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w / ~ w / .  ~ q m m l  me ~ retails ~ be t l a t ~ m d .  ~ e  eedFf became 

swe f t n , ~  m l t d u s / ~  O R t f ~  ~ W  ~ . d  

d b i ~ k  ~ s p p e ~ .  ]~ m ee 1o-m ks ~ ~ i ~  qmmm~ b u m s  

mmm =mmmJmt. ~ eSmmpm mmmmm Wm mmmmdmM, emm~ W m m / ~ n  h~mm um~ 

t~ v i ~ .  ubieb tm eros ~ /~ m ~  d S f ~ m  ~ ~m 

f ee t .  end ~t  e e b w  p l u e e  euSmdtO mine • ~ sMsmml d 30 

t o 4 0  JUst. 

v t e ~ S p r e  

A 1~e~  d ~ t / e  8 1 ~ 0  1~dm beseem elm bern1 u ~ g  m t  she 

U ~ I ~ / e / m ~ ,  eml U a N m m t ~  ~ w m / s m m l ~  

~ m m ~ . ~ d  ~ ~  f ~ s l m m .  Im~Umllmgm ~ mmmmU~m 

~ m ~  e m l m t  s ~ ,  ~ m m s  ~ . ~  ~ ~ m m ~  m eM u 

, ~ e a ~ r ~ R  ~ m ~ m  d m o  m bmsl  m M .  ~ e ~  

b n m 1 , ,  i t  e l  ~ ~ e b - r e N t a l  IS, m ~ m .  

. ~  w • d m k  8 n ~  ee  d s l ~ I S u m  m ,  m d  i .  i m m m l ~  

. ' t ~  ~, 
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eoutrute distlnetly wleh ebe liJkwe eeleged ~ abeee and belog. 

The ~re~ mmJue ~91eal~ i .  eblniuO btsek Uoc t~ t  u t ~  l iskt eeleved 

I ~ t 8  (fiB. ) .  best i t  vaelOO QO b l ink  8earomked vLtdit 

~ m  lenses.* ~ v l . ~  r n s ~  l ~ m  I to S0 |eme ia ttsielmN8. 

~ d ~ b e w m S m d 1 5  f o r t ,  

The v i ~  eyplealXy ee~siSe~ of p ~ U  N t  in • mStZlU 

of m i t ~  blae~ 81mm. I t ~ e V i e e 1 1 7  the 81aee eppee88 eo be u u c l ~  

8rid mife~5~ lust Id~ ~ ~ 1~8 ImTq~od end de~olind 

f r a g n ~ t l  ~ t h a t  m ~ e  of  t 1 7  f i m l 2  amlal~ UtfJs.  

Zn 8 ~ e  p l a ~  the  8 1 a u  8 b ~  p e e l i t i e  , t r u e e e n .  ~ t~ds t im81 beeunm 

the l u i v e  mppeeriu8 v i t r e ~ r e  md  tam u n d e c l y t q  t ~ f  mm 8U~m~ 

p h u e e  of  v t u ~ d e r ~  emud~e~8 of 8 1 ~ ,  l ~ e p l ~  l m ~  end 

of  b taek 8 1 ~ s  md ~ to  8mY ~ d ~ s i t i e  umua~al .  In maw 

p l ~ .  espoei~lly shore i t  Io thi~ ~ke ~ t t ~  oeusisH ~ r e l y  

of ~ i . . t r e a ~  p 0 ~ e .  

The v l ~  end eb~ brmm a m  8 u ~ l t Y  eeees ln  memo 1 i t M e  

i u l u s i o ~ 8  t~m tim othor  u M 8 .  J5~88t80 a o u n u  ham n~t keen uado, 

but i t  i s  ~ f ~ t o d  N t  umgt d - N  9 1 ~  e m ~ N  $ t~ 10 pe~em~ 

n e n o l l ~ .  

8u811 ~ d ~ t ~ a l  m d u l m  s re  eeumm lu  sane l e u U ~ l e o  l~  the  

~ur~phy~t  they c~ttal~ the eme wmmbbqla ef i~bmeaTnm N t  i s  a 

b~,,m, qaus iUe a ~ .  The mda~  lJmmdKtee m i h a ~  md 

dlsL'but; ~bey 8~u~l ly  m unto ugWrdl4Wmt than ~bo m~qs~diu8 814w8 

a d  . e a ~  o ~  ~ Imq~ m el~ m i ~ m m d  r a f f i a ,  , f lm~ e m e ~  mm 

a p m m U y  ~ a~ • ~ y  ~ ~ d ~  t .  ~ m e n u ~  m m ~ t  
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~ m ~ m a  ~ mtmwd N tkm ~ m IMmmBmt ~ t ~  ~ ~  ~ 

the mmlm~ ~ ~ ko koX]~. I 1 ~  ~ t ~ t  t ~  8 t ~  ~ 

~ S .  1hi m m ~  m ~  mUtP iklm m l ~ t m t ~  d n immk ~ 
~ 6  ~mt~  ~ ~ ~  bm mmmmm m ~  ~ k ~ .  

h met p~ee  e ~  *m ince  e t ~  m t m m ~  , e ,  p m u m  ,8 eie ~ m m  

e~ a n  ~et~ °m l e ~ t ~  ater ~ n i n m  a8 m n l m n  eo m e m  p m m e .  

h ,  ttw pumw am v t ~ l e  m ~ ~ 1  ~ m ~ m w  

e m ~ m  lSm betuem tee e e ~  ~ I t  emb ~etm is ~seeSem~d 

~Y ~ etmtlm ~04ae8 u eke ~ e l  the ~ Ud~ lppe o~ 

te t ~ t m l  et  b~J l tSe  e n l ' a l m l t l e  ~ aui Into e l N  l e m  

'kin' ~ ' ~ m m ~ 4 g ~ m m e ~ ~ 4 v l m ~ + ~ m ~ l , l t ~  utebmeamepelm, t~ 

ad+ mm eotmum JeSm4~ bee ~em!elemm~ eut~ ms eke v tmel le~  

m t t .  zt  dme m e  e m w d  q~ ~ t ~ M e m  t l ~ m l  m t  8 a m m l l ~  m m  

• ee ~kmum~ tee .  eke m d e e t y ~ 8  pmet~ u e b ~  meg. 

O~r uoee ,~ t ie mm. NR1 eul~ 88m0 epuml r u e , ,  e t e ~  

v ~ ~  l~ee. u td~ te men Le eulmst8 ~ ebe Immm ~ et +dUlm. 

zn , e m ~  k,mmm,, *teu* a n  ~ m t  e u l l s  l m m  ~ m l l e n  

Imukt8 UlmUN ~ m m  b i ~ g ~ u k t  ] d l ~  eg tligg, ~ 2n eml  iWsdl 0 

ePmed ~eo • e e , ~  v ~ ~  lepw. ~I~* l m u ~ e ~ 8  m n  ptubee md 

mm21e ~mJlml~b. m l  8 ~ b , 8 ,  umlmm tl~etm,eo el , leer 15 f~ee. 

q~Pee ~ ~  umpe f ~ u ,  l e  f ~e  eo mquul  Wm d gme in 

ch~mum, mnpemme e4mmet ~+m hem t m i s q u ~  ee del4~eeb en lk tS~  

7 
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/ ~ m m M  mzs. mmm dmmmmm ~ ,4 ~ ~  m i m s m e  ~ 
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h 

~tntlm~mte t ~  ~ . , ~ m l a  tlm tram tltmm~ d dt~&m is 

o~mmmS~ m~ unmtN, m t ~ m m m u q l m m m t ~ m m ~  ~ ~  

rz~m~ld4~t a m m t ~  ~ ~adm mm ~ t m  h i e  d I 1 ~  dm~mm~ tmt 

~ u ~ - ~  I m m P ~ M ~ t r ~  m m ~  

m ~  ~mumm~ ~ ~ .  Immmap. Imm~mr ~mmmp amm ~ 

stub~lal w a m ~ ~ , . j ,  m i g m  m m l i l g l M I , o e l M u ,  

mLm ~mm~ u mm~ ~!mmmm~ mm ~ m~mmn d t m m  

tm e t~ mm thMmmm# it .~ ........ i.. - 4 tt~ ~tt~ ~ m  tdm 

• ~mt ~mmmm ~ ~N~mmme m m ~  em w ~  

dd.~. h lJmemmm t ~  Im~.~m~mmt ~ tram U l ~  ~ it 

imp,. Im~tm~ mnmmt, tmmqi~tmUmmtnnmmNwamt me~ 

~J 
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tg l i ~ l l l l d  I l l ,  I I ~ ~  ~ i .  

llltnmql~r, u l  ~ m ~ i  i - i  i i l  i .  

I l i l y  11 W / i ~ ,  l i / l t l i d  

a l i ~  ~ i l i  I i i i I i i 

IIm'anriah i ,  ~ d i ~ i l ~ .  l i W o i  

~ l U / t l l l .  t m t i l i l i  

i i | ~  i i l l  ltl,m,. 

i l , l i ~  i h l  i l /  i ~ l  

' i o l / i  fl~Isss~. 4 t ~ I  i ~ i i i I i 

i ~ l i l i ~ i l l l l l l .  

i i ~ i l  l " i ~  ~ i i , l i l l l l  
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unmgql "qlldlNS~8 llhSd~ MiSnn~ dlNIJ~ i i  ~ gJNgSO d ~18 ~glIplIKmL 

b ~ u g ~ t  m ~ i m e a m ~ ~  M 

m p a e q u ~ L ~  uJm ~ memJam d an 4amman8 i U i m  aa tan 

e u e l o  ~n~nm~ w t m  akeumo,emmqmo, ~ m a m l l  

~eeme el  t~e ~ e m 8 1  m i l e c . e .  

0 

0 

h l i e b o e l l  ~ e e  abet ~ ~  ~ a k  ~ d tam i 
o 

~ . w  i e ~  ~ 8 pCmlul~ pae~ tBUlle . ~  reel.  %t ~ e INmlG 

~ wmmtima ~ ~ ~wm111~ iJ It umnl~, ~ ~ 

w~ ~~.mamm4~Xmllli@ilmm. I M ~ d i ~  

w mmm1~ m~llwm ~ m imwlmm m~mm d mmnw ~ ll~- 

a q R , , m ~ e i ~  a,,, Nn.,e . , ~  ~ d i ~ aun.,n . m , , n e , ~  ,,.,,,m. 

l o  ~ uh£ekee~ ,,,ram ed' ok~ ~ loeell~ wqmddn8 g n l l i ~ i 8  d e~e  
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1,0o0 feot, & ~ eblekmmm le ddJmieult to 8lmelL~9 beemme ef 

the eroded uppUe o~fue. ~ ~  mn ef ~ tlto paqp, atom 

tu d~seSJmt Ideatt~ a a ~  ~ IreYimb nnm ~eK admm tim 

v l ~  la  emly • f e e  f e l t  l d 4 h e  muJ i t  qutek17, 8 r a d u  

tsto tim ut~Lee u r n .  ze qqumm ~ the beaut end ~ N m ~  mud to  

ms'ge and f t n t l l y  piaeb am Ubalm I m  ekme be t ~ .  

