38°15' 00"

38°07'30"

DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

OPEN-FILE REPORT 80- 134

0 — 8 03 o-.q Q... e -~ '-. - e ® l'..‘ "6..0' .q e, -..'... O.':;' .._- '-._:"-9..'°
e o e . & -..."-... .o.-... e | 2 . 9 ...." == '... '0.. .'Oo 9 og°°2 ..."- =909, ¢ ® o sac°® l:....' e, LI .."~.. N ®
B «@® o = Siela s L. ° . _."-.Q. LI ".. O . .‘ -,..- IOOQ'. .O'OQO.O" 'o - ° . . @ ‘0 o ““"‘.0.0.. ., ! enck, o ; & ..‘ h -
- . ° o L - T 0' ® g e "o L I o‘ Qﬂ ® g ' .‘. " o' ‘. - L] e &
e -Og e . .. - . @ e o ® 0. 00 a' -8 * ®, o @® e ® e, LIS .
& n . 5 s ] . z o 8o @ -0 8¢ LT «® ® @ e @ % . e v
i T L L P LI L TRL TP i R grr e 90865800010 55000005900, Y e T s - e Tt
*iw . §° ... 2., °° ., . e T o °9¢ LI e . Ce, o e @"2s % c., g . Q.. QOQ. S . T8 ° R 0, Y., e, e e *., =
L | L ® *. 88 LI "eq, 6 °, e @ s 9, ® ’OQ.Q - il e Cee, '-0. L) OQ' °es @ O‘Q W ° L “ee, See, S =, . .. - 8
.. . : e e = ., " - @ . i TR *te., e, @ .Q'.' - 09 T -8 . .-.,. ‘e, @ .. @ PS 9, . -C..o - ¢ @ ‘oo *s, See, ® Q'. e S, e . ;
& s g PR B § 0..0.0 2 s . @ . - il . .Q.o' et ool "2 o .'....- I T Q.OO -9 o -O..o e "O °a, ...o. o & i T o
90 .:OE . 0 - :.6‘-. @ LY ..O'o oo' ..:.' “ ey, O... :. LY :..' .0:06 l....:: '.:.O"- o::g.. i.'.. :.. ' ..O - 0"- .‘ ® ..‘::6.: ' ..: I.O_ .:-.. :' ® .::'. ..:'
'O'OQ e i '-. Oo-'...'.. 2 = - ..-'--- = L] S e Se ... .-. LY 0 '.... .'- o .... .0 She 0. ....O. O..l ..‘. ... .... 6..9-.'--...'-.." L ."o.
O. ., 0.0 . ® ., s ® e, °*e. @ e, ooo ® a4 -8 L) ‘O ® 9 L] Q. . *e . 9 L] e, . L
L T . C e, = . Shee e 'o' * ey lo. ...... .. ' .O....' — ® e, "-oo ..'oo.o.o O'.o'oo .‘....o.'.. (] '4.... ® e 6..' = .‘..:."-.. ."0.... ...."-
--..Q.... -.... ) e O-..:.'gé....'o.c. SAeite .Q'Q:... .::.-..: :o. :0:.06-..:.'6t:.0.. .o.: 0. = ....'..... .' o 066...‘.'... Y .'.6 ".‘ 96- ‘66 -::Oé-.::.. Cree,
° L) "'.-... . .. -.Q.. L] "--O_ ® 5 b ® e, '--.6 - -'.6.. . * ‘-.. '.'.6.'.- S ® '...-. .-"o Y .O.'...'. - - .-." .."H ...". e hy
» s L v See .o ..'O ® e -." a.. ..'-... Y L ® g '.'.o.."-.e .‘ ® LY ..'.OO L[] .... ..'.. .0.' ..-oo ‘......l ...9- .."'- g -G * o o. *
S . . : P ::' '--.: 'O:O..'-- :.-'O 'O o ¥ ::.."-:::..” ...'o.go-:.'o.. = .6‘.:....':-' > :.: 6.6'6:0.. ‘...'.o .o..'O:."° .'.. O':..s'é-.:a Og-s...
. - - i L .... . --. - . ® 4 . ° “aq ..-. .....: .o e .-. e .-... < - . '..... ® . o.-. .-l .... . .- ....0 ..... ...-. -.-...'... > ' * o
S PRSI Sl sl T Y Pre Il Wllrne.. 000604, 6. - % oo"--.oif"o.f"O-.ooa' 208Ggg . . veeo " 9 rge® reiileeiliice e Y S dy
S . " '--O..:'--..::- - .::-. - ..:6é .::- a-n...: '-!666..6..-.. O':c. .:n-... !.6 ..‘l. 00.6.6.'0000"°'Q.. 3 ::-.Q : -0. ..... .:'.g': 0.66" CO: : '-O...:O
- 'O.. L -:. .... -..'-.. ... -C 'OOO- :.... l:. ..'O i .'......I -':.. L ¢ ® . L 5 . .... ..: '0.... . S '...... 0. ° 3 99:00"' = 'k - '-9
e © o o e, . . LI ..--.. -O. .....-. --._...o.....l .....'..0. : va. O.:u.. '-90 -, *e .9 Sk .O. ® "00.0."o...."...:'-s,.. o .-.._ @ o
.._.. .-: ..»s..:...-...... .O::.....Q-._..: -....- - .:. O. o. O.o :::....:.-.. -'O...:O: l..o:o .. '....::.6 ¥ o .OQ.....'.‘:. .'_':‘-'..'6.000.. .-.-..O:::-._ ::. :::._ e
. *e,, 6:.9.0--: ..:--._..-.....:... ..6... ..::. -:.6.:: ° ....o....:.' .'. ..: .:.:-Q.:::O :.:.? :-:'6.': ..6:.'. .'. ::-.0'.?-.: " 6'-:_60.":. ._O.. "-.g. -
