


STATE OF OREGON 
DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

1069 State Office Building 
Portland, Oregon 97201 

BU L LETI N 71 

GEOLOGY OF SELECTED LAVA TUBES IN THE BEND AREA, OREGON 

By 
Ronald Greeley 

Space Sciences Division 
National Aeronautics and Space Administration 

Moffett Field, California 

1971 

GOVERNING BOARD 

Fayette I. Bristol, Rogue River, Chairman 
R. W. deWeese, Portland 

Harold Banta, Baker 

STATE GEOLOGIST 
R. E. Corcoran 



FOREWORD 

Oregon probably has the greatest diversity of volcanic rock types and landforms of any region in 
the conterminous United States. The area centering around Bend has come to be known as Oregon's 
"moon country" because the very young volcanic rocks in this vicinity show features similar to what 
have been photographed on the lunar surface. The National Aeronautics and Space Administration has, 
therefore, spent considerable time studying various aspects of the terrain in central Oregon because its 
scientists have interpreted certain lunar forms, such as the sinuous rilles, as volcanic structures. 
Mr. Ronald Greeley, the author of this report, believes that some of the smaller lunar rilles probably 
resu I ted from I ova-tube coli apse. 

Up to the present time, there has been relatively little study of lava tubes in the western United 
States to determine their origin, nor have these unusual structures been described in sufficient detail to 
be classified into different types. Mr. Greeley has selected several lava tubes in the Bend area for 
such a study because of their excellent development and relative ease of access. 

The Department presents this publication with the hope that it will stimulate the interest of 
others in exploring the many unusual and fascinating geologic features that occur in our "moon country. " 

R. E. Corcoran 
Oregon State Geologist 
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GEOLOGY OF SELECTED LAVA TUBES IN THE BEND AREA, OREGON 

by Rona l d  Gree l ey 

ABSTRAC T 

L ava tube s i n  the  vi c i n i ty o f  Be n d, Oregon , we re mapped and st ud ied i n  deta i l  to determ i ne the i r  
geomorpho l ogy a n d  mode o f  format ion . Lon g i tud i n a l  p rof i l e s  represe n t i n g  5872.5 m of  mapped l ava 
t ube s  and a photogeo l og i c  map re l a ti n g  l ava tube s to su rface geo l ogy , re g iona l  s tr uc tu re and topography 
are p rese nted .  T h ree  se ts o f  l ava t ube s we re exa m i ned : 1) Arno l d  Lava T ube Sy ste m  (7km  l ong )  compose d 
o f  co l l ap se d  a nd  u ncal l a psed t ube segments a nd  l ava pond s ,  2) Horse Lava T ube Sy ste m  (11 km  l on g )  
composed of  para l l e l  a nd ana stomos i ng l a va t u be se gme nts , and  3) m i sce l l aneous  l ava tube s . Resu l ts of 
th i s  s tudy te nd to conf i rm the "l ayered l ava" hypothe s i s  of  O i l i e r  a nd Brown (1965) for l a va tube fo rma 
t i on ;  howeve r ,  the re a re  probab l y  severa l  modes of formation for l ava tubes  i n  gene ra l . Arno l d Sy stem 
i s  a s i ng l e se r i e s  o f  t ubes  appare n t l y  formed i n  a s i ng l e ba sa l t  fl o w  on a re l a t i ve l y  ste ep  g rad i en t .  The  
a dva n c i n g  f l ow i n  wh i c h  t he t ube s  fo rmed was a ppare n t l y  tempora r i l y  h a l ted,  re su l t i n g  i n  the fo rmation  
of  l ava ponds  wh i c h  we re i nfl a ted  a nd l a te r d ra i ned by  the l ava tube system .  Ho rse Syste m proba b l y  
fo rmed i n  mu l t i pl e ,  i n te rconne cted f l aws . Pre -fl ow g rad i ent  appea rs to have been  l e ss t han  for Arno l d 
System ,  a nd  re su l ted i n  mean drou s ,  mu l ti p l e  t ube ne twork s .  

I NT RO DUCTIO N  

I nte rp retation of  ce rta i n  l una r  su r fa ce fea t u re s  a s  vol can i c  str uc t u re s  has re su l te d i n  i nc rease d 
in te re st i n  the geomorpho l ogy of te rrestr i a l  val c on i c ana l ogs . A rece n t  report  (Obe rbeck  an d othe rs, 
1969) propose d that some sma l l e r l un a r  s i n uous  r i l l e s  (gene ral l y ,  tho se l e ss t han a bout 0.5 km  wide)  
p robab l y  re s u l ted from l ava tube co l l apse . O th e r  struc tu re s  (fi g ure l)  may be  p ar ti a l l y  co l l ap se d l u nar 
I avo tubes (Gree l ey,  1970) 

Unfortunate l y , I i t tl e  i s  known abo u t  the forma t i onal mechan i sms  a n d  geomorpho l ogy of l ava  tube s 
an d i t  i s  d i ffi c u l t to e s tab l i sh c r i te r i a  to d i st i n g u i sh l u nar  l ava  t ube s ,  both co l l apsed and pa rtl y  co l l ap se d, 
from oth er l un ar s truc tu res withou t data on terrestr i a l  cou n terparts .  F or th i s  r eason , some of th e major l ava 
tu bes  in th e wes te rn  Un i ted  S t ates were  exam i ned and surveyed to g ai n  an u nderstand i ng of th e geo logy of 
th ese comp l ex st ruc tu res . T he  t ubes are of i n terest  to sever a l  g roups bes i des geol og i s ts ,  i nc l udi ng zool o
g i s ts i n tereste d  i n cave b io ta , an thropo l og i s ts concerned wi th hi s tor i c  and p reh i s tori c i n ha bi ta n ts ,  U .  S .  
Fores t  Se rv i ce personne l respons i b l e  for recreat i ona l fac i l i t i es and  safety of Nat i o nal Forest v i s i tors, an d 
t he Na ti on al S pe l eo l og i ca l  S oc i e ty, an  org an i za t ion  of amateur  and p rofess i on a l  c ave e xpiorers.  

The Be nd, Oregon are a i s  c h ara cter i zed  by re l a ti v e l y  youn g ,  unweathe red vo l can i c  fe atures that 
are we l l  sui ted for s tudy . I n  the i n i ti al st ages of e xam i nation  of te r re str i a l  ana l ogs to l un ar strudures, a 
fie l d  con fe re nce  was he l d  i n  Ben d  to s tudy some of the vo l can i c  st r u ct u re s  ( Pe te r son and Gro h ,  1965) .  
L av a tube s, however ,  we re on l y  br i e fl y  cons i de red  du r i ng the confe re n ce .  T h is re por t p re se nts de ta i led 
de sc r i p t ion s  of se l e c te d  l av a  tube s, theory of tube forma t ion, and a ske tc h  of  the gene ral geo l ogy of the 
Be nd are a .  

T he re are many l ava tube s i n  t he Bend are a .  Those th at we re se l e cte d  for mapp i ng and study I ie 
mai nl y east an d so utheast o f  Bend. They comprise the Arno l d  L ava Tube System, i·h e Horse Lava Tube 
Sy stem,  and m i sce l l aneous  l ava  tube s su ch  as S ke l e ton C ave , Boyd C ave , an d South I ce Cave . Lava 
Rive r C ave south  of Bend has al so been  in c l ude d  bec au se of i ts gene ral i n te rest to the publ i c  and i t s  
ac ce ssi b i l i ty as a S tate Park. 
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Figure l. Morius Hills region of the Moon (west-central Oceanus Procellorum). 
Structure is interpreted to be a portly collapsed lava tube originating from 
on endogenous crater-vent. From its morphology, the Iorge crater is consid
ered impact generated. Photograph from NASA Lunar Orbiter V, Site 51, 
Frome M-21 2. 



FIELD METHODS 3 

F IE L D  MET HODS 

T he i nve st i ga t i on wa s greatly fa c i l i ta ted by avail a bil i ty o f  recen t , l arge -sc al e  Fore st Se rv i ce 
a e ri a l  p hotographs  (1967 , 1: 15 , 840) , topograph i c  maps  (U . S . G. S . 71/2 '  quadrang l e s) and a spe l e ol og
i ca l  "cove r's" report on l ava t ube s o f  the  a rea (Knut son , 1964). Date on ae r i a l  p hotographs  an d topo
g raph i c  maps cove r i n g  spe c i f i c  t ube s  a re p re se nte d in tabul a r  form in Appendix 1 .  Prior to  f ie l d work ,  a 
pre I i m i na ry photogeo l o g i c  map was p repare d a nd  se l ec ted tube s i de nt i fi ed. 

I n  the  f i e l d,  se l e c ted t ube s we re su rveyed by tape me asure , Brunton compa ss, Abney  han d  l eve l 
(fo r sur fa ce an d subsurfa ce gra di e nt s  a l ong t h e  l ava tube axis) a n d  t i e d  h e l ium-f i ll e d  bal l oon for direc t  
ce i l in g  he i gh t  de te rm i nat ions .  On l y those tube s in the  st u dy are a meeting  one  o r  more of the fo l l owi ng 
cr i te r i a  were exa m i ne d: 

1) Lava tube s wit h  i n t e ri or wi dt h s  e xceedi ng  50  fe et. 
2 ) T ube s t ha t  appeare d  on ae r i a l p hotograph s as part of tube sy stems  l o n ge r  than 2 km. 
3 )  T ube s  t hat coul d be re l a te d  to spe c i fi c  l ava fl ows. 
4) Tube s  acce ssi bl e dur i n g  f i e l d work .  
Afte r  the l ava tube i nte rior  wa s trave rsed ,  a sur face survey was made al ong t he  tube axi s  to ob

tai n topograp h i c  sl ope a n d  to re l a te su r face fe atu re s  to inte r i o r  t ube st ruc tu re s. Roof t h i c knesse s we re 
de te rm i n ed  graph i ca l l y  (ut i l i zi n g  l on gitudi na l p rof i le s) from the sur face a nd  subsur face g radi en t s  a nd  l ava  
t ube i nte rior  h e i g h t s. Al t hough  l ocal  magnetic a noma l ie s  p roba bl y  affec ted  Brunton compass readings, 
t he  dev i at i on  is appa re n t l y  about the same for both  sur face a n d  subsurface azi mut h s  a n d  probabl y doe s not 
a ffe ct  roof t h i c kness dete rm i na t i on s. Accura cy of the method was che cke d  i n  a t ube wi t h  t wo en t rances ,  
about ha l f  a m i l e  apa rt ;  t he  surface survey e nde d  with i n  50 fe et (p l an i me t ri ca l l y )  of t he  se cond e nt rance .  
Long i tudi n al prof i l e s  of the l ava t ube s e xam i ned  we re prepare d  from the survey an d are p rese nte d i n  
P l ate s 1 a n d  2 .  

GEO LOGY AND PHYS I O GRAPHY 

Be nd,  Oregon i s  in the we ste rn  fourth of the  Hi gh  Lava P l a in s  p hy siog rap h i c  p rov i nce , an a rea 
c haracte r i ze d  by re l at i v e l y  un di sse cted  P I i oce ne to Hol ocene vol can ic rocks  an d most l y  inte r i or dra i nage.  
Figu re 2 shows ma jor  struc ture s a n d  t he  re l at i o n  of  t he a re a  to  adjacent physi ograp h ic di v isions. The 
study are a ranges  in e l eva t ion  from 3500 fee t  nea r  Be n d  to more tha n  8000 fe et in t he  Pau l i n a  Mounta ins 
(re mnants  of N e wbe rry Ca l de ra r i m ) . D ry l a v a  p l a ins  wi t h  oc casion al jun ipe rs a n d  sa ge brush pre dom i nate 
at the l o we r  e l eva t i on s; spa r se p i ne fore sts ma rk the 4500 to 5 200 fe et  e l eva t i on s  and above 5200 fee t  
vegetat ion is de n se fore st ,  except  whe re devastated by Ho l ocene la va fl ows. The  a rea i s  dom i nate d by 
N e wberry C a l de ra  (fi gure 2), a sh i e l d  vol cano approximately 64 km lon q  by 40 km wi de t ha t  h a s  been  
a ctive since the Pl ei stoce ne . The center of the are a  i s  cut by a se ries of e n  e c he l on fa u l ts striking an  
average of N 30° W .  The se apparen t l y connec t  t he  Brot hers  Faul t Zone on  t he  east (wh i ch formed Hor se 
Ri dge a n d  P i n e  Mounta i n ) wi t h  t he  p rom i n e nt nor th-south faul t zone of the  e aste rn  C a scade s, nort h 
nort h we st o f  N e wbe r ry C a l dera . The e n  e ch e l on fau l t s  are approxi ma te l y  para l l e l  wi t h  t h e  Northwest 
Rift Zone desc r i be d  by Pete rson an d Groh (1965, p .  8-9) . 

Pl ate 3 i s  a ph otogeol og i c  map comp i l e d  from Wi l l i ams (1935 ,  1957), Peterson an d Groh (1965), 
W al ker , Pe terson , an d Greene  (19 67) , Hi g g i n s  and Waters  (1967) , an d from l abora tory and fie l d  anal yse s  
of aer i al ph otograph s. Basa l ts expose d i n  th e are a erupted dur i ng at l east th ree  ep isodes: 1) e rup t ion s  
from th e cen tral cal de ra  dur i ng earl y sh i e ld-bui l di ng ph ases of Newberry C al dera (Wi l l i ams 1935, p .  259;, 2) fi ssu re erupt i ons  assoc i ate d with th e  Br oth ers F aul t Zon e ,  an d 3) Hol ocene  erupli ons from f i ssures on t he 
c al dera  f l an ks .  Fl ows from th e fi r st two (ol der) sou r ces are con temporaneous a n d  interf i nger  (H i gg i ns and 
Waters , 1967, p .  4 1) .  Th e basal t l abe ll e d  Q b  on th e map ( P l a te  3 )  forms a subt l e  ri dge  east a nd  south
e ast of Bend  an d m ay represen t  a n or thwest extensi on of Horse Ri dge .  Un i t  Q b  m ay have been  a topog ra
ph i c  h i gh at th e t ime  of Q yb e rup t i on s  an d possi b l y  channe l e d  Qy_Q_basal t fl ows (those emana t i ng  from th e 
C al de ra) to th e northwest . Lava T op Butte F l ow (Q bf) , a c aldera flank  f i ssu re e rup t ion , apparent l y  was 
si m i l ar l y c on trol l e d .  I ts con tac t  wi th Qb is al i gn ed  with the fault zone , Horse Ri dge ,  an d th e Q b-Q yb 
c ontac t .  Basal t Oyb 1  ove r l aps basal t Q b  from the  nor th e ast and appe ar s  to h ave or i g i n ated from an eru p
t i ve  c ente r  a few kil ome ters nor th of Horse Ri dg e .  
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LAVA TUBE FORMATION 5 

S evera l  o ther f i ss u re  e rupti ons  occur red on th e ca l de ra  f l anks .  Most notab l e  are those of the 
Nor thwest Ri ft Zone .  At l east e ight bas alt f l ows  eru pte d  al ong the  r i ft zon e ,  one  of wh i ch {Lava  C ast 
Forest F l ow )  i s  d ated at 61 50 ± 210 years, B. P. {Pe ter son and Groh 1965). Al l of these f l ow s  are 
basa l ti c  aa w i th a ssoc i a ted  py roc l ast i c  cones  an d a re not known to con ta i n l ava tubes . Py roc l a sti c 
c i nde r  cone s  a re shown on the map a s  Qcc . C i n de r  cone s of the Northwe st R i ft Zone a re al i gned w i t h  
the r i ft; cones  i n  the rema i n de r  o f  t he  area mapped, howeve r ,  have no appare n t  o r i e n tation . 

Except fo r the Desc hu te s  Ri ve r i n  the northwest corne r ,  there  a re no major streams  i n  the area .  
Beca use the r e g i o n  i s  geo l og i ca l l y  you n g ,  weath e r i n g  has prod uced on l y a thi n ve nee r  of  su r face debr i s  
w hi ch ,  whe n v i ewed i n  conjuncti on w i th w i n d  tran sported  s i l t  a n d  sa nd,  is l e ss than 4 0  em th i ck i n  most 
p l a ce s .  

LAVA TUBE FORMAT ION 

Lava T ube s fo rm on l y  i n  basal t i c  l ava fl ows an d a re common i n  ma ny young basal ts  o f  the west
e rn Un i ted S ta te s . A ge ne ra l  con ception o f  l ava  t·u be format ion  ca n be gai ned from obse rvation s  of  
ac ti ve l a va fl ows (J agger , 1 947) . As mo l t en  ba sa l t fl ows away from i ts source , the uppe r su rface coo l s  
and forms a so l i d  c rust w h i l e  f l ow o f  mo l te n  l ava conti n ue s  be neath the c r u st . E ve ntua l l y ,  a c tive  fl ow 
i s  re s tr i c te d  to a condu i t  w i th i n  the basa l t  fl ow tha t fee ds the advan cing  fl ow front . T hi s  condu i t  i s  the 
pr i m i t ive l ava tube . Ce ssa tion of the e rupti on  a t  the source l i m i ts the lava  suppl y a nd  fl u i d  mate r i al 
drai n s  from the condu i t  by g ra v i ty ,  leavi n g  a holl ow vo id ,  or l ava tube . 