1~e 8 r ~  N e e  e m e l ~  d i d m m e F ~ e  0ee ga ~ p i n t a  8JuT~ 

e p ~ n i t t e  mu-Ln, tlm tmum~ ~ m m m l y  ~ e l y  ~ or 

f o l l ~ e d ~  end m 8 8 u m ~ p i u l l y  i t  qNmlS8 am 8 ~ c b g e  um~t  adqmr~11~l 

f l e g  t e u u ~ e  of  a e e e e t 6  ee Id.ut:tm. flma, I~3,w8 in a 8za~ ~ .  Zn 

oeme 8peeimm~ i t  8 t r m ~ l y  ~ ~ f low Jerueisaroo b~t e ~ l  

8~nmtluy 8stare'ally l['Sgmalo lhst i ~ o  m dl~im~rJ~mnql. 

the beeeui~ mid pI Ik iA le~emJ &sUms • dustT ~ eelee, tm¢ sb8 

IndloCluse i'leg eSmtSSq~ nit /m I p ~ N ~ q ~ b l ~ .  ~ o  leock i l  11~boldsl In 

e~met, mid mm m t ~  ebeus t i t  etm pmmdmw LaP a . ~ l l l R .  

1,1attained p l ies  ~ mrs mmmm la ~be 8m~ mm~. ae tlm/~ 

~ammueet eppeagmme tn ebe m e t t e n  ~ m e n w e ~ l T  f~t4aumd ublw 

- ~ t d m m .  upeme ~ ~ e m e  p e q D m e ~ e ~  Jem f l ~ m u ~  8 ~ d ~  

~ Ism~n]anr ,~lllpee/ds el, u a ~ mm~ms4m~ ins 

~ d  : ee  S m m ~ u e ~  ~ t e ~ .  nmmliaa~ a ~  a a m  ~ n ~  ~ m m a ~  lm 

ehe a t ~  ~ n t ~  U~7 ~ ~ 1 eo 3 penmt ef the wek. 

none phmoeaysts in ~snmr n m  qome femud~ wlt ehe bf~elee 

~ a~.ps ~ ~mwm,.tm. ~ U l l m t  ~ ~ anu, Nn~ nmo ~ 

~ memo ~,Nd.~ Imnm, l ~  m t u  aUdsd~R8 bnmh ~ dlmtt 

Nbm' and ~ m R pldbms ~ ~ M e n  8If, rot, ~ o f  ~ ~ m  

~ p'a~, m w o 1 ~  ~ mdU~mmly ~ m m d .  
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The 8~a7 £e~e 8rades  upusrd IJtto ~ w h i t e  sou~,  and l i k t  i ~ s  

lowsr ~ ,  i t s  U~M~r b e u n / a y  p n w s l l y  e m u w t  be p r e o i s e l y  loea~ad.  

The s r a d a t l o u  c o n s i s t 8  o f  the  8 p p 8 8 ~  o~ v ~ r T l i ~ h ~  8 ~ y  m t t s ~ a l  

b e t ~ m  the msdlun Srs7 I m ;  ebsse ine tease  upwm~t, snd the 

propor~iou o f  umdiun ~ umte~d~l  ~ .  ~mrthsr  upum~d eke empire 

rock i s  ve~7 t i s h t  8X~7, n e a ~ l y  ~k i tm.  ht  a f e v  p l a ~ e s  s maJo~ chenlps 

i s  r a t h e r  abrup% t a k i n 8  p l s e e  s ~ g s  abou~ t e a  L~st ,  mid a l ~  

s u c ~ s s / v e  ehanses  eo~t imut  8 b e ~  msd b s l ~  t h i s  h o r i s m ~  i t  i s  8 

conveulen~  p l a ~  ~ l o e a t e  the  bmmd~ry. At most p l a c e s ,  hauever ,  the  

c h ~ s e  i s  8 r a d a t i o u a l  over  s e n r a l  h e n d ~ d  f e e ~ .  

N h £ ~  seue  

at  the top of  ~he ash f l ~  s b s s t  i s  the u h i u  s ~ e .  Thin £ r u h  roek 

i s  so£e  and n o u - r u i s t s n t ,  but  ubsm I p o e e d  co wsaehmrlu$ a h a d ,  

p r o t e c t i v e  laye~r e ~ t t s  the  sur~/~8~ g l t h  t ~ s  T a s u l t  tha~ most  ou tcrops  

8 ~  lust: ,u, p r a s i m a t l y  as do t h e m  of the underlTin8, t ~ t l y  

harder roeks. The ~hLN seem i s  e l  by tbo s a w  rTotem o~ v m ~ i e a l  

t a c t o u i e  J o i n t s  t h a t  mats tbo  8 t W  ssuae  m d  tdboSe 8 s m g a l ~  e e U z o l  thin 

I~ t t era  of ~ t e r o p .  Yas a e ~ r ~  sysUm i s  8emK81~ l n d i e t i a s t ,  

prvbably because of the s n s l l w  mmmt e l  | l a t s a i n 8  af  m e s t l l u a e s .  

~ ~ , d  . , d . ~ m j  are l l m m ~ A  ~ m ~ ImP.  I m m u i ~ r ~  lira 

o l l  e o l ~  as ~he ~ a t h e r e d  p ~ y  mum. Mmurd the l a t b ~ e d  s e s f a ~  

o e ~ u ~ .  55~ f r u b  mmJaee i s  v ~ y  l i 4 k t  8 u ~  ,to ~d~tte i s  e e l w .  1~e 

~ i ~  s a m  ~ a ~  t~ieSnmss e~ pesSuqm S00 Jose,  msd s s e m S m  too 

t:o 300 feet .  

/,q 
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~adatlotutl low~ eoutae t  8rid the  egudod upper sur~¢oo. 

The vt, lte plisse ~m~Lsts  e f  pbmoe~sea  see im 8 very l iSbe 8rs7 

to white, sphanltlo mt~rlz. Zn gram81 mo 1 ~  sumenee is 

~ I b L o o  sad the INJe~ b~8 • ~ ms881~ eU~stwn~ Isut ~ tho 

toe~ 8rmdee dowmzd into tbo 8 e ~  Bbsm~ a d i u e e t i u a m m  i ~ e S e l a e  

l s ~ n d  s u m e m m  beemss d i s t i m t .  1be belk eg the ~ t i s e  ~ i s  

f i n s  md tmJSk, ye t  Lts fresh smtmm i s  s s~dm segt .  ZU ~ e m  

i s  b a ~ l y  din So e#7#ts iZismtim m S m  t t m  w l d i s s .  S p b m ~ l t m  

8rid IrreSulmr .dupod ~ of  f tne  ~ m mbmdsuto t t  

snt~ thac Ute 8rmmdu~ is eeu~aseeb~y etysUllisod. 

l~miee l~qpmut8 m ~ !  ~ m ' ~  o l l s b t l y  f l s t e m o d  

iu eee~ase to the u m  ~ f letUmd i~11nsecs l m ~  in tide 

~etloa. On tim ~ surfsee Ibs pmlee f~qmnts m r e l y  the 

~m8 eolor  u the e ~ l e e i ~  reek,  m d i a  m plamm they m d i f n m l t  

to dlstLnpsis~, l i m i n g ,  ebs f suSmms w s t h ~  eo 8 ISShm sba6s md 

8snm~11y scrod eut 81eee~y fa m J ~ ,  59felt 8 m ~ b i l l ~  eo 

,~uMwlms v u l u ;  in m p l u m  ~ ~ N ~ l d 4 y  m~ 

.a N r ~  I~ , ,~n~ml l  ~1,~ N~I, ILe~ ~ eleedume ~e~  ebw e b n e  the 

same r e s i s t m o e  as the rock ~ smTemds t ~ n .  %dmolltbs eea~se 

8b~t I to 3 pemmt of elm sNk. |lUpee~d81 8s8 esvlties see h i r l y  

eemmap eenne m If~ed mr f i l led ~eh eros11 quints e178tab6 md oehen 

am fil]ad vlt~: liSbt 8n~ to bee~m peudms7 ussmsLal. 

en75~s b u m s  u = ~  a t  I r e  e leeed~ 8 u d m l l y  dmasiu8 ~ a ~ J o m  

bs~m eo deZl derk Jmm, eesposed dtlefl~ of i ~ e  eside. ~be oet~ 

pbmoer~ts rmsin fteeb sut mdSssUd bY e i~n t ien .  
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Xn mmoet p ~ o  r .~  ~,(hlss n e w  ~ ~ Imam ¢m~llr ~ U m d  

L~m'Ssly ~ by ~ m ~ a a .  Ilm, wlmm~o a i l ~  ~ t l L ( m  d ~ ~mLta 

~mt ~ t  ~ ~ W L 4 ~ .  m d  ~m ¢mmm ~ m / t l r  o~ ~mdm Irhm~ ¢8 ¢m 1~mml7 

Irsm ~Nmmm~ n m n , ~  ~m ~m/ss mmmmm t s  ~l,m~m/,m~ ~ m ~ ,  ~ 

~mmm ~m ,mmm~/t~m mm ummm~, lamm W , , m ~ m  ~ ~ p m ~  ,,~ amm, 

~e nun been rapped m s .  e q J n N n  I / e .  

Z /  
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Pun~,e e~ap,t.:, 

Fie ld  oc~rreuee and d£e~cibution 

l~tSb: c:olmred cosx~o~e Lnelv~Lone am~ l o c a l l y  abundant Ln ~ ILth£e 

part:e of the dactt:Ic ash flow 8beet.  ~ ~ e  r e ~ n l s e d  and b ~ l e f l y  

deaczibed by H. P. Pq~ce~m and others (1951, p. 42) as i~11o~:  "Xn 

sore ver~ clean entre, uhs~ appear to bo t~e ehad~ eutlinw of  

daeite i ~ r ~  rare v/~ible,,  amSp~in8  that I m ~  of ~ho :reek iJ  a 

t i n , l y  w lded  a u l e m ,  rate." The f t ~ l m n t e  arre lent teular  and ev~ldal 

in shape; X d  ~he ~o~ ~boy are meetly e~uidium3~iem~l msd dmmmurd 

they are psrosreseivel~ f la~.enml.  Noe~ of  ~ ras ,~  f ~  e ~  to 

iache~ in r~e£~ l o n ~  d L m m r i ~ ,  bu~ ~ l~ r j~ r  and mmU~r  eime8 

az'e eemoa. In Im~ra l  eheir U 4 N  eoler ~ with ~ e L t ~ l y  

darker colored d N t ~ i e  ,m~. /~ .  ~ of them eeoc7 q ~ r ~ d m t e e l y  ehe 

m u ~ , , b l a ~  ef  ~ a o e r ~ U  in  ~ the m p r e t ~ t i e ~  ao ~he ~atzL~, 

and exeW¢ ~ l~nir l i sb t4~  c:olee egsN~r to be p ~ l y  ~dm m :reek. 