Ul . B ".... .:'- .,.' LI "-',. "eq, & -..: 2 O...‘ °, . "--:. ” “o-...' -.. "-..'. '-6 = 00 e 'Q '-6.. ". Vel .."'....9'°.. .OO:‘ " 8
o " S . .."0-.. ww o i e - @ :.. -8 ."'.. ."'...." ST '.. = --.."'0. "".6 S8 ."QO:OO'OQG *e.@ "8 -5" .. ~- 8¢ .’.."'Q ."--..9 -UCO'
® » ° o " ., . L5 - L .O. '..’O ® s L] e -.... -!.O.. '.... ° 5, .'e e ° o & ® o = - ... ., ...' ..... ._.. _..g ...g e . & 9 .
» - ™ » - e ® 0 0 ® L] . . . ® . O' O L) - O -OO O
- . .- ....... LI .unl. -:-6"-.. O.-.o ... ..--....00-..6.. .6' .--. "O...ro:é. : : ..6.' :6.':0 .-.5. .::’."'.0.95 ....:'- Q..é QQ_-. 8y O';
-8 e, .."- ° e o --.."- ..."- T -.. e, UC = 2 e g = ®e e Slesg ® 4 [ S5 '.O i, - Oo Y '... e ...'..‘ 2 *%. 0 2. ’ '-Q.."- A .."- =EReyd -
R te.@, . e - L T 4o go--. “ee, ce.,. " <0p * <009l 9, “cza, - 09 ce09 ° V.0g9g0°% Sl e, el tee.08 "
’ LT .o o -.._. o LI ® ° ce. e, ...-O *ee, .. °e, g ® e, @ 9. ® Q" (] .'. a & .o.. X e e ‘. Q_O - .. s c..@ "0-996 C'OO
L ° . "'._. .'-._. "-.. LA T L) L 1 L iy '-'...'... .'..6..'10 e e, .'.O.’ ."- .o. O. e » ...-.' = ..'-O .'OO (] SO % e "o -OO
g Sy, = S e Siehers ., .0 6 *e. . o ° ce,, . ® LI P -'. & e - -....o- .o. 0..0. ce.0¢ ceq, LI . ceq ce @ o 8¢ -9..' ®, c.fBg ; .'OQOO ° .
Ceae, ®eg, - SSVsis e . ., - @ "o o - -8 e » 54 * Y. W ks " - 'o. Se. ..o'. s ° @8 ...'. See L] 'G- 8 ) ol "9- Ce,
S o O '. o o 66-.. .: :--....:- ':6. ..'-... '-....::-.Q.. °. O-QOQ::'..O..'--...O.: .o--...::c . s o...ca « @ ..:. - 6 0'6:6.9"0'3... a'-.Co.:a- =
LA e L) ~ e o = .’-. s Q v LA e -.o...l.. %o, "-. % '. .."- " ."no 2 ®q e e g o .-. ..."' ...'.. .o"' . ® ."'. ."-G "g'- .'."o
9"0 SEel "O-. et fre, .'-.Q... . . e .9 ‘e O. te., " ., o....'.f ce.@®_ ° 06-. “te., o ® .."'O.O..'Co .."'Q‘ - O'O'G ‘.."O.:'." .80'9
° .. 3 N TR e et N ST PRI P oo el 6% l0dgs 0 ‘996G g- .. o § 90'5955"'-5 o éf::e-éf.""og'fj"-
O-OO ol 4 -.' .- o 5 ..'-...'l. -."n ; . '....'- 3 S : - ..'-oo. -8 9" . . o ...'.... S.ie : = 6 ° e o "-6. - 9 O. "-..
. - . . - " e 5 ® 5. e o L . L LI ®e,a, 2.0 . e ", ® . @ .l.. ® ® £ - ® e, e OO @ LTS -oo ) g. U
- °. . ®e . ® ., e @ @ = e ." ®"egq Ceqa, Ceg, . 'ao e, - o = e, ® > eq, 2 .O’ ‘."'o 0" e o . 9"0'. é n. 8 .'-O.OO ~OQ S *e,
LT S . '..‘-.. L I .'-.O i o L .- .. OI.- ..... ®e ... ® e, L ® 9, ® [ ... "' '0.'. ..'o .'o .o.. ® ... COO -. ., so.e O.Q 'O ...'
:.'o.-.... - .... = ..- ! = e s .O ° . ..:. ..o ’...: .0'.:.6' ..:-. ..' . ...OOQ:...'..‘O.O ‘.'-o o.o ...'0006 .’ :'..'0::'0'..:":.‘ :-m ...:OOO..'-.QQO.E.OOOOOOa:-OOO.‘:-
.I."-. i ° o :..." - o ....'-.. o: e, .oo..'..: 'lu.. -:.. ..'t. i 'O....'-O OO ‘.36... Ces, o" 660090‘.‘.' ..-gc a .6'0-. Ogg-. e 5 o." P
®isles L °.. - o5 . *e . = Ce.. . ® - e, L s . eu, 20 a0, u.... C.... L. '-... . . S s ¥, 9.0 . Oé'. L, ® o R ®e, e = o .
= ce., e . e ot e 4= o e o e s '-... .0.0. *a, -0 "'QO . ®es, '- . .."-O o ®eq @ Qo ® 5 OOO.' ’.. Y “ o, 'Oﬁ_ *sles o e .8 . OQ L
9...' . -. C -: 'a-: ° .OO' e e S s "-.O..'o .- ..O:.. 9--' '.:6. '.-:... l..'..ioo ."e' '0.. hed ' 0,..:'90. ."'Q.é' 09966‘0'0 *a -...O' - O
‘.--... . ceu. 2 e ., -O:w ..-._... LI 066. .:-. . ..-. e 0.'-.._...0 ,..o:. ® -O. Q... - @ .:O-Qo. .'. ..." QQO. 0.900065."0 .99056.0'0-990 LX) QCO (] O" .9 ..