T he s i n g l e  most importan t  fac tor i n  tube format ion i s  l ow v i scosity,  w h i c h  i s  di re c tl y  re l ated to 
tempe rat u re , c hemist1y, a nd  the amoun t  of gas  di sso l ve d  i n  the l ava  fl ow . The  l ava f l ow i s  more f l u i d  
a n d  l e ss v i scous a t  h i g he r tempera tures  and/or w i th a hi ghe r  gas conte n t .  A s  the l ava coo l s ,  l oses gase s ,  
a nd c ry stal l i z e s ,  i t  becomes more viscous {Macdona l d ,  1 967, p .  3 ) .  Basa l t i s  t he on l y  vo l can i c  m ate r
i a l  f l u i d  enough to pe r m i t  deve l opme nt of  tube s ,  but even  some basa l t fl ows are too v i scou s  for tube 
formation . 

Basa l t  occ urs  a s  b l ock fl ow s ,  aa f l ows ,  or pahoehoe flows ,  a nd  a l l  a re i nte r gra dat ional , de pe nd
i n g  on v i scos i ty . Block  fl ows ere compose d of mass i ve basa l t b l o cks re su l ti n g  from ve ry v i scous fl ows; 
aa  f l ows  are c l i n ke ry beds of l e ss v i scous  basalt; and pa hoehoe basa l t  fl ow s ,  re cogn i zed  by smooth ropy 
su r face s ,  are the l ea s t  v i sc ous .  A s i ng l e e ruption  of ba sa l ti c  l a va may i n i ti al l y  be pa hoe hoe an d, as 
coo l i ng and  outgass i n g  progress ( i n c rea s i n g  the v i scos i ty) ,  chan ge to aa and  b l ock basal t .  Some pahoe 
hoe fl ow s  change di rec tl y to b l o c ky l a va w i thout pa ss i n g  th rough  the i nte rmedi ate aa form . Lava t ubes,  
s tringentl y  contro l lee by fl ow viscos i ty ,  fo rm ,,n Jy in  pa hoehoe basal t . 

T ubes  are so common i n  pa hoehoe flows that the y  a re evide n t l y  the pr imary mean s  o f  f l ow advance . 
Sma l l di s tr i butary tube s  bra nch from the ma i n  l a va tube to fee d  the fl ow fron t .  T h e se fee de r  tube s usual 
l y  do not dra i n  a n d  are $eldcm preserve d .  I f dralnage does occ ur, feede r  tube s often  f i l l  w i th l ava from 
l a te r  fl ows . Wide l ava fl ows {�eve ra l  kil ometers , or te n s  of ki l ometers  w i de )  may have seve ral mai n l ava 
tube s ,  some of  whi ch  i nterconnec t  by l a teral passages. Lava flows re str i cte d  to val l ey s  are nar row a nd  
ge ne ral l y  have a s i n gle rnoi n tube , or mu l t i pl e tube s tha t a re vert i c al l y  stacked .  E ac h  t ube l e ve l  may 
conne ct by ve rti cal posscges, or l eve l s may comb i n e  to form a s i ng l e ,  vertical l y  e l ongate tube {v iewed 
i n  cress-sec tion , fi g u re 5 ) . These con fi gu rations  requ i re a compl ex mode of  o r i g i n . 

De tai l ed mapping a nd  exa m i nation of more tha n  1 7,000 m of l ava tubes i n  the we ste r n  Un i ted 
S ta te ;;  pe rm i t  spe c u l a tio'l on the mec han i sm of l ava tube fo rmat ion . 

T he re appear t0 be a t  lea s t  two ty pe s  of tube s (rr,inor  l ava  tube s and  major l ava tube s )  (Ha theway ,  
·1970) and ::!ach type requi res a somewhat  di ffe rent mode of formation . M i nor  l ava  tubes are smal l ,  ge ne r 
ul :y l e ss then 1 0 m w ide a11d a few h un dre d mete rs l on g  (Greeley , 1 969). The se fo rm in smal l ,  s i n g l e 
fl ow units a ntl often occupy ne ar l y  the e n tire flow; the tube roo f  is ma rke dl y  a rche d  (f i gure 3 ) .  Mi nor  
tube5 a re often  hv�c!cr :ube:s from l arJe r  l ava  tube s .  I n othe r case s , they may form i n  di s c re te l ava  f l ows  
emanati n g  d!re c tl y  from th; ve n t .  S urface te n s i on  perm i ts the f l ow to mai nta i n  a h i gh cross se c tion  
( re l at i ve to w i dtf:), an d fo rmation of  a c rust main ta i n s  the i n teg r i ty of  the f l ow structu re;  eventua l l y  
the fl u id dra lns frcm ihe s:'s tem . Occasiona l l y ,  pahoehoe may flow down an open channe l  formed  i n  a 
p re v i oiJS l ava fl ow . The <econdary pa hoe hoe fl o ·N can roo f over the channel , dra i n, and form a di s
ti n cti ve !a •ta tube.  The.-<! cr3 few m i nor l a va tubes i n  the Bend oreo . 

Major l a va  tubes of the type de scri bed by Oil ier a nd Brown (1965) form i n  l a va f lows several 
kil 0mete rs , or more, long . Thick La sa l t  fl ows a re usual iy subdivided hy horizon ta l di sconti nuous 
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LAVA TUB ES I N  T H E B E N D AREA 

DOUB LE C R ATE R, STATION 15 
SISKIYOU COU N TY, CALIFO R N IA 
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Fi gure  3. Diagram of a minor lav a tube system  in nor thern  C alifornia (south of Medi 
c i ne Lake Cal dera) ,  sh owing r e l ations h ip of l ava  tube (dashed l ine )  to th e l ava  
f l ow ,  an d one cross sec tion . 



LAVA TUBE FORMATION 

Figure 4o. Bear Trap Lava Tube , Blaine and Power Counties, Idaho, 
showing lava tube lining and layered lava. 

Figure 4b. Jug Cove, South west Washington, showing loye 1 ed 
lava fused to ceiling. (Photog1oph by Charlie and Jo lo1san, 
'/oncouver, V/o�h i ngton 

7 



8 LAVA TUBES IN THE BEND AREA 

Figure 5. Wind Cove (Arnold Lava Tube System), viewed downtube 
from Station 22. Flow I ines ore visible on both walls; second
ary mineralization has occurred along ceiling fractures; the tube 
is asymmetric in cross section, forming a cut bonk in the meander 
bend. A large pile of collapse blocks is visible in the back
ground. Maximum height is 15m. (Photograph by Charlie and 
Jo Larson, Vancouver, Washington) 



LAVA TU B E  FORMAT ION 9 

pmti ngs giv i ng  the e ffe c t  of l aye red lava (fi gure s 4-a a n d  4-b), a te rm a ppli e d  by Oili e r  a n d  Brow n 
(1965, p .  2 2 1) .  Ma ny act ive ba sa l ti c l ava  fl ow s  are cons ide re d  to be l am i na r . O i l i e r  a n d  Brown 
be l i eve l aye red l ava re su l ts from shea r  pl a ne s  (a sso c i a ted  w i th l a m i na r  flow ) develope d w i th i n  the lava . 
Layered lava i s  d i sti nct  from m u l ti pl e  l ava fl ow un i ts ( i n di v i dua l , supe r i m pose d fl ov;s) , i n  tha t  i t  occu rs 
wi th i n  a si n gl e ,  conte m poraneous l ava f l ow . Un fo rtunate l y ,  i t  i s  ofte n i m possi bl e to di sti n gui sh l aye re d  
lava from m u l ti pl e  flow un i ts .  I n di v i dua l  fl ow un i ts m a y  have formed on l y  a few hours  a pa r t  a n d  the 
norma l c r i te r i a  for se pa rati ng  geo log ic  t ime un i ts (wea thered sur faces ,  e tc . ) do not a pply . Ho r i zonta l  
pa r ti n gs i n  l aye red l ava a re , howeve r ,  di scon ti n uou s, whe rea s  the con ta c ts be tween  f l ow u n i ts a re 
wi de sprea d .  T h i s  di ffe rence  prov i de s  a mean s  of di ffe re nt ia tion , a l though di ffi c u l ti e s  a r i se whe re c ross
se ction s  a re poor ly e xpose d .  

S hea r  pl anes  a n d  l aye re d  lava a re e sse nti a l  i n  the formation o f  major  l ava tube s (Oili e r  a n d  
Brow n ,  1965) . Fl ow appa re n tl y i s  con f i ne d  to fl u i d  con du i ts be tween shea r  plane s .  I n  e a rly stage s, 
molte n condu i ts are mobi l e  a n d  can be reposi tioned w i th i n  the f l ow by re heati ng  coole r  parts a n d  by 
c rossi ng  di sconti nuou s shear  pl a ne s .  Reposi t ion i n g  can re su l t  from l ava su rge s from the source ve n t  a t  
h i gher  veloc i ti e s  a nd/or h i gher  te mperatu res . Mob i l i ty of  the f l u i d  condu i ts e xpla i ns the e xi ste nce o f  
m ul t i ple sta cked  l ava tubes  a n d  the ea se w i th wh i ch  tube s may  i nte rconnect  horizonta l l y  a nd  ve rti ca l l y .  
Dra i n age o f  the f l u i d  conduits re su l ts i n  comp l e x  l ava tube systems  o f  the type near  Be nd . 

S i nuosi ty ,  or de gree of mea n de r i n g, o f  the tube i n  pl an i me tr i c  v iew i s  a ttr i butabl e to the degree 
of  fl uidi ty of  the mobi le condu i t  w i th i n  the l ava fl ow body . S i m i l a r to a meande r i ng  f l ood pl a i n  r i ve r ,  
the tube may m i grate from one s ide of the f l ow to the othe r u n ti l  i t  i s  more f i rm l y  posi tion ed  by cooli n g  
an d congea l i n g  la va . T h us,  the tube m a y  m i gra te i n  a th ree di mensiona l  ne twork ,  w i th hor i zon ta l a n d  
ve rti ca l  componen ts .  Conf i gurat ion of  the tube i n  tran sve rse cross se ction (perpend i cu l a r to the l a va 
tube axi s) can  a l so be com pare d to a meande r i n g  rive r . The  I ova tube ofte n has  a di sti n c t  cut bank 
an d occa siona l ly a sl i p  ba n k  in  mea n de r  ben ds (f i gu re 5 ). The se banks  probabl y re su l t from development  
of  a lava "tha l we g" (a xi s of  maxi mum velo c i ty i n  a strearr.) i n  the mobi l e  con duit tha t  e rode s  by re me l t
i n g  ar heati n g  the coo l e r  l a va ,  fo rm i ng a c u t  bank , and  by accreti n g  coole r lava on the sli p ba nk  whe re 
the flow ve loc i ty i s  l e ss .  U n de r  ce rta i n condi ti ons ,  such a s  de pre ssi ons on the pre -fl ow sur face , a n  
a dva n c i n g  l ava f l ow may be ponded te m porar i l y .  Lava w i th i n  tube s  conti n ue s  to flow un de r  hy drosta ti c 
p ressu re a n d  may form i n fl a te d  bl i ste rs or tum ul i i n  the l ava  pond c ru st (tumul  i common l y form i n  broa d 
ba sa lt fl ow s, not necessa r i l y  i n  a ssoc i a tion w i th l ava tube s) .  Tum u l i may col l a pse or rema i n  a s  doma l  
st1·uc tu 1·e s .  

As lava dra i n s  from the tube , a l ava  shee t  I i ne s  the i n te r io r  a n d  cove rs the hor izonta l  l aye red  
lava (fi gure 4) (Oil i e r  a nd  Brown , 1965). The  li n i n g  i s  of va r i abl e  th i c kness ,  ran gi n g  from a few ce n t
i me te rs to te ns  of ce n ti mete rs,  de pe n di n g  possibl y on the rapi di ty of dra i na ge . I n  some case s  the I i n i n g  
i s  gl azed  w i th th i n  gla ssy l ava that  may re su l t from ve ry h i gh tem pe ra ture s  a ssoc i a te d  w i th out-ga ssi n g  
i nto t h e  tube . Dra i nage i s  not a l ways com pl e te ,  a n d  tube s may be partl y  or comple te ly f i l led  w i th 
congeale d  lava (Ma cdona l d , 1967) .  Dra i nage may occ ur be fore the f l ow has  develope d  a c rust suffi c 
i e ntly th i c k  to suppor t  i ts we i ght .  The c rust may fra cture a n d  co l lap se i mmedi a te ly ,  or i t  may  de form 
p lastica lly if the roof  is se m i -molte n (Ku i p e r ,  et a l . ,  1966) . T h i s  type of  col la pse i s  ev i den t  by i nward 
drap i ng of  la va su rfa ce shee ts toward ge ne ra l l ye lon gate col lapse c rate rs (f i gure 6) , or  by te ns iona l  
fracture s pa ra ll e l  to the tube a xi s .  

Un collapse d  roofs a re a tta cked by wea the r i n g  p rocesse s l ead i ng  t o  eventua l col l a pse . Calcula 
tions cu rre ntly i n  progress of stre sse s in la va tube roofs o f  va r i ous di mension s  a nd  roof th i cknesse s gi ve 
a n  e stimate of a reas  of I i ke l y  fa i l ure . Fa i lure commonly begi ns  by spa l la tion of the I i n i n g, foll owed by 
spa lla tion of th e l aye red  l ava from the ce n te r of the ce i l i n g .  The  re su l t i s  a jumble of massi ve basa l t  
bl ocks cove r i ng th e f l oor . Even tually ,  spa ll a ti on works th rou gh to the su r face  a n d  forms a coll a p se 
de pre ssi on . I n iti a l  brea kth rough c reate s  a sma l l ,  c i rc u la r  hole call e d  a sky l i gh t .  I n  vert i ca l ly sta cke d  
tube s, on ly the uppe r le ve l may collapse ,  l e a v i n g  an  i nta ct  l ava tube be nea th the col l a pse d se gme nt . 

Par tly or comple te ly coole d l ava tube s  se rve a s  exce l le n t  condu i ts fo r younge r  l ava f l ow s  e rupt
e d  frorn the common sou rce ve n t .  T he se younge r  flows are not nece ssa r i l y  pa hoe hoe a nd  they may 
pa rtl y ,  or comple te l y ,  f i ll the ol de r lava tube . It is di ffi cult to di sti ngu i sh lava tube s  pa r tl y fi l le d  
wi th subse que n t  la va flows from tube s pa rtly dra i ne d  of the or i gi n a l  fl ow .  Fl ow fronts of subse que n t  
flows are , howeve r ,  occasiona lly e n counte re d  (Gree l ey a nd  Hyde ,  1970).  Tube s  a lso f i l l w i th e xoge n 
ous de tr i ta l  mate r i a l  e n te r i n g  the tube th rough l a rge col l a pse s,  skyl ights,  or roof frac ture s ( f igure s 7,8) . 



10 LAVA TUBES IN THE BEND AREA 

Figure 6. Rim of collapse pit, Barlow Cove (Horse Lava Tube System), 
showing plastic deformation of lava c1ust. 



LAVA TUBE FORMATION 

Figure 7. Boyd Cave lava t ube, Station 4; surface sand is draining 

in t o  the lav a tube through a roof froc ture. 

Figure 8. Boyd Cov e lava tube, Station 21; d.-ainage of surface sand 
through a r oof fracture, si•nilar t v  Station 4. 

1 1  



l 2 LAVA TU B ES I N  T H E B E N D  AREA 

LAVA T UBE  D ESCRI PT I ON S  

H i stor i ca l l y, lava t ube s have long bee n  of  i nte rest to va r iou s  peop l e .  Many  l ava tube entrance s  
we re uti l ize d b y  I n di a ns a s  she l te rs ,  ev i de nced  by remnan t s  of  campfi re s  a nd p i c tog raph s  on the wa l l s .  
Ea rly se tt le r s  occas iona l l y  use d t ube s a s  s helte rs for the mse l ve s  or  l i ve stoc k  a n d  a s  a source of i ce du r i n g  
the summer  ( a s  me nt i oned  below , the  insula t i n g  q ua li ty  of  basalt p re serve s th rough the summer  the i c e  
t ha t  forms i n  tube s du r i n g  t he  w i nte r ) .  N ame s appli ed  to caves  (un co l l apsed l ava  tube se gments) by  
ea r l y discoverers h ave  bee n re ta i ne d  i n  pape r s ,  on  U . S . Geo l og i c a l  S urvey map s ,  a nd  i n  th i s  report . 

