa l t  of Glass Hi l l. 
Farther up stream i n  Ladd Canyon i n  See s .  23 and 26, T4S, R38E, gently d i pp ing  ( 1 ° -2°)  
andes i te overl ies more steeply d i pp ing  ( 1 0° - 1 5 ° )  Grande Ronde Basa l t .  

I n  the Ladd Canyon area of west-central Cra i g  Mountai n  7 1 /2-mi nute quadrangl e, an 
erosi onal unconformity i s  i nterpreted to be present between andesi te of Cra i g  Mounta i n  and 
basal t of Glass H i l l  with poss i bl y  500 ft ( 1 50 m) of rel i e f  developed on d i ktytax it ic  
Gl ass H i l l  fl ows and underl ying Grande Ronde Basa l t  ( Pl ate I V ) . E l sewhere, however, c l ear 
evidence of i nterformational erosional rel ations between ande s i te and basa l t  fl ows is not 
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evi dence of i nterformati onal eros ional relations  between andes i te and basa l t  flows i s  not 
exposed and i s  not i nd icated by general field  rel ations . 

Outcrops o f  both andesi te uni ts typical l y  consist  of gray bl ocky cl i ffs or l edges of 
col umnar pl aty to mas s i ve ande s i t e .  Platy joi nts develop  i n  broad swi rl patterns i n  which 
joint atti tudes range from flat l yi ng to vertical , commonl y wi th in  short lateral or ver­
t i cal d istances . Rap i d  mecha n i ca l  weather i ng and sapping o f  plates near the base of out­
crops resul t in abundant mas s i ve bl ocks  of ande s i te float which  may obscure geol ogic re­
l ations for many hundreds of feet downsl ope . 

Nei ther ves icular  zones nor flow-top breccias  were observed at the tops of andes i te 
fl ows . Consequentl y ,  recogn i t i on of i nterfl ow contacts i s  d i fficul t .  However, the upper 
surfaces of two fl ows are exposed or i nterpreted to be present i n  the Cra i g  Mounta i n  area . 
A sma l l  fresh-appea r i ng flow l obe with  a ra i sed margi nal rampart and smoothl y sl op ing ,  but 
sl i ghtly hummocky, upper surface occurs south of J i mmy Creek Meadow i n  SW l /4 Sec .  2 ,  T5S , 
R39E , ( F i gure 9 ) . A l ess -fresh flow surface i s  i nterpreted to be approximated by the 
nearl y flat topograph i c  surface south of Ladd Creek in See s .  23 and 26,  T4S , R38E , and 
west of I80N in See s .  5, 6 and 7, T5S , R39E . 

Fresh hand specimens of ande s i te are l i ght to dark gray, very fine gra i ned to gl assy 
and aphyr ic  to s l i ghtly phyric ( general l y  with  2-5 mm plag ioc l a se gra i ns ) .  In  portions 
of some fl ows , i rregularly shaped void  spaces occur al onq pl aty part ings .  P laty parti ngs 
commonly are h i ghl i ghted by p ink  or gray tones whi ch contrast w i th a darker groundmass 
col or.  

Incl uded stra t i graphi ca l l y  v1i th the ande s i tes are one or more th in  ( l ess  than 50 ft 
[ 1 5  m] th i c k )  b lack ,  gl a ssy, ma ss ive fl ows , or zone s .  Al though l oca l l y  present w i th i n ,  
o r  at  the base o f  andes i te fl ows , they rarely form outcrops . Genera l l y ,  these gl assy 
uni ts ,  or zones , are a phyri c ;  l oca l l y  whi te pl a g iocl ase gra i ns up to 1 em have been 
observed . One geochemi cal analys i s  of a black  gl assy i nterval ( sampl e GRC-240A) i s  
i ncl uded i n  Tabl e 2 ;  i ts compos i t i on i s  s im i l a r  to that o f  the andes i te .  I n  hand spec i ­
men these i nterva l s  are s imi l ar i n  appearance to some of the obs i d i a n-l i ke Glass H i l l  
fl ows which  occur west o f  Taylor Creek and i n  the northwestern portion o f  the Glass  H i l l  
7 l /2-minute quadrangl e .  

The Cra i g  Mounta i n  i n terval al so i ncl udes a th in  sedi mentary i nterbed between two 
andesite  fl ows . The i nterbed i s  exposed i n  a sma l l  outcrop d i rectly east of the d i rt 
road i n  E l /4 ,  NW 1 / 4 ,  Sec . 2 4 ,  T4S ,  R38 E ;  i t  i s  at  l east 20 i n  ( 0 . 5  m)  th i c k  and consists 
of gray, medi um-gra i ned, moderately wel l -sorted, crossbedded l i th i c  sandstone . L ith ic  
cl asts a re andes i t i c .  

Quaternary deposits 

Quaternary un its are carr i ed on La Grande-study geologic  maps only where the deposi ts 
are suffi c i entl y thick  to mask underl y ing  bedrock .  Depos its i n  upl and areas consist  of 
col l uv ia l  debri s ( Qco)  and thick soi l  cover ( Qs ) .  Dense stands of timber commonl y are 
associ ated w i th the l atter .  Throughout much o f  the area , f i ne whi te ash  deposi ts occur 
i n  the soi l and col l uv i um .  The ash i s  most l i ke l y  derived from modern Cascade vol can ism .  

Al so i ncorporated in  the map u n i ts dep i c t i n g  upl and col l uv i um and  soil  ( Qco and  Qs )  
are scattered , thin  l ag deposits of  wel l -rounded r i ver gravel s .  The gravel s appear as  
scattered pebbl es on  the upl and surfaces . The l i th i c  grave l s  cons i st of  chert, quartzite ,  
marbl e and gran i t i c  and metamorphi c  rock types s imi l a r  to basement l i thol ogies exposed 
i n  mounta i nous areas to the south and wes t .  The grave l s  typ i cal l y  are pebb l e  s ize ; scat­
tered cobbl es range up to 4 i n  ( 1 0  em) in l ong d i mens i on .  I n  the north , general upl and 
l oca l i ties of these l ag concentrations are east and west of H i l gard and near Hhi skey 
Creek road .  I n  the south , scattered grave l s  are present i n  the uplands around Ladd Can­
yon . These grave l s  are i nterpreted to be remnants of a l l uv ia l  depos its of ancestral 
streams , i nc l ud i ng the Grande Ronde , which fl owed across the ol ateau surface prior to 
major down-cutt i n g  or entrenchment .  

A l obate-shaped i nc i p i ent rock glacier ( inc luded i n  Qco )  i s  mov i ng downsl ope south­
ward from the eastern scarp of Tamarack Mounta i n  i n  NE 1 /4 Sec . 1 3 , TSS , R38E ( F i gure 1 0) .  
The maximum width near the l obe front i s  approximately 600-650 ft ( 1 85-200 m) ; the l ength 
i s  approxima te l y  1 200 ft ( 365 m) . Materia l  for the rock glacier  i s  andes i te tal u s  from 
the east escarpment of Tamarack Mounta i n .  
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F i gure 9 .  Andes i te fl ow l obe . 

Obl i que  s tereo v i ew i s  l oo k i og northwa rd a t  a ndes i te of C ra i g  
Mounta i n  i n  See s.  2 a n d  l l , T5S , R39E. An abrupt edge and  a hummoc ky , 
pa tterned s u rface denote the sma l l fl ow l obe w i thi n the ande s i te s e ­
quence. The northea st end o f  the l o be may ma r k  a l oc a l  feeder . 

F i gure 10 . I nc i p i en t  roc k g l a c i er. 

Obl i qu e  stereo v i ew l oo k i ng we st  toward a sma l l roc k gl ac i er on 
the ea st  s l ope of Tama rac k Mounta i n  ( Sec . 1 3 ,  T5S , R38E) . Lobate 
fl ow l i nes a re fa i n t l y  v i s i bl e  in the l ower port i on of the fea ture . 
The i nc i p i ent roc k  gl ac i er con s i s t s  of mecha n i ca l l y  wea thered ande­
s i te of Cra i g  Mou n ta i n . 
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The Grande Ronde Val ley and other local l owland areas cons i s t  ma i nly of modern a l lu­
v i um plus older alluvial and flood-pl a i n  depos its (Qa ) .  The latter typically are devel­
oped i nto agricul tural lands . Alluvial fans and fanglomerates from major and mi nor 
streams ( Qaf)  spread onto lowl and area s .  A few remnant ( Plei stocene?) stream-channel 
deposits and gravel terraces ( Qg)  occur locally a long lower val l ey slopes and along the 
margi n  of the Grande Ronde Valley . 

Undeformed clayey lacustrine deposits ( Ql ) are found north of La Grande at  the mouth 
of the Grande Ronde Canyon . These sl ack-water deposi ts form thin aprons on the slopes as 
h i gh as 21 5-230 ft ( 65-70 m) above the elevation of the present-day Grande Ronde Val ley 
floor .  The extent of  these sediments is  uncerta i n ,  but they appear to represent Pleisto­
cene pondi ng deposi t s .  

Numerous l andslides and other mass-grav ity features (Ql s )  are found withi n the study 
area , particularly a l ong the La Grande and Cra ig  Mounta i n  fronts where t ilting and over­
steepeni ng of slopes occur . Small sli des and slumps ,  as- i n  Rock Creek Val ley, occur along 
slopes of several dra inages . A '' textbook" example of an earth flow can be seen just north 
of La Grande i n  Sec . 30, T2S, R38E ( F igure 1 1 ) .  Here the intersection o f  a verti cal  fault 
zone with nearly horizontal Glass H il l  i nterbeds has provided the structural i ncompetence 
which contri buted to the sl ope fa i l ure . As observed by Schl icker and Deacon ( 1 971 ) ,  many 
of the sl i des and slumps ori g i nate at interbed horizon s ;  these are mostly i n  post-Grande 
Ronde Basa l t  units . 

Jumbled bl ocks (Qjb) are map uni ts whic h  denote tilted but nearly coherent masses 
of structura l ly d i s turbed bedrock .  They genera l l y  are i nterpreted to reflect recurrent 
fault adjustments along major structural trends w i th the rotation of near-surface uni ts 
i n  the di rection of throw. The Quaternary symbol for the unit i s  not i ntended to i nd i cate 
recogni zab le  recent structural adjustments or the absence of Tertiary ( Pli ocene) movement. 
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Figu re l l . Ea rthfl ow north o f  La Grande . 

Obl i que stereo v i ew i s  l oo king westwa rd a t  the La Grande front 
in  Sec . 30 , T2S , R38E . A hummoc ky ,  j umbl ed surface a nd a n  a brupt 
s teepened margi n cha ra c teri zes  the earthfl ow . Thi s  l arge ma s s ­
gra v i ty feature o rig i na ted i n  the narrow , fa u l t-contro l l ed ca nyon 
i n  the r i ght mi ddl egro und and  spread onto the gentl y s l o p i n g  sed i ­
menta ry fil l of the Grande Ronde Va l l ey .  Roc k debris ma kin g u p  the 
earthfl ow i s  pr i nc i pa l l y  from fl ows and i nterbeds of the Gl a ss Hil l 
sequence . 

The Mount Emi l y  fa u l t i s  a t  the brea k in s l o pe near the base of 
the front in l ower right mi ddl eground . Thi s fau l t extends southwa rd 
beneath the nec k of the earthfl ow to the La Gra nde s a n i tary l andfil l 
where it intersects the La Gra nde fa u l t .  