.:- '. .:-.._.. ¥ et -.'- ...'-. ® . :‘ 6 “Ceq, .."'0:..'.'0.." s @ .o'-..... :6.- _.: Shaps e 8 - 0.. o ‘.... .Oo.."- H_.a O.OOQ-OH.. *e. 9, o 6
ol LIPS .-'- i .- “a. .-. .: ...:... s s .0. ™ S e .- ...-..._.i e e .--.. .'-. = ...Q.-.. e o.....'o .® LI Q. te,, '~.,...'-. O.. = o P ale
--.o':--._.go ‘:. _:- --... ...'...:: . .:- ° 4 L) ‘..O:.'...o.o.'.é:..-'. '-.O.. .:: 'l.‘.6.:0.:..:':::..'..:.. .::.0.': 3 .'...'.:6'.'9 6 _.6669 : .9:9-..:.0'-9 Q.Oo'-. C-
::_‘ .:. 9. _.-.-:. ..o::....::. ::.60'.‘ . .:.. '..OO .::-.60...'00.06!-.. ® e, . *ela o O.:'-O..'.: 0. 0:-...0..-: '6::..':....."..66. 86:00._ 9.66.'.-::.' ': . .: .o
'-:. ..- . . ® q -..'O.:..".::. '..’ ) .::... < = ...o.'..é..C..- ::. S by .'-. : 'l:......l::.." ...' .. & 'l::.'. .'- ."806.9" H.QO.."::.. '6.. = 0.‘
U ; . 6."' w i 6 S id O. =eiaig ‘2. (] -'6.' ce. @ ® - ".‘O..'l Ce, .."'-.. e '-OOO o.o."c' ."'-...'9-. e " ‘-.‘.' 9 8 °
.06'-. . ..... . S ° . 5 e ®e, . te, *e. @ - ) 0.'.. .'.'.- .oo L ... °o e ® L @ . - 3 e -..-9 -'... . 0. OE= QO..
-.OO:' .o e, -9 °° -.- "-...' e ™ ....00‘ e -..’ '-:. e, ."- 6-..0- 6."- " 'Q... e ...o LI L ...".Os ..O"'O'... '..:..'9...0 '.....-'. e O'
. g .. e 5 - N [ h L] ° e ..'. LI .l. oo N l.... e o @ *e, L ® ® 9 e e *a, .... .' ®, @9 ke ...'. 'OO -.... -..... . . ® e,
,::-_. L *. .09 *e . 6 -0._ .:-O: :.66........ : Q.... .6'00.0: ...'. ° a.-?.... -.....-'..-.o-.o.' .:. .. — 6.. ...Q O'...O:OEQ. '9"--9_9' & :. _...-._..9.e 66
09... L = e g 4 .....'D.- '-. .O....". % " C.. e, ...' e i " 6“". ® e .- .... .ool.. = .... .O.. '..- ® e O.."-- S ...-.'-. .."... .'o..
) c. @ . ch ., e -Oa.. -8 R -QQ.. ] . va g, e * .0, o fl, e, ce® v ...‘.‘-... o g @ I I 7 .88 .. LI o, ..O-. s '-O.."
B T L 2o I 1 L i T L I I T R s i ) LS O AL LI
’ 0:966. '. LI . -.'0._.:.-...:'-.0..6'l...66 ....: ‘. 6 ...’IO .'...O.. :.'0. A -6..6.' . 3 .'..:: '::'....:'O ...."-...:'-:..::"-._::'-9.6:.-..'::‘--..:
.,_. e " S ..._' . ‘-._.' ° "te.@® "2., e B '-.... ® o o.'-.. .'- @ . o o ® . .."'OQ.. '-..."'-C_ ...0.~......- '...-.
ke N Q... BE.Q o - . . ..06... l.... ®q - ‘... o‘... B -.... ® o ..C..... *e . @ ".o.. .. e . LB ..000...'. -.O-.Q‘-.CO. -.....'-.... éo .'.O
§ SeNs '-OO--O:'-...- & s. . _— ... '.."O e’ O' .. ® . .6 06 : "...."O. . --000":.'.'. " -....'5 . .C.é.' o 6.”"-5._ O e L 8
L] e -..‘-.-. I L O LA . .. e '... : - Ye O... ... ® " L] ..O. [ . 9 ol ...- .... ° e e q ..' .... ® g ® 9 I .o '--- .....-.. B '..-...t.. -
. I 3 6: ..:-....-:.....-o o. .Q_...qa '-0. . .-....o: - '-:O..60'-?..00'.‘:..:'.::... A .'...O. O." : .6'-06‘.."-.:." -?..‘99:.."6-.-.."'-OO...Q'O-:.G .H..O-O
§ . = 1 ...‘:...o .:' O'- e . : 5 ..‘.. ..'- ...l " o: ‘: -.'-: 5. .:. ..':.. 5 .':.. l‘.Q. ........ :.. © ®e, ..Oé...'g.:. .":.. 4 _:°-C.Q: - ] e e
: Q: ":..." L 0' L e - '.... oo:o. " '. Se ® L4 ..EO' L ...'.:o.-....OQOO. .."0-:. - 'Q.."ooa.' ® e Sieie n..' 0-.. -'9-.:-"00.6.. OO.OO"-O:. '-.:‘.' ® e,
O-Q - Ce, '--.. L ® L L] ® .0 O ...' .. LY . e ..o. 'u... ® e, ®ea - L e ..-"a:.. ° g ®g e .é." -9.. 6-0- -C.. 0. .a' -
8, - *. @, "tce,, " *e, O Telete. ‘o8, =C - W T ."'-. ¥ i . " 06.' ., ° it ...-. tee.. " '-C.é"-. 6' OOC-."'Qéé"-- - -...'
® *en, -.... - ™ ° .... ..l'. '.. - e ® E 6 . . ° .@ 2 ..’OOO..' ® ., . ..0. *e. @ LI o. °e, e ° e -8, ¥ s 2 P . @ . ] e » .9.5.