Lava tube s e xa m i n e d  a n d  su rve yed  are di scus se d  u nde r  th ree c a te gor i e s : Arno l d Lava T ube 
Sy ste m ,  Horse Lava T ube S yste m ,  a n d  m i sce l laneous .  A l ava tube s ystem  con s i st s  o f  l ava tube se gments 
cons i dered to be e i the r  (1) pa rt  of  a s i n g l e l ava tube that  ha s  co l l a p se d  i n  seve ra l p lace s  a l ong i t s  l e n gt h , 
re su l t i n g  i n  a se r i e s  ofi ndi v i dua l l a va  cave s ,  or (2) a se r i e s  of a na stom i s i ng a n d  para l l e l  l ava  tube s ,  some 
part l y  co l l ap sed ,  a ll of wh i ch a re conta i n e d  i n  contemporaneous  l ava f l ow u n i t s . Mos t  i ndi v i dua l cave s  
w i th i n  a sys te m  a re named; the syste m  name i s  take n from t he l oca l l y  best  k now n  cave w i th i n  the syste m .  

Ar n o l d  L a v a  T u b e S y s t e m  

P l a te 1 i s  a l on g i tudina l  p rof i l e  fo r Ar no l d Lava T u be S ystem.  The  sy ste m  can  be tra ced  from a 
major col l ap se in E 1/2, NW 1/4. NW 1/4. se c.  27. R. 13 E. , T .  19 S .  east  n ortheast  to i ts appare nt  
te rm i n u s  i n SE  1/4. NW 1/4 , NW 1/4 , se c .  18 ,  R .  14 E . , T .  19 S .  for a di sta nce of approxi mate l y  
7 k m  (f i g ure 9; p l a te 3 ) .  S t ra i g h t  l i ne s l ope o f  the system  i s  0° 45' 30" .  T h e  Arn ol d  Sy stem p robabl y 
forme d du r i n g  a s i ngle e ruption  a nd  wa s  e sse nti a l l y  con ti n uou s  dur i ng a cti ve l ava f l ow .  

T he syste m i s  subdi v i de d  i n to three parts ,  a n  uppe r se ct ion ,  m i ddl e se c tion , and  l ower  se ction . 
T h e  uppe r se c ti on i s  t raced  from a l a rge co l l apse tre nch , (the f i r st re cogn i za bl e  l ava  tube e l ement  from 
the so urce e nd) th rough  a co l l ap se p i t  s i tuate d  over Arno l d I ce C ave , a nd  i s  forme d w i th i n  ba sa l t  u n it 

Qb. The  m i ddl e se c tion  cons i sts of a c ol l apse d l ava pond, c ol l ap se d  l ava tube s ,  a n d  u n co l l ap se d  l ava 
tube segme nts ,  i n cludi ng  Bat  Cave , a two l e ve l l ava t ube . T he se c tion  is mapped as Qb , ove r l a i n  i n  
some a rea s  b y  younge r  Lava Top Butte Fl ow . The l ower  se ct ion i s  characte r i z ed  b y  l ong unco l l apsed 
l ava tube s (Wind C ave , P i c tog rap h  Cave) ,  col l apse d se gmen t s ,  and l a rge co l l a p se d  l ava ponds ,  a l l 
forme d i n  basa l tQb. 

Upper Se ction  

T he fi rst di s ce rn i ble se gment  of  Arnold Lava Tube Sy stem a t  the source end  i s  a major c ol l apse 
tre nch. T h i s tre n ch (E 1/2, NW 1/4 ,  NW 1/4,  se c .  27, R. 13 E ., T .  19 S . ,  e l evation 4490 ft.) i s  
s teepwa l l e d, a bout  18 m deep , 22m w i de ,  a n d  200 m l ong ,  and ,  a t  the ea st e n d  ha s  a p rom i nen t  un 
c ol l apse d se ct ion 16 m w i de w i t h  a 4 m th i ck roo f. Topography a nd  ge omorp h i c  s u r face  texture i n di cate 
a southwest  outcrop e xte ns ion  of Qb basa lt, not cove red by young  Qyb un i ts .  T h e  ree n tra nt  (Pl a te 3) 
i s  a topograph i c  h ig h  that ma y i n di cate exten s ion of the tu be sou thwest, in  the ge nera l  tre n d  of the 
Arno l d S ystem . A small depre ss i o n ,  about 70 m i n d iame te r ,  i s  show n  on topograph i c  qua dra ng l e Ke l sey 
Butte 71/2' (U . S ,G . S . a dvance shee t) in SE 1/4 ,  NE l/4 ,  SW l/4 ,  se c .  28 , T. 19 S . ,  R . 12 E -. ,-
e l eva tion  4700 ft . ,  a bout 1 .5 km sout hwe st of the tre nch , w h i c h  may repre sen t  a co l l apsed pa rt  of the 
system.  On th�; p re m i se tha t  l ava tubes  i ndi cate the ge ne ra l  di re ct i on of l ava fl ow ,  i t  appear s  l i ke l y  
that  t h i s  part of Q b  fl ow o r i g i nate d from f i ssu re s  u nde rl yi ng Lava Top Butte , Ke l sey B utte , a n d  a n  u n 
named c i nde r  cone about half way be tween .  T h e  f l ow has  bee n  cove re d by y ounge r basa l t  appare n tl y 
ob l i te ra t i n g  a n y  vest i ge of o l de r  l ava  tube s .  

I mmedi ate l y  north of  th e larg e co l l apse  tr e nch  a nd  an  u n i mpr ov e d  di r t  roa d is a n oth er col l apse 
depress ion . Sma l l  over-hanging roof sec tions  occu r  around  th e depress i on  and th ere may be connec ti ng 
passages th rough t he  co l l apse b l oc ks , both sou th to th e  tre n c h  and  nor th to Ch arcoa l Cave . 

Ch arcoa l Cave (NW 1/4, NE  1/4 , NW 1/4 , sec.  27, R. 13E . , T .19S .;  e leva ti o n  4535 ft.) i s  
a bou t 60 m sou th o f  th e trench  desc r i bed above . T he  u n co l l apse d  sec tion i s  a c cessib l e  by a s teep-w a l l ed 
co l l apse  p i t, abou t 10m deep. Ha l l i day (1952, p. 48) repor te d th e cave  to con ta in "char red wood, c u t  
w ith s tone axes . . ... date d to th e 13th Centu ry !' A fu l l  report (h is tor i ca l )  o n this c a v e  i s  avai l ab l e  in the 
March  1938 Oregon Hi s tor i c a l  Soc i ety Quarter l y . 
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and Horse Ridge ( 1 967). Oregon. 

F igu re  9. Map of Arno l d  Lav a  Tube  System. 
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Figure 10. Oblique aerial view of upper Arnold Lava Tube system viewed uptube. 
(Photograph provided by Ranger E. Sloniker, Deschutes Notional Forest) 
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AR NOLD LAVA TUBE SYSTEM 15 

Cha rcoa l Cave  l ead s  tow a rd a nothe r ve ry l a r ge co l l a p se tre n ch . The  t r ench i s  approx imate l y  
32 m w ide  x 1 70 m  l ong  x 1 3 m deep  a n d  h a s  a fa i r l y  con s i sten t  w i d th and  depth . T h e  l ava t ube ,  be fo re  
co l l aps i n g  to form the  tre n ch ,  probab l y was  ra the r  l a rge . T he  axis of Arno l d  Sy stem  a l ong  t h i s  se ct i on 
forms a p ronounced  r i d ge ,  w i t h  the  s l ope away from , a nd pe rpe n d i cu l a r  to , t he ax i s .  T h i s  re l a t io n sh i p  
i s  typ i ca l  o f  t h e  Arno l d  Syste m ;  f i gu re 1 2  i l l u stra te s  three cross-sect ion s a cross t h e  l owe r  pa rt of  the  
syste m . A s ur fa ce r i dge , o r  topograph i c  swe l l ,  ove r t h e  l ava t u be ax i s  is common in  many a reas ,  i n cl ud 
i ng nort he r n  C a l iforn ia (Modoc Lava T ube ) a n d  sou t he r n  idaho  (Bear  T rap  Lava T ube ) . Rid ge s ove r l a va 
tubes  may be bu r i ed  by subsequen t  l ava fl ows and  no l onge r be a ppa re n t . 

At the  dow n s l ope end of the tre n ch , a sma l l co l l a p se p i t  ha s  an  un co l l ap sed se gme nt  l ea d i n g  a 
few mete rs be neath  F S  Road 1 8 2 1 K, tre nd i ng toward A rno l d  I ce Cave (f i g ure 9) . 

Arno l d  Ice Cave (S E 1 /4 ,  S E  1 /4, SW 1 /4 ,  se c .  2 2 ,  R .  1 3  E . , T .  1 9 S . ,  e l eva t ion 4530) i s  a 
we l l -known  lava t ube se gment  ( from w h i ch the  sy ste m  name wa s  de r i ve d )  e nte red a t  t he  sou thea st w a l l 
of a col l ap se p i t  (f i g ure 1 0) .  De sce nt i nto t he t ube i s  qu ite  steep  (up to 30° ) a nd  m u ch o f  t he pa ssage 
f l oor i s  covered w it h  th i ck i ce shee t s  (f i gure 1 1 ) .  U nco l l a pse d l ava tube l e n gt h  i s  l e ss than 75 me ters  
( s l ope l e n gt h ) ;  t he  l a st  1 0  meters  i s  somew hat  more l eve l , a l t hough  the ce il i ng t re nds  dow ns l ope 1 6 ° to  
meet  the  i ce-b l o ck ed passage . Or i g i na l  l a va tube wa l l s  a nd ce i l i n g  a re p re se rved on l y  near  t h e  e nd in 
a sma l l  cupol a .  T h ree  d i st i n ct fl ow l i ne s  a re v i s i b l e  on  t he  sou the rn  wa l l ,  t he  rema i nde r of the  t ube i s  
ma rked by w a l l a n d  ce i l i n g  spa l l a t i on . A l t hough  H a l l iday ( 1 95 2 ,  p .  47) reported two sma l l  rooms l ea d 
i ng from the  i ce -b l o cked passa ge , t h i s  s tudy was  cond u cted i n  e a r l y  sp r i n g  and  ice appa ren t l y  b l ocked 
e n t ra n ce to the se rooms . H ig h  poro s i ty and  poor cond u ct i v i ty o f  basa l t make it a n  exce l l e nt n a tu ra l  
in su l a t i n g  mate r i a l  w h i ch ,  i n  com b i na t i on w i t h  t he roof t h i ckne ss (a bout  30 m nea r  t h e  term i n u s )  a nd  
o r i e n t a t i on of t he t ube  e nt ra n ce w i t h  re spe ct to  the  s un , re s u l t s i n  p re se rva t ion of i ce t h roug hou t  the 
yea r . E a r l y se t t l e rs in  t he Be nd  a rea v i s i ted A rno l d I ce Cave to obta i n  i ce ,  and  a t  one t i me t he  ice was 
commercia l l y  m i ne d .  Desch ute s Na t iona l Forest  de s i gnated t he  s i t e  as  the A rno l d Geo l o g i ca l  Area 
and  ha s  con st ru cted  a park ing  fa ci l ity , pa thway , and  woode n sta i rway over t he i ce s l ope i nto t he l ava 
t u be .  

Arno l d  I ce Cave e nds d i re ct l y  u nde r a co l l apse depress i on , 30 m i n  d iamete r  x 10 m deep . T he  
depre ssion  i s  t h e  l a st e l e men t  of t h e  uppe r se ct ion  of A rno l d  L ava T ube Sy stem . S u rfa ce topography 
steepe ns  downs l ope over  t he  next  0 . 5  km to a sha l l ow va l l ey and  Fore s t  S erv i ce ( FS ) Road 1 821 .  

M i dd l e  S e ct ion 

Photogeo l og i c i n te rpreta t i on  i nd i cates  pa rts  of  the  m i dd l e  se ct i on have  bee n cove red by younger  
Lava Top Bu tte F l ow (ba sa l t Qbf, P l a te 3 )  or i g ina t i n g  from a n  ir regu l a r l y  s h a ped cra t er north w es t  o f Lava 
Top B u tte . The  exa ct con tact of the f l ow is d i ff i cu l t  to de te rm i n e . Bat C ave , mod i f ied by Lava Top 
Bu tte F l ow ,  apparent l y  is  d i re ct l y  re l a ted to the Arno l d Sy st em  a nd fo rmed in o l de r  ba sa l t  Qb . Othe r 
l ava tubes  ond co l l ap se e l e men t s  a re ge ne ra l l y  sma l l e r and  cl ose r to t he  su r fa ce i n  t he m i dd l e se ct ion  
than  i n  t h e  o the r  two se ct ions . 

T he m i dd l e  se ct ion  be g i n s  nea r  F S  Road 1 82 1 . Topograph ic s l ope r i se s  away from the  road nort h 
ea st 1 80 m ( P l a te 1 )  t o  a co l l apse depre ss i o n  i n  S W  l /4 ,  N E  1 /4,  S E  1 /4,  se c .  2 2 ,  R .  1 3  E . , T .  1 9  S ., 
that  i s  a bou t  35 m i n  d i a me te r  and  8 m deep . A sma l l  u n co i l apsed I avo t ube se gme nt  1 0  m I ong  t re nd s  
toward Arno l d  I ce C a ve . No or i g i n a l  t ube I i n i ng  i s  p rese rved and  t he  passage e nd s  i n  co l l apsed roof 
b l ock s .  T he  east  s i de  of the  p i t s hows l aye red basa l t  d i pp i ng towa rd t he  p i t ,  i n d i cat i n g  p l a s t i c roo f 
de format i on  p r io r  to fa i l ure . 

Co l l ap sed L a va Pond # 1 (SW 1 /4,  NW 1/4, SW l /4,  se c. 23 ,  R . 1 3 E., T .  1 9 S ., e l eva t i on  
4470 ft . ) .  The  next  e l e men t  i n  t he m idd l e se ct i o n  is a l a r ge i r re g u l a r l y  s haped  depre ss ion  i n te rp reted to  
be a co l l ap sed l ava pond . F i g u re 1 3  il l u s t ra te s  the pon d con f i gu ra t i on  a nd it s re l a t ion to t he l a va tube . 
A de crea se of t he  Arno l d  L ava  T u be System grad i e nt ( P l ate 1 )  in th i s  a rea  probab l y re fl e cts ci l ower  f l ow 
ve l o ci ty d u r i n g  l ava tube format ion . I n  a ct i ve  f l ow s ,  red u ced ve l o ci ty o fte n mome nta r i l y  ha l t s t he  fl ow 
and  resu l t s i n  I ova ponds . Re newed l ava  surges  from the  sou rce vent  rup tu re s  t he  pond w a l l s ,  a nd t he 
f l ow con t i n ue s  i t s  downs l ope cou r se . Dur i ng t he ponded stage , a cr ust forms over  the fl ow su r fa ce ,  its 
th i ck ne ss depe nden t  on t he coo l i ng t i me . When  rupt u re occu rs ,  l i q u id l ava is dra i ned from be neat h the 
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Figu1e 11. A1nold Ice Cove; view from the bottom of stair way up towo1d the cove entronce. Mas

sive sheets o f  i ce fill port of tube ond cove1  the lowe1 polt of the staircase. (Ph otograph by 
Cho1 I i e and Jo Lorson 1 Vancouver 1 W ashington\ 
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18 LAVA TUBES I N  T H E B EN D  AREA 

crust , ge ne ra l I y t h rough  I o va t ubes  as was the ca se h ere , and the cr ust i s  l ow e red  to the pond f l oor . 
The  r i m  of Co l l apsed Pond # 1 i s  a bout  3 m  h i g h  and  h as l ayer s  of ba sa l t  di pp i n g  toward t he  depre s s ion , 
repre sen t i n g  pa rt s of the cr ust de formed dur i n g  dra i nage . The  deepe st pa rt cf t he  s t ructure (fig u r e  1 3 ) 
i s  nea r t he  l ower  e nd a nd represen t s  the t u be tha t  dra i n e d  t he  s t ruct u re . The  lowe r  e nr:l o f  th i s  residua l 
t ube i s  b l o cked by co l l ap se . 

F rom the  pond , n i ne dep re ss :ons tre nd nor thwa rd, dow n slope . Some depress i on s  conta i n  short un 
co l l ap sed  l a va t ube se g me n t s  and nea r l y a l l  depre s s i ons h ave r i m s  w i t h  i nward d i pping  l ava  l aye rs, a n  
i n d i ca t ion  t hat i ni t i a l  co l l apse occur re d  wh i l e  t he roo f  was  somewhat  p l a st i c .  A sma l l ca ve ( i n hab i ted 
by bats )  i n  NE l/4, N W  1 /4,  S W  1/4, se c .  23 . ,  R .  1 3  E . ,  T .  1 9  S . ,  e l eva t i o n  4465 ft . (about  90 m 
sou thwes t  of a l o gg i n g  road ) ,  ex tends  40 m nor th . Most  of t he  cave e x h i b i t s  i n t e r ior  spa l l a t i on ;  howeve r , 
or i g ;n a l  wa l l s  and  ce i l i n g  a re preserved i n  the l a st 1 1  meter s  a nd  w h i te  se condary m i ne ra li z a t ion  cove rs 
m u ch of the t ube l i n i ng . T he  cave e nd s  in sa n d  and  co l l apse b l o cks . 