Bedroc k i n  the steep s l ope of the La Grande fron t  is Grande 
Ronde Ba sa l t .  Base of the timber cover i n  right m i dd l eground ma rks  
the ba se of ba sa l t of Gl a ss H i l l  sequence . Andesite of Mahogany 
Moun tain is benea th the thic k t i mber cover i n  u pper right . 

Gra nde Ronde Canyon i s  i n  cen ter bac kground . H i l gard upl and s .  
near the tro ugh o f  the Grande Ronde sync l i n e ,  i s  the s tep-fa u l ted 
upper s u rface in l eft bac kground . 
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S T R U C T U R E  

A s  d i scussed i n  the INTRODUCTI ON ,  the L a  Grande-study area i ncl udes the southwestern 
porti on of the Grande Ronde Val l ey and adjacent upl ands to the west .  Structura l l y ,  the 
Grande Ronde Val l ey i s  the middl e of three northerl y a l i gned and northwesterl y el onga te 
structural depress ion s ,  or 9rabens , wh i c h  are l ocated between the B l ue Mountai ns on the 
west and the Wa l l owa Mounta i n s  on the eas t .  

Phen cons idered i n  overvi ew ,  fol d i ng i n  Col umbi a  Ri ver Basal t Group uni ts ha s occur­
red on both re9ional and l ocal sca l e s ,  both during and after vol can i sm .  On a broad sca l e ,  
the Grande Ronde syncl i ne ( Hampton and Brown , 1 964;  Hal ker , 1 973b) i s  a l i gned northea ster l y  
through the study area ( Pl ate I )  and i s  nearl y paral l el w i th the Bl ue t1ountai n  ant ic l i ne 
( Hogenson , 1 964 ; Wal ker, 1 973b)  to the northwest . T h i s  fol d i ng i s  primari l y  a post-Col umbi a  
Ri ver Basal t Group feature. O n  a l ocal  scal e ,  eastward downwarping  o r  subsidence can be 
i nferred to have started i n  Grande Ronde Basa l t time by the unconformabl e-onl ap  rel a t i on 
of the Gl ass  H i l l  sequence to underl ying Grande Ronde Basal t i n  the Ladd Canyon area . 
Monoc l i na l  fol d ing  east of Gl ass  H i l l  occurred after the accumul ation of Grande Ronde 
Basa l t  and younger vol cani c  un i ts ( Pl ate I I I - I V ) . 

Faul t ing  ha s occurred across the area ; observabl e traces and patterns are post-Col um­
b i a  R i ver Basa l t  Group i n  age.  Step and sc i ssor faul t i ng a ssoci ated with horst and graben 
movement i n  and surrounding the La Grande-study area has resul ted i n  a promi nent north­
westerly trendi ng topograph i c  gra i n .  Rel a t i ve upl i ft of structural b locks  west of the 
Grande Ronde Val l ey graben has not been uni form . The Cra i g  Mounta i n  structural bl ock i n  
the southern part o f  the study area i s  intermedi a te i n  structural offset between the mai n  
Glass H i l l  portion  o f  the H i l gard upl ands on the west and the Grande Ronde Val l ey graben 
on the east . 

Faul t recooni tion i s  d i fficul t i n  the fiel d because of the soi l  and veoetat ion cover 
common to the area .  D isp l acement can be documented onl y  where outcrops show

-
v i s i bl e  offset 

( F i gure 1 2 )  or where d i fferent strati graphi c  or magnetostra t i graphic  un i ts crop out juxta­
posed . Faul t zones w i t h i n  any one strati graphi c  uni t ,  in parti cu lar  Grande Ronde Ba sa l t ,  
are extreme l y  d i ffi cul t to document unl ess brecc i a  or gouge i s  exposed . 

Geographical l y ,  the major structural blocks w i t h i n  the study area are informal l y  
desi gnated the H i l gard upl ands , La Grande front ,  Cra i g  Mountai n ,  Cra i g  Mounta i n  front and 
Grande Ronde Val l ey ( F i gure 2 ) .  Deta i l s  of deformat ion w i t h i n  major structural b l ocks  and 
their  rel ation to regional photo-l i near patterns are d i scussed i n  subsequent sect ions . 
Throughout these d i scussions references are made to the geologic  maps ( Pl a te I - I V )  and 
structural cross secti ons ( Pl ate V } .  

P h o to - L i n e a r  F a br i c  

A photo-l i near ana l ysi s was conducted to eval uate the general structural gra i n  of the 
area about the Grande Ronde Val l ey .  Th i rty-one panchromat ic  bl ack-and-whi te aerial photo­
graphs at a scal e  of 1 : 63 ,000 were used i n  conjunction w i th three hi gh-al t i tude photo-pos­
i t i ve transparenc ies  and three col or-infrared transparencies at  a sca l e  of 1 : 1 25 ,000.  
Li nears were annotated on a l l  frames ,  measured for azimuth under stereo v i s ion ,  and trans­
ferred by zoom-tran sfer scope to 7 l /2-minute quadrang l e  topographic  base map s .  A sma l l ­
sca l e  compo s i te of the l i near fabric i s  shown i n  F 1 �ure 1 3 .  

L i nears were measured and c l a s s i f ied i nto one o f  three cateoori es : 
1 )  Long l i nears- -over 3 mi ( 5  km) i n  l ength w i th l i ttl e or no expression of topo­

graphi c  offset. 
2 )  Topographi c  l inears--over 3 m i  ( 5  km) i n  l ength with  expression o f  topograph ic  

offset. 
3) Short l i nears--under 3 mi  (5 km) in l ength w ith  m i nor,  l ocal expressi on of topo­

graphic offset . 
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Figure 1 2 .  Fa u l t zone in the La Grande front . 

Grande Ronde Basa l t  fl ows exposed a t  the mouth o f  the Grande 
Ronde Canyon show n ea r l y  vertica l  shearing and g ra vity fa ul t dis ­
pl a cement .  View is  to the north a c ro s s  I 80N in Sec . 3 6 , T2S , R37 E . 
The fa u l t p l a ne in photo center dips a pproxima te l y  65°  to the ea st ; 
offset is down to the e a s t  ( right ) . This fa ul t ,  with displ acement  
of a bo u t  30 ft ( 1 0 m ) , is one  o f  ma ny minor fa u l t s  within the fau l t 
zon e . I t  depic ts  the nature o f  interna l adj u s tment s  fou n d  in the 
nea r l y  vertic a l  fa u l t zone . 

Light-col ored ma teria l on the l eft near the base o f  the roa d  
c u t  is  concrete sea l er o v e r  a thin interfl ow a sh l ayer ; the a sh 
ma rker unit is fa u l ted bel ow road l evel  on the right . 
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Figure 13 . Pattern of photo l i nears near La G ra nde . See d i scussion on page 27 
for exp l anat i on of types of l i nea rs s hown o n  this ma p .  
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Di rectional d i stri bution of the l i nears was eval uated by means of histograms and rose 
diagrams devel oped for each category ( Fi gure 1 4a-c ) .  A brief d i scussion of each l i near 
category fol l ows . 

Long 1 inears 

Long l i nears ( shown as dotted l i nes i n  F igure 13) are widely separated, but typical ly 
pers ist  for several tens of mi l es .  They are un i que i n  that they coul d be recogni zed only 
in the western part of the area exami ned . Azimuth measurements were taken a t  3 mi (5 km) 
i n terva l s  al ong each l inear ;  the l ong l inears genera l l y  trend north-south ± 1 5° ( F igure 
1 4a ) .  Long l i nears have l i ttle  topographic expression but seem perva s i ve across drainage� 
l i thol ogi es and vegetat i on types .  They commonly exh ib it  splaying a l ong thei r l engths . 

Topographic  l i nears 

Topographic 1 i nears prevai l  i n  upland area s .  Most fol l ow the N30°-4'5°H structural 
gra i n  which characterizes the La Grande area ( Fi gure 3) . Subordinate topographic l i nears 
were al so measured and pl otted to determine i f  other regional trends or fracture patterns 
were presen t .  The dominant l i near concentration found for topographic l inears was a t  
about N35°W (145° ) ( F i gure 14b ) . Three subordinate sets o f  about equal di stri bution were 
noted at N l 5°E  (15° ), N45°E (45° ) and E-W ( 90° ) .  

Short l i nears 

The density of short l i nears is greatest a l ong the Grande Ronde R i ver and the axial  
trough of the Grande Ronde sync l i ne .  Here the l i nears are d i scontinuous and occupy short 
stream val l eys . Trends can be extrapo lated across stream divides , but they cannot be 
extended v i sua l l y  across ridges and knol l s  to generate a l ong l i near. Two dominant 
azimuth-di stri bution peaks are apparent from the short l i nears at N20°E (20°) and N50°W 
(130° ) .  Two mi nor peaks are present at N45°E (45° ) and N85°E (85°)  ( Fi gure 1 4c ) .  The 
l atter fal l  wi th i n  5° of subord i nate topographic l i nears and may be c l osely rel ated. 
Comparison of short-l i near occurrences to l i thol ogy at the ground s urface i ndi cates that 
the northeast-trendi ng l i nears have the greatest concentration within areas underl a i n  by 
andes i te .  The concentration o f  short l i nears noted near the Grande Ronde River may be an 
express ion of more effective d i fferential erosion resul t i ng from steeper s i de-stream 
gradients . 

Photo-l i near faul t-trace associations 

Compari sons of the l ocat i ons  of photo l i nears in a l l  three categories with faul t 
traces mapped i n  upland areas s how some d i screpanci e s .  Major northwest-trending faul t 
traces typical l y  border , rather than l i e i n ,  the stra i ght-l i ne stream val l eys which make 
up the topographic l i nears. Domi nant topographic l i nears , then , are mostly the resul t 
of erosion by consequent streams which took i ni t ial  courses on downthrown blocks para l l el 
to fau l t  traces ,  rather than of erosion by subsequent streams which developed by di fferen­
tial , headward erosion al ong faul t zone s .  Short l i nears , however, more commonly mark 
subsequent stream devel opment through di fferential  erosion a l ong sma l l  fracture zones ; 
many of the zones have no recogni zabl e d i spl acement across them. 

Compari sons of photo-l i near i nterpretati ons with geologic  condi tions i n  jumbled 
bl ocks (Qjb) and l andsl ides ( Ql s )  of the steep s lopes a long the La Grande and Cra i g  Moun­
ta i n  fronts suggest that topographic l i nears i n  these areas are weak surficial  traces of 
faul t pl anes in underlying basa l t  bedrock .  Hhen mapping on the La Grande and Cra i g  Moun­
tai n  fronts ,  topographic l i nears can sel dom be recognized from ground-l evel observations . 
Loca l l y ,  however, where bedrock i s  exposed, fau l t i ng can be confi rmed to be rel ated to 
photo l inears by offset of correlative strata . 

During the fie l d  study, l ong l i nears could not be equated to any geologic features 
exposed at the surface except perhaps the north-south-al i gned Glass H i l l  monocl i ne .  
Reinspection o f  a i r  photos did not l ead to the concl usion that l ong l i nears were artifacts 
or were i nduced by f i lm  process i n g .  Based o n  the ir  broad spacing and extreme l ength , l ong 
photo l inears are cons i dered poss i bl y  to be an expression of subt l e  bedrock response to 
minor adjustments a l ong pre-exi sting basement structures. 
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Tectoni c  cons i derat ions  

The dominant northwester ly  l i near fabric apparent from photo-l i near anal ysi s  for the 
area around the Grande Ronde Val l ey ,  and the confirmation that t h i s  trend i s  the dominant 
fau l t  trend i n  the fiel d area near La Grande ( d i scussed subsequentl y i n  deta i l ) provide a 
framework for briefl y consideri ng the tectonic  setting of the study area . Thi s i n vol ves 
a brief review of general tectoni c  factors affecting  the Col umbia Pl ateau fol l owed by 
a cons ideration of which  of these factors best fits the structures of  the La Grande area . 