oie ek o LT L . PV o L 8 "% L 1) ® @ - 08 ."-. S @ ® e, LI ".“ 2°e «® "°c.@0 0 S ce. 8 o O._ & o "-..9 e,
® O...". .'t.. LB ® bl o ®a, ~ ® e, e e - ® .'.. "O-O .".. 'a ‘ = . = e .' ...' ....... "' 9 ® e -.09. ..e . q Saa - o »: ..'-.
. 6-.56 ., . ..... ® laie :.. L L) ._-'6..- o -.6..‘ :0 (] ... ....o:.- ..0. -.._0..0 .: e, ::. . 6..6 .:o ... 00.60"606 :6.:! -‘._.'.' e : -....a.Oeo.o_o':'-o.:.oéé..e:o . '6
3 O... o-:" o See, .... L] .:".’ = . ®eq ®e Wl e Se., ° % e tee, St '-.. ® e .. e o . *%e. ° < '..:..."~..."°o. ..‘-: 'O-. 3 S eg 8 UQ""
..C"-. e ° ® ° ® e, - . '.- i - "'-O:.' e ' 0. ®e, ."-. Ll e o8 ‘0. ° LI Ce, 6 "o:‘ (] . 6."-..'9' . Q."-. OC'G g a's . ”H O. 0-.
-0.0. . S ."OQ‘. ks :.Q.. o-.Q. o (] *e. 0 o °a, . e '- “e.. °q - .....6.._... P *e. @ e, ®qa C_.' . - W . - ® OO--C "HQ Ga SRS
"-... Ste..8 °° 3 & *¥. 0, te.0g9 2., ®iee 00 Oy ., ..‘ 0.. .y ."-... ceo, . .‘-Q..o 0.....?"- - ® 9' S '-.Q.. *e @ B OOOE og -9_..-'
.. ...- : ...'-:...:".6 ® 3 ....'o:o g O. .-.. .:. ....6--... :.Q ::0.6.::.. ::-.. :-.Qo. ':6 ....6060 '66.66"6:.. ::-C e :._ a Og 96:."-:
J ™ i ., -a.. B O...- . ® : & ...'-:....'.' ° . -.o.o..:o....."ln. ..: L) " e, o ....'.....oo:o.c..""-é.."'- CC..OG"-._‘O':'O... HQOGQ:EOQ .'O'-.
*e, Q.. 9e ."'.-. .6 o ° Ses Q. -9, 3 "-'Q.:.'O. SR, &g te " ....0 ....'-. " " S - i, e .é. .89 "OQ...."..OOOQ 6 OOOO" ‘o
(] i Se. * “e.0, ° e 0.6. °* @ ° *a, = . -..." . .."-. e se,, -8, 5 'Q. ®e, Sloig s, "o -... *e, - 8 2c.08g 2 N 5" o
tee, - . Ty L . " e . - O a L] *a, ., e - ®eo,, Teo, ®a. LY o. ® e, ® 5 e 3 Ce,, : 0 Sl % ala '-.... '-OQ. Ceg ‘-.Oo e
6"’:.056' S oeeal"gtes, f,’ﬁéoo -9:0: Nl '5:-.._:50.., AT B L g ;-9-5.,f-0 T T R L P LTI P R AR og_f-..g.,':--é..__-..g,:-.., fgoog_ 3999999.,.355.,_“
Te, 'O:'-.. a....' e 0'06.. 006 S e ¥ Oo .-.... ° L] bk o. ...... ...'I S I. L] ..... ..... o. Ske -'... ®e, '.".'. ®e, .'Ow.-‘ .Ol.. S 'Ca S )
’. LI OO ., *. @ 'O' .oo ® e '.. O. ® . . Ce.0 LA O = ® e, * e, .. ® % e ° o e ® wive LI '.90 )
.8 . e . ) 06 00 . @ -6 *e.9 °e a ‘.. @ . il | *ee ce..8 .. g oo ..
: S, c-., - 866655:00"9%-.. g %0 100 Ggpz - . o P S T & Ul | .. “es . . i I e I e L Dl T T ws
L ® iy 20, oo OO- * 9, ® e 00 » 0.0 ® o ® e, 'O. L LA Ceg, . & » .... ® Siele »ia g-. 4 - . 8 ®eq L] = o. % l.a =
] o ® o "". o *s .0 . .O Y | OO L] ® g ° ® e, ., ® e, L] L ° 4 « 9 ® e a °
(] L) « .8 's..n. QO 99' S0 o a2 no. ".. 'loo 0.. °. 8 Ceg, e = oo, °. 9 feq, . See, 'n.'”o't.... Lo '-... e o '-... -O. i
S L OOO S e .OQ .QQ .0. L. .'on ®e P ® Y ® . *eie . ®ee ®e. e, e e, Viela o ce, e o, "-.o « @8
(] .... 'oc - W® oo .' .... '..oo .'o. e g “eg . & - o ® 9 . - .... ® e, O ® ....‘ SHel v e tiee "eg, % ® 5 * e < -
C.- c e, - -..9 Ooo. 0.... 0. '..' I -0. ° *es O-... LI ...o. .... ° . C.. ® -... I LA A z --... ®ea, ) '-... ® o . ® e, s ° ..
: 066:: ...giéo " ."6:..'.":..:::0::':0'. 00666...6:66. ':‘.C e ik '-.O.- '-: 6-... ::.06.::: . O.:.. ...'66....’.0 :0 .::: ':::'. ':::6"0::- '-:.é.".::.o' .::“ =
O'éa‘ 'Q:--.- «® Ceg, -'Q' QOQQ.O.'.-O. ".'--... -..'--... ., ."- a e @ ° .. s L] ..' & . ® .- ‘., 6.."-.9..'9-:..' "-C.. . ¥ .s.
k, ¥ e ) S, ce., .. .00 OQ. .QQ. - @8, Shaie, T e o P °, . ‘e, L. ° P s i Py PO c...9 S .. 8 I o, v e . "._.