A short u n co l l ap sed  t ube (40 m l on g  by 23 m w ide ) co nne ct s  two depress i on s  i n  E l/2, S W  l/4, 
N W  1 /4 ,  se c.  23 , R .  1 3  E . , T .  1 9  S .  A sma l l su r fa ce b r idge (f i l l ed w i t h  r ubb l e )  ex h i b i t s  p l a st i c  de 
forma t i o n  on t he  uppe r s u rfa ce and  con n e ct s  w i t h  t he  next  down s l ope depre s s ion  a n d  t he  e n tra n ce to 
De g Cave ( N E  l /4,  SW l /4 ,  N W  l /4, se c .  23 , R .  1 3  E . , T .  1 9  S . ,  e l eva t ion  4445 ft ) . T he  f i rst ha l f  
o f  the ca ve pa s sage  i s  most l y  ba sa l t  spo i l ed from the ce i l i n g  a n d  wa l l s ; t he  l a st 65 m d i sp l ay s  or i g i na l  
l a va t ube l i n i n g  on  the  wa l l s  a nd ce i l i n g ;  t h e  tube e nd s  i n  a cupo l a shaped chamber  (a bout 2 .5 m h i g h , 
w i th  the or i g i na l  ce i l i n g  i n t act )  b l o cked by co l l a psed basa l t. A sha l l ow co l l apse depres s ion , ha l fway 
be tween  De g C a ve a nd Bat  Cave , i s  i n  a n  a rea  apparen t l y cove red by Lava Top Butte F l ow (Qb f) . 

Bat  Cave (N E l/4, N W  1 /4, N W  l/4, sec .  23 ,  R. 1 3  E . ,  T .  1 9  S . ,  e l eva t i on 4425 ) . T h i s  
t ube i s  d i s t i ngu i shed  b y  hav i n g  two l <'ve l s ,  o n e  a bove the othe r . T h e  upper  l eve l  can b e  en te red t h rough 
a s ha l l ow co l l a p se p i t ,  or t h rough  a sky l i ght  e n t ra n ce a bo ut 4 m i n d i a mete r . The  craw l way be twe en  
t he  two e nt ra n ce s  ma ke s  the  sky l i g h t  more de s i ra b l e  for a cce ss to  t he  l owe r  l eve l . The  uppe r l e v e l  
t re nds toward Deg  C a ve (from the  co l i  apse depre s s ion )  b u t  end s  i n  san d  a n d  co l i  a pse . From the  sky I i gh t , 
the  t ube tre nd s  dow n s l ope on a sa ndy f l oor to a n  ab rupt  d rop -off o f  abo ut 3 m  i n to the l owe r  l e ve l . T he  
d rop -off ca n be  ne got ia ted  (w i th ca u t i on )  a l ong a l edge a t  t h e  fa r e nd .  T h i s  se ct i o n  o f  t h e  cave i s  t h e  
j un ct i on of t h e  uppe r  and  l ow e r  l eve l s  a nd fo rms  a s i n g l e  l ava t ube . F l ow I i ne s  i n  the  pa hoe hoe f:oor 
show that  l a va dra i ned  from t he uppe r l eve l  i n to the l ower  t u be . T he l owe r  t ube is  we l l  p re se rve d, e x
h i b i t i ng or i g i n a l  l i n i ng mate r i a l ,  l a va sta l a ct i te s ,  a n d  g l a ze ; i t  ex tend s  a bou t  75 m cup s l ope tow ard Deg 
Cave . A n  aa  f l ow cove rs par t  o f  the f l oor and g rades  ups l ope i n to pa hoe hoe that  has  b l ocke d the  tube . 

Hea t, ge ne rated by the younger  f l ow,was  appare nt l y  s u ffi ci e nt to part l y  reme l t  the or i g i n a l  l a v a  
t ube l i n i n g . F i g u re 1 4  i l l u st ra te s ruptu re of  t h e  l i n i ng on o n e  s i d e  of  t h e  tube a n d  subse que n t  dra p i n g  o f  
t h e  I i n i n g  tow a rd the f l oor . S e condary m i ne r a l i z a t io n  covers  m u ch of the I i n i ng i n  the l owe r l e ve l . Ba t 
C a ve exte nds  dow ns l ope abou t  40 m from t he po i nt o f  jun ct i on  of t h e  uppe r a nd l ower  l eve l s. Most of  
t he  t ube ha s  ba sa l t  spo il ed from the  ce i l i n g  a n d  w a l l s , _ and  i t s  l owe .- e nd  i s  b l ocked b y  co l i  apse and  sa nd . 

Bat  Cave i s  be l i eved to have forme d i n i t i a l l y  i n  ba sa l t  Qb a s  a part  of the  l ava t ube d ra i n i ng 
from co l l ap sed Pond # 1 .  The  dow ns l ope port ion  of t he  m i dd l e se ct ion , from about D eg C a v e, was  cove r
ed by  younge r  Lava  Top  But te F l ow .  T h i s  f l ow may  have  e nte red the ma i n  l ava t ube  t h rough  a now 
b u r i ed  roof co l l apse be l ow De g Cave , fl owed dow n s !  ope , and  sea l e d  the uppe r end of Ba t Cave . You n g 
e r  l a va may a lso have e nte red t h e  uppe r l e v e l  of  Ba t Cave a n d, a s  i nd i ca ted b y  lava f l ow l i ne s ,  dra i ned 
i n to the l owe r  l e ve l . 

L ower  Se ct i on 

T he l ower  se ct i o n  o r i g i nates  nea r the  i nte rse ct i on of F S  Road 1 82 1  J and  t h e  lav a  t ube , in t he sa me 
a rea a s  the conta ct be twee n L ava Top Butte F l ow (Qbf) a n d  basa l t  Qb ( F i gu re 9 and P l a te 3 ) . The l ower  
se ct i on ,  conta i ned e n t i r e l y  w i th i n  basa l t  Ob , i n cl ude s  l o ng , u n co l l apsed l ava  t ube se gm ent � and lurge , 
i r re g u l a r l y  shaped co l l a psed l a va pond s . T he f i r s t  l owe r se ct i on e l e m e n t  i s  a co l l apsed l ava tube se gment  
(on t he  nor th  s i de  o f  FS Road # 1 8 2 1  J)  t ha t  con n e ct s  th rough  a shor t  l ava t ube to a I arge t re n ch .  T he 
t re n ch l eads  north to Wi nd Cave en t ra nce . 

Wi nd Cave ( S E  l /4 ,  S W  l /4 ,  S W  l /4 ,  S e c. 1 4 , R. 1 3  E . , T .  1 9  S . , e l e va t ion  4405 ft . ) . Wi n d  
Cave i s  t h e  l on ge s t  ( 1 1 7 0 m s l ope l e ng th ) , l a rge s t  ( 1 8 + m ,  max i m um he i g ht ) , a n d  most d i ffi cu l t  l ava 



Figure 14. Bot Cove (Arnold Lava Tube System), lower level. Wall lining deformed 
plastically and curled away from the wall to the floor. (Photograph provided 
by Ranger E. Sloniker, Deschutes Notional Forest) 
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20 LAVA TUBES IN THE BEND AREA 

t ube to t raver se of  t he  Arno l d  Syste m . Most  of  t he cave 's uppe r two-t h i rd s  ha s  g reat  p i l e s of ba sa l t 
bou l de r s , some a me te r  and  more i n  d i a me te r ,  a l ong  t h e  fl oor . Ma ny r ubb l e  p i l e s a re h ighe r  tha n 1 8 m 
and  have a n g l e s  o f  repose exceed i ng  22°. I n  profi l e  ( P l a te  1 ), t he se r i e s  of rubb l e  p i l e s a nd corre s pond 
i ng ce i l i ng dome s ,  fo rmed by ba sa l t - l aye r  spa l l a t ion , g i ve s  t he tube a n  und u l a t i ng cross- se ct i o n . The  
t rue l ava tube pro fi l e ,  de te rm i ned a l ong  u n co l l apsed ce i l i ng se ct ion s  and  f l oor se ct i o n s  no t  covered by 
rubb l e ,  ma tche s  t he  surfa ce topog ra p hy fa i rl y  we l l ,  a l t hough  some s l ope s  a l on g  t he  f l oor toward t he  e nd 
of the t ube a re reve rse to t he su r fa ce topogra p h i c  s l ope . 

De sp i te mas s i ve spa l l a t ion , many ce i l i n g  and wa l l se ct ion s  pre se rve or i g i n a l  l a va tube  l i n i n g and  
g l a ze ,  a l t hough  i n  many p l a ce s  the l i n i ng i s  b roken  by  po l ygona l fra ct u re s; m i ne ra l s  p rodu ced  b y  wea t h 
e ri ng a r e  p rom i ne nt . Mu l t i p l e  f l ow l i ne s , rep re se n t i n g  dra i nage sta ge s of l i q u i d  l ava , are p re se rve d i n  
some wa l l s  a n d  ca n be t raced for te n s  of  me te rs .  Some fl ow I i n e s  deve l oped prom i nen t  gutte rs ,  o r  l edges  
a l ong  t he  w a l l s .  

I n  a l l b u t  the l a st few h u n dred mete r s ,  Wi nd C a ve i s  cha ra cte ri st i ca l l y  sku l l ,  or key ho l e ,  s hape d 
i n  cross se ct ion  ( P l a te  2), g i v i ng t he  i mpre ss i on  of a n  upper  l ev e l  and  l ower  l eve l . Con s i d e ri n g  the  
probab l e fo rmat iona l me ch a n i sms  for l arge l ava  tube s ,  th i s  con fi gu ra t i o n  i s  rea sona b l e and  i s  perhaps  to 
be expe cted . Dur i n g  i n it i a l s tages  o f  format ion , two mob i l e  con d u i t s  may be sta cked ve r t i ca l l y ,  se par
a ted by a s hea r  p l ane . I n t he ca se o f  Wi nd C ave , t he i n te rve n i n g  shear  zone may have bee n so weakl y 
deve l oped tha t  i t  was  re moved , o r  i n corporated i n  t he l i q u id l av a ,  i n  t he f i n a l  s tage s  of l ava t u be d ra i n 
a ge . T h us ,  t he  s i ze a n d  shape o f  both uppe r a n d  l ower  l eve l s wou l d  b e  e sse n t i a l l y  ma i n ta i ned . C ross 
se ct ion s  i n  s t ra i g h t  l e ng th s  of the l ava  tube a re  sym me t r i ca l ;  i n  mea nde r be nd s ,  cross se ct ion s  a re ofte n 
a symme t r i ca l , deve l op i n g  cut bank s  ( f i g u re 5 )  a nd s l ip  ba n ks . 

Geo l og i ca l  a nd st r u ct u ra l  de ta i l s o f  Wi nd  C ave obse rved d u r i n g  t rave rse a re  descr i be d  by stat ion  
n u mber  ( P l a te 2), k eyed to  the l on g i t ud i n a l  prof i l e  ( P l a te 1 ) .  

S ta t ion  7. Darkho l e  sky l i gh t  (named on  t he U . S  . G  . S . topograph ic q ua d ra n g l e ) , formed b y  roo f 
co l l ap se , i s  a 4 m d i amete r  ho l e  about 7 m above the  l ava t ube fl oor . Wea t he r�d ba sa l t , sa nd ,  s i l t ,  
a n d  sma l l basa l t b l o ck s  d ra i n  i n to t he tube th rough  t he sky l i g ht form i n g  a con i ca l  deb r i s  p i l e .  O n  t he 
su r fa ce ,  a sha l l ow ,  d i mp l e -shaped cra ter  has  deve l ope d .  Some l una r cra te r s  w i t h  t h i s  d i st i n ct i ve morph
o l ogy may have fo rmed i n  a sso ci a t i on  w i t h  l u na r  l a va t ub e s  (Gree l e y, 1 9 70) . I n te r ior  spa l l a t i o n  e xpose s 
s hea r  p l a ne s•;rfa ce s  and  pa hoe hoe f l ow structu re s ,  v i s i b l e i n  the  spo i l ed ce i l i n g  n e a r  Da rkho l e . O n  n on 
spo i l e d  w a l l a n d  ce i l i n g  se ct io n s ,  g l aze a nd sma l l l ava ci cl e s  (te rm for l a va s ta l a ct i te s , Peterson and  
G roh , 1 963)  a re pre served . I n t h i s  area , a sma l l feede r t ube , a bout  1 m  w ide x 30 em h i g h ,  t re n ds 
wes t  i n to t he  w a l l about  2 m .  

S tat ion 1 3 .  T h i s  s tat ion ma rks the be g i n n i ng of the keyho l e  shaped cross se ct i on , w i t h we l l 
de fi ned uppe r and  l ower  l e ve l s  ( P l a te  2); u pt ube , the l ow e r  l eve l  i s  probab l y fi l l ed w i t h  spo i l e d  ba sa l t  
bou l der s . T he l ava t ube i s  nea r l y  1 3 m h i g h  a nd ex h i b i ts o ri g i na l w a l l and  ce i l i n g  l i n i n g . Nea r  the  
f l oor, the  wes t  wa l l  I i n i ng ruptu red and  exposed ma s s i ve basa l t . 

S t a t i on  1 7 . A we l l -deve l oped l ower  l e v e l  cut ba nk  and  upper  l eve l s l i p  ban k fo rmed i n  t he 
meander  be nd of t he  l ava t ube . Th i s  re l a t i on s h i p  wou l d  i n d i cate that  t he uppe r and  l owe r l e ve l s  we re 
conne cted w h i l e  t he  tube was  ra the r f l u i d . Bot h l e ve l s  a re  abou t  equa l  i n  s i ze . The  ce i l i n g , more t han  
1 8 m h i g h ,  i s  o ne  of  t h e  h i ghe st u n co l l a psed l ava t ube se ct ion s  k now n . 

S ta t i on  21. Prom i n e nt fl ow l edges ,  probab l y  deve l oped d u ri n g  l i q u i d  l ava dra i nage o f  t he tube ,  
a re v i s i bl e  he re a nd con t i n ue dow ntu be .  

S ta t io n  22. T h i s  sta t i o n  i s  one of the  l a rgest cross se ct i on s  i n  Wi nd Cave , about  1 8 m h i g h  x 1 6m 
w i de ,  and  exh i b i t s  se ve n d i st i n ct f l ow l i n e s  on both wa l l s .  Down  tu be ( f i g u re 5), fl ow l i ne s  are prom i 
n e nt and t he  cut bank  i n  S ta t ion  2 3  i s  v i s i b l e . A cl i n k e ry a a  f l ow covers the  tube fl oor a n d  cont i n ue s  to 
the l ava t u be te rm i n 11s . 

S ta t i o n  30 . The  l a va tube i s  sma l l e r  from here to its te rm i n  us and  i s  we I I  prese rved  w i t h  I i t t  I e 
s pa l l a t i o n . Uppe r  and  l ower  l eve l s  a re nea rl y  s ymet r i ca l  and  o f  e q ua !  s i ze . O ri g i na l  t ube I i n i n g and 
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Figure 15. Wind Cove, Station 33. Plastic deformation of port 
of wall lining. Pencil is 13 em long. 

21 
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secondary m i nera l i za t i on are prom i nen t . To th e nex t  s ta t i o !1 , th e aa f l ow s l ope i s  u ph i l l ,  reverse to th e 
overa l l t ube s l ope . 

S ta t ion 33 . Upper l e v e l  i s  p i n c h i n g  out , and  it s l os s  i s  re fl e c ted by steepe r  su rfa ce s l ope ove r  
t h e  tube (P l a te 1 ) .  T he a a  fl ow shows crude f l ow l i ne s i nd i ca t i n g  uptube d i rec t ion o f  f l ow . Part o f  t he 
wa l l  I i n i ng i s  d e fo rmed , poss i b l y  from heat  ge ne rated by subsequen t  f l ow exposed on  t he f l oo r ,  or by 
p l as t i c  de forma t ion  d ur i ng l ava tube d ra i nage , a nd i s  pee l ed away from t he wa l l  ( f i gu re 1 5 ) .  L a va 
g utte r s ,  0 . 5  m w ide , a re a l on g  bot h wa l l s  nea r  the f l oor a nd  con t i n ue nea r l y to t he  t u be te rm i n us . 

S ta t ion  38 . W i nd Cave  Te rm i n us . T h e  l a st 68 m of t he l ava t ube ha s  a gent l e  ups l ope g ra d i e nt 
( up  to 5 ° ) ,  measured a l ong  the aa f l ow and re fl e c ted  i n  t he  ce i l i ng gra d i e n t  to a l e sse r deg ree . T he 
t ube term i n u s  i s  fo rmed by t he ce i l i n g  a brupt l y  p i nc h i n g  down to t he fl oor . The  t e rm i nu s  fa ce ha s  some 
l i n i n g  p re se rved and  i s  s l i gh t l y  c l i n ke ry . S l abs  spo il ed  from t he ce i l i n g  a nd w a l l s  are p i l ed a t  t he ce i l 
i n g-f l oor j u nct u re a nd  i t  i s  d i ff i c u l t to de te r m i ne t he  exa c t  na t u re o f  the  co n ta ct . I t  i s  probab l e ,  how 
eve r ,  that  a a l ava sea l s  the tube . 