Tectoni c  evol ution o f  the Col umbia Plateau and i ts bordering area s ,  during and s i nce 
Miocene time, i s  commonly rel ated to a number of dynamic structural epi sodes and/or sub­
basa l t ,  basement contro l s .  These did not necessari l y  act s i ngularl y ;  as a resul t many 
areas within  the Col umbi a  Pl ateau record mi xed tectoni c  setti ngs . A common resol ution of 
the i nd iv idual epi sodes and control s (Geosci ence Research Consul tants , 1 978 , p .  1 42-144)  
i s :  

General upper Cenozo i c ,  approximatel y N20°W-S20°E compression rel ated to north­
westerly sl i ppage of the Pac ific  P late past the North American Pl ate .  

General upper Cenozo i c ,  approximatel y east-west compression generated by sub­
duction of the Paci fi c  Pl ate beneath the North American Pl ate .  

Regional upper Cenozoic subsidence o f  the center o f  the Col umbia  Pl ateau ,  per­
haps as an i sostatic  response to basa l t  l oading and magma withdrawal . 

Regi onal post-basa l t  adjustments focused by pre-exi sting sub-ba sal t basement 
structures ; thi s  i nc l udes variations i n  crustal thickness and/or compo s i t i o n .  

The N20°H-S20°E compressi on epi sode i s  recorded i n  the Col umbia  Pl ateau by such 
features as the major northwester ly  trending d i ke swarms which fed the p lateau basa l t s .  
These feeders developed a l ong tens i onal fi ssures which resul ted from extens i on at  r i ght 
angles to the northwesterly compression . Portions of the Bl ue Mounta i n-Ya kima Ri dge fol d  
set , where the anticl i nal and sync l i na l  axes are al i gned northeasterl y ,  a l so have been 
attri buted to thi s compress ional f i el d .  

The east-west compres s i on epi sode i s  reflected i n  the north-south fl exures and up­
l i fted flanks of  the northern Casade s .  T h i s  epi sode appears to have overprinted the B l ue 
Mountai n-Yakima Ridge set by upl i ft inq  the fol ds  at the western margi n  of  the Col umbia 
Plateau ; thi s epi sode , the n ,  pers i sted whi l e  the northwesterl y compression waned . 

Subsidence of the center of the Col umbia P lateau duri ng and after Col umbi a  Ri ver 
Basal t Group extrusion  i s  recorded by the general centerward , centri petal di stribut ion 
pattern of progress i vely younger basa l t  flows c ropping out at the surface of the pl ateau 
(Wri ght and others, 1 973 )  and by post-ba sal t  devel opment of the present-day Pasco Bas i n .  
The anti thesi s  o f  t h i s  regional subsidence i s  the general upl ift of gran i tic rocks o f  the 
Idaho bathol i th eas t  of the basa l t  pl atea u .  

Basement structures have been proposed as control s for a number of features on the 
Col umbia Pl atea u ;  these i nc l ude some near the La Grande study area . The al i gned r i dges 
of the Olympi c  \�a l l owa L i neament (OHL ) ( Ra i sz ,  1 945)  north of the study area may reflect 
a continental -oceanic crustal sel vage ( Skeha n ,  1 965) which has focused deformation  i n  
overl ying ba sal t  fl ows . R i ght-l ateral str i ke-s l i p  movement may a l so be invol ved a l ong 
thi s i nterpreted basement disconti nuity .  Left-l ateral sl i ppage within bl ocks of  a crustal 
pl ate has been considered for the faul t deforma tion pattern and an offset of anticl i na l  
fol d axes of the eastern Blue Mounta ins  ( Gardner and others , 1 974 ) .  Basement control , i n  
the form o f  crustal th i nn i n g ,  has been proposed for the movements creating structural 
depressions  from the Grande Ronde Val l ey southeastward to the Snake Pl a i n  ( Gardner and 
others , 1 974) . 

�/hen the structural pattern of fol d i ng and faul ti ng near the La Grande-study area i s  
v iewed i n  conventional stress-fi e l d  rel ation s ,  particul arl y i n  l i ght o f  structural epi ­
sodes and control s common to the Col umbia Plateau , the s impl est i nterpretation i s  one of  
response to  the  northwesterly compres s ional epi sode . I n  a compressional f ie l d ,  major fol d 
axes trend at r i ght angles to compression and the B l ue Mounta i n  anti cl ine  and the Grande 
Ronde syncl i ne fi t thi s pattern . D i recti on of extension  i s  at right angles to compress i on 
and the northwester l y  oriented , nearly vertical faul ts which dominate the study area f i t  
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thi s  pattern . In add it ion .  northwest-trendi ng fau l ts woul d  be i n  tension  and l ead to 
horst and graben devel opmen t ;  th i s  i s  common i n  the study area . Short l i nears , whi c h  
appear not to b e  related to l arge-scal e  vertical  fau l t i ng ( i n  contrast to topograph ic  
l i nears ) have two of the i r  trends at  angles  from 45° -60° away from the domi nant north­
westerl y compress ion . Short l i nears i n  these trends w ith l i ttl e or  no topographi c  expres­
s ion woul d  fi t the expressions of i nc i p i ent shear pl ane s .  

The northwesterly compressi onal vector for L a  Grande-area structures woul d  have to be 
approximately N35°W-S35°E .  Thi s  i s  a d i fference of about 1 5° from the N20°H-S20°E overa l l  
compressional f ie ld  consi dered for o l der fi ssures whi c h  devel oped to the east and north 
during Col umb ia  R i ver Basal t Group extrus ion .  I t  i s  a l so s l i ghtly mi sa l i gned wi th sub­
sequent fol d i ng in the Yakima Ri dge area to the northwest.  However, crustal variations , 
rock i nhomogenei ties , s h i fts wi th geol ogic t i me and statistical  eva l uation procedures may 
account for t h i s  amount of variation from regional general i zations . 

In  summary, consi stenc ies  of structural trends, compatabi l i ty of the B lue  Mountai n  
fol d ing  to backsl ope faul t ing  i n  the L a  Grande area and systematic  d i stri buti on i n  the 
ori entation of l inear trends favor northwesterly compress ion as the tectoni c  control i n  
the study area . Furthermore , the general l ack  of i nterference , or l a teral offset of l i n­
ears or of any of the i ntersecting fau l t� as  i s  d i scussed i n  the next sections, sugqests 
that a l l  of the post-Col umbia R i ver Basa l t  Group structures i n  the area near La Grande 
have been created i n  response to only one major tectonic  epi sod e .  

H i l ga rd U p l a n d s  

The H i l gard uplands structural block encompasses most o f  the H i l oard and the western 
ha l f  of the G lass  H i l l  7 l /2-mi nute quadrangl es ( Pl a tes I and I I I ) .  The area i s  c harac­
terized by gently southwesterly d i pp ing basa l t  fl ows north of the Grande Ronde Ri ver and 
gently northwester l y  d i pping uni ts from the v i c i n i ty of G lass  H i l l  northward . Th i s  l atter 
northerly d i p  persi sts through portions of Hhi skey Creek, L i ttl e Graves Creek and Sheep 
Creek dra i nages; basal t flows are near ly  hor i zontal d i rectl y south of the Grande Ronde 
Ri ver . 

Within  the H i l gard uplands are numerous major and mi nor northwest-trendi ng vertical 
faul t s .  Vertical d i spl acement across the fau l ts ranges from l ess  than 3 f t  ( 1  m)  to over 
250 ft (80 m) ( Pl a te V ) . Some faul ts are sci ssor-l i ke wi th rel a t i ve movement a l ong the 
same fau l t  zone revers ing over d i stances of l ess than 1 mi ( 1  . 5  km) . Examples of thi s  
are noted i n  more deta i l  under d i scussions of i ndi v i dual structural fea tu re s .  

Rock u n i t s  exposed i n  the H i l gard upl ands structural b l oc k  i nc l ude as  much as  1 000 f t  
( 300 m)  o f  Grande Ronde Basa l t  and various flows and i nterbeds o f  the basa l t  o f  G lass  
H i l l .  Andes i te of Mahogany Mounta i n  i s  present north of the Grande Ronde Ri ver and 
remnant knobs of andesi te of C ra i g  Mounta i n  crop out south of the r i ver in the v i c i n i ty 
of G lass  H i l l . Mapped structures post-date the Col umbia Ri ver Basa l t  Group and al l 
Miocene bedrock uni ts are i nvol ved i n  the fol d s  and fau l ts carri ed on the geo l ogic  maps . 

Grande Ronde sync l i ne 

I n  the Hi l gard upl ands the Grande Ronde sync l ine  ( Hampton and Brown . 1 964 : Wal ker , 
1 973b) can be defi ned as  a bowl -l i ke ,  concave surface with  several monocl i nal to sync l i nal 
fl exures ( Pl ates I and I I ) .  In deta i l ,  the syncl i na l  axial trough i s  a broad fl exure 
rather than a s ing le  syncl i nal h i nge . 

H i lgard monocl i ne: Thi s structure i s  within  the Grande Ronde syncl i ne and fol -
l ows the northeast-trendi ng segment of the Grande Ronde Ri ver ( Pl ate I )  i n  See s .  1 and 1 2, 
T3S , R36 E ,  and Sec . 6 ,  T3S , R37E . D ips decrease from 6°-4° to 2°-0° across the monoc l i nal  
ax i s .  The  monocl i ne appears to  d ie  out  near the mouth of Rock Creek .  

The H i l gard monoc l i ne i s  i nterpreted to be the i n i t ia l  axi s of the Grande Ronde 
sync l ine and i s  bel i eved to be respon s i b l e  for establ i sh i ng the i n i t i a l  northea ster l y  
course o f  the Grande Ronde Ri ver across the area . The more east-west trending segment of 
the r i ver from near H i l gard to La Grande was establ i shed aga i nst the southern margi n  of 
the mound of andesi te of Mahogany Mountai n  ( see page 1 9 )  and is not a refl ection of ances­
tral structure . 
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Sheep Creek monoc l i n e :  Southeast of the H i l gard monocl ine  i s  the Sheep Creek 
monocl i ne whi c h  changes from monoc l i na l  to syncl i nal  geometry from west to east a l ong its  
axi s .  I t  is  a monocl i ne where it  fol l ows (approximatel y )  the northeast short-l i near trend 
of portions of Whi skey Creek ,  L i tt l e  Graves Creek , and Sheep Cree k .  I n  M W  l /4 Sec . 1 0  and 
SW 1/4 Sec .  3 ,  T3S, R37E , the Sheep Creek structure i s  syncl i na l  and l i es in the trough of 
the l arger Grande Ronde syncl i ne .  The Sheep Creek monocl i ne d i es out i n  the v i c i n i ty of 
W i l son Canyon to the northeast ,  and becomes i nd i scerni bl e  near Jordan Creek to the south­
west. 