Lenci~1~r i : ~ l ~  of tk~e ~ m qq~nmtl7 verj ~ Ln 

aeh rieeeheeea, a ~.we~ i~e imlnU l~Imtum~ieemdaNerUm meb 

l e ~ i e ,  bzr t r a s m ~  u e  ;mraba~, ~ IS ,  p. ~ I ~ ;  ~ktba~0 I~M, 

p. 1A$5; k l e i n ,  19~5, p. L l l ~ l ~ J t !  ~ ,  1957, p. S~-~8, ~ .  17! 

are of rue ~r~~ e3qvee, "Z) e e ~  pudee 18.e~ezee, feeus4 o~ 

f l ~ t e n e d  end wldod N and m J a p t l l i ;  ~td | )  l i l d ~ p h ~ m l  

~ n e i e l N ,  ~ 1,7 ~ l o m ~ m  In ;mini peebete." ( m m u ~ ,  195~, 

p. ~o5).  unrtin m l ~ e ~ N ~  ebbs I o  u m  eppee mm m u m e l y  ~ 1 ~  ~a 

tppemrm,ee rout d~f~md,  t eo ~ f d m J ~ t ~  flSUn h o l t  e S m ,  e,d lm ~ m e e e ~  

: . ~ £  ~ - - - ~ : ~  ~ . _ ~ ' ~ : ~ [ - ~ . :  : . . ~ - ~ _ - - ~ - - - Z .  - ~ . -  . . " - = -  ; - : ~ = ~ Z  ~ ~ '  : . - - - ~  ; .  = . . ~ - ~ - ~ - ~ s ~ . ~ - _ - - ~ ~  - ~ . .  ~ : - ~ - = -  ' ~ . - -  . .. ..__ • ~! 
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c r i t e r i a  for  ~ L r  r u o ~ n i t i ~  (p. ~ 0 7 ) .  & l ~ s h  ~ l~I r  ~ I S i ~ a l  

tar~uros haw, b~m o b l i t ~ r a ~ l  I ~  g e ~ t a 1 1 / a ~ I o ~ ,  ~ p ~ U  ~ J ~ / a 7  

of tb~ l s u ~ t a l u  ~ ~ dmLte d Mm G l ~ o - S ~ m ~ o ~  ~ S / s s  w e  

, ldored by She ,~£emr to be ,m11~s~ ~ 1 j e / s l e s .  5ks p s / ~ i p e l  

mrl~,~nc* n~c t i ~S  ~ ~ is ~ alto: Im~t~lss N,~a~m ~ u ,  

p, m i ~  i ~ l ~ .  

are uoat common in the dLttO and FaY so los ,  ram, in  ~O ~ n  a~ss.  a~ l  

absent i n  ~ v i~ ro~h~o  am~ b~ la l  ln~ff. Mm~vq~, ~ ~ d s a s a ~  

va r i e s  within th~ ~hi~s a~  ~ay ~ I  in ~ l~mallt/ss ~ ~ I m  

near ly  ouo-fo~r~h of tim ~ k .  and tu of~Sr pLs~oo they ~ e  ~ .  ~n 

~eneral  the l e n t / ~ l e e  are  eepoeLsLly d m n d a ~  i n  the  a r m  of  8uper£or 

and Devi ls  Cauyn ,  and in  the  a~m8 of  Phseo Ga~Jk, ~8boesr Nmmta/n. 

and ~rloinlties. BuLsmrd they bosoms m~ro t u n @ .  a~/  u s a  Globs 

I o ~ ! ¢ I o s  are ~ r a ~ i ~ m l l y  a ~ m S .  

~m~on. ~ n s N u i ~  l a )~ r s  of  d s e i t e  may ~ ~ m s 1 7  a~H~r  tO eouUin  

v i ~ l y  d i f f e r ene  ~mmnts of  pun /m ~ a p m ~ o .  ~ ~ ~ a dl/slUnme. 

cmrr~/n Layers ham Itt l~ly p i t t ed  u e s t b ~  ourfMSO, tim p i U  reln~Nn~inll  

~eath~red-o~t pumiee lud~eLee .  ~lJ~eeue l~mrs  above and belov show 

few or no p i U .  Ae 8po~  ~e~ess£bl~ fee el~eez mumina~Lo~, b w e N r ,  

i~ ms f~nd ~ ~h~ edJaeeet ~ eent~f~ Just a ,  l w 7  len~l~1oe u 

".he pil~tr.~l la3~rs,  mad L~ute ~b8 d / ~ ~  in ~ Lo eause~ by 

i-i 
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the character of  qd~ utatherinS.  1[be undsrlytns emem of ehl8 ~ d d ~ r t n 8  

di f fonmee  l~J n,~ k ~ m .  tlWrJ//4 81kgq48  ~t s q ~ f ~ q  M l S p s ~  to 

deUunlno ~hotr d i ~ n ~ o u  hs~e i t  bsen gmcc~88fu1| tbo toe.fly 

dlaelneei~ ia~eN emmenly Leeo ~ Idmti~7 ~bsn trema ;aeet~11y, 

ire inmmes~la, end ~ ~ be d l e t l u ~  m eut~md s1~ee. 

O!~ . 

. 

w'7~uEn,~ o f  mnepmMm ~ M p m t a  

z,, ~b,o ~ ~ d t ~  ~ e m , .  ~ f t ~ m ~  m d  u be 

~sez'ly .,q~uLl~Hmmmi, io,nil  in  ~ m d m  ~ p, nmaUm'm'~nl erimlJ~rdm, 

lu ~ ~6.1n a ~  ~ ~ ~ 8 J . ~ Z y  nature,d,  

cr~ldal  ~hepoe, ~ a n  ~ l e m l J  ~ ~ ~ dlmmmtmb ian, ~ bmei... 

nnonUl pbms. lU~rZbR' ~mmaum~'~ll IbO | ~  ~ ,  uu8:¢1 1 1 1  &met 

s,,nese 8r,~ ~ms, tb,~ flacmul,s8 ~ t m e m m  ~ m d e ~  t ~ g m a u  

a ~  am'a~mn~ ~ ~ laman. ~amanz ~ 1 . 1  ~ ~ k ~,,w, meeN~d 

by • mire eoaar, i.n8 ~ befimonlml ~ ~ .  awl t tnmA~ ~ ea~ 

p l ~ l y  dialaTpQai,z'. 
cross m e t i e ~  of  ~ r ~ m m  ~ W ~ e 4  em ~ ~ so ~ s  

. . . .  ~ - 1 .  ~ ~ eke f s m m m / ~  f l ~ , o n t ~  are p r a ~ t ~ s U y  ~ . , - , , .  _ 

18 a f o l t s t / o u ,  nee a ~ l ~ m .  t o  ~ ode ~ 8uSg~eo  chat 

• h l l ~  the t r a g m . ~  uero ~ S ~ J  m p l m d  ttm d~posfX w o  use ~ Leeerel ly  

t r y ,  end lmJds ~o ebe em, s t l ~ e m  ~ t im uosmr la l  ~ d s b r u s 4  

only in r sWeem te  ~ v e r e l e ~ l y  8 u p w t ~ m e d  l ind .  

alehoush the dmmmrd trend 808n8 t~o ~ o f  • ~ ~ e  im- 

a r o u e  In f ~ t ~ t n ! n 8 ,  in  m~  ~ ~ f, ntd/vtdml h,  e p m n ~  

v~deZy i~, the m u s t  o~ f t a ~  a n / ~ t s p l s  ~ ~ So m~ 

sufJ~l~/,ont t~O ~ n O  4tf ~ ~ ~ ~ ~ :J~ 

8 y R m s t i o .  ~ 1  ~ ~ m N  • ~ t S t e k S m  e f  elm 
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Cb~t the f ~ t ~  t ~  m i ~ ~ i ~  of ~ 

O 

% 

• ilss~l~L ~ l i l l l l / l l l l  

i n . ~  . ~ w  ~,m , i  = . . , , . . . i  i ! ! m i l s  u s i ~  k .  l l s  i i  ~ 

m . l l i ~  i l  ~ . . . s i , i l l  . l l  . l l l l l i .  

l / . / ~ i l ,  l l l l i l l  
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f l a t t ~ i n 8  r ad io  ~ ~ p t ~ i ~  ~ i s  ~ ~ n o d  ~ ~ 8uo 

of ~ i ~ d u a l  f l a t . l a B  ~ .  i b e  ~ t l ~  n r a t ~ ~  l~oeiel~n 

M. riS~re • s t e m  the  r e l a l o s  b s m u a  ~be ~ f l a H e u i s ~  r a t i o  

and the  s e r a t i S r ~ p h / ~  l ,m~t  f~"  S4[II ~ ~ N,~l, .osa t~  

pa tes  o f  ehe ash  LrLsw I d t ~ .  Tb8 5JMt~t/4J~l ~ 18 ~ 

d~r~m~t  a b o ~  ~ bum.  md ~ b e e / m e e ~ l  s e a l s  d,mm t i ts  f l a t U a i ~  

raZlo p l o t ~  on a lolI~rlt~u/~ 

The eurvos show t h a t  t&e m s ~  L 5 8 t t e ~ 8  ~ I W O S r ~ £ v ~ l y  i n -  

• r e a ~ s  dmmmrd / n  the  s o e t / ~ .  8SrusS S8, ~ .  sad  J£  £e~a n s s ~ l y  

s t r a i s h t  l i n e s ,  m d  ~ SC ~ ' ~ d y  S L t S ~ l y .  C ~ N  n ,  SO, 

jl~, pc. and ItS all 8 ~  o n s ~ y  Its ebe s t u n  d l a ~ ~ ,  ~ h s ~  

app roxJ J u t e ly  the  8m~ muou~ o f  0 1 8 ~ .  ~ BD~ shoes • rmm~ul o~ 

sZop~ adJaoe~t  to  ~ O ~  ~u~ ~ 8  uppsr  and Le~J~ psrt~J reom0bl~ 

the other curves.  

The f l ~ t ~  r e t t o  of  d 81888us~d l ~ j u s u t  i s  a l s o  d ~ m  on 

f i jure  r to i l ~  ~m d ~  of  ~ s l u s s  a~ 8 u h  l o e a L t ~ .  Tbo 

st~mdard d,m~-~ton has been e a l e u l s d ~ J ,  and t$  ~ e o n f i d o u N  IJbsits  

based o~ the  d i s ~ r l ~ t i e u  o f  eeeh a N u b l a p  a n  t n d i e a N d  em ~ d J a w m s .  

In s e l ~ t l t q  ~ ~ ~ ~ s s e s v ~  lhml~SS~ .  ~ a ~  ~ 

ta]~m t h a t  the  e u p o u d  su r fae8  Lo nmmml m ~ p l a n s  o f  Id~ fl, a~t~mL~! 

~ ~  the  apparen t  ~ o f  MuJ Lhuqtnsues v~tl l  be ~ L s r p ,  end 

, ~  oaleul, a t t ~  f l ~ m i z ~  r a t i o  ,MJA be l a s s  . ~ -  t t ~  ~ ~ I t m .  

suitable ~ ~ are mn p i n e a l 1 , ,  f ~ ,  i n  adder.Lea to  ~dse u q ,  d , z~  m ~ -  

~ 1 ~ ,  ~bs ~ uu88 ebeu a s l e e t  c e n t r e x  ufah  ebe U S t r i L  

j 



0 

8 ~ u r a ~  ~ .  An opel,  r a m  d n j m e  o f  w a n e h e r l n 8  eu  ebe  S u d N e  

r e q u i r e d ;  ~ ra,7 b e  ~ ~  e b 4 e u r e d  am m m  u m e t u m d  ~ 

p i~ .  ~ ~ pldmu ~ pie8 n ~ l e  ~ ~ ,  but in 

~11~ ~ to be ~ ~ ,  ~ m~1~ ~ a ~ ~ 
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In£erences d~rlved from cl~ a~wa~te r  of the f l a t ~ n L n 8  curves 

i!. 

/! 