Co l l apsed Lava Pond  # 2 (SW 1 /4 ,  N W  1 /4 ,  S E  1 /4 ,  se c .  1 4 , R .  1 3  E . ,  T .  1 9  S . ,  e l e va t ion 
4360 ft . ) .  W i nd Cave te rm i n u s  i s  w i t h i n  6 m of Co l l a psed L ava Pond # 2 r im ( P l ate 1 ) .  T he  pond , d i a 
gramed i n  f i gu re 1 3 , i s  1 1 2 m w ide , u p  t o  8 m deep , i r re g u l a r  i n  out l i ne ,  a nd h a s  r i m s  ra i sed 2-3 m 
a bove g round  l eve l . Some basa l t l aye r s  i n  t he r i m  d i p  away from t he  pond . The  pond i s  s i t uated on  a 
topograph i c  h i g h ,  w i t h  ground s l ope away from t he str uc tu re i n  a l l  d i re ct ion s ;  howeve r ,  con s ide r i n g  t he 
over a l l s l ope of the Arno l d Sy ste m ,  the pond i s  i n  a re l a t i ve l y  l eve l se c t i o n . Ave ra ge su r fa ce s l ope 
over W i nd Cave is 1 °  36 ' ;  approx ima te s l ope of the pond (measured a t  the r i m )  is 0° . The s t ruc tu re i s  
i n te rp re ted t o  b e  a co l l apsed l ava po nd , fo rmed (du r i n g  a c t i ve l ava f l ow )  b y  W i nd Cave emp ty i ng i nto a 
tempora r i l y  ha l ted pa rt of the fl ow . The  pond appa re n t l y  was  i n fl a ted s l i gh t l y  ( i n d i cated by t he  d i p  of  
t he  r im)  by hyd ros ta t i c  p re s su re o f  the  l ava  tube . I n  f ina l  sta ge s o f  dra i na ge and  p l a st i c  deformat i on of  
the  syste m ,  some l i qu i d  l ava d ra i ned from t he pond i nto W ind  Cave , a ccount i n g  for t he s l ope re ve rsa l  
n e a r  t he tube ' s  t e rm i nu s  a n d  t h e  aa  fl ow (repre se nt i n g  t h e  more v i scou s ,  l ow te mperat u re fl u i d s  o f  the  
d ra i nage sta ge ) . De f l a t ion  o f  the  pond may have ca u se d  the roo f ove r t he  tube nea r i t s  j un c t u re w it h  
t h e  pond t o  deform b y  grav i ty , t h us sea l i n g  t h e  t ube . 

F l u i d  l ava  dra i ned t he pond t h rough  a downs l ope l ava  tube at the nort h  edge of t he  pond ( fi gure  
1 3 ) .  The  upper part  of  the tube co l l apsed , l eav i ng a t rench 32 m w ide x 1 0 m deep . T he  t re n c h  l ead s  
to  a short  unco l l ap sed tube extend i n g  abou t  40 m nor th . T ube i n te r i o r  has  mass i ve spa l l a t ion  ( term i n u s  
i s  b l o cked b y  co l l ap sed ba sa l t ) a n d  m a n y  b l ock s  i n  t he roo f  appea r  ra the r  un stab l e . 

P ic tograph  C ave (SW 1 /4 ,  N E  1 /4 ,  S E  1 /4 ,  se c .  1 4 , R . 1 3 E . ,  T .  1 9 S . ,  e l e vat ion 4340 ft ) 
T h i s  tube was  named from I nd i a n  pic tographs  p a i n ted  on  t he  cave e nt ra n ce nor th  wa l l . F rom t he en t rance , 
the  tube extends  ups l ope , passe s  under  a sky I i ght , a nd con t i n ue s  toward Co l i ap se Lava Po nd # 2 .  Most 
of  the t ube a l ong  t h i s  se c t i on  has  mass ive  ce i l i n g  co l l apse and p i l e s  o f  basa l t  bou l de rs . I n  s i ze  and  c ross 
se c t i on  P i ctograph  Cave c l ose l y  re se m b l e s W i nd Cave . Down s l ope from t he en t ra n ce , t he f i rst  1 90 m  
i s  marked by mass i ve co l l apse p l u s  sma l l amount s  of sa nd ;  the re ma i nde r o f  the  tube i s  we l l  p rese rved 
and  h as a prom i n e nt aa f l ow on t h e  f l oor . T he  fo l l ow i n g  sta t ion  de scr i p t i on s  beg i n ups l ope , neares t  
C o l l apsed L a va Pond # 2 .  

S t a t ion 8 -A , ups l ope e nd o f  P i ctograph  Cave ;  tube is b l ocked by ce i l i n g  and  wa l l co l l ap se . The  
su r face  survey i n d i cate s tha t t he tube i s  separated from Co l l apse Pond # 2 by on l y  a few mete rs . 

S ta t i on  6 - A ,  l o c ated i n  th e cen ter of a roof bre ak- th rough  (very l arge  s ky l i g h t) h as a max i mu m  
w i dth of 30 m measu red perpendi cu l ar l y  to th e tube ax i s .  Sagebrush  a n d  oth er vegetat ion  g rows i n  t h e  
sand  and  de tr i tu s  wa s hed  i n to t h e  co l l apse . 

S ta t i on  3 -A ,  ha s  a key ho l e  shaped cross se c t i on  ( P l ate 2) ve ry s i m i l a r to parts  of W i nd C a ve . 
A l though most o f  w a l l s  a nd ce i l i n g  a re spo il ed ,  some or i g i na l  wa l l  l i n i ng i s  p re se rved and  fi ve d i st i n ct 
f l ow I i n e s  a re v i s i b l e i n  t he I i n i n g . 
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Downtube --

Figure 16. Ent1once to Pi ctograph Cove, vertical distance from surface to the en
trance is about 16 m .  Lo vo in the roof is deformed ond moy represent fi lied 
luvo tubes o nd/or channels. 

Figure 1 7. Entrance to Pict ograph 
Cove, small alcove possibly 
representing o gos pocket. 
The li ning (coveling layered 
lovo) is pockmarked with covi
ties formed contemporaneously 
with the lining. 
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En t ra nce to P i c tograph  Cave i s  t h rough  a roo f co l l a pse and a s l umped so i l  ba nk . The roof he re i s  
ve ry t h i ck , more t han  1 6 . 5  m ,  a n d  seems a n  u n l i ke l y  p l a c e  for co l l apse to occu r . T he  roof (f i g u re 1 6 ) ,  
howeve r ,  exh i b i ts d i s rupted a nd contorted ba sa l t l ayer s , poss i b l e  fi l l ed  l a va tube s ,  and  a s t ruct u re that  
may represe nt a gas pocke t . T he se str uc tu re s  appare nt l y weake ned the roof  l ead i n g  to event ua l  co l l apse . 
T he  poss i b l e gas  pocket  (f i g ure 1 7 )  i s  a l a rge a l cove (4  to 5 m h i g h )  s i t ua ted on a l edge a bove t he l a va 
t u be i n  t he  west s i de of the  e n trance co l l apse . I t  i s  l i ned  w i t h  ve ry de nse ba sa l t  (spe c i fi c  g rav i ty 2 . 58 )  
hav i ng  a p rom i ne nt pock -marked appearance resu l t i ng from smooth ho l e s a bout 5 em i n  d i amete r  x 7 em  
deep . T he ho l e s  appear  to be  pr i mary s t ruct ures formed conte mpora neous l y w i t h  t he l i n i ng ;  t h e  ho l e s  
have howe ver , been  l i ned w it h  a th i n  l aye r o f  se condary m i ne ra l i za t ion . 

S ta t ion 2 shows or i g i n a l  l ava t ube l i n i ng and fl ow l i ne s  ( fi g ure 1 8 ) .  Some ce i l i n g  l i n i n g  has  
spo i l ed away to re vea l  the st r uc tu re be h i nd the l i n i ng . T he exposed surface  i s  very smoot h w i th  po l y 
gona l c racks  a nd secondary m i ne ra l i za t i on  a n d  may repre sent  a se cond l aye r  o f  I i n i n g . A l t hough  not 
common i n  t he Arno l d  System ,  m u l t i p l e l i n i ngs  a re k nown to oc cu r  in l ava tube s . 

S ta t ion 8 to sta t ion 9 B ha s  on both wa l l s  a we l l -deve l oped fl ow l i ne  tha t  i s  und u l a t i n g  i n  pro
fi l e ; t he dow n -t ube s i de  of  the fl ow l i ne d i ps abo ut 1 5 ° and p robab l y rep re se nts  fa i r l y  rap i d  l ava f l owage . 

S ta t ion 1 2  shows a we l l -deve l oped c ut bank  i n  t he t ube meander  be nd and the  re l a t i onsh i p  of 
the aa fl oor f low to the tube . On both s i de s  of the fl oor about 1 mete r of  pa hoe hoe l aps up  on the  t ube 
wa l l s .  T he cente r  of  t he  pahoe hoe i s  cove red w ith  the younger  aa f l ow . Aa covers the  f l oor from 
S ta t i on  9B to the  end  of the t ube . T he roof rema i n s  fa i r l y  co nsta nt i n  t h i c knes s  (profi l e ,  P l a te 1 )  a nd  the 
c e i l i ng i s  para l l e l  to the  surface ,  w i th abou t th e same s l ope . The f l oor ,  however , i s  fa i r l y l ev e l  i n i t i a l l y , 
then  trends u ps l ope t he  l as t  30 m to th e te rm i nu s . Apparen t l y ,  the  aa l av a  f l ow was  unab l e  to dra i n  a nd 
sea l ed th e tube at th e te rm i nus . 

P i c tograph Cave e nds at the r im  o f  a s ha l l ow su rfa ce depress ion , p robab l y represe nt i ng a sma l l 
sag i n  the  t ube roof t ha t  co u l d  have deve l oped d u r i n g  t he l a tt e r  stage s of coo l i ng . A s i m i l a r  depress ion 
i s  about 500 m dow n s l ope ;  howeve r ,  u n l i ke  the  former  depre ss ion , i t  show s  de fi n i te r i ms and co l l ap se 
str uc ture s .  Basa l t l ayer s  d i p  towa rd the dep re ss i on , represe n t i n g  poss i b l e  p l a st i c  de forma t ion . The co l 
l apse depre s s ion l ead s  d i re c t l y  to Co l l apsed L ava Pond # 3 . 

Co l l apsed Lava Pond # 3  (N E 1 /4 ,  N E  1 /4 ,  S W  1 /4 ,  se c .  1 3 , R .  1 3  E . ,  T .  1 9  S . ,  e l e va t i on  
4285  ft . ) .  Th i s  st r uc tu re i s  a l a rge , i r re g u l a r l y  shaped s i n uou s  depress i on  (fi gu res  1 3  a nd 1 9) i n te rpreted 
to have formed s i m i l a r l y  to Co l l apse Lava Ponds # 1 and # 2 .  L i ke the se s t ruc tu re s ,  Pond #3 formed in a 
l e ve l a rea  a t  the base of a steep l ava t u be se c t ion ;  t he su r fa ce s l ope over P i c tog rap h Cave i s  about 1 ° 2 ' , 
t he  s l ope ove r  the  pond i s  approx imate l y  0° . Many se c ti o ns of the  pond r i m  d ip toward the depres s ion  
and  i nd i cate  the  pond may not  have bee n i n f l a ted , a s  was  Pond # 2 . Some wa l l se c t ions  have sma l l tubes  
l ead i ng rad i a l l y  from t he pond . 

T he pond tre nds downs l ope t h rough a se r i es  o f  depress ion s  tha t  a re ge ne ra l l y  deeper  t han  t he  fl oor 
of the pond . T he se depress i on s ,  some a re 7 m deep , may represe nt i n d i v i d ua l  chambe rs or ce l l s  w i th i n  
the body o f  the pond . E nt ra n ce to C ha rcoa l Cave # 2  i s  a t  t he  north e n d  o f  the pond . 

C h a rcoa l Cave # 2  (NW 1 /4 ,  N W  1 /4 ,  S E l /4 ,  se c .  1 3 , R .  1 3  E . ,  T .  1 9  S . ,  e l eva t i on  4280) . 
The  roof ove r t h e  e nt ra n ce to t h i s  l ava t ube segment  ha s  a sma l l feeder  l ava tube s i m i l a r  to t he tubes  
found in  t he pond r i m . Most o f  C ha rcoa l  Cave # 2  i s  spo i l ed ,  a l t hough  t he re are sma l l se ct ions  o f  t ube 
l i n i ng on the  w a l l s  and ce i l i n g . Nea r  the end , the tube ope ns i nto a cupo l a about  1 3 m h i g h  x 7 m 
w ide and ha s  s l abs  of l i n i n g  spo i l ed from t h e  wa l l s  a nd ce i l i n g . 

Co l l apsed Lava Pond # 4  (SE  1 /4 ,  SW 1 /4,  N E  1 /4 ,  se c .  1 3 , R .  1 3  E . ,  T .  1 9  S . ,  e l e va t ion  
4270 ft . ) .  

T h i s  pond , formed I i ke  the  o the r s  o f  Arno l d  System , has  r im s  3 - 4 m above ground  l e ve l  a nd  
deepens  dow ns l ope , toward S tookey Ranch Cave . Mos t  of  th e pond i s  fa i r l y  narrow and  may  h ave deve l 
oped a fai r l y  th i c k  c ru s t  before  c ru s ta l  fa i l u re . D ra i nage of the  pond ev i de n t l y was s l ow because mu ch of 
th e c ru s t  i s  i n tact  on th e f l oor , i nd i c at i ng th a t  i t w as l ow ered gen t l y  by w i th draw a l  of  th e su ppor t i ng fl u i d . 
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Figure 1 8 .  Pictog1oph Cove, downtube from enhance, showing original tube lining and ceiling 
unaltered by collapse; about h alf the tube probably h as been fi lied in by s and and other 
detritus in this section. (Photogropl1 by Chorli� and Jo Lorson, Vancouver, W ashington) 
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Figure 1 9 . Oblique aerial view of Co l l apsed Lava Ponds No . 3 and 
N o .  4 and the entrances to Charcoal Cave N o .  2 and Stookey 
Ranch Cave, viewed downslope . 
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S tookey Ranch  Cave ( S E  1 /4 ,  S W  1 /4 ,  N E  1 /4 ,  se c .  1 3 , R .  1 3  E . ,  T .  1 9  S . ,  e l eva t ion 4265 ft . ) .  

T h e  roof ove r  t he  en t ra n ce to t h i s  cave has  a sma l l  chambe r ,  poss i b l y  a b l ocked feede r  t u be ,  t re nd i ng 

pa ra l l e l to the  ma i n  t ube . About 25 m from t he en t r ance , a sma l l passa ge l eads  upwa rd from the  tube 

a n d  connect s  w i t h  a sha l l ow su rfa ce co l l ap se depre ss ion . S a nd a nd su r fa ce debr i s  d ra i ns i nto the l ava 

t ube t h rough  the passage . The passa ge t re nds  no r theast over  p i l e s  of  co l l ap se ba sa l t  b l ocks  a nd sa nd  to 

the  te rm i n us ;  many of the ba sa l t  b l o ck s  in t he roof a re unstab l e .  The l ast 60 m of the tube i s  somew ha t  

more stab l e a nd  ha s  smoot h wa l l s  and  ce i l i ng . Part s  of the wa l l have b roken  away , expos i n g  c l i n k e rs 

par t l y  fu sed by pahoehoe l av a . T he  end of th e t u be tre nds up s l ope over a l a rge  sand  p i l e . Sand  ev i 

den t l y  i s dra i n i ng i nto th e  tu be from a su r fa c e  co l l apse  depress i on . S tookey Ranc h  C av e  i s th e  l as t  

know n  unco l l apsed e l emen t  of the  Ar no l d  Lava  Tu be System . 

Co l l apsed Lava Pond #5 (SW 1 /4 ,  NW 1 /4 ,  NW l /4 ,  se c .  1 8 , R .  1 4  E . ,  T .  1 9  S . ,  e l eva t ion  

4240 ft . )  i s  a sma l l co l l apsed l ava b l i st e r  w i t h  r i ms abou t  2 m  above g round  l eve l . L i ke the  oth e r  co l 

l apse l ava  ponds de sc r i bed , t he  deepest pa rt of the dep re ss ion  i s  at the dow n s l ope e nd ,  appa re nt l y  rep 

resen t i n g  t h e  l a st part  of  t h e  pond t o  d ra i n .  N o  unco l l apsed tube was  fou nd i n  as so c i a t io n  w i th t he pond ;  

howeve r ,  t h e  s t ruc tu re  i s  very sha l l ow a nd e roded , a n d  t h e  t ube may be comp l ete l y  f i l l ed w i th  co l l ap se 

b l ock s . 
A fa i n t  depres s ion  80  m eas t  of pond  # 5 i s  t he  l ast d i sce rnab l e  e l e men t  o f  t h e  A r no l d System . 