The ax i s  of the Sheep Creek monocl i ne appears to have acted as the h i nge l i ne for 
sci ssor faul t i n g .  Some breaka9e i s  i n ferred al ong th i s  trace because of el evation di ffer­
ences of the Grande Ronde Basal t-basal t of Gl ass H i l l  contact on the north and south s i des 
of Sheep Cree k .  The Sheep Creek monocl i ne may have formed after the H i l gard monocl i n e  as  
a resul t of conti nued regi onal upl i ft of  the Bl ue Mounta i n s  and southward mi gra tion of  the 
axial  trough with i n  the broad Grande Ronde sync l i n e .  

Wh i skey Creek faul t system 

A number of faul ts have been i denti fi ed and i n ferred i n  the Jordan Creek-Whi skey 
Creek-Li ttl e Graves Creek area ( Pl ate I ) .  These faul ts , grouped a s  the Hhi skey Creek 
faul t system, trend N30-40°W and genera l l y  bound el ongate horst and graben structural 
b loc k s .  Offset varies consi derabl y a l ong any one fau l t  as  wel l a s  from one faul t to 
another. Max imum offset i s  a bout 50-65 ft ( 1 5-20 m)  for the faul t  on the east s l ope of 
Jordan Cree k .  Maximum offset i s  about 1 00 ft (30 m) across the fau l ts cutting the north­
south section  of Whi s key Cree k .  I n  the Hhi skey Creek fau l t  system several subdued faul ts 
of probabl e minor di spl acement are i nferred from sl i ght topograph ic  breaks and l i near 
trends .  

Rock Creek faul t system 

The Graves Creek-Rock Creek-Coyote Creek area has the greatest dens i ty of faul ts 
within the study area . At l east s i x  major and several mi nor northwest-trending  faul ts of 
the Rock Creek faul t system occur i n  the area (P l ate I ) .  The Graves Creek fau l t  can be 
traced from the eastern edge of Sec . 7 ,  T3S , R37E to the southern boundary of the H i l gard 
7 1 /2-mi nute quadrangl e ,  a d i stance of about 6 mi ( 1 0  km) .  The Graves Creek faul t prob­
ably extends farther southeastward beyond the map area . Offset across thi s  faul t i s  
approximately 265 ft (80 m)  i n  Sec . 34 , T3S , R37 E .  

Rock Cree k ,  from i ts mouth t o  i ts juncture wi th L i ttl e Rock Cree k ,  fl ows i n  a graben 
formed by the downthrown s i des of the Rock Creek West faul t and L i tt l e  Coyote Canyon 
fau l t .  The Rock Creek East faul t i s  o f  l esser magni tude but a l so contri butes to the 
structural control of Rock Creek .  Maximum d i spl acement across the  Rock Creek Hest and 
Li ttl e Coyote Canyon faul ts i s  200-230 ft ( 60-70 m) . The L i ttl e Coyote Canyon faul t  
extends north of  the Grande Ronde Ri ver beyond the map area ( F i gure 1 5 ) .  The Rock Creek 
West fau l t  appears to merge to the southeast with  the Graves Creek faul t .  

The headward part of  the Coyote Canyon dra i nage i s  al so control l ed by a graben formed 
by downdropping  a l ong an unnamed faul t  on the northwest and the Coyote Canyon faul t on the 
northeast . Where the traces of these two faul ts cross the Sheep Creek monocl i n e ,  rel a t i ve 
movements of  both faul ts reverse a l ong stri ke and the b l ock  between them becomes a horst .  
These faul ts d i e  out 1 - 1 . 3  mi ( 1  . 5-2 km) southeast o f  the mouth o f  Sheep Creek . 

Peach Canyon faul t 

The Peach Canyon faul t i s  a topographi ca l l y  pronounced structural feature ( F i gure 1 6 )  
that extends from near the head o f  B l acksmi th Canyon i n  NW l / 4 ,  Sec . 29 , T3S , R37E to at  
l east the southeastern border of the H i l gard 7 l /2 -mi nute quadrang l e ,  a di stance of about 
8 mi ( 1 3  km) ( P l ate I ) .  The rel ative movement a l ong the Peach Canyon faul t changes where 
i t  crosses the Sheep Creek monoc l ine .  North of the monocl i na l  axi s ,  the faul t  i s  down­
thrown to the northeast ; south of the axi s ,  i t  i s  upthrown to the northeast .  Di spl acement 
i s  about 1 00-1 65 ft ( 30-50 m) a l ong the west s l o pe of Peach Canyon , and poss i bl y  as much 
as 230-265 ft ( 70-80 m) a l ong the east s l ope of Rock Creek i n  See s .  26 and 3 5 ,  T3S , R37 E .  
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F i g u re 1 5 .  L i tt l e Coyote Ca nyon fa u l t .  

Obl i que  stereo v i ew i s  l oo k i ng northwes twa rd a l ong  the trace o f  
the L i tt l e Coyote Ca nyon fa u l t ( a rrows ) . The fa u l t trace i s  expre s ­
sed by d i fferen t i a l  t i mber growth . S tream confl uence i n  the l eft 
cen terground i s  one-ha l f m i l e  no rth o f  H i l ga rd i n  Sec . 30 , T2S , R37 E . 
Bedroc k i s  Grande Ronde Ba sa l t .  

F i gure 1 6 .  Peach Canyon fa u l t .  

Obl i que  s tereo v i ew i s  l oo k i n g  southea s tward u p  Peach Canyo n ; 
center foreground i s  i n  Sec . 3 3 , T2S , R37E . The fa u l t occ u p i e s the 
bench on the wes t  s l o pe of the ca nyon ( a r rows ) . Sheep C reek mono­
c l i na l  fl e xu re , whi ch forms part o f  the Grande  Ronde sync l i na l  
tro u gh ,  i s  i n  the m i d d l e d i stance ( d i amonds ) ; G l a s s  H i l l  i s  o n  the 
l eft s kyl i ne ( tr i a n g l e ) . 
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Morris H i l l  fau lt  

To the southeast of the Peach Canyon faul t i s  the northwesterl y trending Morris  H i l l  
faul t .  Thi s  faul t extends for at  l east 3 mi  (5  km) in  the southwestern portion of the 
Glass H i l l  7 1 /2-minute quadrangle ( P l ate I l l ) .  Approximate l y  500 ft ( 1 50 m) of d i splace­
ment occurs across the Morris  H i l l  faul t west of Howard Meadow ; the southwest s ide i s  
upthrown rel at ive to the northeast s ide .  

Long Pra i ri e  faul t 

The Long Pra i ri e  fau lt  can be traced from SW l /4 Sec . 2 5 ,  T3S , R37E , to N\oJ 1/4  Sec . 
28 , T4S , R38E where i t  ei ther dies out or becomes unrecogni zabl e wi thi n  the sequence of 
Grande Ronde Basal t fl ows . I n  Sec . 7 ,  T4S , R38E , the southwest s i de i s  downthrown about 
1 1 5- 1 30 ft ( 65-70 m) . 

West of the Long Pra i ri e  fau l t ,  i n  Sec . 24 , T4S ,  R37 E ,  and Sec . 1 9 ,  T4S , R38 E ,  i s  a 
minor syncl i ne which para l l e l s  the northeast-trending  portion of Rock Creek .  East of  the 
Long Pra i rie and Peach Canyon faul ts i s  a rel atively undi sturbed tabl eland about 1 . 3-2 . 5  
mi (2-4 km) wide on which Morgan Lake and Twin Lake are found . Thi s fl at upl and surface 
extends eastward to the l�i l son Creek-Mi l l  Creek faul ts ; these faults  form the boundary 
between the H i l gard uplands and La Grande front structural blocks .  

La  G r a n d e  F r o n t  

As noted above, the La Grande front structural bl ock i s  bounded on the west by the 
�Ji l  son Creek and Mi l l  Creek fau l t s .  The eastern boundary i s  the La Grande and Foothi l l  
Road faul ts ; the southern boundary i s  the front faul ts o f  the Cra i g  Mounta i n  structural 
block.  The La Grande front extends to the northern boundary of the fi eld area . Al l major 
rock un i ts of the Col umbia Ri ver Basa l t  Group are present in thi s  block .  Verti cal d i s ­
placement across the front i s  at  l east 1 400 ft (430 m )  and may be as  much as  1 600-2300 ft 
( 500-700 m) . The front i s  characterized by basi nward-til ted jumbled bl ocks and l andsl i des 
that form a chaotic  zone one to three mi l es wide . The basi nward i ncl i nation of the 
basal t fl ows of the i nterna l l y  coherent jumbled bl ocks i s  i nterpreted to indicate t i l ting  
and step-faul t rotation of shal l ow units rather than downsl ope gravity movement a long 
fau lt  scarps . 

South of La Grande the structures within  the front have northwesterly trends . North 
of La Grande the mai n  front faul t swings northward to sl i ghtly northeastward and cuts 
across the general trend of the northwesterly l i nears and fau l ts of the study a rea . 

Wi l son Canyon-Mi l l  Creek faults 

The Wil son Canyon faul t can be traced southeastward from near the mouth of W i l son 
Canyon for about 1 . 2 mi ( 2  km) {P late I ) .  Maximum vertical di spl acement across the faul t 
i s  about 1 00 ft ( 30 m) . The southwest s ide i s  downthrown . Hhere the structure crosses 
Deal Creek, the rel ative movement reverses to downthrown on the northeast s i de .  From this 
l ocation southward , the fau l t  is named the Mi l l  Creek faul t .  The faul t continues south­
eastward to Ladd Creek ,  and may conti nue a l ong the west s i de of Ladd Canyon to S l / 2 ,  Sec . 
25 ,  T4S ,  R38 E .  Maximum d i spl acement al ong the Mi l l  Creek fau lt  i s  i nterpreted to be 425-
540 ft ( 1 30- 1 6 5  m) near the southern border of the La Grande SE 7 l /2-mi nute quadrangl e .  

Several unnamed faults o f  vertical d ispl acement occur east o f  the �Ji l son Canyon 
faul t ;  they appear to merge to the southeast with the Mi l l  Creek faul t .  

Deal Creek faul t 

The Deal Creek faul t truncates the east s i de of Mahogany Mountai n ,  crosses the 
Grande Ronde River, Deal Creek , and is l ost beneath soi l  cover south of Mi l l  Creek i n  the 
SW 1 /4 ,  Sec . 1 8 ,  T3S , R38E . Relative movement i s  down to the northeast.  Offset a long 
the faul t ranges from 1 00-1 35 ft ( 30-40 m )  i n  the Mahogany Mounta in-Grande Ronde Canyon 
area , to at l east 430 ft ( 1 30 m) west of Tab le  Mounta i n .  
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La Grande fau l t  system 

The La Grande fau l t  system, or  fau l t  zone , i s  the northwest-trendi n g  zone a l ong which  
major displ acement between the La  Grande front structural b lock  and  Grande Ronde Va l l ey 
has occurred. The mai n  faul t passes west of  La Grande at  the base of  the frontal scarp . 
North of  the Grande Ronde River,  i n  the La Grande sani tary l a ndfi l l ,  the faul t  i s  expres­
sed by i ntensel y sheared and fractured basa l t  and brecciated tuff i nterbeds ( F i gure 1 7 ) . 
Deformation i n  thi s  l ocation i s  a l so i nfl uenced by the intersection  of the Mount Emi l y  
fau l t  with  the La Grande faul t system. The former i s  a north-to-northeast-trending faul t 
that forms the frontal escarpment of  the Grande Ronde Val l ey northward from the Grande 
Ronde Ri ver . 