; l.é.gé'-.o..:gegaao.:ﬁéé ::: . ::..o..'.'.‘" ..'.: :'O:&‘ ...:.. b 66 -.:.- .::: ...:.:.. ..::. ..:. ...".-. .: ..'0:.":069:60966 O:,?O.'Oé..é. '::._ .' g-.o.é'g-. ':. -6-.
ID.. o' --o.é'o-a:_gaééaggéi..':: 6-..6.-"::.....66.0-960.':..-0 .:.-..'.: ..:-: 6.:-. .Q'.: .6:'.:.. '.: o:.'..' .:. ® 6‘.6586: "-.OQ.: .Qg '--._Q.:gCQ_ ) Oééo.ao 006 ..:.:-
-..-: ."-O. 9.0.. ‘.oa -... 0.6' 00. {d 'OOQ.. 5 fe, .: e, -:: - ..:' .: (] '..:'O. - "-Q...' Sie LI .Q‘::'-...:. -QU:"-.Q::' Q.Oé' LI :" ...:'-.._'
ec . O..':C.Q......Q'O.-.Q:.:.--._'....5:...5..:....:.::0...-:6:::. L :. - ® .. o": °, Q:-o.. Q.Q.....:Q .....'-..:.' o, _""-00063_0 ;géé:' 9...0.'-.06:6' 0:,@:" 6. .: .Q.O:'-._ :. o
. 006-. e .006 -.OOOO‘..OQ ...9 ...0 -..0‘ (] ..'.... LI .-'. ) . 00.!. e *en, ® '. .6 e, . ."-O....'O @ .9 -.Q..- . ® .H.OO' 6 =l :-.. ..'-. ..:-.
"] .Q -._. -EO' % = 'C. ..000 .O O e & & e, ol . L L ., L ] - ™ Q '0.. e, ﬁg 0. '.CQOE ® . '.9. '-_._ '.a
C el 3906590, 09 B07°00, oc- .0.03% 006 0 y-006g .- e : % s e, e See. 9 @ .0 "' ..09¢ 08  --0¢ ., e W, Tt .8, g"-.0
1 -._.O. '.OO.O- O'.' (] " ‘..." o ... OOO. o... ° .0 *e, L e S 0. ® 5. ooy S '-.'. . o -...... oy, '...."QO_.:"- o .8 .'-....- - @ d o
---...:::. .:-.:_.o..oo':aé:."-..‘:':?::'. 550:6:.6.-: ..:....6‘6 .'-. 00.:.. : ..: ® e . .:l.!...'c. .:-...::.... ::u -.":-969 ..._BOO'C"-: -UO;:OC’,QéC:C'-..g:é.O. Q::’-._::"-.:.a
- 'OQ..--'oé. ® .'- ...6’ OO... .’ao o i o.. ‘.8 .- ..- . ®ee, -'...-.l ...'-. = .-.ODOEO o a ﬁ. 6..:-. e ® Oe.-... . ...:. ...9'-. OO
L1 O'O-. 09. 8@s o, ".O 8¢ a -89 Py ..' '... ) s ™ Ce, L °a, AR | e84y .. ., *e. @ % EX GG *..0g
o "0 “ce® @e ...'9 “e %0 o e,° C'-o > '”-' ..' ¥ *fes @ . “ea, LI ®a, Ceg, L 'Q'- -9, 9 °“°--8 T ® - 63 S ke . O."’ ® ¢
~80. ¢ "-C."O-Q. IS 8 @g2°-.0 e .0 00¢¢ Q-.._ & '... O 8 ¢¢° v e, 00800 ""- S ..Q__"-CQ__' il 8”9.9 Y e T et TR 99.. * 8,
W :'“‘--:: €90655590.4" 1 '.o'"- {.’ °0.0900"“ e oy G a’"°.. g it P B Mgt TS --.99_'9-~oeég s .0gg " Y o a. '9-.0699;00'
bt ¢ 8.7 T8 9..9’90.00"'5 . "Ooi"---.ooooglo"°°00.'6' 5 @t o §oe..l RTINS PO T IR IR I 5559 13 SRR S PP oL I TR S iy T Ipget |
R Y FUR [ A 2P TTTTIY A 4 111 S L DA PP P vau ol o Trree, MAL T IiNmeLlMbee 00 twe,ovele. BEEEGS: <. 0 B655-.. TGy ¥ 5. "089 9qg0 906 °
59086 5c:-.6" -2 0689 96.65290045-900 o7 €09eq.%¢ " i e s° - e°29 T DY T ey St e a8 S 8 g 00 T 0. TN o6 8666y ¢
2 Q. oao S ...'- Se. e = in e, = e ® Ol e ° Sia L] ske ..... "-'90 .= =18 S, E E'.. .."- O..g g ° *-® q
I TTE AN S My P I I TS oo, e, e R L Tl o L i, Sl TP UCTTRLUNE TR Dl SR
‘a g ® 9 2 * e @ 3o e = =i ® * .... ° o ° . '-0. » Tea, L] ] - .'-.. 1% ®q ‘e e ® e, "-.. "0.'. 8 . *-88¢ "o - S " ‘
6-06.60C .99:: of-é.afLFOQ g% f..g :"::0:50090 b i':é . 3 wwg T oy o 9.8 SlIlTelll es ':H'G""-- ..59'5309":.56363;9-: ‘ééaéewgéo.wo_g:-._ ?g-éeo_c
(1) ®. o.' - @ & .."-_ ° . ."-'..' e, T w "-... *e = . ..' ., ce "te, SIRGC i . i '--.. plaCy R Q." ¥ .96, +88g " "o.... -9: &
. :9 :66690. .éeg..o: .C.:.."o'.’:'.‘.‘:.. O'..g.oa. .0‘. ve, e . ..:. .: . g o'. 2 .O . ....-.. - .:. : o -....o:af:.og"iéé O..OO:'Ooéogégo.gmo;é;:gg-g'o ::9 0-.:6 :O wm
9 P ao - @, 6 T b ...- b "-....- [ @ ® .".Q. ‘oo, ® oo O.." .... . LI i e L] < CEORUIEPS O- .._.o . -, L QQO' . ao - 99 . oo---
(] e 9 -OUQ - @ (] & ° . @ e, @® e s @ E . LY - -.'o @ ®eq, Sag o, -99 @ ~ ® ] ‘900 'O.Q g.gm . @ ®