Down s l ope , t he  te r ra i n  i s  cove red w i th a l l uv i um and yo unge r basa l t  f l ow Qyb . I f  t he  system cont i nues , 

t hese two u n i t s  proba b l y  f i l l ed i n ,  o r  cove red , co l l apse se c t ion s  and  bu r i ed  u nco l l ap sed  e l ement s . T he re 

a re , howe ver , sma l l l ava caves  reported i n  the  basa l t s 4 k m  north towa rd U . S . H i ghway 20 ,  and  beyond . 

T he se l ava cave s  co u l d  be par t  of t he  A rno l d  System , or cou l d  be t ube s  deve l oped i n  basa l t  Qyb;  none 

we re exa m i ned . 

H o r s e  L a v a  T u b e S y s t e m  

I n  cont rast  to Arno l d  L ava T u be Syste m ,  Horse Lava T ube Sy st em  i s  composed o f  comp l ex ana sto
mos i n g ,  para l l e l , and o ften d i sconne cte d l ava tube s ,  a l l fo rmed apparen t l y  i n  a s i n g l e  ba sa l t fl ow . Many 
se gme nts proba b l y fo rmed w i t h i n  t he  fl ow i ndepe ndent l y  of  o the r  se gme nt s . Some se ct ions  we re p roba b l y  
on l y  pa r t l y  d ra i ned  o f  fl u i d  l ava ,  o r  we re p l ugged by subsequen t  fl ow u n i t s . T he  re l at ion sh i p  o f  i n d i v id u a l  
se gme nts t o  t h e  overa l l system i s  appare nt  i n  m a p  v iew (P l ate 3 ) . I n add i t ion  t o  u n co l l ap sed  l ava t ube s ,  
a l l de press i on s  fo und by ae r i a l  a nd  g round re conna i ssa n ce , i nd i cated on  topogra ph i c  map s ,  a nd v i s i b l e o n  
a e r i a l  p hotographs  a r e  show n  i n  fi gu re  20 . T h e  depress ions  a re o fte n e l ongate pa ra l l e l  to  t h e  d i re c t i on  of 
H orse Lava Tube System and from fi e l d observa t ion s  are i n terpre ted as co l l apsed s tr uc tu res . Some 
s t ruc tu res are co I I  apsed I ova tu bes , o ther s  probab l y  represe n t  co l i  apsed I ov a ponds  s i m i  I ar to those  asso 
c i ated w i th the  Arno l d  System and  ponds no t d i rec t l y  assoc i ated w i th tu bes , bu t w h i c h  resu l ted from 
dra i nage of l i q u i d  l av a  beneath a par t l y  coo l ed ,  th i n  c rus t . 

I nd i v i d ua l  se gme nts  t re nd nea r l y  pa ra l l e l  to re g iona l  topograph i c  s l ope . T h e  system fo rms  a broad , 
l ow r i dge approx i mate l y  two k i l ometers  w ide ( i nd i ca ted  on topograph i c  maps )  s i m i l a r to the r idge form ed 
by A rno l d  Lava T ube Syste m ,  and  represent s  the most mob i l e  part  of  t he l ava fl ow . 

E l e me nt s  of the  system a re l o cated i n  ba sa l t Ob , the o l des t  u n i t  mapped i n  t he  a rea a nd  t he  sa me 
basa l t  i n  w h i c h the A rno l d  Syste m forme d .  Bo th the source and  te rm i n us of H orse Lava T u be System i s  
cove red by you nge r Q y b  a n d  Oyb 1 basa l t s .  T h e  syste m can be t ra ced from Lew i s  Fa rm Co ve (S E l/4 , 
N E  1 /4 ,  NW 1 /4 ,  sez.-1 5 ,  R . lTI . ,  T .  1 8  S .  ) ,  dow ns l ope more t han  1 1  km  to Ba r l ow Cave ( N E  1 /4 ,  
N W  1 /4 ,  N W  1 /4 ,  se c . 1 9 , R .  1 3  E . ,  T .  1 7  S . ) .  S tra i gh t - l i ne s l ope o f  t h e  sy ste m  i s  about  0 °  28 ' 20 " , 
about  two-t h i rd s  a s  s teep a s  t he  A rno l d  Syste m . Be cau se t he sou rce and  te rm i n us of the  syste m a re con 
cea l e d  b y  supe rposed younger  basa l t ,  i t  i s  not poss i b l e  t o  determ i ne  t h e  to ta l system l e ngth . The  t ube 
sys tem  p robab l y  exte nds be nea th the yo unger  ba sa l t toward t he  sou rce and nor theas t  toward t he  fl ow te r 
m i nu s . I nd i v i d ua l  t u b e  desc r ip t ions  be g i n  w i t h  L ew i s  C ave a t  t h e  source end  and  p rog res s  northeast  toward 
the  te rm i nu s . 

L ew i s  Farm Caves  ( l oca t ion  g i ve n  a bove , e l e vat i on 3745 ft . )  cons i st o f two l ava t ube segments , 
o n e  of  w h i ch wa s  exa m i ned ( f i g u re 2 1 ) .  The t ube i s  e nte red t h rough  a sky l i gh t  and  a vert i ca l  d rop of  
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H O RS E  LAVA TU B E  SYST E M  3 1  

abou t 7 . 5  m .  I t  trends nor th  and  sou th east  from the  e n tra nce , w i t h  th e  north passage ex tend i ng 1 1 0 m 
over  sand and basa l t b l o c ks before  term i na t i ng i n  sand  b l oc kag e . Parts  of t h e  wes t  w a l l h av e  w e l l 
dev e l oped pahoehoe f l ow l i n es .  A s i de passage , 1 4 m w i de  and  55  m l o ng , exte ,ds nor th eas t  and  has  
pahoeh oe f l ow l i nes a l ong sec t i ons  of th e  sou th er n  w a l l . 

T he  pa ssa ge sou t hea st from t he  e nt rance  i s  abou t  90 m l on g ,  s i n uous , and has we l l -prese rve d 
o r i g i n a l  wa l l s  and  ce i l i n g  w i t h  t ube l i n i ng and  g l az i ng pre se n t . A l t hough  most of t he fl oor i s  cove red 
w i th  sand , or i g i na l  fl oor (pa hoe hoe ) is  exposed i n  a short sec t ion . The t ube p i n che s  out w i t h  the c e i l 
i n g  and sand f l oor conve rg i n g . 

Two caves  on t he John son  Farm (NW l /4 ,  NW l /4 ,  N E  l /4 ,  se c . 1 5 ,  R .  1 2  E . ,  T .  1 8  S . ,  
e l eva t i o n  3730 ft . ) , eas t  of  L ew i s  Fa rm , we re not su rveyed . E nt rance s a re  t h rough  c raw l ways  i n  roo f 
co l l apse near  t h e  fa rm house and  se rv i ce b u i l d i n g s . 

Ga rbage Cave s ,  eas t  of Arno l d Market  Road i n  W l /2 ,  SW l /4 , se c . 1 1 ,  R .  1 2  E . ,  T .  1 8  S . ,  
e l eva t ion  3730 ft . ,  a re l o cated i n  Ben d  C i ty ga rbage d ump . Two i nd i v i d ua l  l ava  t u be se c t i on s  we re 
exa m i ned , a l t hough  t he re a re reported ! y seve ra l ot he r  l arge  caverns  in t he a rea . Garbage Cave # l , 
( F i g u re 22)  i s  nea rest  the present  pa r k i n g  a re a ;  e nt ra nce to t he  t ube i s  a c raw l way l ead i ng from a l a rge 
co l l apsed l a va tube tre nch  cu r re nt l y be i ng fi l l ed w i t h  re fuse . The t ube con s i st s  of t h ree  sec t ion s :  a 
we st room , 35 m x l 0 m ,  and eas t  room of nea r l y  equa l  d i me n si o n s ,  a nd  a sou t h  pa ssa ge e xte nd i ng 1 7  m 
from t he we st room . I n a l l se c t ion s  f l oo rs co n s i st o f  sa nds and  b l ock s  co l l apsed from t h e  ce i l i n g  and  
pa ssage s a r e  te rm i nated by  ce i l i n g  co l l a pse . Some ce i l i n g  a n d  wa l l s  i n  t he  e a st room exh i b i t  l a va tube 
l i n i ng and  g l a z i ng . So l i d  basa l t on the sout h pa ssage fl oor  may rep re se n t  a n  i n  s i t u  part  of  the or i g i na l  
fl ow . 

--. 

G arbage C a ve # 2 ( f i g u re 22 )  i s  about  1 50 m northeast  o f  C a ve # ] and cons i s ts  of a n  u n co l l apsed 
l ava t ube se gme nt  about 5 1  m l o ng . I t  l e ads  from t he  e nd of a l a rge s i nuous  depre s s ion  (co l l ap sed  l ava 
t ube segme nt )  a nd para l l e l s  t he  ge nera l t r end  o f  the  H or se L a va T 1 1be Syste m . S and  and  co l l apse b l ock s  
compose the  fl oor , a nd the  tube i s  b l ocked by co l l a pse . S ma l l  g l aze pat c he s  a re prese rved on  par t s  of  
t he  ce i l i n g  towa rd t he  pa ssage e nd . 

Many co l l apse s  i n  se c .  1 1 ,  R .  1 2  E . ,  T .  1 8  S .  (f i gu re 20) have sma l l u nco l l apsed l a va tu be 
se gme nts . Most cons i s t  of  pa ssages e xte nd i ng a few mete r s ,  or  t en s  of mete rs , a nd a re b l ocked by co l 
l apsed b l ocks from the  w a l l s  and ce i l i n gs . 

S teven s  Road Cave  ( N W  l /4 ,  N E  l /4 ,  NW l /4,  se c .  1 1 ,  R .  1 2  E . ,  T .  1 8  S . ,  e l evat ion  
3700 ft . )  i s  a sma l l  l ava cave en te red  th rough a co l l apse on  t he south  s ide of  S tevens  Road . The cave 
i s  about  32  m x 27 m and  from the  shape of t he  i n te r ior  appare n t l y  i s  t he  u nco l l apse d part  of  a l ava 
b l i ste r .  The  fl oor i s  compr i sed  o f  sand and  basa l t  b l ock s; some o f  t he  o r i g i n a l  ce i l i n g  i s  p re served . 

H orse Cave (SW l /4 ,  NW l /4 ,  SE l /4 ,  se c .  25 , R .  1 2 E . ,  T .  1 7 S . ,  e l eva t i on 3560 ft . )  i s a 
we 1 1 -k nown  I o va t ube eas t  of  Be nd and  the  I ova t ube sy st em  name was  de r i ved from i t . E nt rance to t he  
t ube , t h rough a co l l apse depre ss ion , l ead s to  para l l e l a nd i n te rcon nec t i ng passa ges ( f i gu re 23)  t ha t  a re 
typ i ca l  fo r Horse L ava T ube Sy ste m . Except  for pa i nted w a l l s  a nd  l i t te r l e ft by vanda l s , the  ce i l i n gs 
a nd  w a l l s  a re  we l l  preserved , exh i b i t i n g  f l ow l i n e s ,  l a va tube l i n i n g ,  a nd g l aze . The  fl oor i s  cove red 
by sand and t he e nd s  of the  pa ssage s a re b l ocked by sa nd . Dept h o f  t he  sand appare n t l y  f l u c t ua te s  con 
s i d e ra b l y . Some w a l l s  d i sp l ay m u l t i p l e sa nd  a nd s i l t  va rve s  to a he i gh t  one mete r  above t he  prese nt 
fl oor . The roo f i s  fa i r l y  t h i ck compared to the d i amete r o f  the l ava t ube and proba b l y  exp l a i n s  the l a ck  
o f  abundant  co l l apsed se ct ions . One  co l l a psed se c t ion  fo rmed a sky l i g h t  ove r t he  ea stern pa ssa ge . 

W i l son Cave (N E l /4 ,  SW l /4 ,  NW l /4 ,  sec . 1 9 , R .  1 3  E . ,  T .  1 7  S . ,  e l eva t ion  3490 ft . )  i s  
e n te red a t  the  south  e nd o f  a co l l apse depress i on and extends  75 m ove r sa nd fl oor be fore i t  i s  b l ocked 
by sand and  spo i l ed basa l t  (P l a te 2) . Two prom i nen t  t rough s  represe nt i ng co l l apsed  se gme nt s  of the t ube 
ex tend  southwe st from t he  te rm i n us o f  W i l son Cave . A sma l l craw l way , t rend i n g  towa rd Ba r l ow C a ve , 
a t  the northe rn  end  of W i l son C ave co l l apse wa s  not exam i ned . 

Ba r l ow Cave (N E l /4 ,  NW l /4 ,  NW l /4 ,  se c . 1 9 , R .  1 3  E . ,  T .  1 7  S . , e l evat i on 3490 ft . )  
e n t rance  i s  on  a fe nce  l i ne about 90 m sou t h  o f  But l e r Marke t Road . E n t rance , th rough  a sky l i g h t ,  l eads  
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to a nor th  passage ex te n d i n g  a bou t  5 1  m be fo re b l ockage by ce i l i n g  co l l apse and  sa nd ( P l ate 2 ) . At  the 
sou th  end  the  t ube i s  p l u gged by wet sand and  co l l apse b l o ck s . An  e l ongate pond about  m idway be 
twe e n  the  sou the rn  te rm i nu s  of Ba r l ow Cave a nd t he e n t ra n ce to W i l son Cave i s  p roba b l y  part  of the 
l ava t ube tha t  co l l apsed w h i l e  the  roof was  se m i -mo l te n  a nd p l a s t i c . The  f l oor o f  the depre s s ion  i s  
re l at i ve l y  i mperv iou s  a n d  wa te r i s  re ta i ned  i n  t he pond t h roughout much  o f  the  yea r ;  howeve r ,  fra c tures  
e v i de n t l y  perm i t  some se epage o f  wa te r i n to the tube , i nd i ca ted by wet  sa nd i n  Ba r l ow Cave . 

A rrom i n e nt p i l l a r and  s i d e  pa ssage a re l oca ted  about  ha l fway i n  the  sou th e rn pa r t  of the l ava 
t ube . The  s ide pa ssa ge l eads  about  1 5 m from t he ma i n  t ube and  te rm i nates  in  a c i r cu l a r co l l apse de 
press i o n  w i t h  a c raw l way l ead i ng to the s u r face . T he  depre ss i o n  wa s  formed by d ra i na ge of mo l te n  
l ava be neath  the par t l y  coo l e d  su rfa ce c ru s t  be fore the c ru st w a s  s u ffi c i e n t l y th i ck t o  s upport  i ts w e i gh t .  
A s  a resu l t ,  the  p l a st i c  c ru s t  sagged under  i t s  ow n we i gh t  ( fi g ure 6) , r up t u re d ,  and  created the co l l ap se 
depress i o n . T he  depress i on  conta i n i n g  t he pond , de sc r i bed a bove , proba b l y  fo rmed s i m i l a r l y  but  the 
c r ust d i d  not  rup tu re . 

Many caves  have bee n  re ported i n  the a rea ea st o f  Bend . A l though some a re l ava t ube s ,  many 
a re sma l l  u n co l l ap se d  or pa rt l y  co l l a pse d tum u l  i .  U ndoubted l y , t he re a re ma ny und i scove red a nd poo r l y  
k now n I a va tube segme nts be l ong i ng t o  t h e  Ho rse Lava T ube Syste m . 

M i s c e l l a n e o u s  L a v a  T u b e s  

T h i s  group i n c l ude s de sc r i pt i on s  fo r l a va t ubes i n  the  Be nd  a rea not be l ong i ng to a ny appa ren t  
system or  comp l ex . The  tube s  we re s urveyed be ca use t hey  me t  c r i te r i a  se t fo rth above and  beca use t hey  
p rov i de da ta on  q ua n t i ta t i ve geomorpho l ogy of  l a va tubes , i .e . ,  roof t h i c kne sse s ,  l ava t ube d i amete rs , 
grad i e n t  of l a va tube s ,  e t c . They  i n c l ude the fo l l ow i n g :  Lava Top Bu tte Cave s ,  Sou th  I ce Cave , 
S ke l e ton  C a ve , Boyd Cave , a nd Lava R i ve r  Cave . 

L ava Top Bu tte Caves  ( sec . 3 1 , R .  1 3  E . ,  T .  1 9  S . )  

F i ve l ava caves  (caves  fo rmed unde r l ava b l i ste rs a nd l a va t ube s )  we re exa m i ned i n  the Lava Top 
B utte F l ow .  T h i s  f l ow o ri g i na te s  from a ve nt  (S 1 /2 ,  SE 1 /4 ,  se c .  3 1 , R .  1 3  E . ,  T .  1 9  S . ,  e l eva t ion  
5 230 ft . )  ha l fway between  Lava Top  Bu t te  and  a n  u n named c i nde r cone  ( h i l l 5 28 2 ) i n  se c t i on  3 1  ( P l a te  3 ) . 
Th e ven t  i s  an  i r regu l ar l y -shaped depres s ion  w i th max i mu m  depth o f  abou t 1 4  m .  Th e f l ow , nor th dow n 
s l ope fro m th e v e n t ,  cons i s ted of very f l u i d  pah oeh oe wh i ch for med nu merou s tu mu l i  pressu re  r i dges  and  
sma l l l ava  tube s . Cave e n trances  a re  on a l i n e  exte nd i ng near l y  d u e  north a bou t 1 . 3 km fro m t he  ven t .  