North of the l a ndfi l l  
flexure . To the southeast 
Canyon where several sma l l  
faul t zon e .  

the L a  Grande fau l t  i s  i nterpreted to die  out i n  a monoc l i na l  
the fau l t  becomes unrecogn i zabl e in  the v i c i n i ty of Ladd 

faul ts are present wh i c h  may represent the breakup of th i s  

The Foothi l l  Road fau l t  forms the  easternmost escarpment of the La  Grande front and 
has accommodated major offset southeast of La Grande ( F i gure 1 8 ) .  Thi s  fau l t  may extend 
northwestward beneath La Grande to connect w i th the unnamed northwest-trend i ng fau l t  i n  
Sec . 30, T3S , R38E . As such i t  may be a deep ground-water cond u i t  responsi b l e  for the 
thermal wel l s  at the ra i l yard . A weak northwesterl y photo-l i near extends from the trace 
of the Foothi l l  Ronde faul t south of La Grande i nto the Grande Ronde Val l ey fi l l . Th is  
photo l i near and  a weak topographic  break in  s l ope north of La  Grande ( F i gure 19 )  may be 
i nd i cati ons of mi nor recent fau l t  movement i n  the study area . 

C ra i g  M o u n ta i n  

The Cra i g  Mounta i n  structural b lock  occupies the southeastern portion of  the study 
a rea ( Pl ates I I I  and IV ) . The western boundary of the Cra i g  Mounta i n  structural b l ock  i s  
a combi nation of the Glass  H i l l  monoc l i n e ,  the C lover Creek faul t and the i n terconnec t i ng 
Tamarack Mounta i n  fa ul t .  The eastern and northern boundary i s  the Cra i g  Mounta i n  front. 
The southern boundary i s  out of  the study area . 

l·lestern boundary structures 

The G lass  H i l l  monoc l ine ,  together with  the C l over Creek and Tamarack Mounta i n  
faul t s ,  accommodates approximatel y 1 000 ft ( 300 m)  of el evation  d i fference between the 
Cra i g  Mounta i n  structural b l ock  and the structura l l y  h i gher G lass  H i l l  porti o n  of the 
H i l gard uplands structural b loc k .  

The Gl ass  H i l l  monoc l i nal h inge para l l e l s  the north-trendi ng segments of  the Glass 
H i l l  and Ladd Canyon roads for at  l east 4 . 5  mi (7  km) . Nearl y hori zontal basa l t  f low 
attitudes i n  the Glass H i l l  l ookout-to-V incent Ranch area pass eastward to 1 0° -to-20° 
d i ps with  northerly to northwester ly  stri kes . These attitudes are wel l exposed i n  the 
Ladd Creek area ; d i ps up to 30° occur at  the mouth of  Ladd Creek above the westbound l anes 
of h i g hway 180N . I ncreased d i ps i n  the basa l t  at the north edge of the Cra i g  Mounta i n  
block are compatabl e with  drag o n  the northeast-trendi ng range-front faul t .  

The Cl over Creek faul t i s  a north-trending ,  steepl y d i pping fau l t  across whi c h  offset 
i ncreases southward from no d i spl acement d i rectly  south of h i ghway I80N i n  Sec . 30, T4S, 
R39 E ,  to 1 000 ft ( 300 m)  at  the southern boundary of  the area in the southwest portion of 
the Cra i g  Mountai n  7 1 /2 -mi nute quadrangl e .  Numerous jumb l ed bl ocks and l andsl i des mark 
the trace of the C l over Creek fau l t .  

West o f  the C l over Creek fau l t  i s  the northwest-trending  Tamarack Mounta i n  faul t .  
Th i s  fau l t  appears to merge w i t h ,  or d i e  out i n  the v i c i n i ty o f  the southern end o f  the 
Glass H i l l  monoc l i n e  i n  SW l /4 Sec . 3, T5S , R38 E �  beyond the map area the southeast end 
of  the faul t probably  term i nates aga i nst the Cl over Creek fau l t .  Maximum d i spl acement 
across the Tamarack Mounta i n  fau l t  i s  at l east  500 ft ( 1 50 m) . 

Also between the Glass  H i l l  monoc l i ne and Cl over Creek faul t i s  the N30°H-trend i ng 
Bal dy faul t .  I t  can be traced from northeast o f  Tamarack Mountai n  northwestward where i t  
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F i gu re 1 7 .  Brecc i a ted tuff i n terbed . 

A s l ope c ut i n  the  La Grande sani tary l a ndfi l l  i n  SE l /4 ,  Sec . 
36 , T2S , R37 E , exposes brec c i ated tuff o f  the ba s e  of the Gl a s s  H i l l  
i n terva l . Brecc i a  b l o c k s  i n  the Mo unt Emi l y  fa ul t zone a re u p  to l 
ft ( 0 . 3  m )  acros s ;  these b l oc k s  pre serve t he o r i g i na l  tuff-brecc i a  
texture o f  the i n terbed . Pen i n  l ower l eft g i ve s  sca l e .  
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F i gure 1 8 .  La  Grande front  south . 

Obl i que  s tereo v i ew i s  l oo k i ng northwestward a l ong  the trace of 
the Footh i l l  Roa d fa u l t ( do tted l i ne )  towa rd La Grande . Ladd Ma rsh  
is  in  the l eft foreground in  See s . 34 a n d  35 , T3S , R38E . The a pprox i ­
ma te trace of the  La Grande fa u l t i s  s hown a s  a d a s hed l i n e ;  the Mo unt 
Emi l y  fa ul t i n  the  bac kground i s  s hown by a sol i d  l i ne . An exampl e 
of a topogra ph i c  l i nea r i n  j umbl ed b l oc k s  ( Qj b )  i s  between the Foot ­
h i l l  Road a n d  L a  Grande fa u l ts  ( arrows ) .  

F i gure 19 . La Grande front nort h .  

Col l u v i um a t  the ba se  o f  the  La Grande fron t  i n  SW l /4 ,  Sec . 30 , 
T2S , R38E s hows a wea k brea k i n  s l ope . Th i s  topograph i c  b rea k s u g ­
ges ts  recent offset a l ong  the unnamed fau l t ( dotted l i ne ) wh i c h  e x ­
t e n d s  southea s twa rd from the earthfl ow canyon towa rd L a  Grande . Th i s  
fa u l t and  the  brea k i n  s l ope a re on l i ne wi th the Foo th i l l  Road fa u l t 
so uth  of La Grande . Mount Emi l y  fa ul t i s  a t  the ba se of the s l ope i n  
the m i ddl eground ( da s hed l i n e ) . Earthfl ow i s  a t  r i g h t . 
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merges with  the Gl ass  H i l l  monoc l ine .  Maxi mum offset i s  about 200-235 ft ( 60-70 m) with 
rel ative movement upthrown to the west .  

Structures within  the Cra ig Mounta i n  structural block 

Upl i ft wi thin  the Cra i g  Mountai n  bl ock was not u n i form. l�i th in  the block upl i ft was 
greatest north of the boundary between T4S and T5S.  North of  t h i s  township  l i ne the more 
upl i fted ande s i te u n i ts are nearly hori zontal to sl i ghtly  westerly di ppi ng ; volcanic un i ts 
south of the l i ne have a gentl e southerly d i p .  

Northwest-trending  h i gh-angle di p-sl i p  fau l ts ( a s  refl ected by topographic  l inears )  
and a narrow graben are present w ith in  the Cra i g  Mounta i n  b l ock  eas t  of h i g hway I80N. 
Vertical di spl acements range from l ess  than 1 5  ft (5 m) to approximately 200 ft ( 60 m) ; 
genera l l y  the southwest b locks  are downthrown rel a t i ve to the northeast b locks .  Th i s 
down-to-the-southwest pattern wi thin  the Cra i g  Mounta i n  structural b l oc k  i s  opposi te to 
the down-to-the-northeast pattern of structural bl ocks and major fau l ts i n  much of the 
map area . As i n  the Grande Ronde syncl i na l  trough, the northwest-trending structures 
wi thin  the Cra i g  Mounta i n  bl ock cut al l Tertiary volcanic  un i ts .  

C r a i g  M o u n ta i n  F r o n t  

Cra i g  Mountai n  front structural bl ock i s  denoted by the narrow, steep foreslope whi c h  
bounds C ra i g  f•1ounta i n  o n  the northeast to northwest .  The front ,  i n  turn , i s  bounded on 
the northeast to northwest by the Grande Ronde Val l ey .  The steep frontal s l ope extends 
southea stward to the boundary of the study area . Near the mouth of Ladd Canyon , the 
northwestern portion of the Cra i g  Mounta i n  front merges with the La Grande front through 
a series of sma l l  faul ts . Because overal l structural offset is very s imi l ar al on g  the two 
front s ,  marked di scordance between the two structures does not exi s t ,  and major deforma­
tion i s  not a part of the i n tersection of the two feature s .  

The princ i pa l  consti tuent of  the C ra i g  Mounta i n  front i s  the Hot Lake fau l t  zon e .  
Di s pl acement across  the Hot Lake faul t  zone i s  as much as 2400 ft ( 730 m) ; i t  i s  accommo­
dated i n  a map di stance of 1 . 2 mi ( 2  km) . The vertical d i spl acement i s  calcul ated a s  the 
di fference between ri dge-top andesi te at an el evation  of 4595 ft ( 1 401 m) and the el eva­
tion of  2 1 95 ft ( 670 m) whi c h  i s  the top of the ande s i te i n  the Magma-La Grande Wel l  No . 
1 ,  ( P l ate I V ,  Appendi x ) .  

The Hot Lake fau l t  zone exhi b i ts a narrow zone o f  northwest-trend ing topographic  
l i nears ; these can  be  traced southeas tward out of the s tudy area from Hot Lake  through 
Pyl es Canyon ,  a d i stance of  1 1  mi ( 1 8  km) . As with the La Grande front ,  these topographic  
l inears are i nterpreted to  be  faul t traces which are bei ng refl ected through the j umbl ed 
bl ocks at the surface .  

The major hot spri ng i n  the study area occurs a t  Hot Lake where the northwesternmost 
surface expression  of the Hot Lake fau l t  trace i n tersects an unnamed range front faul t  
whi ch  trends easterly from the mouth of Ladd Cree k .  

G r a n d e  R o n d e  V a l l ey 

The Grande Ronde Val l ey ,  a southwestern portion of whi c h  l i es  i n  the study area 
( Pl ates I I ,  I V ) , i s  a structural ba s i n  formed by vertical  d i spl acement a l ong step faul ts 
of the La Grande-Crai g  Mountai n  fronts on the southwest and the "Mount Harri s front" on 
the northeast ( F i gure 3 ) . The southeastern and northwestern marg i n s  of the bas i n  are not 
as structura l l y  a brupt and are characterized by bas i nward d i p  of  Col umbia Ri ver Basa l t  
Group units . The northwest-oriented structural grai n  o f  l i nears and faul t s  promi nent i n  
bedrock areas has been masked by Quaternary val l ey fi l l  within  the grabe n .  However,  
l i near sal i ents and  angul ar i ndentati ons  made into the f i l l  by bas i nward-di pping bedrock 
un i ts a l ong the southeastern and north\vestern margin indi cate the pers i stence of thi s  
gra i n  i n to the graben . 