- 9eggl6. . U0 50006 ... Y .00 20, Coc..,, c.® e, & - * .0, . 0008, e @ ety .8 0 00 S-- 0. 9,%...9 9..6.¢% 9 8g, "co9., -4
O. ® Crr - @ s . g4 L] O. -QO - 5 & e g o . ® e *e,, s eie .. Sl e A @ ® S Oe ® RS 5
e 806655, =0 §g o068 .. %904g°800° " -... 6°°--. Tes @] .. L IR S S P T Y.L 8 05590 0" 960 ;- -teg 908 0.0, o0
i..'. ol OOO 9.0'0: SNy «® ..:6 ® .: 06 = o 'Oon:. '.-. . -8 .."'-. ...'--....'- LI ...:-.. . é-gﬂgs.:os.‘ OO..H'O:QO.:O'Q.OQ:Q"H.:HO. 96960 3 L ] Qon"
16-:.._ o ¥ se -:::. ':6:5:"'--. 90}? ,_::? 8 ¢ ? I AL -8, 5 - . .. - --:., e &4 "'::6-5 .,669;.9_:::.: .&:?--099:5-g.naf(:0..::’°-ﬁof°:°lwé§'---
'CO ..0-. Ce. ° .oo'.o ' .' ...'.. 0 00 ..'.l. i -'.l..'. '.. ®e e ®eoe = LS = ..:...‘....."OO.G.'O 9060."-.6.9"00 O O.. OUUO 6. 9.. o.'. -
B S e e Ot T S R s DN d sy L I 0ed B T RE i
L] ® ® e,y S0 * Y. ®egq = (] s" " ® N ... ...' S » ° v ®e, .." S ®* - . ® e, A e * ., . "g ...' - 9 3 2. e £ ® e e - °
T el el g s 0:5"9-.6"--.?' e IS e AR T T | "-0-6°:----9.'°--6."-9-6?9'---??'5°-gf:fs’-.§§g'-- i TR
: --...:. ..:..60-.:. '. . ::‘ - @ 6::--..:."-0063:6'.:.: -..:..'-. ..:-.. ..': .:.' ...O.O.Q. . .::!-.6.... Os.:..'s ::?-:.::::--,:O'OO CQ??gé._é.'o .60, -.'_ L Q.. :
o”é '6-..: '....: .:-' ....' -0 LI ..:.0......... :: e ..::-... B ... -Q.ooo' .. ...':..o_ :..‘9:.:':..0 ..-.CEU:'..:CQ -:::Esege.oo -.60 ':.. . .- -
e, : A -... '-:. ...6...0'l. .: ..'. 4 = O .-.... .-.. I.....':: ® e L) . :. .o. '..- .'-O.‘-..-:I.QO ::. Oo'é HOOC .0909 -O 0.. O : =4s
) @ - .'a a‘".. :.O.OQ ..O .6.08"'....6 ....:.o:'o ..:- -... .:.... LY s 5 ..... ..'l. - :. - :-.' :.Oo... ':'8..‘.G"- _‘:Hgl.ggagéneoé-o' .e.o':o ::': '::O > ..OODO
B Y L L i T i Y Sy TR Ui M TN Sl L S 5
, .Q... ."OQQ X7 a <. 0, T3 ......-... - T Sl “eea.. gy s., . e, PN e, bt L -..0._ 'O-OQ o S a : ] _o-.O.
L o .I.'59-966°'°9 o :55..'5605,'- W, D s 2 e DV, TRegnt  smgl WS ol 55.:":'96-35'- 6953'-9-03,'---93355- e, T8 - o- = dege "35
. ® g . - SR (L S ®e .'.' e 'U.._: s @ ‘., e, .: ° . ....’-.. Q:.' 4, . ... O:.:' -8y & 899: = % S e s -8 "2 LI _.. E. ® e, -
1 .0"0-...'.'0 . "'8.6.-'0- 'Q..‘.. . 8¢ *a oy ®e, o T S T P “eens eu.f e Q.."'- g <3, . 8 :._.. e .. OQ. o, " o, . B
e.o -.. '-.' ."...: '.'-:..--6.:. "O..."o ...'0. ®, :"' : Y ....' ......--...'.:: -.:.O -..CCO 9:._.°':. ."‘:...":.a ".: 5 9.. 8 "6..."-: ) L
'0....'..00': -:..':6’. ..-O'..‘...l:..:e.. -..6:0. 5 .. - ® e, ::CQ :l. :n ....l.. .:0‘ Vo % .g"-éé. ::'..‘..'.'.....-._-.-é: " -'. 5 .:- . O 9.'-. ao
* . S ‘e ..:. ®e, "-. LA 5 --... "a". . :.." o "-... '-.. LS . .."'. '-..... - : re.@. 7" e, = e -.. 3 .-..' ., g 8. " 8
.o.. g".:.o'o e 6..‘l -.."'.,O..'.‘... -: @ . - "s: & ®a, “ce, -....' :'..' s 0.0...' o.. - .: > +1 '-é Se w ...Oé .'a. O'°O...:g'-eo-8:g '.'O'O : y O‘
. 6. LI . ® o . a:--. 0':.0. ".:.. ..: 0.66.:.- ..::.- . :: ._:--0. ':. F :.. ..'. g IS a .:.':. i .'-. '.éw_.'a:-.é. @ .' . .H;:' - 8 9-6:0 Qog.o- - &,
. e O ® 5 = ® 5 ® g 3 . - O » . .... o .l ...:... . ® O ......Q.. . . o .' - N .-..;.-.. ...0 & OH e o O....'.. 'Oa ° o -
- . ::' ® . 'oa'a:: O:O-O.O.O.éo L é - 00.. .o. & 5 o-.. = 2 ® g e ® L] ..‘ o o ® e, 'O_.O 006:6 ...: - ..o'- U'-O Ceq, .O-QHO.OO.O.Q ) LIP. ® 69 -
