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Held by Poreat lbitA, under Sodium. Permit lo. 0)1'93, ia,ue4 
February 14, l94l1 with aub-leaae ?Snding to •• 14. 6omqlc&l 
and ,. L. ltuckenstunu or Boiee, Idaho. 

In t.ba CMID708 ot Orooked Creek and \he Owyhff Ri. Tff, whioh 11 
11tuatlll 1n NC. 4-8, '!. 31 s., .a. 41 1., I. M., or aboui S 
mllea Borth ot .Rome. 

Sodi• li:t.rat.e ie one ot a croup of verr aolu'b.l.e ooapouada, 
and beGallM of th1• aolubilitf', it ocCUf11.u ·a. natural mineral 
d.epoai.s oal7 under "H'Z7 apeoial condi tioaa where 1 \. 1, pro-­
t.oW: fna aoiature. rm, 110a, nitrate 11 .to•cl aa incruata­
t.iona, _,u.1ac, .or .... til.ll.Dc, ...u canU••• or in • .,..,, 
or ia -1ailar aulterecl crnic•• .ill aricl ncion•• 8uGh de-. 
poaiu an ••t.ural.l.J' ftl7 lillited .in en.nt. liu.bl.e tiepoaita 
an aoaroe tM world. O'f'ff, \he moat, ovtata11din1 •• 'beinl the 
o..11• d.epo1ita 1D Ohile, and •Th.u• extraordinary aocaula­
tioaa•• -are the reault ot the UD\llual. cliu.te at the place 
wb.eret.u, are tomd..• (a. s. G&l.e-p.6, u. a. a. s. Bulletin 
138, a1t4-&te 4epo•1t• of \be U:aited ltatea, b:, llanatield. and 
Bo&rdaan. 

lit.ra\e depo1i'8 are lmo,m to occur in tbe Mai-arid region• 
ot •uiant .llalheur Countq &Dd adJaceot aectiona of ldaho 
where th97 have been deacribed DJ' G. R. lan1£ield (O. 8. G. 8. 
Bulletin 620-B) u beinl reatrict.ed t.o the parti.eularl)" 
ebel tared ••otion ot · ca••• aad aall · cavi.tie1 in rh70li te. 
It bu l.a'ial.y' •• the o'bJ8_4:t of at.waUon ill cetral ll&lbaur 
Coun\y •~ U, occur• alODC wit.b. aaaoaia\ed Pl.ta, oone•va­
tiona. or Diab. appear con1pieuo11al7 on the oaaTOn ..U.1 and. 
OD tu plat.u:a adJac•t to the CUJ'OD iD .... -n• &I to nu••• the poaaibUit..7 of an a.ppreciable tonnage of low pad.e 
litre.ta. 8inc4i thia view WU wid-1.7 held, the p~ WU 
rmiaed •• oaretul.l.J' •Ulpl.ed br the Staw J>epu;mc\ ot 
Geolos, u4 IU.aenl. lnd:111tri••• !he detail• and concluaion• 
ot which eaainnion tollow. 
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rw,1ograoll:t: & 
General Geoloa;: The area, in general, is situated in semi-desert cowtrf, 

ha.a but light preoipitatlon, and ia devoid ot vege~tion 
other than •~ehruah., except ror poplars a1tuat9<1 around 
th• water bolea or plante4 in irrigated barnyard.a. 

The country approachini Crooked Cre~k froa Rome is• wide 
·Talley about .3500 feet 1:1.1:>ov, aea level BJJd studded with 
•••~• eoapoaed etaentially of fiat-lying tuffs and. loo1el1 
consolidated 1e<iimeata. Tbeae a.re capped with baealt and 
are highlf aiaaectad on their flanka. 
. . 

At the Dit., ot t.h• de.,osit proper, the co\lntry rook ia & 
-;porptQ'ritic r-b;ro.Ute. This c_onstltutes the walls or the 
e&n1on ot Crooked Creek. rt first a.ppee.ra immerging from. 
under the uediments on the Owyhee River a short distance 
upat.reaa froa t;he south of Crooked Creek and it riaee 
gentq to ..-pprox:iaately 200 feet above river level. It 
ooneti.tutee in. bedrock ot the plateau on each side or 

· Croolt-1 Creek, only a thin veneer ot the aediment1 remain­
ing uneroded. in i1ola.t.e4 pat,chei. 