Depth to bedrock i n  the center of the Grande Ronde graben i s  reported to be a s  much 
as 2020 ft (61 5 m )  ( Hampton and Brown , 1 964 , p .  24 ) . W i t h i n  the study area s ha l l ower 
depths to bedrock are to be expecte d .  As a general i zation for the La Grande v i c i n i ty ,  
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a decrea s i ng depth to bedrock can be anti c i pated i n  a southwesterly di rection (P l ate V ) . 
Near the center of the communi ty ,  dri l l ers ' l ogs from ra i l road and c i ty v1el l s  record 
depths to " ba sa l t" of 845-996 ft ( 257-304 m) . Cl oser to the La Grande front "broken 
basa l t" i s  encountered at a dri l l  depth of 302 ft (92  m) in the Carey wel l  near the h i gh 
school . At the base of the Cra i g  Mounta in  front, as observed previ ous l y ,  bedrock i s  re­
ported at a dri l l  depth of 518 ft ( 1 58 m) in the Magma-La Grande Wel l  No. 1 .  

\-Jel l data ( from Hampton and Brown , 1 964, and Union County \>later Master fi l es )  are in­
adeq·uate to be u sed to l ocate fau l t  zones pass ing beneath the val l ey fi l l .  Most potable 
and i ndustr i al water wel l s  outs i de of La Grande fai l  to dri l l  to bedrock ,  and a structural 
datum surface cannot be reconstructed nor can offset be recognized. As noted in  the La 
Grande front d iscussion , however ,  the l ocati on of the ra i l road and c i ty thermal wel l s  i n  
La Grande are on the projected trend and photo-l i near extension of the Footh i l l  Road 
faul t .  S imi l a r  northwest-trend ing  major fau l ts exposed at the margins of the graben are 
interpreted to pers i st l a teral l y  for many mi l es in bedrock beneath the fi l l .  I t  i s  al so 
i nterpreted that sci ssor-fau lt  movement comparable to that in the Hi l gard upl ands wi l l  be 
present in the graben al ong the projected trend of the Grande Ronde syncl i nal trough.  

Based on d is tribution of bedrock units exposed in upl and area s ,  i t  is i nterpreted that 
basa l t  fl ows and i nterbedded sediments of the Gl ass H i l l sequence wi l l  be the fi rst  bed­
rock unit  encountered beneath the val l ey fi l l  at La Grande. I ts  thickness there i s  pro­
jected to be approximately 350 ft ( 1 05 m) . The andes i te of Mahogany Mounta i n  probably 
does not extend south of the Grande Ronde Ri ver in the La Grande area except poss i bl y  for 
th in  d i stal fl ow edges . The andesi te of Cra i g  Mounta i n ,  which i s  greater than 500 ft 
( 1 50 m) thick in the Magma -La Grande Wel l No . 1 , i s  i nterpreted to th in  northwestward and 
be absent from Ladd Marsh to La Grande. These two units may coal esce or i nterdi g i tate i n  
the subsurface eas t  of La Grande . 

Grande Ronde Basa l t  v1i l l  
(600 m )  thick at La Grande . 
the Magma-La Grande Hel l No . 
Ronde Val l ey near La Grande . 

underl ie the Glass H i l l  sequence; i t  proba bly i s  over 2000 ft 
The greenstone (Triassi c  metavol cani c  rock? )  encountered i n  
1 probably i s  the uppermost sub-basal t uni t  i n  the Grande 
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G E O L O G I C  H I STORY  

Geol ogic h i s tory of the La  Grande-study area can  be  reconstructed from outcrop obser­
vations only as far back in geologic  t ime as represented by Miocene basal t fl ows of the 
Grande Ronde i nterval in the Yakima Basa l t  Subgroup ( F i gure 5) . Features which present 
indicat ions of geol ogic events and l ocal conditions  during and s i nce accumulat ion of 
Columbia Ri ver Basal t Group flows i n  the area i nc l ude : 

Rel atively uniform di stribution of Grande Ronde fl ows and l ack  of sedimentary 
i nterbeds i n  that basa l t  sequence . 

Normal ( NJ ) -reverse ( R2 ) -normal ( N2 )  up-section magnetostratigraphic sequence i n  
Grande Ronde Basa l t .  

Pos s i bl e  southward thi nning of the normal ( N2) Grande Ronde fl ows . 

Limi ted geographic d i stribution of Gl a s s  Hi l l  flows and common occurrence of 
interbedded sediments and pyrocl astic debr i s  near the La Grande front .  

Local d i stri bution and marked thickness variations in  the  accumul ations of  ande­
s i tes of Mahogany Mounta i n  and Cra i g  Mounta i n  north and south of the Grande 
Ronde River, respecti vel y .  

Recog n i zabl e angul ar d i scordances between Grande Ronde, G lass  Hi l l  and Cra i g  
t·1ounta i n  sequences near 1 ower Ladd Canyon . 

Contact of Cra i g  Mounta i n  andesite against  an i rregular  erosional surface on 
Glass H i l l  and Grande Ronde fl ows i n  upper Ladd Canyon . 

Presence of chert, quartz i te and other "exoti c "  fluvial  gravel s on upl and 
Grande Ronde and Glass H i l l  basa l t-flow surfaces . 

Assoc iat ion of the Grande Ronde sync l i nal trough and the margi n  of Mahogany 
Mounta i n  andes i t i c  flows with the through-fl owing Grande Ronde Ri ver . 

Dominant northwesterl y structural gra i n  consi sting of nearly vertical fau l ts 
cross cutting  a l l  Tertiary rock uni ts .  

Right angl e i ntersection of northwest-trend i ng faul ts  wi t h  northeast-trending  
fol d axes . 

Pers i stence of north-south ori ented l ong l i nears wi thout obvious topographic 
expression . 

Inci sed meander pattern of the Grande Ronde Ri ver with trel l i s-to-paral l el 
dra i nages devel oped i n  tri butary streams .  

Accumu lat ion of  fluvia l  and  l acustri ne depo s i ts in  the Grande Ronde graben and 
the i r  preservation on l ower s l opes border i ng the graben . 

Assoc iat ion of thermal -water s i tes with major northwest-oriented faul t zone s .  

Presence o f  modern a s h  depo s i ts i n  soil and col l uvial  deposi ts near stream 
l evel s and on s i de s l opes . 

General absence of recent faul t scarps and truncated spurs al ong faul t traces . 

Based on these fiel d observations and those of previous workers i n  the reg ion ,  the 
geologic h i story of the La Grande-study area i s  i nterpreted as fol l ows : 

Grande Ronde fl ows of the Columbia R iver Basal t Group be�an spreading across a mature 
basement topography i n  the La Grande area approximatel y 1 5  mi l l i on years ago (Watkins 
and Baks i ,  1 974 ; Gardner and other s ,  1 974)  a s  the regional Col umbia Plateau was being 
constructed . Very fl u i d  sheets of basal t spread rapi dl y  southwestward across the area 
from fi ssure eruptions of the Chief Joseph d i ke swarm to the east ( Taubeneck ,  1 970; Price , 
1 974 ) .  At the end of Grande Ronde extrus ions the La Grande area was compl etel y submerged 
by basa l t  flows ; the southern margi n  of the pl ateau was south of the Baker area . Lack of 
interbedded sediments between fl ows i s  interpreted to s i g n i fy t ha t  the d i ke-swarm area to 
the east was separat i ng the La Grande area from major sediment-bear i ng streams flowi ng 
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onto the eastern margi n  of the growing pl ateau . That the La Grande area had a Grande 
Ronde Basa l t  h i story s i mi l ar to other areas of the Col umbia Pl ateau i s  confi rmed by a 
correl at ive N1-R2-N2 magnetostrat igraphic  sequence; pos s i b l e  southward thinning of  the N2 
i nterval may denote weak pl ateauward subsi dence during l ate Grande Ronde t ime .  

Weak easter l y  to southeasterl y t i l t i ng o f  the area fol l owed the cessation o f  Grande 
Ronde fissure erupti ons . Glass H i l l  basa l t  un i ts ,  wh i c h  are i nterpreted to be correlative  
with  upper Wanapum to  l ower Sadd l e  Mounta i ns basa l t  fl ows to  the  northeast,  were extruded 
next and spread onto the surface i nto the La Grande area . West of La Grande , onl ap  onto 
a very gent ly  d i pp i ng Grande Ronde surface i s  i nterpreted to exp l a i n  the general westward 
thinning and l ocal absence of the Glass H i l l  un its near H i l gard .  I n c i p i ent graben move­
ment, or weak downward fol d i ng ,  near the present-day western marg in  of the Grande Ronde 
Val l ey may a l so have begun fol l owing Grande Ronde Basa l t  accumu l a t i o n .  Th is  i s  the i nter­
pretat ion  made of the thicker accumul ations of G lass  H i l l  fl ows , the l ocal i zation of i n­
terbeds and the sl i ght angu l a r  d i scordances between the Grande Ronde and Glass H i l l  basa l t  
sequences . Glass H i l l  fl ows did  not spread as uni formly as  d i d  the fl u i d  basa l ts of  the 
underlying  Grande Ronde sequence . The Glass H i l l  sequence accumul ated as vary i ng numbers 
of flows and i nterbeds with di fferent l ocal th icknesses . I nterbedded sediments i n  the 
Gl ass H i l l  sequence are derived from volcanic rock s ,  demonstrating  that the area was sti l l  
i sol ated from streams origi nating i n  mountainous upl ands bordering the pl ateau . A th i c k  
tuff u n i t  near the base o f  the sequence i n  the study a rea and to the northeast (Taubeneck ,  
1 979) , together with the presence of  the th ick  sequence o f  gl assy fl ows near Glass H i l l ,  
suggests nearby eruptive  centers for Glass H i l l  units . 

A per i od of erosi o n  fol l owed Glass H i l l  fl ow and i n terbed accumul ation . Surface 
rel ief,  however, rema i ned rel ati vel y l ow and may have been due, i n  part,  to ori g i na l  topo­
graphic i rregu l a r i t i es of the Glass H i l l  surface and geographic di stri bution of the 
Glass Hi  1 1  f1 ows . 

Local centers of  eruption ,  probab ly  duri ng the Saddl e Mounta i ns extru s i ve epi sode , 
next spread andesi te fl ows i nto the La Grande area on the l ow-rel ief  Grande Ronde-Gl ass 
H i l l  basa l t  surface. Greater fl ow v i scos i ty control l ed spreading  of th i s  i nterval so that 
andes i te fl ow margins  were more abrupt and fl ow l obes more i rregu l a r  than those formed by 
any of the ol der, l ess v i scous basal t ic  lava s .  The southwestern margi n  o f  the ande s i te 
of Mahogany Mountai n  was north of La Grande ; the northern marg i n  of  the ande s i te of  Cra i g  
Mounta i n  was south o f  Ladd Mars h .  These formed topographi c  h i ghs o n  the broad pl ateau 
surface . 

Easterly ti l t ing ,  probably i n  conjuncti on w i th weak upl i ft of the Bl ue Mounta i n s ,  
conti nued, and present-day streams began to devel op i n  the study area i n  adjustment to 
reg ional structures and l ocal topography . The Grande Ronde Ri ver took its  general north­
easterly course at  the base of  the Bl ue Mounta i n  backslope i n  the i n i tia l  Grande Ronde 
syncl i na l  trough . In the v i c i n i ty of H i l gard ,  the stream took a more easterly course 
around the southwestern margi n  of  the Mahogany Mounta i n  andes i te l obe . Stream gradients 
were l ow,  as  was the regional easterly di p ,  and a meanderi ng pattern typi f i ed the deve l op­
ing Grande Ronde River. Upl i ft to the southwest and west of the study area a l so was con­
current with Grande Ronde meanderi ng stream devel opment, and stream-bed l oads of "exoti c "  
basement rock were depos i ted loca l ly o n  the yet undissected basa l t  surface of  the study 
area . 