As the slope of most of thQ eurvss of  ftKuro F t l  n R r l y  un i fo~t ,  

the ~ w m e : d  l ~ : t t t e  of f l a | ~ t i t J  8 J t t  ~ on t~J eOuJ~tnt |y  in -  

c reas in8 fac to r  o f  ~ e  ueishe of  8ho o ~ e r l y i n S  m n e r i a l .  The 8 re s t e r  

t~e mount  of  over ly in8  u a t e r ~ l ,  IbO 8 r a ~  w i l l  be the f lateeu~n8.  

The steady, u n i n ~ z ~ I p t e d  i m r o u e  i n  f l a e t eu lu8  ou m e t  of  tim eurves 

suKsIs~s t ~ t t  ~ e u ~ i z ~  m8~8 urn8 d q ~ S i t 6 d  f,n 8 t ' q l l a t £ ~ l y  ~ el~llS. 

and a o l p r i m  e s s e n t i a l l y  • 8 i n s l e  m l t n 8  u n i t .  I f  tb8 u u d s ~ l y i u t  

ma~er i t l  had eoo lod  to  r i S t d i t y ,  i t  m i d  have remained m a r l y  undeF~msd 

b7 8 u c 4 e s s l ~  ~ .  I f  au ewlJmr  mmp~on hod ~ • eeudt t ion  

suff£e/mn~ly z'£8~d t o  L~rLsc ~ ,  8bo ~ e u ~ 8  m i d  

show 8 r ~ s s l  b o e I ~  the  undo~l~n8 t r sgssnW uould be Lwo defemod. 

Bele~ the break, sueh a t u r n  ~ s l d  be m p ~ s d  to  ~ ~ts  8mukssl 

~ m r d  s lope.  A pe r tLs l  emmple e~ t h i s  type i s  eurve D a .  / ~ q ~ m t l y  

~he f r a S n n ~ s  8e ~ 8  $ had I r e  re~/d~anse 0o d s f 0 n m t i e e  ~ ebNe 

• ~ ~ ~, probably be~m~@ ~ uu~t Omelet1". ~ ~ an t - i l l  

As ~he break i n  h ~ ~ but  m m l ~ ,  i t  i s  l i k s l y  I~olt. ~ 

i n t e r v a l  ~ s s  s o t  very  1 o ~ .  Ihv~dss~  ~ ~ s  f i e l d  ~nd i~eam ~ L ~ L e  

Srm~ty  data  mqiql~t ate o p ~  ~ • ~ ~ in d l ~  

oeeun~d in  t~e ~vi~bsit7 e f  eoe t iou  8d~, b e  8hie i t  i s  m a u ~ r  

nor £8 t~: l ~ t e r a l l y  veery e u ~ a ~ . .  ~ 8 m S ~ a l  t h e n ,  ~ I d m ~  o f  ebo 

f ~ a t ~ m i ~  ~ of  fiSut'e r p~,~e&~, em~inei~q~ ~ p p e r t  ~ I o  

I 
I 

!J 
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The c u r v e s  o f  f i g u r e  F a r e  romshlY p a r a l l e l  t o  one a n o t h e r .  T h i s  

s h o ~  t h a t  t h e  £ 1 a t t e u i n g  l n c r e a ~  downward a t  a b o u t  t h e  same r a t e  a t  

d i f f e r e n t  p l a c e s ,  and  i m p l i e s  s / m i l e r  p h y s i c a l  c o n d i t i o n s  w i t h i n  t h e  

s h e e t  o v e r  a wide a r e a  l n n m d t a t e l y  a f t e r  i t s  e r u p t i o n .  Tha t  i s ,  

t e m p e r a t u r e ,  p r e s s u r e ,  v i s c o s i t y ,  p o r o s i t y ,  and  o t h e r  p h y s i c a l  f a c t o r s  

a f f e c t i n g  f l a t t e n i n g  were  p r o b a b l y  more o r  l e s s  u n i f o r m  gram one l o c a l i t y  

t o  a n o t h e r .  

The amount  o f  f l a t t e n i n g  o f  t h e  pumice  f r a ~ n t e  i s  a p a r t i c u l a r l y  

u s e f u l  measure  o f  t h e  d e g r ~  o f  ~ l d i n g  o f  t h e  t u f f  b e c a u s e  80 m ~ h  o f  

t h e  o r i g i n a l  g roundmass  t e x t u r e  h ~  been  o b s c u r e d  by c r y s t a l l t s a t i o u .  

We may a e a m u  t h a t  t h e  more t h e  precise  f r a g m l n t 8  a r e  f l a e ~ n e d ,  t h e  

more i n t e n s e  warn t h e  ~ e l d i n g .  I f  g h i o  i s  a v a l i d  a s s u m p t i o n ,  t h e  i n c r e a s e  

l u  t m l d i n g  i n t e n s i t y  c o n t i n u e s  d o w u ~ r d  u n t i l  t h e  pumice  g r a M m n t s  a r e  

c o m p l e t e l y  f l a t t e n e d  and  a r e  r ~ t ~ n t ~ d  by s i g h e r  a ~h£n £ i l m  o r  a r e  

n o t  d ~ t ~ t e d  a t  a l l .  For  a ~ m p ] ~ ,  gh£e c o n d i t i o n  I s  r e p r e s e n t e d  Jm~t 

b~low p o i n t  SHa7 on eu r1~  ~ .  ~ g ~ f f  l y i n g  belOW ~ h ~  p O i ~  iS  

"demml~#' w s l d e ~ - - t l m  o r i ~ l ~ a l  p o r e  sq~um ~a8 ~ s s ~ n ~ i a l l y  t l / ~ n a t s d  

by p rocess@s o f  cmsp reS~ ton  and  ~h~ lon .  The t u f f  l y i n g  abov~ t h i s  p o i n t  

shows v a r y i n g  d s ~ r e e s  o f  p a r t i a l  ~ l d i n s .  Tb~ e u r u s s  o f  f i s u r e  r ~ o ~ ,  

f o r  t h i s  depoO£e,  t h a t  demm ~ l d ~  i s  n o t  a t ~ L i n e d  u n t i l  e w ~ r e d  by 

f r ~  ~00 t o  ovur  1 ,000  f e e t  o f  I S ~ r ~ a l .  ~ sny  d e p o s i t s  a r e  d e s c r i b e d  

i n  t h e  l i ~ a r a ~ u r e ,  houevo~ ,  ~4ujm dsngo  w s l d i n j  iS  a t t a i n e d  u n d e r  much 

m ~ l l ~  t h i c k n e s s e s .  - 



Smith (1960, p. 823-824) has ps"emmte4 a cone£N and Informat lve  

dJ=c~ .o lo ,  of  m l d l n 8  i ,  t ,  f f8 .  ~ the  ~ z / ~ b l t o  a f f e e k i n j  the  mount .  

of  w l ~ t n s ,  he r e s a r ~  the  e e m p e r a m  o f  e a p l a u m o n t  and the  t h l e k n e u  

a8 the  most Lmporean~. H4 vould  mmelu6o tha t  a t h i n ,  h l s h l y  w81ded 

d e p o s i t  u u l t  kava been ,very h o t ,  ~ • t h l e k ,  nommldod dapool i  vould  

have been r e l ~ L v e l y  e o o l ,  a d  so mr. Th8 eurvo8 o f  fLlnre  • d t e v  t h a t  

the dowm~rd ra~o o f  lne~eaeo o f  u o l d i ~ j  i s  r e l ~ t i ~ t y  slow i n  the  dmrLt@ 

o f  the  8 u p e r i o z ~ G l o b e  a r e a .  T b e H  e u r m 8  e b e N f o r e  l a d  eo  t h e  e o u l u s i e m  

thae the  t e m p e r ~ u r e  o f  emplacement o f  t im depos i t  u r e l a t i v e l y  lov .  

The consls~eucy o f  the  f2etCeuln8 curves  ha l  e m ~ a i n  p r ~ t i e a l  

a p p l i m t t l o n s .  For exampla, an ~ eka~qme in  the  amouu~ of  flatt~mLn8 

bet3meu adJacon~ o u t ,  rope s u 8 8 J s ~  Idutt • f a u l t  passes  bet~oen the  ou t -  

c rops ,  and ~hie has provod to  be on t  o f  ~bo few ~ i t ~ r i a  by ~ f a v l t e  

can be i d e u ~ i f i e d  v l t h l n  eho ~8h f l N  shee t ,  lhxrChermoza, f ~ m  

a ~ r a s e  f l a t t ~ n i n 8  raI:~LM on ~ ~  o i d ~  o f  a f ~ u l t ,  a n  s p t ~ o p r i a ~  

curve i n  f i s u r o  ~ w i l l  shay ~h8 sp~rentgmaeo r@la t ivs  oe~8~lJr~phte I o v s l  

of  each of  the  po ines j  and  the r sb7  i t  8 1 ~  an ee t inmt~  o f  ~be m o u n t  

of  throw on ~ s  f a u l t .  T1~in ~M~Md iS net miner, but  i t  does perevlde 

a neanS for  e e t l m s t l n S  d i ~ I s c e s s n e  m here~ofo=e none has been 

a v a i l a b l e .  The a p p r m d ~ e  d l sp lammonto  e i e e d  i n  ~be s e e t i o a  on f a u l t t n s  

tmr@ do~ermln~d by ~ ms,hod. 

~ e  the  ash f low shee t  ha8 beo~ dsmply d l s n e e a d  by eroOion and 

the top removed, the ~ l~ t teu lu8  ~a t /o  may permit  an e~twsee of  the 

former f u l l  t h i e k n u 8 .  Fro~ ~ho f ~ t t t m = ~ g  r a e l o  the  r o l ~ £ v e  8~ra~is raphie  

p o s i t i o n  u n  be d s ~ u ~ d  on m eur~8 i n  f i s u r t  F. I f  • ~ i s  

p r o J ~ t ~ d  upward to  ~ l e f t ,  i t  ~ I I  u l t ~ a ~ l y  ~ m i ~ r u d ~  

-YO 
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point  that  l i e s  aC the o r i g i n a l  top of  the non-eroded s h e e t .  I t  might 

be emptrXcally aeoxmed that  a f l a t t e u t ~  r a t i o  equal to  one would 

represent  t h t l  p o i n t .  Sueh an 888ump~£en, ~ ,  can be made ouly  

wLt~ r e s e r v a e t o ~  ~ m ,  me~ 1) ~ p - a d ~  ~ q n u s : , s  ~ ~ o r t ~ n a l l y  

equXdimena£o~l ,  and rJwdMt u~s ld  b s ~  a teudsney t o  ~ ~ t h  t:k~ttr 

l ens~r  d l J ~ £ o n 8  bor£r~nt s l .  ~ t a r e ,  n e t  ~ e  ~ p  e f  the  d e p ~ £ k  

the  dljneumLs~8 o f  ¢h~t fz"alpmae.8 dO mot u ~ J ~ t r £ 1 y  81m 8 tr'ua r e ,  r i o  

een~at lou  of  the moun~ of f l a t ~ u s o  2) ~ 8be ItOlp 18 ezpeoed 

t~o ~ at:mosphml, eh~J ph~ptmtA 8gud~t imw a f f e e t i n 8  mnmm~ e f  f]m~tenin8 

e8~ be a p o c ~ e d  to  be d i f f o r e u e  ~ e m  e ~ d t ~ i m ~  ~ d e n  uhero ~be 

m t l ; e r ~ l  t8 roll in~ul~tXtd. At 8bo top,  ~ho 8 h t ~ l t n 8  e f f e e t  o f  elm 

~ o ~ e ~ ,  8ns l l e~  ~uperbnpooed Lind, and ~ J n s t K u l ~ i ~ i ~ o  m i d  

i ~  f~ t~ '~J  hsvLn8 ~ m m s r S ~ n  e f ~ e U  mt ebe d a s n e  o f  

f l a t t ~ l i n S ,  b f l J t t t ~ n ~ q  ~mF1J8 ~ould  8 "  ~D~I88J~.]~y l'~ms~n 1 ~  

uaer Zbeir eepe, but w ~ d  be ~ to  dlapm~ hem tlm m ~ l y  e e ~ ~  

behavior ~ a h £ b t ~  ebzou~geU abe ~ p e n  o f  ~be r o l e .  