0 . ] k- ..-'.o..oo. L] ..o.o.a::i OOO. :6: o -o ... - .-.. e .......:: ...::'.....:' ® e O‘.:- ._'-.-, : '-..::' - .'."-.6.'000 o ® e 9 .66
LT ° 3 * O.8¢4 . g '-i 0eRs - . : -: S :..' . L3S "'-:. e T T e ."--._."-HO.." § : .'OG-: e " 6 LA )
. 6 g ) : e :...O"..Q.o"oog 4 .-OO '0..:.. > i Q.. ‘e.0 .'.." ., - ..""--: -8, = -..O Tre .t . 8 .Q". O"oo. ' Q.._'. e
"o oot oA 8079 89.04090.05 3 0 6000 - ; i Wy My 8 P R A T AT AU A T o I100.606%.. I 1 g 66
Q. - . L ° ..... - 'o 0-. .6: ...:O‘ .C..: L] ..'. . L/ ° ..: ° g ..... A ..... .O::.. :. . ..:.-..' : .006 L. :6' . 0 .:.. ..O ...:
ST s ’ .‘o .6650..016 -.'--.. 0. .oo ™ :' ) ® ...' " LT i .".. ::.0... .- 2 -O = i -..6 e -O.OQO.' e, . are OO OO'...'
R A LT 068’ O':::":'-' 66" .. 0 0l . Sl S L il S T R S | sgg ;
) ...' * ® ® e, S .o '.-O..' E-" L] : Cue % o 0 '0 2 L ®ee ."o:..‘ -o:.."-:..."p... a. 8 .C.... : ":...' - a:. C
. SN "-.O 6.- 'Oo ..... .6.." ° ° - "o.. ®eo, @ S T -8, .. - '-.6-"-.... . . L 8 g --.6"'.-. M .,'O.." 6 960
B 00, 0.0 00 g 0.9 Beg %%iégq;- e N tee, g U e e 57 o 08 g% B e b g
- .... .'-.. & o..o' ° o. OO 8 - ® " - O-.Q.. ce, °, 'o LI " L gw ® ._.:'--,. tTea., '-OQ. . '....669 ECU 6-..9.'0- = &
. . :0' ..i:...'o . .::. ® 60‘-.0.-.... L] ..... e .... ..:. ...::. ....... -6..0..--. 8 ::..'-::66"- 6 ..QOC--. 6...'..::- o ¥ :
o o o, 0 ;0 0. G5q5- A T T B P LT, Tinie it Wi S Sy B TR L e T se L Beugot e S8F vl 0 o 2
.OOC.G:O o..o 'O:.' '..6::6: 666.... 5 ' 0. 0 ...0.' ..- ®ee ‘... .’.- -::::-o..:-- ..::é'--.::" 9 '..a':é 66 6::'--0::6?' . ' 6’008
o ® '..C'.. :.oo‘.o.o::éo ...O:a Te g, o'.l o... - ':I.. O. .....6.. 2 ....66-::-...::6: -.:::...:::O- :'-..-Cgogg - .9 o-...oéi .:.
IS 0a6 ® e, . . ®a, ..0 X - e ° 5 ". - ® i .."Q a°"-- -._...-..... - _— il ._...a..... o . )
. ° . aa - .- - ..‘o : tea, e ° e, L] o ® e, ey o . = -..... -..‘.. 'O-O ° O‘ : -.... .'_.. Ooa
' . Drres T le, 0. 0000600l teelgtie T L 00, R el s ST S A e T R R P LT "
e L] ‘g ®es, ..- s .:. s ."O . - . L] . E . = - i LI .0 -, 'E ... -CH""-._" G...' E .....: e
L 0.0 :: Iooo....’l...-.. 'a '..... - . L] LY ...‘ ' ..‘l-a...i.o ".:-... .-. .::6...'::.e..:--...‘::..a.oéo... ::..- ® -
° OO.. o....ocg. :..oo :6..'0-. ® 5 e e Cea, 2 o8 .:-.. -Oé " -.....-.._..:-.._--:6.. HQ.."OO. -6. 2
9’ .....9 ..000 ke 0.0. L S e g - . = .O. "!.o O ° '. .'-. .."-. . L 'o.o ."- ..-' - ) =
L .0-.... s, o.‘.. 0.:. ° L] Oo' a ® . - Ce ek e a 6. = ..5‘. s S e e ~ = aé.é. -
- 8,9 L o e ¥, ® e, 3 ® e, . LI - ® 5 e g Pes, . . . ® e s 4 i *Te. o u.... "o, % L RE - -9, ® . S
L] @ * ...'l ®e Siele N f “re. e ® ° ° -... = LIS S * ., e - e L e CRCT S ¥
o..'o e .::66 .:. % 0.... ': *eo., . ®ea, . 'a:.é'" c ..-:.._ ..C .'. ..’-.:é"-::- _Q..O:O.. ...-. . .
'o. ® L =l l..'.' [ ®is ...: 4 . ® e, - .".O &g ® Q.'- '-._.: Skel o ‘-.‘.: Og -.... e .' O_.. L) &
® e . -..... O -00..6666 3 - . !..0.. ’ . & o @ p SRS ..-- O.' Q. C_.. * e, .._.. -._. ® 2 g a
. - e T “.6, : big ; T gt et T BT Rl ST Ll Teeoliiae TUocgk., Ty .
. Sinie o. e ®a, '.'.O .6 e, '-.'o' L .« . e L .: .: o ..-9. . - H & i -Ogé" el g ..-.._-.:- ..O. ..: OOO
@ ~ . " '.::.... - .:-. .0-6.. ::. oy :.. . - . .-Q- .'- '0-...: L/ c.® .' .999-..6. N E-O. Oé:-.. .:: & .-:0_ 5 . " - ® L)
6 5 96:.6 .....: ..:' .: ® ..-00::: 6 ::. :...o. o 8 s Sie - - .;9. » . .9 ® 99 '..: . .' ._.E"- .._"O... "o e, »