·Acros■ t:be Ow;rhee the soetion ia complete; the overlying 
eadiaet1t1 and baaalt. rem#f.ining intact. From this 1eotion, 
a.ad the ll&DD•r in which the rhyolit. rise, gently troa 
the river level to this altitude, it appears tha.t. the 
rayolite ie a pre-existing flow with the Jediments lying 
uncon!'ormably on top of it. · 

Since the nitr;a.t.e deposits_ occur in this rbyolite, further 
description of i ~ ia in order. For the most part it ia a. 
aaasive, ciense, feloitic rock, wea.the-r1ng red, and exhibit­
ing the usual bandin&••well developed in some local area.e 
and porphyritic. textures &..'ld others. In addition there are 
ar-e&.s in whloh sm.!Ul cavities 11re abundaqt, and particularly 
signific«nt, large areas or highly poroua'tuf'factK>UI u.teriaJ.. 
The whole now is traversed by· a series of joints which in 
places a.r• ao cloae together as to afford easy weathering 
and produce a. poorly developed buttress and recess effect 
wh•r• the, 1trike acrosa the ca.a1on. J. few brecciated ■hears 
were noted. 

Geoloa ot the 
Nitrite Occurruc•: 

The atnlctm·a,l tea.t.\U'e& Just described control the occurrence 
of nitrate. ~di.um Nitrate, in & .t'airl.7 pure etatA, is to be 
tO'Ulld in speciaen quanti tl••· lining cart ti.•• and ae inoruita­
tiona in protected place• on the ws.lla ot tl» canyon, and dis­
tributed throughout the upper reachee of the talus slopea in 



similarly sheltered spots. It also is found, •• shown by 
analysis, with associated ealt1 which not infrequently appn.r 
in scattered, but conspicuoua concentrations both on t,be 0821-
yon walls and on the plat.au adjacent to the canyon. Th••• 
conoentration1 of aaaociated ealta occur priaaarily in the highly 
porous tuffaceous faciea of the rhyolite, or in the uJor frac­
ture zon•••· Since these structures penetrate \he rook to ·a 
oona1derable depth, these salt ooncentrat1ona can often be 
traced in the third dimension back on the surface of the pla­
teau in &ddi tion to being seen on the oanyon walls. 1n tact, 
one island of thia ma.terial was round on · the northern flank of 
the plateau 1,000 feei from the canyin. It is theee bodie■ 
~.atf,fs>f\l~~ • .rtti 1fe}s..!lopp1ftit"~1H\41~, ~ffh ¥.,

1
lf t'ii!e "'~J0!,'. ueiier 'Mal, in -OODw·•st to oUler a.uOwn-depoe ta in - ._,., 

appreci~ble tonn&gea of ni tra.te might be tound here honeycombed 
thro\i~out. the rl:)1olite aaae, 

Even though th••• concentrations ot aalta contain rel&tiTel.7 
n&ll tonnage-a .individually, were widely and erratically 
dispersed tbrovgh th• law., 41lld totally lacking in aoae areas 
where well deYeloped fracturing and poro•itJ' taYored depoaition, 
ao that it appeared aost unlikely that. MD1 more extensive occ\1r­
rencea than those ltlready visible would exist, the most direct 
uthod of evaluating the aituation lay in detailed exaalna.tion 
ot & tn of the aost pro■iaing ahowingl which h&Te reportedly 
yielded encouraging nitrate saplea. 

lo atteapt will be made to diaou11 each auch depo■it invea­
tigated ae the procedure employed and the resulte obtained on· 
all of them were the aue. Briefly, aamplea ot the 110at likely 
nitrate-bearing Pterial were t.&ken to confirm the presence or 
nitrate. Then, aiuble piecea of the l&lta were dug from depth 
(both back in from the canyon· face, and don from t.he plateau 
surface) where they could be counted on as being tre• from any 
possible surface inerud'tition of nitrate. Th••• were further 
cobbed down so that the final ,uple conaiated of antirei, treah 
material from the center of each piece. 