~ i s ~ t  l n ~ l m ~ L ~ i ~  e n m ~  i~  ~be ~ p u t  e f  ehe m i l l e  

of  f i s u n  Y ~dd~b 8q~pe,Nd~ the ~ U p  o f  ttw delmett, eu r~  

~ . '  It  te  eonelu6ed ~ mw upmn, d psm.Jeeeloe of  else flJteend.sS 

mint be 8~mlptU~Jd by ~n~idel lJ4dt  mme~ddll~yj md ~ a~r g~:Smal~l 

,of thteknm88 by th.4.8 m~hod ~ be 8ubJ4sst to  • ~ i d ~ i ~ b l ~  ez'ro~. 

Howve~,  i f  L~e ¢ u r v ~  wre projemYaJd s ~ b L ~ l y  i n  a o ~ r ~ s h ~  l i n e  

t e  the polu~ ~ the  f l ~ g e n d ~  ~aLt~ i ~  untL~, ~ enn~r~ L n ~ d u ~ e d  

would be 81~t lar  s-e d i f f e r e u ~  ~ i t L ~ .  and m y  ~ / . ' , ' ~ /  ee l81  

t h t c k n N e ~  ~muld be approz imQ~y m r v ~ e  N ~ w  to o m  ,.nether. 

The f la t~en~u8 r a t i o ,  t h e ~ f e w o . - p t ~ v i d ~  • soo l  by uttieh f u t u ~  8tudl4t8 

.3/" 



~ y  enable w orke r s  t o  a p p r o ~ t u a t e l y  do to rml rm th@ o r £ g i n a l  c h £ c k n s s s  

o f  t h e  d a c £ t l c  ash  f l o v  s h o e t  a t  c o r ~ a l n  a p p r o p r l a c o  p o l n t s ,  ~nd 

u lC imsCe l~  ma~ p e r m i t  co r~CrucCton  o f  an  lmopach map o f  t h e  d m c i t e .  
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S p e c i f i e  s r ~ v i t y  

S p e c i f i c  g r a v i t y  s t u d i e s  o f  ash f low s h e e t s  

An ~ n p o r t a n t  c r i t e r i o n  i n  t h e  r o e o K n i t i o n  o f  ~ l d * d  t u f f  d e p o s i t s  

£8 t he  c h a r a c t a r f s t i c  v a r L a t i o n  o f  s p e e i f i c  g r a v i t y  and p o r o s i t y  a c c o r d i n g  

to  d i s t a n c e  above t h e  b a s e .  I n  h i l  ~ u d y  o f  t h e  New Z e a l a n d  i K n £ m b r i t e s ,  

M a r s h a l l  o b s e r v e d  a p r o s r a s s i v a  d e c r e a s e  i n  s p e c i f i c  8 z a v i t y  f rom t h e  

base  upwards  and r o c o g n i m t d  t h a t  t h i s  d e c r e a s e  i l l u s t r a t e d  t h a t  t h e  

amounts  o f  c o m p a c t i o n  and  ~ I d i n g ~ e  a t  l e a s t  i n  p a r t  a f u n e t i o u  o f  

the amount o f  o v e r l y i n 8  m a t e r i a l .  He e l a t e  f i S u r e e  ehoqrln8 t h e  r e l a t i o n  

be tween  s p e c i f i c  S r a v i t y  and d£s~amse above  t h e  b a s e  ( H a r e b e l l ,  1935, 

p.  339, 350-351) .  G i l b e r t  showld  f o r  t h e  B i shop  t u f f  t h a t  ~ b u l k  

s p e c i f i c  g r a v i t y  o£ t h e  t u £ f  p r o s r e s s i v e l y  d e c r e a s e d  from t h e  b o t t o m  

upwards  ( G i l b e r t ,  1938, p .  1843) .  l n low8  (1955,  p .  1220-1221)  has  showed 

s i m i l a r  v a r i a t i o n s  f o r  t h e  we lded  t u f f  e t  C h i r i e a h u a  N a t i o n a l  Nonumant.  

In  each  o f  t h e s e  e x a m p l e s ,  t h e  a u t h o r s  show t h a t  p o r o s i t y  i n c r e a s e s  as  

s p e c i f i c  K r a v i t y  d e c r e a s e s .  Cmupos i t e  d iaKrams showtuS t h t  r e l a t i o n s  

o f  s p e c i f i c  g r a v i t y  and  p o r o s i t y  t o  t h e  dLsr~sne@ above  t h e  b a s e  f o r  

each  o f  t h e s e  d e p o s i t s  has  been  p r e s e n t e d  by Smi th  (1960 ,  p .  826-827) .  

In  1948(?)  N. P.  P a t e r s o n  made some p r e l i m i n a r y  s t u d i o s  o f  s p e c i f i c  

g r a v i t y  v a r i a t i o n s  i n  t h e  d e c i t i a  a4h f l ow  s h e e t  n e a r  NJ~mt, & t i s s u e ,  

on s p e c i m e n s  from Webs te r  Culch  (ti, P,  P a t e r s o n ,  i n  p r e s s ) .  He found  

t h a t  upward from t h e  base  ~ s p e c i f i c  8 z a v i t y  i n c r e a s e s  t h r o u s h  t h e  

b a s a l  t u f f  t o  a umx/~um wa lna ,  i n  ~ ~ r £ U ~ q ~ h ~ .  and  t h a t  f u r t h e r  upward 

i n  t h e  ~ i t h t c  d a c i t e  t h e  8peeifie 8 r a v l t y  r e m a i n s  c o n s t a n t .  He n o ~ d  

t h i s  as  s d e p a r t u r e  f rom t h e  no rma l  e h a r a e t e r i s t i e s  o f  w e l d e d  t u £ f  b o d i e s ,  

and t h i s  h e l p e d  s u p p o r t  h i e  e o u e l u e / ~ n  t h a t  t h e  body  o f  d a e i t e  i e  o f  

¸ . . . .  
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a d i f f e r e n t  t y p e  t han  w t l d e d  t u f f  ~ p o s i t e  d e s c r i b e d  i n  p ~ e v i o u l  l i t : e r a -  

S u r e .  

P r o c e d u r e  u s e d  f o r  s tu4yLnS  s p e c i f i c  Srav££y 

The a t l  o f  t h e  s p e c i f i c  S r a v l t y  s t u d y  im8 t o  l o a m  boy  i t  ~ t r £ 8 8  

from top  to  b o t t o m  and f rom one  p l a s e  t o  a n o t h e r  i n  t h e  d e p e s i t .  Any 

s p e c i f i c  g r a v i t y  v a r l a t i o n s  s h o u l d  .~14p i n  i u g e r p u t i n 8  ~ ~ r a e t ~  

o f  t h e  a sh  f l ow  s h e e t  and  £n mul~rM~sdLnB i t s  ~ h o d  o~ ~ ~ t .  

s p e c i f i c  S r m ~ t l e s  o f  s p e e l s m w  ~ o Z l e c ~ d  l ~ s  v a r i o u s  l e v e l s  o~ 

the d e p o s i t  v e r e  mmmu~sd.  Y h e l r  X e e a t l m m  a r e  shown on t h e  map o5 

f i s u r e  N. F i g u r e  ~ sheem t h e  b u l k  s p e c i f i c  S r a v i t y  o5 each  apse /men  

and i t s  s t r a t i s r a p h i o  dis t~sa~e f r o ~  ~ke b a s e .  

Xt ~as ~.@sssry to ~ k e  s LarDs msd~r o5 specif ic ~ a ~ L t y  do- 

terminat ions,  so a quick and slap1@ pt-eaedmre ~ms essen t ia l ,  m n  r~aulih 

i t  n t i g h t  s a c r i f i c e  soma a c c u r a c y .  The ~ ¢ h o d  ~l~ZeeZed ~ ~o 

the b u l k  s p e c i f i c  ~ r a v l t y  o f  t h a  r e e k  ~m • o J ~ p l e  beam I ~ v t t y  b a l a a e e .  

The r o c k  va s  s u c c e s e t ~ l y  b a ~  l =  a i r  s a d  r ~ m  i n  v s t e t ,  s a d  t h e  

d i s t a n c e  o f  t h e  r o c k  f rom t h e  ~ u l s r u m  a t  o a t h  b e L a n e i n 8  u a s  umtd £o 

ca lcu la te  the s p e c i f i c  grav i t y .  YheR v a l u e s  of  epeeL~ie I W ~ i t y  are 

n o t  n e c e s s m r i l y  h i s h l y  a c c u r a t e ,  l in t  t h e  a e e u r a e y  18 s u f f i e t e m t  t o  show 

the  ~ e n e r a l  ~rend  o f  s p e e i f i e  8 r s v i t y  v ~ r i i t i o n 8  be tween  ro~ks  f rom 

t h e  b o t t o m  t o  ~ba t o p  o f  e~e d e p e e i t ,  t ~ o a ~ e d  d e e e r u i n a t L o u s  on s i n s t e  

s p e c / ~ n s  s h o v e d  r e p r o d ~ a b i l i t ~  t o  a b o u t  _+0.0~ ua i t s ,  and d a t ~ t m t ~ s t i o n s  

on d i f f e r s n t  s p e e / ~ e n s  f rom t h e  r ams  l e e e l i t y  u e r e  p u e r a l l y  a o e u r a t s  

t o  w i t h i n  + 0 . 0 3  u n i t s .  D e t e r m L n a t i m m  ~ l e s s  a c c u r a t e  on  t h e  p o r o u s  

r o c k s ,  b e c a u s e  as  soon  u i ~ m s r s e d  t h e  s p e c i m e n  b e ~ t n e  t o  a b s o r b  v a g e r  

and t h e  a p p a r e n t  w e i g h t  c o n t i n u a l l y  i n e t m u m e .  T h i s  e r r o r  ~a8 p a r t l y  

i~ll. 
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o f f s e t  by looso sur£sce  n a t e r L a l  s l oush lng  o f f  dur ln8  / m ~ r s i o n .  

H o o v e r ,  a f t e r  some p r a c t i c e  on the epparacus an approx/mate bs l snce  
\ 

could  be ob ta ined  almost  i~sBdLats ly  a f t e r  / ~ a s r s t o n  of  the  s p o e / I s u ,  

and the  spoc i f£c  g r sv£ ty  va lues  m t h e u ~ t  to  bo r ea sonab ly  a c c u r a t e ,  

a t  l ease  r e l ac£ve  to  ono ano the r .  Other poss£blo  sourees  02 o r r o r  

would be from m n o l l t h s  o£ appro~tab ly  d l f f o r ~ a ¢  S l ~ £ £ 1 e  ~ a v l t y ,  and 

£ r ~  poss ib le  m~S i~s ide  a s l m e ~ .  ~ e  ra21nod m t h o d s  mol ld  

undoubtedly  y i e l d  more aceu ra to  r@Sults ,  but  the  a d d i t i o n a l  a p s n d i t m  

o£ t i m  would r~ t  be ecoo0Lt~al  in  # ~ n i n 8  ~ho 6 s s i r o d  ~ I t s .  