The  f i r s t  cave i s  a shor t  t unne l pass i n g  t hrough  t he north r i m  o f  t he ve nt c ra te r (NW 1 /4 ,  S E  1 /4 ,  
S E  1 /4 ,  se c .  3 1 , R .  1 3  E . ,  T .  1 9  S . , e l eva t ion  5200 ft . ) .  I t s passage ( 1 3 m l o n g  x 2 m  h i g h ,  max i m um )  
conta i n s a few p re se r ved se c t i on s  o f  t ube l i n i n g  a n d  sma l l l a vac i c l e s .  T h e  t ube p robab l y fo rmed i n  one  
o f  the l a s t  basa l t  f l ow u n i ts i ss u i n g  from the ve n t  c ra te r .  The  second cave  i s  s i t ua ted to t he north , a few 
h u nd red me te rs down s l ope from t he  vent  c rate r r i m .  T h i s  cave i s  i n  the s i de of a p re ss ure -r i d ge and  i s  
no t  con s i de red a l ava t ube . I t i s  abou t 1 0 m l ong  x 1 . 5 m h i gh  x about  2 m  w ide a nd i s  b l oc ked by 
sa nd . T he t h i rd l ava cave is i n  S E  1 /4 ,  SE 1 /4, N E  1 /4 ,  se c .  3 1 , R . 1 3  E . ,  T .  1 9  S .  (e l eva t ion  5 1 60 
ft . ) , on a sma l l r i d ge . I t  i s  abo u t  1 5 m l ong  x 6 m w ide w i t h  no o r i g i na l  t ube l i n i ng v i s i b l e . The 
fo ur th  l ava cave (SE  1 /4 ,  N E  1 /4 ,  N E  1 /4 ,  se c .  3 1 , R .  1 3  E . ,  T .  1 9  S . , e l e va t i o n  5090 ft . )  i s  i n  the  
s ide  o f  a sma l l  p re ss ure r i d ge . I t  has  a san d  f l oor  and exte nds  l e ss t han  1 0 m under  the ba sa l t .  The fi ft h 
cave i s  d i sc ussed be l ow . 

L og C r i b Cave (N E 1 /4 ,  N E  1 /4 ,  N E  1 /4 ,  se c .  3 1 . R .  1 3 E . ,  T .  1 9 S . ,  e l e va t ion 5050ft . )  
i s  the be st-deve l oped l ava tube o f  those fo und i n  t he  Lava Top Bu t te F l ow .  The  t ube , e n te red t h rough  
a roof co l l apse ,  i s  appare n t l y  pa r t  of  a sma l l  l ava t ube comp l ex composed of  pa ra l l e l  and  bra :· c h i n g  
pa ssage s . L o g  C r i b  Cave , named fo r a sma l l  l og st r uct ure i n  the ma i n  chambe r ,  h a s  a north passage 
about 1 5 m l o n g  and a sou th passa ge 1 4 . 5  m l on g . Lava t ube l i n i n g ,  g l az e , and l a va c i c l e s a re prese nt 
t h roughout  the cave . Another  short l a va  tube (abou t  20 m l ong ) is  l ocated nea r Log C r i b  Cave and may 
conne c t  w i th it th rough co l l a psed se c t ions . Both tubes fo rm a sma l l doma l str uc tu re on the f l ow su r face . 
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A l l fi ve I o va cave s a re s i t ua ted a l o ng a b read r i dge on  t he east s i de of the L ava Top Bu t te F l ow . 
T he cave s proba b l y  rep re se nt  the  most f l u i d  par t  o f  the fl ow a t  the t ime  o f  forma t ion . U ndoubte d l y ,  
t he re a re many o the r  l ava t ube s a nd l ava b l i ste r  caves  i n  t he v i c i n i ty .  

So uth  I ce Cave ( S E  1/4, N E  1 /4 ,  se c .  1 8 ,  R .  1 4  E . ,  T .  23 S . ,  e l e va t i o n  5020 ft . ) .  

Sou t h  I ce Cave i s  a Fore s t  S e rv i ce re c rea t i ona l fa c i l i ty a bout  3 m i l e s sout h of the a rea shown on 
P l a te 3 .  I t  l i e s  abou t  0 . 3  km west  o f  the  j unc t ion  o f  FS  Road 22 1 9  a nd FS  Road 2226 , sou theas t  o f  
N ew be rry C a l der a , a n d  i s  t he on l y  l ava tube exa m i ned i n  t h i s  a rea (f i gu re 24) . F rom the e nt rance t h rough  
a l a rge roof co l l ap se t he  tube tre nds both n or th  a nd sou th ( fi g u re Z5 ) .  The  50-m- l ong  no r t h  passage e nd s  
i n  roo f a n d  wa l  i co l i apse . The  so uth  passa ge ex tend s  more t han  200  m ove r  co l i apsed basa I t  b l ock s  a n d  
i ce t o  t h e  co l l apse te rm i n u s . S u r fa ce wa te r  see p s  t h rough t h e  roof - the  tube i s  d r i pp i n g  wet - and  free ze s . 
I ce g l aze s  most of the pa ssa ge , a nd i c i c l e s  a nd  i ce s ta l agm i t e s  a re common toward the end  of  the tube . 
N ear  t he te rm i n u s , par t  of a n  aa fl ow i s  v i s i b l e  o n  t he fl oor . Sou th  I c e  Cave i s  a fa i r l y  l a rge l ava t ube , 
and  i n  p l a ce s  i s  more t han  1 6 m w ide a n d  6 m h i g h . T he  t ube fo rme d i n  basa l t  e r up ted from one of the 
Newber ry C a l dera f l a n k  f l ows . 

S ke l e ton  C a ve (N E 1 /4 ,  S E  l /4 ,  SW 1 /4,  se c .  4 ,  R .  1 3  E . ,  T .  1 9  S . ,  e l evat ion  4 1 95 H . ) .  

S ke l e ton Cave , a w e l l know n  l a va tube i n  t he Be nd a rea , was  named from pr e h i sto r i c  be a r  and  
hor se foss i l s  d i scove red by  Ph i l  Broga n i n  t he l a te 1 920 ' s  (pe rsona l  comm u n i ca t i o n , Ph i l  Broga n ) . The  
Fore st S e rv i ce has  de s i gna ted S ke l e ton Cave a Geo l og i ca l  A rea  and  re c re a t i ona  I fo c i  I i ty . T he tube  i s  
we l l  pre served and  e x h i b i ts ma ny st r uc tu re s  typ i ca l  o f  l ava t ube s . I n  map v i ew ( P l ate 3 ) , S ke l e ton  C ave 
tre nds near l y stra i g ht downs l ope  a nd forms a broad r i dge on  t he su rfa ce ove r  the tube . L i ke Arno l d  and  
H orse L ava T ube System s , S ke l eton Cave deve l oped i n  basa l t  Qb . Ske l e ton Cave  has  few spo i l ed a reas  
and  most o f  the l i n i ng ,  g l aze , and  l ava c i c l e s  a re pre serve d .  Be ca u se l i t t l e  co l l apse ha s  occ urred ( f i g u re 26 )  
a n d  t he t ube cross se c t i on s  a re u na l te red , Ske l e ton Cave  a fford s the opportu n i ty to re l a te c ross se c t i o n  
confi gurat i o n  t o  p l a n i me tr i c  course ( P l ate 2) . I n meande r be nds , c ross se ct i on s  o ften deve l op cu t  ba nk s  
and  s l i p  ban ks ;  i n  stra i gh t  l ava tube se c t ion s , t h e  c ross se c t i on  i s  i n  ge ne ra l , sy mmetr i ca l . Some wa l ! s  
have l ava benche s  forme d d ur i n g  l a t te r stages  of dra i n a ge . S tr u ct u res  i n  pahoe h oe fl oor f l ows i n c l ude 
fe s toons  i n d i c a t i n g  ge n e ra l  fl ow d i re c t i on , sma l l ponded a rea s  on  t he f l oor , a nd occa s iona l  " ba c k -edd i e s . "  

About  m idway dow n the l ava t ube , a t r i b uta ry l ava t ube ( 1 38 m l ong )  j u n ct u re s w i th  the ma i n  
passage from the  wes t  ( P l a te 2 ) . The  t r i b u ta ry tube i s  sma l l e r  t han  the ma i n  passage , and  c i  i n ke ry pa hoe 
hoe , p roba b l y  rep re se n t i n g  coo l e r  l ava from t he f i n a l s tages of fo rmat ion , d r a i ned from t he  t r i butary i n to 
the ma i n  passage . A se conda ry t r i b u ta ry ( 37 m l on g }  d ra i ned i n to the ma i n  t r i b u ta ry t ube . F l oor s  of bot h  
t r i buta r i e s  a re a coup l e  mete rs h i gh e r  t han  t h e  ma i n  l a va t ube  f l oor . T he t r i bu tary tube s may  have o r i g 
i nated from more f l u i d  par t s  of the  fl ow wh i ch i n te rsec ted  Ske l e ton Cave . 

E n t ra n ce i s  t h rough  a l a rge roo f co l l ap se l e a d i n g  to the  upper part  o f  the t ube . Co l  l a psed basa l t  
b l ock s  the l ava tube  up s l ope from the  e n trance . T he  roo f he re i s  abo u t  2 . 4 m t h i ck (mea su red from the 
t rue  ce i l i n g , ev ide n ced by ce i l i n g  l a va l i n i ng ,  to t he  su r fa ce ) ,  w h i ch i s  re l a t i ve l y  t h i n  compared to the 
roo f t h i c kne ss for the uppe r ha l f  o f  the t ube (4 . 6  to 8 . 4  m t h i ck ) . The re l a t i ve l y  t h i n  roo f may exp l a i n  
why  the tube co l l apsed on l y  a t  the e nt ra nce . 

Sand  en te r i n g  t h rough  the co l l apse a nd wash i n g  down s l ope t h rough  t he  t ube covers  the f l oo r  from 
the e ntra nce to the j un c t i o n  w i t h  the t r i bu ta ry . 

S ta t ion 7 i s  on a meande r be nd a nd ha s  a we l l -deve l oped cu t  bank . I n  add i t i o n  to fo rm i ng a c u t  
bank , the  ove r a l l  he i gh t o f  t he  tube i n c rea se s  appre c ia b l y  from 2 . 4  m t o  5 . 8  m .  Pa hoe hoe fl ow po l te rn s  
a re prese n t  i n  t he eas t  wa l l l a va be n c h . 

S ta t ion  1 6  i s the  j u n c t u re of t he  t r i b uta ry t ube from t he  wes t  and  marks  the e nd of the  exoge nous  
sand . A n  aa  f l ow on the f l oor i s  pre se n t  and con t i n ue s  to  the  e nd o f  t he  tube . J ud g i n g  f rom t he  c l  i n ke ry 
c ha ra c te r  o f  t he  l ava i n  t he t r i butary tube , aa i n  the  ma i n  l ava t ube downs l ope may have or i g i nated from 
t he  t r i b u ta ry ;  howeve r ,  be cau se sa nd cove rs  the o r i g i n a l  f l ow above the j un c h!re , it is d i ff i c u l t to es tab-
1 i s h  t he sou r ce . 



Fig ure 24. Sou th Ice Cove, viewed toward e n tr a n ce w ith collapse blocks i n  backgro und and layered lava exposed in right 
wall. Picture token i n  late summer when most of the seasonal ice has melted, forming a pool i n  the foregrou n d .  

(Photograph by Char I i e and Jo Lorson, Vancouver, Woshi ngto n) 
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S ta t ion  19  i s  i n  a s l i g h t  mea nde r ben d  a n d  the s l ope s te epe n s  from g o  to  32 ° . The  c ross se c t i on  
o f  t he  t ube i s  nea r l y  c i r c u l a r ,  poss i b l y  i n  response to the  s teeper  s l ope ,  and  rema i n s  c i rc u l a r  u n t i l the 
s l ope l e sse n s  to go at  a bou t  S tat i o n  24 . The l ava t ube profi l e  ( P l a te 2 )  shows  that the su r fa c e  s l ope i s  
a I so steepe r ,  to abou t  S ta t i on  2 2  where i t  I e ve I s  off . T he tube , howeve r ,  cont i n ue s  to p i  u nge to 
S t a t i on  23 a nd as  a re s u l t ,  the roof t h i cke n s  to abou t  1 3 . 5  m .  re ma i n i ng th i c k  to the term i n u s . 

I n  the I as t  90 m to the e n d ,  the f l oor i s  I i t tered w i th b l ocks  spa l i ed from the  ce i I i ng and  t he  
passa ge i s  b l ocked by  roof co l l apse . T he  term i na l  30 m of t ube i s  comparat i ve l y  stee pe r  and  i s  a bo ut 
18 m be l ow the su r face ;  the su r fa ce s l ope i n c rea ses  upward toward a sma l l p res sure r i d ge beyond the  tu be 
te rm i nu s . 

Boyd Cave ( S E  l /4 ,  S E  1 /4 ,  NW l /4,  se c .  g ,  R .  1 3  E . ,  T .  1 9  S . , e l eva t i on  4285 ft . ) .  

Boyd Cave ( P l a te  3 )  i s  i n  ma ny ways  s i m i l a r to S ke l e ton  Cave . I t i s  a w e l l pre se rved l a va t ube , 
l i t t l e co l l apsed , a n d  exh i b i ts f l ow s t ructures  i n  pahoe hoe of t he  wa l l s , ce i l i n g ,  a n d  fl oor . Some of the 
tu be i s  spo i l ed and  sand i s  dra i n i ng i n to th e tu be th rough  roof frac tu re s . Tube c ross  sec t ion s  are typ i c a l l y  
asymmetr i c a l i n  meander  bends ( P l a te  2) . U n l i ke S ke l e ton  Cave , Boyd Cave roof i s  very th i n ,  probab l y  
l ess t han  I m th i c k  i n  some p l aces . S ma l l  feeder tu bes are  v i s i b l e  a t  severa l  s ta t ions . Mos t  feeders  extend 
from th e ma i n passage a fe� meters , or l ess , and are p l ugged . 

E nt rance  to the tube  i s  th rough  a 3 m  d i a me t e r  sky l i ght , v i a  a Fore s t  Se rv i ce  sta i rway . The  t ube 
ex te n ds abou t  25 m ups l ope and  is b l ocked by sand ;  howeve r ,  the t ube p roba b l y  cont i n ue s  ups l ope beyond 
the b l ockage . S a n d  covers  the f l ow dow ns l ope in the t ube about 75 m, e v ident l y  hav i ng washed down 
from t he sky l i gh t . A prom i ne nt pa hoe hoe f l ow l i ne  is on t he eas t  wa l l  about 1 . 5 m a bove t he  f l oor . The  
f l ow I i ne cont i n ue s  dow n t ube and  i s  u sua l l y  v i s i b l e on  bot h wa l l s , a l t hough  i t  may be be t te r  de ve l oped 
on  one wa l l than t he othe r . 

S ta t i o n  4 .  A roof fra c t u re , ex te n d i n g  to t he  s u rfa ce ,  pe rm i t s  s u rface  sa nd to d ra i n  i nto  the tube , 
for m i n g  a l a rge con i c a l  p i l e  of sa nd i n  t he  tube ( fi g u re 7) . 

S tat ion  5 .  marks  the e nd of  sand  i n  t he  uppe r part  of Boyd Cave . T he  f l oor ha s  two f l ow s ,  a 
l ower  pa hoe hoe fl ow and  a younge r  aa f l ow ( supe r i mposed on the  pahoehoe ) that  deve l oped l at e ra l  
l e vee s .  The se f l ows  con t i n ue to t he term i n us a nd  a re probab l y  prese nt  uptube beneath  t he  sa nd . 

S ta t i on  g .  The  roo f he re i s  ex treme l y  th i n ,  poss i b l y l e ss tha n 1 m whe re spa l l a t i o n  has  occ urred . 
T h e re i s  a prom i n e nt pa hoehoe be nch  on t he  wes t  wa l l . 

S ta t ion  1 6  i s  i n  t he m idd l e  of ex te ns i ve co l l ap se . The roo f h e re i s  a l so q u i te  th i n  a n d  l i ve roots 
from su r face pi an t s  are grow i ng t h rough the ce i l i ng . 

S ta t ion  1 8  A sma l l feede r  t ube l ead s  wes t . F l ow l i ne s  on the ma i n  t ube fl oor show that  l a va 
f l owed from the  ma i n  pa ssage i nto the  feede r  t ube a nd p l ugged i t .  

S tat ion  2 1 . Anothe r roof fra c t u re ,  s i m i l a r to t he  one desc r i bed a t  S ta t i o n  4 ,  i s  a l l ow i n g  sa nd 
to dra i n  i n to the tube ( f i gure  8 ) . S a nd covers the  f l oor of the t u be down s l ope 200 m a nd the  fra ct u re i s  
appare n t l y  t he sou rce . The re i s  a craw l way a bout  4 0  em h i g h  over  sand  from t h i s  s ta t ion  about  7 m 
down tu be .  