These samples were all subjected to the Bro\'iD Ring Nitr~te teat,* 
Without exception, a.ll a&aplea of the treeh uteri&l allowed no 
nitrate conuut, or ~t best, the aerest trACe. Sample• of the 
high grade varied, aome few giving a atrong nitrate reaction, 
others, of selected incru■t&tion, 1ho1fing tro11 a trace to 2-3 
percent nitrate content. lo auple from the 11aterial o\1tcropp1ng 
on the aurface on the pla tea.u ga:ve as much &a a trace of ni tra. te. 
All 1amplea, which ahowed a.ny nitrate content, cue frolJl exposures 
on the canyon face, and here OILY Ii ISOLATED .IJID PROTECTED SPOTS, 
■oat aamples of the "run of the mill" material. there, testing nil 
too. 



QonqJ.usion, 

-4-

From these facts it followa that the nitrate found in these 
concentrations of allied sa.l.te erlst11 there on t,be 1&1ne b-..is 
as it does elsewhere in the canyon-in other word11 iD apecimen 
quantities, preserved only by virtue ot the protection trom the 
eleaenta afforded there by- ca:rltiea, c:revieea, and overhanging 
ledges of other •~terial; and that these occurrences are entirely 
aupeTficialJ and t.hat. the nitrate doe• not occur <1iea-.illated 
throughol,Jt the bulk of the deposit of other ealt1. 

Chemical aod petrographical analyses ra,.ve been made by the State 
Departaent of Geology &ild by competent. eoamercial an&ly1ta. On 
Npruen,tative aaaples of the material which oonaUtvtea the 
blllk of these concentrations, they agree in finding no sodium 
or potassium nitrate. llr. Lowry, of the State Department of Geology, 
reports that evaporation of the solute shows thenardite (la~o4> 
to- be the predominant 88.l.t, and that the inaoluble port.1.on ia 
'l.argel.y' partly kaolinised feldapar. In £6.ot, in the field it 

· appe&Nd aaJ tf muoh ot the aubatance of these depoai ta waa in 
reality &lten4 rock ll&de eouaplcuo-ua · by rel&t.ively mi.Dor uounts 
of the white eal.t, and in all 'probabilit;y, aa■plee dug from eTen 
greater depths than tiles• obt&.ined duriag this euney, would 
rueal the eorea or th••• Wi:ea · to be. eaaenti&lJ y such aterial. 

In concluaion, it may be aaid that the oecurrenoe1; of nitrate 
here in no wise diff era trom t.'l&t described in other par ta of 
the atat•• being •elasaitied under the heading ot t,pical. cave 
depoaits, aartty fillings, et.eJ that. the aaaociationnth allied 
aalta which do exist in conepicuoua concentrations under certain 
favorable conditions, is a natural and logical one, but one in 
•hich the nitrate occurs only in protected apota on the 1&11e ba1i1 
••·••h•retofore mentioned; that the•e allied salts in all probability 
are but eurtace.pheoouna thuselvea wit:P the core• of the apparent 
bodies being in realit7 loeall1 &l\ered rhyolU,eJ a.ad that even 
it they ~ere dominantly aal.te whiah did averag• a.a m\lCh as l0-15 
percent Ditrate (whica t,hey don't) their individ\l&l t.onnage ia ao 
aaall, and their ocourreace ao wi4el1 aep&rated and 1itV&ted in such 
haza.rdoua pla.cea througllout. the cauyon, that ainin1·of them would 
M wholly impra.ctua.l. 

* The Brown Ring test given. in the tield ia quite sensit,ive, ahowinc the presence 
of nitratti in very Nall a.mount•~ lt ie a. qualitatin test oni7, although exper­
ience has shown that. crude q\1alltit&tive obaex·vationa Clll'l be made. Tlaua, a reaction 
vio .. ent enough to boll, IOaetitaea giving off brown f'Umer., carries a minimum of 3 
percent nitrute. ~ reac~ion producing a distinct but pale ring, renecta but a 
fraction of a percent. Reactions lying bet•een these extremes refiect a nitrate 
content of from l-J percent accordingly. (U. s. G. s. Bull. 838, Nitrate depoeit1 
of the U.S., P• ll). 

The method uaed in most of these test• in the field consisted of boiling approx­
imately equal volU11e1 of pulverized. sample in concentrated sulfuric acid-cooling­
then adding a few cubic centimetera of aaturated ferroua aulphate solution. The 
brown ring developed i1B11.ediately &.t the contact of the two 11quida. 