P o r ~ i c y  

G i l b e r t  (1938, p. 1842,..43), IkJ.mm (1955, p. 1220-21), amd It. P. 

l ~ t ~ r s o n  ( i n  pr@ss) d e t 4 n s l m d  ~ks p ~ ¢ y  as w s l l  as tXo spee£f /¢  

S r s v l t y - o f  t h e l r  s p e c / ~ n a ,  l in~S  ~ t y  dot~r4dm¢£ou i& • t / ~ s -  

c o n s u m l ~  proeeduro .  I n d l v / d u a l  poSq~lty ds~srm/mtt iouo were not  sods  

in  the prssen~ s tudy .  Ho~tvor.  t he  peudor deus / t /4m of[ the  r eeks  

subm£ttsd f e r  ehmde~al a n a l y s t s  ~ ~ n S d  by ~ ~ 16Ok 

A w l y s t s  " ~ b ~ a t o ~ y  o£ ~ s  U. 8. ~ l ~ a l  ~ n ~ 7 .  sad  ~ m s k ~  

in  £sble - -  . XJ~ both ~ d o n i l ~ y  mid k l k  Iq~J~LfJL8 8f ra iL ty  e f  • 

roek i s  k n ~ ,  i t s  p o r o s i t y  u n  be e a ~ , ~ t o d ,  mid t im p e t o s i t y  b s ~ s  

• s imple I m  r e l a t i o n  to ebo bulk, 8poeL£1e ~ s ~ t ~ .  ~bs 

cur~e8 02 f£SUre f~2 •boy ~ rOld~rd~ o f  I m ~ t t y  ~e bulk sp@e~f~s 

8 r a v l t y  bao~d on th~ ma~asn~ = ~ ~  ~ 8ss~s ~ ~ ~ ~  

o~ t~ble  - -  . Zf a p roper  ~ I ~  / ~ . o o L m t ~ d  2 ~  t~s  ~ ~ m s l t y ,  

p o r o s i t y  of  a spoe/s~n can bet dRsrm~nod dgem ~ 8G2. 



. ?  

0 

VtrLtt/~ns e f  s p e c i f i c  Brevity 

The curves of  f i ~ w e  SC s h ~  how epeeS f i e  8rari ty v ~ r i . .   eor .s 

Co the l eve l  02 the 8pecLmsn an the  s h e e t .  £ s e p a r a t e  curve i s  shown 

for  each s e c t i o n ,  wLCh s ~ i f £ e  Mravi ty  ~ ~h~ h o r i s o n t a l  s c a l e  and 

d i s t a n c e  from the base a s  th4 VUTtieal m~ale. The Xoeation of  each 

s e c t i o n  i s  shorn on f i g u r e  M. 8Lnee d i £ f e r s n t  s e c t i o n s  have d£f2eren t  

th icknesoos  o f  non-welded t u f f  s t  the base ,  she loveruos t  eample t s ly  

~ I d e d  v i t r o p h y r e  I s  a r b i t r a r i l y  Se l ec t ed  as  the  or laLn 2or the v e r t i c a l  

s c a l e ,  and d i s t a n c e s  a re  shown both abowe and below the se re  horimon. 

In a t y p i c a l  s e c t i o n ,  wi th  nemmlded t v £ f  4nq~eed a t  the. base .  

the s p e c i f i c  g r a v i t y  i n c r e a s e s  upuurd to the  v t t r o p h y r e ;  t h i s  a ~ e e e  

with N. p. PetarSOn's  obse rva t ions  (p. ) .  This  upward i n e r e u e  in  

s p e c i f i c  g r a v i t y  appears  a t  the base o£ s ec t / one  QC, I~M, C~, IfC, gO, 

and DC. A s i m i l a r  i n c r e a s e  I n  sP4~ i f l e  pmrLcy  use a l s o  rsaord4d by  

Harebe l l  (19L3~, p ,  3~) i n  one of  the  Mew Zealand s@etiono ~ 1  by Maltose 

(1955, p. 1220) in  on4 o£ the  C ~ t r i s a b ~  s e e t l o n s .  P r o ~ s s l n j  ~ e a r d ,  

each of  the speci21c IPravity curves  02 f £ ~ o  SC has i t s  ~ indLv/dual  

shape,  buc c e r t a i n  8euOral eherec tgr / j ( rLas  i n  betutv~or ere  no4~d. ~n 

s e c t i o n s  where the t o t a l  thick~utse ~ d o  about  600 f a c t ,  the  speeX£ic 

g r a v i t y  remains n e a r l y  cons tan t  wi th  o n l y  minor v a r i a t i o n s ,  u~t£1 c lo se  

to the, top i t  besins a proKrsssi~e du~'easo. In  m 02 rJut th inner  

s e c t i o n s ,  such as JR and NG, the 8 p @ ~ l ~  ~ l t y  h e S ~  to  

r i s h t  above the v/trophyz.e. Zn ~ O~ the ~r~mg,  the d i e ~  a t  the 

top i s  c o n s i s t e n t ,  and thov8b in  m I m m o  • s l i l ~ t t l y  e~ra t io  l~U~lm~n 

i s  noted,  i n  a l l  but  l~a  ~ 4  ~ l i ~  l ~  ~ n s r a l l y  P O r s L s m t .  
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At t he  base  t h e  l owt s¢  v a l u e  o f  apee£f£G 8 r a v ~ t y  r e c o r d e d  ~ s s  1 . 8 ,  

and t h e  e p e c l f l c  g r s v l t y  i n e r t a J a s  e l s m r d  t o  b e ~  2 .~0  a n d  2 . 4 5  i n  

t h e  v l t r o p h y r e .  I n  some s e c t i o n s  tlW 8 p a c i f i c  K r a v l t y  ~on t£nua8  to  

I n ~ r a a s e  upward above  t h e  v l t r o p h y r Q  t o  r o a c h  v a l u e s  o f  2 . 5 0  t o  2.5A 

£n ~be brown and  8~ay wanes ,  I n  ~ 8T and SH t h a  8 p e a £ f l a  8~av£~y 

r e m a i n s  c l o s e  t o  2 . 5  foz  ov~r  1 ,000  f e e t .  Zn clw o t h e r  t h / ~ k  s e e t L o u s ,  

such  as  QC, KC, I)C, MPI., and  ]P~I Idw ~ i f ~ l ~  Ipr~vLty pe~s i j l r~  above  

2 ,4  r.o r m a r l y  r .h.  t o p  o£ t h e  ~ e / ~ m .  q ~ .  m~no~ £Xuez~mr.tsms o~ . i m ~ I f i c  

8 r a r i t y  on t h e  v o r t i c a l  p a r t  o f  t h e  c u r v e s  a~e p r o b a b l y  ao~ o l a n l f l m m t ,  

b u t  i n s t e a d  re£1ec~  ~he i n a c c u r a e f ~ 8  o f  t h e  p r o e e d u t ~  as  d l a c u s ~ e d  above .  

~ o v e v e r ,  ~he p o s e l b i l i ~ y  s h o u l d  be  a l l e m ~ d  eha~ = m e  r l f ~ r o u s l y  s e l a c ~ e d  

samples spaced c l o s e r  tOllsr.h~r tn  ~ g4m~ms s l .~¢  z ~ a X  Idm~r v a r i a t i o n s  

~L~h some s i lp~ t f ie -axwt .  

The d e ~ l i n e  £n s p e c i f i c  S r a v i t 7  be~Ln8 a s  much u 500 f ~ t  belew 

t h e  appa ren~  ~op o f  t h e  sec~/x~n, ao  i n  ~ t l o n  liE. Ho~s~or t h e  d i s t a n c e  

below ~he Crue to~ o f  ~he a sh  f l o w  i s  , i C h ~ r  unknmm o r  u n c e r t a i n  i n  m , ~  

places because I:he o r i s i n ~ l  top h ~  linen ~oe~:ly or  e n l ~ i r e l y  removed  by 

erosion. The sp@c£ftc s~av~y d~elisms fr4m 2.h ~r 2.$ r.o • m/n£mm 

o~ abou~ 2.X, bu~ more connonly to about 2.2.  2base value~ ate Ln mmrked 

e o n t r a s ~  ~o ehe s p e c l f i e  K r a v I L t a s  a t  Ida .  t o p s  o f  ~ m  a sh  f l o w  s h e e t s  

o f  New Z e a l a n d ,  B i s h o p ,  and  C h i r ~ ,  ~ ~hLeh v a l ~ 8 8  o f  1 .5  ~o 1 .8  

a r e  r e p o r t e d .  

Some o f  ~he c u r v e s  show a r e p s l s r  d e c l i n e ,  ~duare~s o t h e r s  a r e  aeme~ha~ 

i r r e g u l a r .  I n  v i e w  o f  t h e  s o u r c e s  o f  mrro~ i n  d ~ r m t ~ t / o n  o f  s p e c i f i c  

g r a v l e y ,  stun11 v a r / ~ t £ o n s  a r e  r e S ~  a s  n o t  s u f f i c i e n t  t o  d e ~ t  £ n ~ r -  

rupr .£ons £n d e p o s i t i o n ,  bul~ i f  ~@~mpan£od by ~ ~ ~ ,  m p ~ i f £ o  
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~ a v i C y ,  smal l  v a r i a t i o n s  are  r m ~ m ~ d  as  not  ~ u f f i c i e u t  ~ d o t e r  

i n t e r r u p t i o n a  in  dmpos i t i on ,  but  i f  ~cemapaniad by ot~bor ~ m i d m ~ ,  

s p e c i f i c  s r a v i t y  v a r i a t i o n s  m y  p t~v l4~  a~pport for  ouch i n t m ~ u p t i o u s .  

Therefore  the  mlno~ i r r e S u l a z i t l ~ J  i n  eke upper pUB of  ~ 8H, 

~[, P(~, JK, a ~  gC m probably  m ~ 4 ~ n i f ~ n t .  lleuwve~, am 

~ d  i n a r e a H  o f  s p e e i f i e  s r a v i ~  b e ~ e a  ~ ~ m d  

i s  aeec~pan ied  i n  the  f i e l d  by • 1o881 u p u ~ d  eb~mSo from • ~ k l ~  

S r e ~ a ~ s s  to  a s t a y  S r o ~ g ~ .  ~ s s s e l ~ r  ~ ~ s ~ O s s e  8 l e e a l  

i n t ~ t i e a  i n  d s p o s i t i e e .  

I u f e r m m s  6e r ived  t r e n  tbs  s i~d7 of  s p ~ f i e  8 r s v t t y  

The f i r s t  and nose  ~ o s ~ l u s i o n  eo be z ~ b ~ d  frem ebo 

s p e c i f i e  8 r s v i t 7  s tudy  i s  t k s t  t he  s s t u r e  e f  t its  v s r i t t i o u J  e f  the  w e e i f i e  

8 r a r i t y  suppor t  the  v i w  t h a t  Ube usker  p e r t  e f  the  a sk  f i s v  skee~ 

e ~ p r t s e d  a t t n S l a  eoo l tu8  - - e t .  X|  M y  p u t  o f  ebo skeee bad eee lod  

sppree isbZy befeee  ebo f o l l e g t n 8  e w u p t i n  uas  dspooieod,  i t s  upper p e r t  

uould show a doe l tno  Lu op4~ l f i e  885tYLer, ovwrLsim bY an ak~spt  i n s ~ m s e .  