S tat ion  33 in  c ross se c t i on  i s  a we l l -deve l oped cut  ba n k  w i th aa  pasted h i g h  on  the  ea st w a l l ,  
e v ide n t l y  a s  a re su l t of  cen t r i fuga l fo rce a s  the a c t i ve aa f l ow rounded t he  meander  be nd . T he l ava t ube 
cont i n ue s  1 0 m beyond t h i s  s ta t i o n  before the ce i l i ng l owers  to form  a pa ssage l e ss than  1 m h i g h . A 
c raw l way ove r aa cont i n ue s  22 m furthe r ,  the n c l ose s e ve n  l owe r .  T he t ube was  not measured to t he end . 
T h e  roo f t h i cken s  apprec i ab l y  ove r t he craw l way and  t he  surfa ce s l ope r i se s  down tu be .  
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Figure 25. Diagram of South Ice Cove . 

Figure 26. Skeleton Cove interior. Lava tube is nearly circ:.Jio, . 
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L a va R i ve r  Cave (NW 1 /4 ,  S E  1 /4 ,  S E  l /4 ,  se c . 26 , R .  1 1  E . ,  T .  1 9  S . ,  e l eva t i on  4507 ft . ) .  

Lava R i ve r  C ave  (f i g u r es 27 and  28) , former l y  know n as  D i l l ma n  Cave and now preserved as  a 
S tate Par k ope n  to th e pu b l i c ,  i s  th e l ongest u nco l l apsed l ava  tube  exam i ned i n  th e f i e l d  ar ea . I ts l o c a 
t i on  i s  show n  on P l a te  3 .  T he  tube  exh i bi ts m a n y  s t ru c tu re s  c h arac te r i s t i c of l ava  tu be s ,  i n c l u d i n g  w e l l 
preserved w a l l - l i n i ng ,  or i g i n a l  f l oor f l ows  of aa and pahoeh oe ,  l a ter a l  f l ow l i nes , mass i ve i n ter i or 
spa l l a t i on  and  fi l l i n g  of th e  tu be by det r i t u s . Th e roo f ,  as much  as 22 m th i c k  i n  p l a c es i s  fai r l y  u n i form 
i n  th i c kness th roughou t i ts l e ngth (f i g u re 28; tu be survey from Oregon Dept .  of  H i ghways  an d J i m  
N i e l and) . F rom exposu res of co I I  apsed parts o f  t he  tu be near  th e en t ran c e ,  the re  appears  to b e  a t  l e ast 
one you nger  f l ow ,  abou t 3 m  th i c k ,  th a t  h as covered th e f l ow con ta i n i ng th e  t u be .  Th i s  " bu r i a l ' of 
th e tu be by a subseq u e n t  f l ow appre c i a b l y  th i c kened  (and s t re ng thened? ) th e roof and  may accou n t  fo r 
th e r e l a t i v e l y  l ong  u nco l l apsed  l ava tu be sec t ion .  

F rom t he  co l l ap se trench  en t ra n ce , t he  t ube ex tends both north ( t he  ma i n  se ct ion , open to the 
pub l i c ) and sou thwes t . The  southwes t  se c t i on was  not exa m i ned ;  howeve r ,  i t  reported l y  ( K nu t son , 1 964) 
extends  more t han  300 m ove r spo i l ed b l ocks  a nd is even tua l l y  c l osed by co l l apse . 

E n t ra nce  to the tube i s  a t  the northwest  e nd of a 92-m - l ong t re nch , a co l l apsed  part  of the t ube . 
The  f i rst few h undred mete rs o f  t he  t ube a re ma rked by exte n s i ve i n t e r i o r  spa l l a t i on  and  mass i ve p i l e s of 
co l l apsed b l ocks i n te rspersed w i th short  se c t ions  of or i g i n a l w a l l (f i gu re 29) . Some wa l l  se c t ion s  exh i b i t 
fl ow l i ne s a nd l ava t ube l i n i n g . Beyon r the  co l l apsed se c t i o n ,  t he tube i s  ra the r l a rge , abo ut 1 6 m h i gh 
by 1 7 m w ide , and i t  ha s  a sk u l l -shaped c ross se c t ion  s i m i l a r to W i nd Cave . I n  ma ny se c t ions , the l i n 
i n g  appe ars  to have torn free  from t he  wa l l w h i l e  pa rt l y  mo l te n a nd t o  have s l id  part  way dow n  the  wa l l . 
I n  oth er  a re a s ,  the  part l y  coo l ed l i n i n g  ruptu red  and  pe rm i t ted st i l l  mo l te n  l ava to extrude from be h i nd 
t he  l i n i n g . T h e  ea st wa l l  a t  S ta t ion  1 d i sp l ay s  s t re a m l et s  o f  l ava a s  much  as 3 e m  w i de a n d  se vera l 
mete r s  l ong  tha t have be en  ext ruded from be h i nd the  l i n i ng i n  many a reas . ( F i g ure 30 i l l u s t ra te s  the 
t ube c ro ss se c t i on near  S ta t ion 1 . ) 

At S tat ion 2 the tube l i n i ng ra nges  from 20 to 45 em t h i ck . Lava  c l i nke rs , ra the r·  t h an  l ava  
l aye r s ,  a re exposed beh i nd the l i n i n g  i n  many a rea s . The  c l i nke rs may  have  formed a s  a r·e s u l t  of  gase s  
t rapped be twee n  t h e  I i n i ng and t h e  ma i n  body of  the  l a va fl ow . I n  the  next  300 mete r s ,  much  of the 
t ube has  p rom i ne nt l a va she l ve s  ex tend i ng a mete r o r  more i n to t he t u be from one  o r  bot h wa l l s .  T he  
she l ves  may  have formed du r i n g  l ava f l ow of fa i r l y  cons ta n t  l eve l w i t h i n  t he tube , a l l ow i ng the  l a va t o  
a c cre te on  t h e  wa l l s .  T he she l ve s  are  up t o  0 . 5  m t h i c k a nd ge ne ra l l y  have sma l l  l avac i c l e s  on  t he  
u n der s ide . 

S ta t ion  3 ma rk s  th i ck de pos i ts of sand a I ong  most of the  f l oor ( F i g u re 3 1 ) . The  sand appa re n t !  y 
cove rs t he  l owe r  part  of the t ube , b u ry i ng the l ava she l ve s (see c ross sec t ion , f i g :. J re 28) , a nd red uce s  
the  h e i gh t  o f  t he  t ube to 2 . 5  m i n  some p l a ce s . 

At S ta t ion 4 ,  the  tube i s  m u c h  sma l l e r ,  a bou t  6 m w ide  x 2 m  h i gh . Two d i st i nc t  l i n i ng s  can  be 
seen he re and t he f l oor d i sp l ay s  p rom i n e n t  aa gut ter s  a l ong  both wa l l s .  W i t h i n  30 m t he t ube e n l a rges  
to more t han  1 3 m in  he i g h t . T he  w a l l s  d i sp l ay de l i ca te  l ava forma t i on s  p rot rud i n g  a t  r i gh t  a n g l e s  to 
the  l i n i ng .  Some of t he  fo rma t i o ns a nd parts  of the wa l l  a re covered w i th se condary m i n e ra l s  a nd cave 
s l i me . 

S ta t i o n  5 l o ca tes  a se ct i on of m u l t i p l e  vert i ca l l y  sta cked l ava t ubes i n  w h i ch a n  upper  t ube 
pa ra l l e l s  a l ower  t ube for a d i s ta n ce of abo ut 30 m w i t h  i n te r m i t ten t , ve rt i ca l  con ne c t i n g  pa ssa ge s . 
L a va fl ow patte rn s  i nd i cate tha t  l ava f l ow was  conte mpora neous i n  bot h l e ve l s , w i t h  the uppe r  l eve l  
eve nt ua l l y  dra i n i n g  i n to t he l owe r  l e ve l . Over the  next  300 m t he tube g rad i en t  f l at.t en s  somewha t . 
The  f l oor i s  composed of aa i nt e rm i t te n t l y  covered w i t h sa nd a nd the  w a l l s  o fte n show g l a ze and  l ava � 
c i  c l e s . 

At S tat ion 6 the S ta te Pa rk  ha s  con st ructed a sma l l wood ba rr i e r  and  de s i gnated t h e  a rea a s  t h e  
" sand  garde n . "  S a nd cove rs most o f  th e f l oor from t h i s  po i nt to t he tube te rm i nu s . T he  name fo r the  a r ea  
i s  de r i ved from t he  unu s ua l  " fa i ry cast l e " str u c t u res  fo rmed i n  t he  sa nd ( F i g u re 32 ) . T he  st r uc t u re s  re su l t  
from s u rfa ce wate r d ra i n i ng i n to the tube a ncl e rod i n g  t he sand . I t  i s  l i ke l y  t ha t  most  of t h e  sa n d  ha s  



MISC E L L A N EOUS LAVA TUBES 

Figure 29. Lava River Cove near entrance showing massive toof collapse in u tckgrovt d and 
m u ltiple flow l ines in lava tube lining, left foreground. (Pnoiogrop!. by Charlie ond  Jo 
Lorson, Vancouver, Washington) 
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Figu1 e 30. Lava Rive1 Cove interior cross section near Station 1 .  

Figure 31 . Lava River Cove interior showing oval cross section i n  fore
ground, merging into on asymmetric "cutbank' in the background 
ond the tube turns toward the right. Sand along the floo1 h, s 
washed i n ,  por tly fi l l ing the tube . (Photograph by Oregon State 
Highway Deportment) 



Figure 32. Lovo River Cove interior ot the Sand Gardens showing the erosive effect of woter dripping from the cove roof. 
(Photograph by Oregon Stote Highway Deportment) 
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drained into the tube through fractures similar to Boyd Cove . At Station 7, a trench along the east wall 
exposes 3 m  vertical thickness of sand (Figure 33). 

Station 8 marks a section of the tube in which the wall lining has collapsed and expose� reddish 
clinke rs. Wall lining ranges from 20 em to 1 m .  The tube cross section is asymmetric, illustrating a 
typical cutbank along the meander bend in the lava tube . Sand fill s  more and more of the tube until the 
tube is completely filled. 

Figure 33. Lava River Cove interior cross section near the Sand 
Gardens illustrating the lo1ge quantity of sand that has 
entered the lava tube. 
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C O N C LU S I O N S  

L a va tube s  nea r  Be n d ,  Orego n ,  prov ide  a n  opportu n ity to s tudy l ong , u n co l l ap sed  tube se gme nt s ,  
t re nche s  re su l t i ng from co l l apsed l ava  tubes ,  s u rface fea t u re s  re l ated t o  tubes, a nd  perm i t specu l ation on 
the  fo rmat i o n  of l ava t ubes . T he re a ppear  to be at l ea s t  two types  of l ava tubes  w i th each  type formed 
in a d i st i nc t ive  manne r . O ne type , the " ma jor l ava tubes , " occur s  in the Be nd  a re a . T h i s  report e s se n 
t i a l l y  conf i rms t h e  mode of or i g i n  p roposed b y  Oi l i e r  a n d  Brown ( 1 965) fo r t h e  format ion o f  Aust ra l i a n  
I a va t ubes . T h e i r  t heory con ce rns  deve l opme nt  o f  s he a r  p i  ones i n  a c t i ve I a v a  fl ows l ead i ng t o  I a y e  red 
I ava . L aye red I ava and I o va -tube I i n i n gs we re found i n  most I ava t ube s  nea r  Bend . 

Some l ava  ponds , e v iden t l y  formed i n  d i rec t  a ssoc i at ion w i t h  l ava  t ube s on gent l e  gra d i e nt s ,  
appear  t o  re su l t from mome nta ry h a l ts  o f  t h e  advanc i n g  l a va  f l ow . I n some case s ,  ponds were  i nfl a ted  
s l i gh t l y  by  hyd rostat i c  p re ssure of  the  l a va tube feed i ng  the  pond . Depe n d i n g  upon t he  l e n gth of t ime 
and  coo l i n g  rate , a c rust  of  va r i ab l e t h i ck ne s s  formed ove r the  pond . E ve ntua l l y ,  fl ow cont i n ued dowr 
s l ope moveme nt  from beneath the c ru st and  t h e  pond co l l apsed . Dra i nage of the  pond occu rred through 
l ava t ubes  a t  the dow ns l ope edge of the pond . 

W it h  few excep t ion s ,  most l ava tubes  exam i ned e a st a nd sou theast o f  Bend be l ong  e i t he r  to 
Arno l d  L a va T ube Syste m or  Horse L a va Tube System . Bot h sy ste ms formed i n  ba sa l t  Q b, or i g i na t i n g  
from f i s sure e rupt i on s  from t he outer  f l a nks  of  N ewberry Ca l de ra . E ve n  though  the  sou rce  ends  a re  
bu r ied  by younge r  ba sa l t  f l ow s ,  t he  system s a re l arge a nd can be t r aced for severa l k i l ometer s . Arno l d  
System i s  composed of  compara t i ve l y  l a rge l ava  tube se gment s  a l ong a s i n g l e t re nd , i n te r rupted  b y  l arge 
co l l apsed  l ava ponds . I n  cont ras t , Horse System i s  composed of gene ra l l y  sma l l e r l ava t ube se gmen t s  
t ha t  a re para l l e l , bra n c h i n g ,  and  ofte n d i s connec ted . Sma l l depre s s ions  a l ong the ge ne ra l tre nd  prob
ab l y  represe nt  i n d i v i dua l  d r a i ned pockets o f  mol te n l ava  w it h i n  t he ma i n  body of  the f l ow . The d i ffe r
e n ce be tween  the two systems  is att r i buted to t he d i ffe re nce i n  gradi e nt . A r no l d  Sy stem is about 35% 
s te eper than  Horse Sy ste m a nd the fl ow may have been  deeper  a n d  had  a h i ghe r  ve l oc i ty ,  pe rm i t t i n g  
l a rge ,  ve rt i ca l l y  e l ongate l ava tubes  to deve l op . Horse System , w i th t he  more gen t l e grad i e nt ,  may 
have formed in a t h i n ne r ,  more s l ugg i s h  f l ow . Branch i ng ,  meande r i ng ,  a nd d i scont i n uous l a va tube 
se gme nts poss i b l y  re su l t from l ow v e l o c i ty f l ow cond it ion s . 

S evera l poss i b l e l una r  a na l og s  a re posed by Be nd l ava t ubes . Dra i nage c ra te r s ,  formed i n  assoc i a 
t i o n  w i t h  l ava tubes  typ i fi ed  b y  W i nd a n d  Boyd Cave s  were d i s c ussed i n  re l a t ion  t o  l u nar  st ruc tu re s  
p rev ious l y  (Gree l ey ,  1 970) . Co l l ap sed  l ava ponds  a n d  co l l apsed l ava tubes  o n  the Moon  cou l d  ce rta i n l y  
b e  l a rge st ruc tu re s .  I f ,  t h rough  the st udy o f  te r restr i a l  counterpar t s , l ava  tube d i ameter  and  p l an i metr i c  
patte rn  can  be re l a ted  to l a va fl ow t h i ckne ss and  grad i en t , i t  may b e  poss i b l e  ( through s ca l i ng con s i de r
a t ions , s uch  a s  r educed  gra v i ty )  to app l y  the se same  re l at ionsh i ps to  l u na r  l ava f lows . 

A l t hough  the l ava t ubes  nea r  Bend p rov ided much  i n forma t i on , add i t i ona l  data a re 
requ i red for quant i ta t i ve geomorph i c  a nd add i t i ona l  geol og i ca l  re l a t i onsh i p s . The  l a tera l a nd  hor i zonta l 
ex te n t  of t he  l ava fl ows co nta i n i n g  t he  tubes  can not be ea s i l y  de te rm i ned i n  t he  Bend  a rea . S t ud i e s  are 
c urre nt l y  in  progress  of l ava t ube s in  H awa i i  a nd Wash i ngton fo rmed i n  fl ows of k nown o r  e st imated 
vo l ume a nd are a l  exte nt . 
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PHOTOG EOLOG I C  MAP OF THE LAVA TUBES OF PARTS O F  
BEND AND N EWBE R R Y  30' QUADRANG LES, O R E GON 

RONALD GREE LEY, 1 970 

Ex planation 

B Alluvium 
� Basalt,  you ngest fissu re eruptions; i nd ividual  flows named. 

I fiOcc I B asaltic c inder cones. 

� Basalt, you ngest, undifferentiated ; fissu re flows from base of � N ewberry Caldera and Eastern flank of the Cascades. 

� Basa lt east of, and overlappi ng, Ob; probably eru pted from � area i m med iatel y north of Horse R idge. 

-< 

Basalt, associated with early ca ldera bui lding phase; contains 
promi nent lava tubes. 

Complex volcanics of H orse R idge 

Fault  trace, a pprox i mate location (U = u pthrown side, 
D = downthrown side) . 

Col lapsed lava tube segments and b l i sters 

E ntrance to unco l lapsed lava tu be 

Contacts and fau lts shown in approx i mate posit ion.  
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