II o 1 "
il | Kilometer

[ —— —— - ——]

SCALE 1:24000

PRELIMINARY DIGITAL CLASSIFICATION MAP OF LIMONITIC ROCKS,

OBSERVATION KNOLL 7'%2' QUADRANGLE, UTAH

By
M. H. Podwysocki and D.B. Segal

113°37'30"

This preliminary map 1s the result of a digita
classificatfon of Landsat MSS (Multispectral Scanner) ratio dat:
for wmapping Ilimonitic rocks as possible fndicators ol
hydrothermal alteration. The térm l{monite fs used as defined by
Blanchard (1968), and covers a wide varfety of ferric
fron-bearing materials fncluding goethite, hematfte, jarosite anc
lepidocrosite, among others.

The printer characters on this map represent the approximate

unit area of a Landsat picture element (pixel). Due to the
satellfte's oversampling along scan lines, a pixel {is
approximately 56 meters x 79 meters on a side. The rectangular
aspect of the,h line printer characters removes most of the
geometric error associated with the oversampling. However, to
maintain proper geometry, about every 23rd-24th pixel ts dropped

along a scan line and scan l{nes are repeated about every 17-18

lines. Therefore the user of this map should be aware that two
adjacent scan lines with fdentfcal 1{ne characters are am
artifact . of the geometric correctfon procedure. Positional

accuracy on this map is estimated to be within two pixels.

Landsat MSS ratios 4/5, 4/6, 5/6, and 6/7 were used as
variables 1in a supervised Euclidian Distance classifier. A
color-ratfo composite tmage (Rowan and others, 1974) was used as
an aid 1{in definfng training areas necessary for a supervised
classificatfon. Spectral signatures were derived for 12 training
sets of limonftic rocks. Based on the geology of known areas and
the relative mean values in the ratios, the 1{monftfc rocks 1im
these trafnfng sets were divided fnto three classes (Ftg. 1):

1) Strong Fet3 absorptfon - rpcks with a low 4/5 ratio and a
relatfvely lower 4/6 ratfo. Typically, these rocks
appear red, vermillfon, a strong yellow, or pink,

2) Weak Fe®3 absorption - rocks with a higher 4/5 ratfo than
the prior category; the 4/6 ratto {s approximately the
same value as 4/5. Some dark to wmedium brown rocks fall
into this class.

3) Limonftic rocks with a thin vegetation cover. These
rocks have 4/5 ratios comparable to the strong
Fe*3 absorption class, but their 4/6 and 5/6 ratios are
lower, reflecting the influence of vegetation.
Vegetative cover may be as high as 40-50%.

Twelve classes of non-limonftic rocks were defined for

comparative purposes. All twelve were assigned to the “other®

(non-1imonftic rocks) category in the map classification.

Efforts were - not as exhaustive {in deffning all

non-limonftic classes, as they were not pertinent to the study.

Those pixels that did not fall {nto any of the above classes are

left blank in the classificatfon wmap. Commonly, the blank areas

represent heavy vegetation, areas of strong shadows in the raw

MSS data, or playa surfaces. Occasfonally, some pixels were

unclassified for none of the above reasons. These fell mafnly

into the non-limonitic class and their omissfon from the
classification was due to non-exhaustive training on
non-1imonitic materfals.

possible

The following fs a summary of classificatfon results for the
majorfity of the Richfield 1°x 2° guadrangle, and all
conclusfons may not necessarily apply to this quadrangle.

Results show that the 6/7
presence or absence of vegetatfon and was redundant with respect
to f{nformation present in the 4/6 and 5/6 ratios. In addition,
none of the limonitic signatures studied showed the low 6/7 ratio
characteristic of rocks lacking the prominent 0.95 micrometer
Fe+3 absorption band. Thus, because the 6/7 ratio provided no
unique ratio informatifon, ft was excluded from the classification
included 1in the spectral
the sake of completeness and to

scheme. The 6/7 ratio, however, f{s
signature graph (Fig. 1) for
demonstrate its redundancy.

Generally, all known hxgrothermally altered limonftic rocks
fell 1nto the strong Fe absorption class. However, some
non-altered limonitic rocks were also allocated to this class,
such as pink tuff, purple quartzite, Timonitically stafimed
llmfstone, etc. Many areas «classiffed as showing strong
Fe* absorption are fringed by zones showing weak
Fet absorption, presumably reflecting the dimunftfon in the
amount g{ limonite away from the source. Rocks exhibiting only
weak Fe'”. absorptfon cannot altogether be 1{ignored, as some
relatfvely small altered areas were grouped fnto this class.

Because of the non-unigueness of the limonitic sfgnatures, field
checking, examination of available geologic data and studying the
spatial relationships of the
make a judgement as to their significance.

Rowan, L.C., Wetlaufer, P.H., Goetz, A.F.H., Bfl1lingsley, F.C.,

Stewart, J.H., 1974, Discrimination of rock types and altered
areas in Nevada by the use of ERTS tmagery: U.S. Geol. Survey
Prof. Paper 883, 35p.

outcrops: Nevada

Blanchard, R., 1968, Interpretatfon of leached
Bur. Mines Geol. Bull. 66, 196p. 5
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1.3
TYPICAL BOUNDARIES OF MSS RATIO VALUES
FOR LIMONITIC AND NON-LIMONITIC ROCKS
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Figure 1. The 1lines bounding each class represent the
extreme mean values for each ratfo within the class.

Gererally, the shape of the bounding limits reflects the
shape of the ratio curves for any training area within
the class. The overlap between classes fs misleading, as
each of the individual training areas within 4 class has
a2 distinctive set of mean ratio values that f{s separable
from other trafning areas. ¢ Standard deviations
associated with each of the training area mean ratieo
values typically range from 0.02-0.05.

EXPLANATION

Strong Fe *3 Absorption

Weak Fe ¥+3 Absorption

Limonitic rocks and-vegetation

Non-limonitic rocks

Unclassified materials

This map is preliminary and has
not been edited or reviewed for
conformity with Geological Survey
standards

ratio indicated primarily the |

limonitic areas are necessary to

tentative i