Major deformation  conti nued i n  response to northwesterl y compress i o n .  Based on 
comparab l e  structural events on the Col umb ia  P l a teau to the northwest ( Geosci ence Re­
search Consul tants , 1 978 , 1 979a , 1 979b ) , thi s  structural epi sode probably was wel l  under­
way by the end of the Mi ocen e ,  reached a maximum duri ng the Pl i ocene and approached 
qui escence during the P le i stocene . Accompanyi ng the upl i ft of the Bl ue Mounta i ns and 
depress i on of the Grande Ronde syncl inal  fol d  axes was the devel opment of a northwesterly 
set of h i gh-ang l e  fau l ts and fractures . Major horst-and-graben movement proceeded a l ong 
step faul ts of the northwesterly vert i ca l -faul t set . In areas of fol d i ng and weak com­
press i o n ;  as a t  the base of the B l ue Mounta i n  backsl ope along the Grande Ronde sync l i na l  
trough, d i fferenti a l  response of  the vertica l ly faul ted basa l t  p i l e  occurred, and weak 
sci ssor-and-hinge movement characteri zed displ acement among the l ong ,  narrow s l i ce 
bl ocks . 

As deformation  conti nued , the through-flowing Grande Ronde inc i sed i ts meandering  
channel ( F i gure 20 )  i nto ba sa l t  bedrock of major horst bl ocks . At  the same t ime ,  l ocal 
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F i g ure 2 0 .  Gra nde Ronde i nc i sed mea nder . 

Obl i qu e  v i ew i s  to the  s o uthwe s t  i n to the Gra nde Ronde Canyon 
i n  See s .  34 and  3 5 ,  T2S ,  R37 E . The commu n i ty o f  Perry i s  l oca ted i n  
a c u toff , i nc i s ed mea nder . The present - day meanderi ng canyon o f  the  
rej uvena ted Grande Ronde R i ver i s  a rel i c t  o f  a n  earl i er s tream reg i ­
men . Roc k i n  c a nyon s l opes  i s  Gra nde Ronde Ba s a l t .  The u p l and s u r ­
fac e  ( a bove da s hed l i ne ) i s  fo rmed by a d i ktyta x i t i c  G l a s s  H i l l  fl ow . 
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tri butary streams took consequent courses on down-dropped s l i ce bl ocks and eroded head­
ward a long conjugate faul t and fracture zones . Streams fl owi ng i nto the subs i d i ng Grande 
Ronde graben were ponded and depos i ted the i r  sediments i n  the l owlands . Loca l l y, deforma­
tion along major fa ul ts was rap id  enough and of l arge enough magni tude to defl ect streams 
into new courses ( Buwa l da ,  1 921 ) .  The Grande Ronde R iver ,  however , wa s capab le  of ma i n ­
ta i n i ng the establ i shed northeaster l y  course out of the Grande Ronde graben . Neverthe­
l es s ,  at t i mes the strandl i ne of the l a ke whi c h  formed i n  the graben when the outlet was 
dammed by fau l t i ng was h i gh enough to l eave s l ac k-water depos i ts on the l ower s l opes of 
the val l ey-boundi ng fau l t  scarps . Accompanying devel opment of the structural rel ief  were 
mass-grav i ty movements a l ong the oversteepened s l opes of major step fau l ts and i nc i sed can­
yons .  Structural acti v i ty appears to have nearly  ceased dur i ng the P l e i s tocene . The 
only evidence of modern structural movement found duri ng th is  study i s  the poss i bl e  offset 
of modern sediments and col l uv ia l  deposi ts i n  the projected trend of the Footh i l l  Road 
faul t  trace . 

With the development of major verti cal  faul ts and h i gh structural rel i ef came the 
geologic  sett ing  necessary for devel opment of regi ona l , deep ground-water flow system s .  
Local therma l -water s i tes appeared i n  the l owlands a l ong major fau l t  pl anes where regional 
ground-water systems , under hydraul i c  heads origi nating i n  uplands,  p i ped heated water to 
the ground surface through narrow condui t s .  
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Sampled 
Dri l l ing  

Depth 
( Feet ) 

0-30 
30-60 
60-90 
90- 1 20 

1 20-1 50 

1 50- 1 80 
1 80-2 1 0  
21 0-240 
240-270 
270-300 

300-330 
330-360 
360-390 
390-420 
420-450 
450-480 
480-51 0 
51 0-540 

540-570 

570-600 
600-630 
630-660 
660-690 
690-720 
720-750 
750-780 
780-8 1 0  
81 0-850 
850-870 
870-900 
900-930 
930-960 
960-990 
990-1 020 

1 020-1 050 
1 050-1 080 

1 080-1 1 1 0  

1 1 1 0- 1 1 40 
1 1 40-1 1 70 

1 1 70-1 200 

1 200-1 230 
1 230-1 260 

A P P E N D I X  

Magma-La Grande Wel l  No . 1 
Union County, Oregon 

NW l / 4 ,  Sec . 9 ,  T4S , R39E 
( 1 1 50 '  S of N l i ne ;  1 900 ' E of W l i ne ) 

Bul k 
L i thology 

Mi xed rock types 
Mi xed rock types 
Mi xed rock types 
Mi xed rock types 
Mi xed rock types 

�1i xed rock types 
Mi xed rock types 
Mi xed rock types 
Mi xed rock types 
Mudstone 

Mudstone 
Mudstone 
Mudstone 
Mudstone 
Mudstone 
Mudstone 
Mudstone 
Mi xed rock types 

G lassy andesite  

Gl assy andesite 
Gl assy andes i te 
Gl assy ande s i te 
Gl assy andesite  
Gl assy andesite 
Gl assy andes i te 
Gl assy andesi te 
Glassy andes i te 
Gl assy ande s i te 
Gl assy andesi te 
Glassy ande s i te 
Gl assy andesi te 
Gl assy andesite 
Gl assy andesite 
Gl assy andes i te 
Glassy andesite 
Mi xed rock types 

Mi xed rock types 

Mi xed rock types 
Med . -gra i ned basa l t  

Med . -grai ned basal t 

Med . -grained basa l t  
Med . -grai ned ba sa l t  

Remarks 

Andes ite and basa l t  
Ba sa l t  domi nan t ,  rounded fragments common 
Basa l t ,  andes ite ,  and many cavi ngs 
As above , i ron-oxi de cement abundant 
As above, rounded fragments , i ron-oxide 

sta i n i ng 
As above, cavings common 
As above , rounded fragments common 
As above 
As above 
As above , minor cavings , micaceous f l ecks  

common 
As above 
As above 
As above 
As above 
As above 
As above 
As above 
Abundant red mottl ed-to-gray gl ass-rich 

andes i te ,  bedrock reported at  518 ft 
As above , microca v i t i es l i ned  with s i l i ca ,  

l ess  mottl i ng 
As above , s i l ica  overgrowths 
As above , red d i scol orat ion present 
As above 
As above 
As above 
As above , red-gray mottl ing  common 
As above 
As above 
As above 
As above 
As above 
As above 
As above 
As above 
As above 
As above 
Andes i te ,  mi nor vol canic rock fragments , 

much a l teration 
Vol can i c  rock fragment s ,  ande s i te (cavi ngs ) , 

opa l i zed material  
As above 
Gra i ny ,  green i sh-gray basa l t ,  reddi sh 

andesi te ( cavings ) 
Gra i ny ,  greeni sh-gray, ol i v i ne-rich basa l t ,  

minor red d i scol oration 
As above 
As above 
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Sampled 
Dri 1 1  i ng 

Depth 
( Feet) 

1 260-1 290 
1 290-1 320 

1 320- 1 350 
1 350-1 380 
1 380-1 4 1 0  
1 4 1 0-1 440 
1 440-1 470 

1 470-1 500 

1 500-1 530 

1 530-1 560 

1 560-1 590 
1 590-1 620 

1 620-1 650 
1 650-1 680 
1 680- 1 7 1 0  
1 7 1 0- 1 740 
1 740-1 770 
1 770-1 800 
1 800-1830 
1 830-1 860 
1 860-1 890 
1 890-1 920 

1 920-1 950 
1 950-1 980 
1 980-201 0 

2010-2040 
2040-2070 
2070-2100 
2 1 00-21 30 
2 1 30-2160 
2 1 60-21 90 
21 90-2220 
2220-2250 

2250-2280 
2280-23 10  
231 0-2340 
2 340-2370 
2370-2400 
2400-2430 
2430-2460 
2460-2490 
2490-2520 
2530-2550 
2550-2580 
2580-261 0 

Bul k 
L i thol ogy 

Med . -grained basa l t  
Med . -gra i ned basal t 

Med . - grained basal t 
Med . -grai ned basa l t  
Med . -gra i ned basa l t  
Mi xed basa l t  types 
Mi xed basa l t  types 

Mi xed basa l t  types 

F i ne-grai ned basal t 

F i ne-gra i ned basa l t  

F i ne-gra i ned basa l t 
M i xed rock types 

Mi xed rock types 
Cavi ngs 
Cavi ngs 
Cavi ngs 
Cavi ngs 
No returns 
No returns 
No returns 
M i xed rock types 
Greenstone 

Greenstone 
Greenstone 
Greenstone 

Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 

Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Greenstone 

Remarks 

As above 
As above , reddi sh d i scol oration common , 

ol i v ine content decreased 
As above 
As above 
As above 
Medium-grained and fi ne-grai ned basal t 
As above, mi nor flow band ing ,  gla ssy, ves i ­

cul ar  textures present 
As above , much fi ne-grai ned ves icular  

material 
F i ne-grained and ves i cu lar  basal t ,  mi nor 

medium-grained basal t ,  weak bl ue-green 
(copper ? )  sta i n ,  s i l i ceous void f i l l i ngs 

Gray basal t ,  much medi um-grai ned basal t 
( cavings)  green sta i n i ng and fi l l i ngs 

As above, many cavi ngs 
Everyth ing  up hol e .  much quartz fi l l i ng 

material  
Coarse cuttings ,  a l l  cavings 
As above, ( l ost c i rcul ation i nterval ) 
As above 
As above 
As above 

Much l ost-ci rcul ation material  
Mottl ed green , whi te l i thol og ies ,  coarse 

cutti ngs 
As above, pyrite mi nera l i zation 
As above, (much l ost-c i rculati on mater ia l ) 
As above, pyri te minera l i zation , metamorphi c  

texture 
As above 
As above 
As above 
As above 
As above 
As above 
As above 
As above , pyrite mi neral i zation , quartz 

vei n  l ets 
As above 
As above 
As above 
As above 
As above 
As above 
As above 
As above, cavings common 
As above 
As above 
As above 
As above , pyrite mineral i zation , minor appl e 

green coloration 
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Sampled 
Dri 1 1  i ng 

Depth 
( Feet) 

2610-2640 
2640-2670 
2670-2700 
2700-2729 

Bul k 
L i thology 

Greenstone 
Greenstone 
Greenstone 
Greenstone 

Remarks 

As above, pyrite mineral i zation 
As above 
As above 
As above 
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DESC R I PT I ON O F  MAP UN I TS 