This  i s  p r eeLse ly  ~ka t  e u t ~  l i t  d h S ~ .  ~ s  kask o f  e p p t e e i ~ l e  

u u i n 8  i n  meet eurvas  8u88Nes  shoe  Ibe u h  i ~ m  s l m ~  i s  enson t i a l " ly  

a s i n g l e  e o o l i u 8  un i~ .  I f  ~ ~ bad bmm 8 e p u a e o d  by 

mseh t ime,  ~ ~ o f  tbo  ~ 8bmm f i r  8os t i on  BD8 ~muld be 

elu~aetazrtstte l l n ~ J N m t  I~s es~sm elh ~ Jwet. Cm'vte of I~ 

type  of  qC, I ~ i ,  sad J~ m i d  be aO4mdlsd emly i f  t he  agb t lem d m ~  

cooled as a s£nSle  ~ t .  

T ~  ImsroaN ~ f  s p ~ I f £ o  ~ d s g u u ~ d  ~ ties top b M~rl4msly 

due to  the  l o u s - r w o s n i s a d  f s e ~  o f  Ibe ~ uel4hl umat~ £nmresssd 

eempreeeiem la tim reek. At I~ I~ ~ I~ epeeffie I~¢Y 

3~ 
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a cons tan t  va lue ,  c lo se  to i t s  ~aximm, i t  ai~h¢ be suppo~d  ~hae the  

c o . a c t i o n  was n ~ / ~ u ~ ,  tha t  the  p~ ros i t y  was e s s e n t i a l l y  n i l .  and tha t  

~ l d t n 8  was complete.  The oompleCa ~ l d i n g  ~ould p ~ e s i s t  nea r ly  a l l  

the way Co the base.  The more rap id  c h i l l i n ~  a t  ~he base eause~ a 

~,rogresslve downward i n c r e a s e  i n  p a r t l e l ~  r i g i d i t y  accompanied by • 

decrease in  eh~ ~ u n t  of  compact ion and ~ I d i n ~ .  This @~plalns the  

p rog res s ive  dowr~ard decrease  i n  e l ~ i f i e  g~avi ty  a¢ the  b i n .  

I nc r ea s ing  compression a t  d s ~ h  wIQ e h i l l i n 8  a t  the  base can 

exp la in  the success ive  a p e c i f i e  ~ r s~ i ty  b e l i m  a t  ~he top and ~he 

base of  ~he d e p o s i t ,  bu~ can ~h~y a l ~ e  exp la in  the  ~hlek ~ of e ~ n ~  

s p e c i f i c  ~ravtty~ A e~mpartsoa of  ~ ~ i f i ¢  ~ravi~y @mr~S~ with  

the  £ 1 a ~ a n i u g  r ad io  curves ~ t ~  ~ut t  the  so~t  of  m m ~ s m  uold i~8  

i s  much more r e s t r i c t e d  ~han i s  eke sons e f  s~wlmm s p e c i f i c  ~ r n i t y .  

Figure ? show8 td~at pumice fraMmuS~ eent tmso Co be p r o a r e a s t v s l y  

f~at~en~d far  lower Ln ~he ~ ~ ~ poi~e ~ 8 p a c i f i c  8 r a r i t y  

reaches  i~8 maximum. What i s  ~ ~ p l ~ s s ~ i o n  ~o th l~  egTqtren~ paradox? 

l~ 18 l ~ t l y  eka~ ~he 6ta~es  @2 dogemae lon  of  ebb pros/ms f ra jmsnt8  

r e p r e s e n t s  a t  l ~ a t  i n  a ~ a l  way ~ m n ~  o f  ~ f ~ t i ~  in  the  

f i n e r  ash of  the  SroundmSs.  £1tkmJah t h e r e  i s  probably • e e u s i d e r a b l e  

d i f f e r e n t i a l  i n  e~ae a~solut:e mumm8 e2 ~fmrsmt /~n  ~ t ~ m  f r ~  

and p a r t i c l e s  o f  d l f f ~  8 i s e J .  Mu~ N l ~ i w e  ~ n ~ 8  of  ~ 8 8 ~  

and ~ I d i n ~  are  probably r ~ h l y  ~ l w s l e n ~ .  Th~m~ea~, ~ purees  

fraJmsnt~ a m  but o l i a h t l y  21~ttae~sd. i t  i~ l i k e l y  t ~ t t  tJ~e f i n e r  

p a r t i c l e s  eemprLein8 the ~ r s u ~  m ~ e l a t i v ~ l y  l e s s  w l d o d  even 

~ou~h  ~ bulk ~ i f l e  ~ r a v i t y  i s  ~ .  I ~  us v / ~ l i s e  eke 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . .  
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c o n d i t i o n s  in  th£s  Ions  rIBht a f t e r  e r u p t i o n  where the puaiee f r a s u e n t s  

and groundnmss ash are o n l y  p a r t l y  v e l d e d  but ~here s p e e £ f i c  EravLty 

i s  nov maximum. Immediate ly  afteee emplaemmnt ,  eompress icm,  and wold /n8  

o f  eh l  mass.  the p o r o s i t y  was ~ l y  h i l l  ~ l s t A ~ l y  k t s h  in ~ £ s  

sone .  and ~h,  bu lk  , p o e / f l e  8~rav/~ 7 was m o p o n d l n 8 1 y  l w .  AS e o e l i u s  

p r o f a n e d ,  the 8]~MJy wJL~r:L~ ~ql4~l~l/JNId, and ~ mr]rll~]~ 

wore d e p o s i t e d  by vapors  i u  t~JpOmj  8p@ee8. Bommo@ t i m  d ~ p o l l t  ws8 

thick,  ooolins va8 Slow. 8rid e l . jS~4 l s  eent£uued I:o 8L'cm i n  MNI pot~ 

spaces  u n t i l  Ln t h / ~  zoom b y  umqt ~ 1 ~ . I 1 y  f t l l ~ .  

N a x ~  sp@ei~i¢ 8 r a v l t y  r l p ~ t e  ~ e n t l a l  e l / l i ~  og 

space  in  the Cuff .  In many ash f l m e  8kea4~ ~k@ re&aet ton  o f  p o r o s i t y  

i s  a d i r e c e  f ~ t i ~  o f  the  dieSree e f  u t l d i n s ,  end u u / m m  opee£f~Le 

g r a v i t y  £ n d i e a t e s  complete  ,mldLtlqj. In  th£s  d ~ p o s i t ,  he~mvmr, mmdmmm 

8 p e c i f / c  s r a v i t y  Lo at~a£ned en~u i n  the  seue  Of p m ~ i a l  m l d i q ,  and 

i n  t h i s  ~ o n ,  the  p o r o s i t y  I s  e l / m L m e ,  d by e r y U a l  ~ m t k  dur ln8  eoolLn8 

i n s t e a d  o~ by complete  w o l d t n j .  ~ dosr~o o~ ~IdLuqj maot her@ be 

determined from the ~ o~ ~ 1 ~  and ~ and h ~  ~ 

t e x t u r a l  ev~dense  i n s t e a d  o~ h ~ m  MUD o p e e t t l e  l ~ / t y .  

On p a p  - - - .  i t  was noted  t h a t  s t  t im rmp o f  t h e  , b e e t  t~t .  

s p e e i f i c  g r a v i t y  i s  about 2 . 1 ,  ce~rA4k~rably s ~ t e  ehan t h a t  ~ r d e d  

for  o ther  ash f l o v  s h e e t s .  ~e~ id~J  removal o f  tho  J~lqrm~' Im~ by o 1 ~ s i o u ,  

c r y s t a l  ~rowth i n  pore spaees  LS ws~y L i k e l y  • ~ J e e  reason  ~ ~ / ~  

abnormal ly  h£~h ~ t n / m m  ~ a l ~ .  

J 
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8urtaee of eouf .derable  r o ~ .  5Nm. a U u d n  d 1be ~ 

f ~  ~ l m l  ~ ~ W ~ ~ J O o 8  h t m  ~ plmme Ibo dd4pu i 

remosnimtd p o ~ ~ t 8  k m l t e  utuore MInT o r i o n  m m o f  tilMJ 

m y  fram the ~ ~ ,  ~ of  ~ eemdm81y uni feeu  ~ ,  

l t b : l e  e~ t~ t  peblieb0d mark e b e u  ~ uUban ebo ~ n w  ~ .  

15= senine e~ the  ~nt l ' l a ,  e t m S . m d  e k  t m t m N S e  ~ l -  

and m ~ .  k e m m  ~ ~ ~ ~ ~  mum ~ rim.ell, 

~ n d ~ m o f m ~ ~ ~ W m e t  

r~resenzl  ~ ~  zorn; ~ m m ,  ~ ,  ~ ~ m m  I i!i 

boo~~romm. ~ , ~ ~ ~ m ~ , , - ~ e o m m  iii 
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e lde  downdropp@d. The f a u l t s  a re  r@~osni~d by abrupt  l a t e r a l  changes 

of  ground~ass l l ebo logy .  That 18, th~ ~round~aoe co lo r  of  f r e s h l y  

bro~:en rock 8peclmsns i s  d i f f e ~  ~a oppos i t e  l £ ~ l  of  a f a u l e .  

W~a~hered s u r f a c e s  c ~ n l y  appear  She s~no on bo~t l t ~ l !  on ly  in  t 

£ev oould a f ~ u l t  be re~osnlaod  h~m ehanso8 vtsLb14 on u~t~hored 

ou tc rops .  In  s ~ a t t ~ r ~  1 o e a l l t / ~ s  f a u l t  s o n N  a ro  markod by b reecLa t lon  

8~d 8 1 1 e k e n s t d ~ ,  and tn  sam8 p l a M t  f a u l e l  i d e n t i f i e d  f i r s e  

l l t h o l o s t c  ev idenoe  eon ld  be c o a l / m a d  by y e l l  mq~oNd f a u l t  sones ,  

Fu r the r  suppor t  fo r  those  ~ s u l t s  fdJ prm~d~d by ~bt~pt  l a t e r a l  e h s ~ s  

In  ~he f la~r~alAS r a t / ~ s  o~ pusd~J f ~ n s a e 4 .  

Or 
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~auy smal le r  ~aul t s  transo@t ~ ash f l o v  s h e e t ,  but  i t  has nat  

been p o s s i b l e  ~o sap them in  the  t i m  •vaLlab le .  DetaL1ed ~ k  on 

these  minor f a u l t s  w~uld be e x ~ r ~ s l y  t ~ l l ~ s  because with d s s r s a s i ~  

dtspLtcem0nt the  l i t h o l o s i e  dLffenre~e/w on opposiee  s i d e s  o~ the  faul~ 

beccem l~ss  d L s t t r ~ t .  Other l a r so  ~8ul~J cu t  the  d a v i t s  Ln a reas  

ou~sLde tl~t~ nspped £n d e t a i l ,  and • s tudy of  those  s t r u c t u r e s  ueuld  

be an /mpor~ane conerLbutLon eo undersl~uLtn8 She ~esl~mic hLXor7  o f  

r~s r s s i o n .  