Respectfully submitted, 

N. S. Wagner 
Field Geologist 
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I.Qoldng -up Crooked Creek (west) from botton ot 
canyon e.nd showing one J)8.rticularly conspicuous 
depol1t on canyon wall {white spot to right of 
oanter ot picture}. Notice tLe s..nall tributary 
eanyon enteri~ the .main canyon at this po1nt. 
A nil developed fracture zone starts into the 
plateau hare and a sizeable area cf altered 
rhyoli te e.Jli salt deposit occurs back i'n the 
reoess end on the plat8$u surface {neither seen 
in t bis picture) • 

Close U!) of above f"rom plateE:.u shov,ing part of' 
depoai t and a s~estion of tlle be:;1nnin..; o::' the 
recess. 

.Another view o: mo:--e o;;."' same SLotint; upper reaches 
of Crooked Creek Canyon in d.ist&nce. Thie particulc:..r 
o~curence was not accessible, but it appeured re­
presentative of similar ones in finely porous, 
tufi'aceous-lookine spots in tLe rl:.yol1 ·t6. .Probably 
nitrete can be four.d in the little deposit U!lder 
the over:t:.arcrn; roci: :_: -:.Le left ct tl:e :pictu::-e. 
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H· f 1'1ew do~ Croo~d Creek leastj anowint:: canyon 
·1 ·U14lll.:co .moait •;.:g:i,a'te 'eceurs,-~-ttnc.i.: 6Specially, 

,., ,~rb:yoll• eaa;ittlilt.'. uneroded" ~unts ant 
f -•~.i, ;'9,c1m¥• ~~ 3i ~¥' ~lhe l'"nyoJ.i te 
t/ ~ 1~tf el'.e"OWlbn:'teiltly -i; o'~.ti8-1IOU'th 4Uid--. 
,, •ean:~bfi-~'·see11:lll.~~elll"2.ng :benea~ ¢.Ile- seduients 

.. · • ~W• bub.M'a• A.'9'1;:: up-·,i,ne can~- o:r:;.,;,z1e U11Yhee 
;..,,,._cf-jus~--Off !Ql.s pa..<fture. ,~~-.-. ,rtg.i.1tiJ~ 

·:J;,;_,-,.t;>1!S,tl' i&:," ,;.,:p ,-f~ ~l;;i;~ .. : ·:· ·6;,,rf~.C,,•·,l \;,:'.1.'··-: 

1:-. ·, L t v1 ::. tm; • 

View down Crocked Creek (east). Tue ce.:r.eru 
was located 1n -.;ne center .of a strong group 
of fractures anci. the picture was 'taken across 
a sw111t; in the canyon a.no. alone -;;ne strike o,~ 
fractures s1;ow1ne; ,40·,. ;;.t...e creek weave::, b::.cl: 
across t.m l'racture zone ar,c. tile cruue butt:::-e:.::. 
and recess ef'r'ec"t pro;iucad because o:C t;.Ec :'r :,\ 
·lwo typical concen·;;rat1ons of salts e:;:,pe"r ~­
tJie center of' tlle rictur·e-one on tne crt:ct -...· 
tlle lar6est buttress anc. one ..:_alf way do .. :-, :. , • 
·i<IOSt suc;1 oe.at.:ronce:3 ·a!"e :found .in -r-11e 1.-ecessE: ::, 

"' ' end w.aen is1:tua'ted nef r 'the rllll. ot t.t:.8 ca:1.;'U.L:., 
tirt.end back onto 1,r.e plsteau v::i. 'Lii tr1e frc :-:t~-~'B 

zone. 

Close-up of a uepos11; occurine 1n a s.;:.a~l 
fracture zone, s.~o,.in,; .llO'ii so.Je de?:.;s1ts sc.;,_42,­
tl..lles exist on the face of t.ne canyun l.'herc 1,r;e: 
are exposed to 1;.ne elements. 

r 4not~'l(;:r v1e1. or a s:i...uJ.ar ,cieoosi 't .on tne sc-u·. 
· 1>lataatj, or -i;i,e ce.nyc,r, ar..i lo~klllg -~.P ,.;roc•kto< .. 

:.: . . Creek {west). 
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