Quatern a ry u n i t s  

Al l uv i um 

Al l u v i a l  fa n and fan gl omera te 

Lac u s tr i ne sed i ments  

Gra ve l ; s t ream c hanne l  a nd terrace  

depos i ts und i fferen t i a ted 

Cal l uvi  um 

So i l , commo n l y  wi t h  t i mber 
or bru s h  cover  

Lands l i de depo s i t  

J umbl ed  bl oc k  

T e rt i a ry un i t s ( M i ocene ) 

l Tg h  

Tgho 

Tghg 

Tg hd 

Tg h i  

Andes i te o f  Ma hogany Mo unta i n  

An de s i te o f  C ra i g  Mo unta i n  

Ba s a l t o f  Gl a s s  H i l l  u n d i fferen t i a ted 

01 i v i ne - r i c h ,  b l ac k ,  g l a s sy ba sa l t 

Gl a s sy ,  den s e , l oca l l y  pl a ty ba sa l t 

Di ktyta x i t i c , genera l l y  o l i v i ne - r i c h  

basa l t 

I n terbedded s e d i men ts  

Gra nde Ronde Basa l t 

DE SCR I PT I ON O F  MAP SYMBOLS 

O l s , Tc m ,  Tg r . . .  Roc k  un i t  expo s ed i n  outcrop 

(Tg h) , ( Tc m ) . . .  Roc k  un i t  ma k i n g  up bu l k of  j umb l e d 
bl oc k - -Qj b ,  o r  l an d s l i de - -Ql s 

T T Ro c k  un i t  i n te rpreted to underl i e  g r .  m m . 
s u rfi c i a l  cover  

Observed I n fe rred Cove red  
Con tact between geo l o g i c 
un i ts 

0 ----;:::J� - - - - • • • ·'?- Maj o r  fa u l t ;  1 a rge o ffset  
and/or  l en gth ; rel a t i ve 
ve rt i ca l  di s p l acement  
i n d i ca ted ; queri ed where 
uncerta i n  

0 ---=- - - - - · . .  :::J � Mi nor  fa ul t ;  sma l l ( o r  
proba b l e )  offset and/o r 
s ho rt l ength ; rel a t i ve 
vert i cal  d i s p l acemen t 
i nd i ca ted ; quer i ed where 
uncerta i n  

" ( no rma l ) 
-·-(�everse) 

• 

• 
• 

l L i neamen t ;  proba b l e fa u l t 
wi th  l on g  t race ; " L " i s  
on  ap pa ren t down d ro pped 
b l o c k  

Monocl i ne ;  l on ger  a rrow 
i nd i ca te s  s teeper l i mb 

Syn c l i ne 

Stri ke and d i p o f  s tra t i f i e d  un i t  

mea s u red  

e s t i ma ted 

Pa l eoma gn et i c  s i gna t ure of ba sa l t 
a s  determi ned by fl u xga te ma gneto­
mete r 

Therma l we l l s  

Therma l s pri n g s  

Loca t i o n  o f  sampl e s i te of  roc k  
a n a l yzed 

(Boundanes are appro:nmate statements ar c  general, Site C\'aluatJOns requue on 
s1te mvestlgation ) 
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HO L O C E N E  
( R E C E N T )  
P L E I STO C E N E  
P L IOC E N E  
M I O C E N E  

DESCRI PT I ON O F  MAP UN I TS 

Quaterna ry u n i t s  

Al l u v i um 

Al l u v i a  1 fan and fan gl omera te 

Lac u s tri ne sed i ments  

G ra ve l ; s t ream c ha n n e l  a nd terrace  

depo s i ts u n d i fferen t i a ted  

Co l l uv i um 

So i l , common l y  wi t h  t i mber 
or bru s h  cover  

Lands l i de de po s i t  

J umb l ed bl oc k 

Tert i a ry un i ts ( M i oc e n e )  

l Tg h  

Tgha 

Tghg 

Tg hd 

Tg h i  

Andes i te o f  Ma hoga ny Mo unta i n  

Ande s i te o f  C ra i g  Mou n ta i n  

Basa l t o f  Gl a s s  H i l l  u n d i fferen t i a ted 

0 1  i v i ne -ri c h ,  b l ac k ,  g l a s sy basa l t 

Gl a s sy ,  den s e , l oc a l l y  pl a ty ba s a l t 

Di ktyta x i t i c ,  genera l l y  o l i v i ne - ri c h  

basa l t 
I n terbedded s e d i ments  

Gra nde Ronde Ba s a l t 

DE SCRI PT I O N  O F  MAP SYMBOLS 

O l s . Tc m ,  Tg r . . .  Roc k un i t  expo sed  i n  o u tc ro p  

(Tg h) ,  ( Tcm) . . . Roc k  un i t  ma k i ng up  bu l k o f  j umbl e d 
bl oc k - - Qj b ,  o r  l an d s l i de - -Ql s 

T 
-
T

- Roc k  un i t  i nte rpreted to underl 1' e  g r .  m m  . . .  
s u rfi c i a l  cover  

Observed I n fe rred Covered  

0 

Contact between geo l o g i c 
u n i ts 

- - - - • • • ·?o Maj o r  fa u l t ;  l a rge o ffset  
and/or  l en gth ; rel a t i ve 
vert i c a l  di s p l acement  
i nd i ca ted ; q ueri ed whe re 
uncerta i n  

0 

---=- - - - - · · . 
::::> ·?· Mi nor  fa u l t ;  sma l l ( or 

probab l e ) o ffset and/o r 
s ho rt l en gth ; rel a t i ve 
verti ca l d i s pl aceme n t  
i nd i ca ted ; queri ed where 
uncerta i n  

• ( no rma l ) 
-·-(reverse) 

• 

• 
• 

l L i neame n t ; p ro ba b l e fa u l t 
w i th  1 o n g  t race ; " L " i s  
o n  a ppa ren t downdropped 
b l o c k  

Monocl i ne ;  l on ge r  arrow 
i nd i cates  s teeper l i mb 

Sync l i ne 

Stri ke a nd di p o f  s t ra t i fi ed u n i t 

mea s u red  

e s t i ma ted 

Pa l eoma gne t i c  s i gna t ure o f  ba s a l t 
a s  determi ned by fl u xgate ma gne to­
meter 

T h e rma 1 we  1 1  s 

Therma 1 s p ri n g s  

Loca t i on o f  sampl e s i te o f  roc k 
a n a l yzed 

(Boundaries art! approximate: statements are general : site evaluations require on 
Sit!! investigation.) 
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Quatern a ry un i ts 

Al l u v i um 

Al l u v i a l  fan and fa n gl ome ra te 

Lac u s tri ne sed i ments  

G ra ve l ; s t ream c hanne l  and  terrace 

depos i ts und i fferen t i a ted 

Col l uv i um 

So i l , common l y  wi t h  t i mber 
or bru s h  cover  

Lands l i de depo s i t  

Jumbl ed  bl oc k  

T e rt i a ry un i t s ( M i ocene ) 

I Tg h  

Tgho 

Tghg 

Tg hd 

Tg h i  

Andes i te o f  Ma ho gany Mounta i n  

An de s i te o f  C ra i g  Mounta i n  

Basa l t o f  Gl a s s  H i l l  und i fferen t i a ted  

Ol i v i ne - r i c h ,  b l ac k ,  g l a s sy ba sa l t 

Gl a s sy ,  den se , l oc a l l y  p l a ty ba s a l t 

Di ktyta x i t i c , genera l l y  o l i v i ne - ri c h  

ba sa l t 
I n terbedded s e d i ments  

Gra nde Ronde Basa l t 

DESC RI PT I ON O F  MAP SYMBOLS 

O l s , Tc m ,  Tg r . . .  Roc k  un i t  expo s ed i n  outcro p  

( Tg h) , ( Tc m ) . . . Roc k  un i t  ma k i n g  up  bu l k of  j umbl ed  
bl oc k - -Qj b ,  o r  l an d s l i de - -Ql s 

T T-- Roc k  un i t  i nterpreted to underl 1' e  g r ,  m m  . . . 
s u rf i  c i a  1 cover  

Observed I n fe rred Covered  
Con tact between geo l o g i c 
un i ts 

- - - - • • · ·?- Maj o r  fa u l t ;  l a rge o ffset  
and/or  l en gt h ; rel a t i ve 
vert i ca l  di s p l acement  
i n d i ca ted ; queri ed whe re 
uncerta i n  

0 ---::::.. - - - - · · · ·?· Mi nor  fa u l t ;  sma l l ( o r  ::;) 

.....__ 
, r--. 

N ( no rma l ) 
-R-(;:.everse) 

• 

• 
• 

L 

proba b l e )  offset and/o r 
s h o rt l ength ; rel a t i ve 
vert i ca l  d i s pl acemen t 
i nd i c a ted ; que r i ed where 
uncerta i n  

L i neament ; p robab l e  fa u l t 
wi th  l on g  t rac e ; " L " i s  
o n  appa rent downdropped 
b l o c k  

Monocl i ne ;  l onger  a r row 
i nd i cates  s teeper l i mb 

Sync l i ne 

Stri ke and  di p o f  s t ra t i f i ed un i t  

mea s u red  

e s t i ma ted 

Pa l eoma gne t i c s i gna t ure of basa l t 
a s  determi ned by fl u xgate ma gneto­
mete r 

Therma 1 we l l s  

Therma l s p ri n g s  

Loca t i o n  o f  sampl e s i te o f  roc k  
a na l yzed 

(Boundanes are approximate · statement!; aie general, sttc evaluatiOns requu:e o n  
Site mvestigatlon . )  
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DESCR I PT I ON OF  MAP UN I TS 
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Al l uv i um 
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Ol i v i ne - r i c h , b l ac k ,  g l a s sy ba sa l t 

Gl a s sy ,  den s e , l oc a l l y  p l a ty ba sa l t 

Di k tytax i t i c ,  genera l l y  o l i v i ne - r i c h  

basa l t 

I nterbedded s e d i ments  

Gra nde  Ronde Ba s a l t 

DE SCRI PT I ON O F  MAP SYMBOLS 

O l s , Tc m , Tg r . . .  Roc k  un i t  expo sed i n  o u tc ro p  

( Tgh) ,  ( Tc m )  . . . Roc k  un i t  rna k i n g  up b u l  k o f  j umbl e d 
b l o c k - - Qj b ,  o r  l an d s l i de - -Ql s 

Tg r ,  Tmm . . . Roc k  un i t  i nte rpreted to unde rl i e  
s u rf i c i a l  cover  

Obs erved I n fe rred Cove red  
- - - - - - - Contact between geo l o g i c 

un i ts 
0 --....,:;:::�;;.. - - - - • • • ·?- Maj o r  fa u l t ;  l a rge o ffset 

and/or l en gth ; rel a t i ve 
ve rt i ca l  d i s p l acement  
i nd i ca ted ; queri ed whe re 
uncerta i n  

___ o� - - - - · · ·  
::J � Mi nor  fa ul t ;  sma l l ( o r  

probab l e )  o ffset and/o r 
s ho rt l ength ; rel a t i ve 
vert i ca l  d i s pl aceme n t  
i nd i ca ted ; queri ed where 
uncerta i n  

• ( n o rma l ) 
-·-(;:.everse) 

• 

• 
• 

L L i neamen t ;  p robab l e  fa u l t 
wi th  l on g  trac e ; " L "  i s  
o n  appa rent downdropped 
b l ock  

Monocl i ne ;  l on ge r  a rrow 
i nd i ca te s  s teeper l i mb 

Sync l i ne 

Stri ke and  d i p of  s t ra t i f i e d  un i t  

mea s u red  

e s t i mated 
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(Boundari.es are approximate : statements are general; site evaluations req uire on 
site investigation.) 
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