J o i n t s  

~.arly ~ ~s daci~ is me by a ~ of ~lul 

near ~ s r t £ e a l  J o i n t s .  They va t7  ~ e l J a r l y  M/~asd  ~o I m U s t i m ~ ,  

and from v / d e l y  to  e l o R l y - s p M e d .  ~ s s r a l l y  ~ J e £ n U  a t e  from $ 

15 f e e t  apa r t ,  but ~ s 7  m y  rasDs, h l m  • l ~ v  £ ~  to m ~ e  ~ 4~ 

f e e t  apa r t .  They s o ~ l y  ~ ~ l J t t m t  J e I N  s y n o m ,  i n  ~ Imz'allel 

J o i n t s  ~ t ~ n d  c e u t l a a o u s l y  ~er 8 m l  huadrod f ~  to  m ~ r  • ml l e .  

In msny p laces  ~ J o i n t  s y s t e m  t ~ t  e~b o4dm" a t  ~ 1 ~  i ~ m  

60 t o  90 d e s r o e s .  The e e u t i n u i ~  O~ Obo j o i n t ~  i ~  tha@ inOeoad 

o~ be in s  s imple e o o l i n 8  e r aeks ,  ebsy a r e  o f  eesmmie  o r i s i u .  The 

p o s s i b i l i t y  should be alloumd, hemMmr, t h a t  t he  J o i n i  sT•Urns d s m l o p e d  

dur iu8 the coolins~ of  the  miss ,  and t k a t  t h e i r  direet~Loms ga~s oou4~ollod 

by s t r e s s e s  hnposed by r e s i o n a l  ~ a c t i v i t y .  Polysonal  e o o l i n 8  

Joints ere L'ound in  8 tev  p laces,  ~ y  in  h v~Llnrals4hy~ s o u .  b 

p re sen t  s tudy  has imsludod but l i e t l O  uo~k on t im J o i n t o ,  sad on ly  t n  

a few p luses  are t ~ e i r  a t t i t u d e s  Sud d / m ~ t t o l  r e seeded .  A 41sd~dLl~ 

s tudy of she J o i n u  m l ~ l  ~ be b s l p f u l  i n  r e s e ~ q  • b d S w  

u n d e r s ~ u ~ t q  e f  t he  o t r u n u r 8 1  hioOmT o f  Sire atom. 



S+. 

+. 

\- 

O 

+:+ <-~++'+:+++ q ~ f 

_ -. ?~--~. 

Souxc.~ of tin dutl~ 

~ttth (1960, p. 817-820) kal ImBmSrIN~ the avaILabLs LeSo~ss~tl~m 

on source  areas  o f  ash  flo~l,+ BiB ~ ~ .,.-,J~tn" t p, p, e l  d ~ a r e a s  

as  domes, c r a t e r s ,  f ~ s ,  m~,l.d,m,M, and voI, eano-llm~Itmml~ d l~p~ss i cms .  

He h ~  e o ~ r e l s t ~ l  ~ d~ffmr~m~ ~ m ~  ILmm o f  ~s~ f l o w - ~ . ~  ~ s  

source  areas  o f  ash f ~ m s  ~ ~ * ~  v o ~ u s  o f  rams ~ m  a few 

~ s  a lmost  i n v ~ L s b t 7  ~ s ~ s ~ m s  ~ ~ .  ~ ~s~LL~ Idlml 

eith4rr ca ld~ra8  or vo l ean0-~ t4J~ddJ  ~ l o n o  m ~ 8  J~nNNt~ o f  mOOg 

larSe  ash f l~w d e p o ~  

This  ash f l o v  depoe t t  w u m d J 8  s t  l e a s e  40 eubLe u t l e s j  or 115 

eub£e k t l o e m t s r s  o~ m a ~ .  On ~bo volum8 s c ~ l J  o~ sm4~k (~60j p.  819) 

this d e p o s i t  f a l l s  i n  t h e  r u p  o f  snsnLeude eedur 6 ,  ~ L e h  s e K p s U  

that i t  lmmed  f r m  a m~.d~ra ~ ~ o l m m e - m e c m ~ e  dsl~usCl~o, ~bs 

aide o f  t ~ l s  ~ t z ,  p~obsb~s ~ l - ~ t a ~ v ,  ~ ~e ~ t l ~ l ~  ~ shy  

sube£d, tnee a t  the  Sims of erupl:lLma~ u u X d  s e ~ t  m ~ s e  so  a i t~mq~'q~to  

d e p r u s £ o n .  ~ uspped u e 8  ka8 keen  mum~nod ~ peme~ble esd.&tme 

i n d i c s t £ n 8  subs idemm a t  the  t i n s  o f  e r o t i c .  Iltx'wnL bu t  M e  u ~ s l u i v e  

e v i d e n ~  £ndieatLn8 a u l d e r a  b u  b m u  hnmd Lu ebe seeStmse t  p e t e  of 

the  Raunt4d Can~0n quadranSl~,  Tb8 8vidmss~ ~ ] . u d o s I  1) 41~mplsx 

and Jumbled re].al:J~n8 mnon8 d~LJ~feeq~ took  u ~ t 8  mrou~J the  odB8 o f  

the  proposed c a l d e r a .  2) d ~ e £ ~  08J~o tntTuS£ve re~L~£o~8 Lm~o o l d e r  

rocks  v £ t h i n  and a l o u s  the  od4~ ~ l  c a r d e r s  £n a f e v  p l ~ e s .  3) o l d e r  

roeke ~re s t r ~ 8 1 y  bzl~eiated a d j u s t  to the ~sldera. 4) ~ b r e k ~  

b l o c k s  o f  o~der roeke  l~to tn t h e  l~ lcmn£e  ro~k o ~ o e  ~o tho o d S t .  

-i.. 
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5) an unusua l ly  la rge  number of  t r ~ l u s t o ~  are l o c a l l y  found in  the  

dac i t e  w i t h i n  the  ca lde ra .  6) d a e l ~  and e a r l i e r  v o l c a n i e s  a re  l o c a l l y  

permeated by a l ~ e r a t i o u  w i th in  t i n  eal~Ea, 7) r o l a t i w s  proporgLor~J 

of phenocrys ts  of  rocks wLl:htn th4 ssldmra relatable the prepor t ion8  

f ~ n d  In the  .upper paz'~ of  ~ oualyLn8 dae£¢e, but  d i f f e r  frem roeks  

l o ~ r  in  the  chee r .  The a e ~ d m 8 ~  boeudery  of  lbe  p r o p w e d  e a l d e r a  

o u t l i n e  ou ebe map of  ~18. __ • B e ~ l t e d  8eole87 U Obeun on f tS .  __ • 

The border  ~ e b e l  ~ 8 0  meet e f  the  e v i d o M e  ~ a nea r ly  

Gt rcu la r  t i n s  3 to  3~ mi les  i n  d / d l e ~ r .  On ~ t i ~  ~ 1 

mi le  west o f  Uh~ Kennedy ranOk, 8.~1 t&e ~ o£ the FalOoOo£e 

oodtmen~r~  roekg ~ e  h£Shly i m m l l l A l ~ .  ~ ed~ t h l  eent4~l~ b e l v l l n  

vo lcan lc  roek and the  o l d e r  ~ ~ ~ on ~ ~ all ~ 

eke m p p i n 8  ~ J  dram be fo re  ebo I ~ l s L l ~ l / t y  o f  a e a l 4 ~ a  w 8  e o ~ t d ~ - ~ .  

I f  t h i s  a ~ a  a ~ t u s l l y  ~ • ~ l d e r a ,  8ks ~ d e e  r ~ k S  ~ m l d  hsve 

b a n  e n S n l f e d  by 111 volem~Le ~ Bud t h e  ~ would be ~ t v e  

l n e t e a d  of  ~8ul t s .  

Y r o e e e / l ~  s e e e h e ~ t s m r d  e J d ~ b - ~ m  ereund t he  ~ l d w a  t, erdmr, 

~ e r o ~  aoek ~ t o  • poant  duo e s o e  o f  h l l  llm~ta, h l e m e l e  ~ s  

d iabase  e o t ~ I n m  to  be eeuoUmtJly breee i~eSd,  and she v e r l e e s  reek  

fermsticmo ~ esmp14m and ~ 15J~eu~ lle @I~ M .  l~'eeluLex 

dike- ad Sill-ILke bodies el ~ umused elm M l ~ d  o l d w  ~e~. 

l ~ l a t l ~  In  m~ch d t h ~  ~ m e  ~ by a Imm7 umbra' e t  ba 'u~,  

a ~  . n s w e u . ~ e ~  eke ~ ~ d r o n e  end e ~  ~ i r e  uoe 

maff le len~ to  t l ~ r l y  ~ ~ 8mJ4eq~, bu t  t l ~  ~ n p ~ i o m O  

of Idut reLstiouJ are poselblo. I - e r i ~ l l y  thsushe 8be emmplmcLl:ieo 

wure due to ~ fm, leln8 d imed,,ae erlS/n. Smm,nnr, else umplar.e 

+ -  - -  " . . . . .  • - 
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h e t e r o g e n e i t y  o f  beddin8 aCtitudom and f~a le  pa tce rna ,  and an i n t ~ p r e t a t i o u  

of  the abundant r o l l  d ~ i t e  o u t ~  as i n t r u s i o n s  e ~ o n d i n 8  i n t o  o lde r  

roeka ,  agree  with tlm view t h a t  tdmm roelm v~@ tmmlved  wi th  

eoI lapse of  a ea ld~ra .  

Dactte  i s  the  on ly  re4tk t h a t  eu~p8 out frum the  areut m e  o f  Bul l  

bas in  to  the  Imut~maat f l ank  o f  Gmmt'~nut  l i t11, a t  uhLeh potn~ broee toeed  

bloeks  of  IKsesbroo8 ltmtut~me and 18 r l f~"  v o ~  mm mmrt~uudied by 

d u t m t ,  The d a c i t e  above Um b l U l m  to  f i rm ly  umldod a p h s n i t i e  t u f f ,  

taB.her than the  o rd ina ry  IMuml s o u  o f  mm~-walded k~aff I P r ~ n l l  t o  

v4erophyre.  The e o n t a e t s  a t  elm e t 4 m  mat Imm o f  elm blouko are  eevered 

by brush and ~atlusj and theme e r i e t o u l  re lae temo could  not  be elmervod,  

but  elm relateimut u far  ~ elmy m ~ ~ ee~l~t~llat ~l.~..h enS~If~mnt 

duzin8 a u l ~  e e l l a l m e .  

l~ram t h i s  p o i n t  am ~aINmrmt ~i~tlt ~ d N i t e  ~ d  the  e l d ~  rocks 

Ban be t r u e d  mmthuux-d f o r  ~ a udl~t. Tho ltdJosout ~ t a d  

ra loeeo ie  N d ~ m n t s  eent tnue to  et~m eoemde~61o t eeee tae t e~ .  ~bo 

u m m l  eoueaet beeumn d~et te  and e ide r  t~etm, thouSb p m w i m l y  l e u t o d ,  

i s  not  expooed w l l  ememsh to  ~mmrv~ t lm d e l m i l e d  ~dLatLene. B m m v ~ ,  

t n e e r p r o t a t i o n  as e i t h e r  au £ n t ~  e o a t a s t  e~ t s  a f a u l t  wl~it th~  

w s e  oido ~ ,  to eomimmat  u t t h  ebo e e l l a g ~  o f  • u l d s m .  

S o u e h m ~  of  Tony Immeh, t he  Imelmble f a u l t  ~ and eemeinum in  

a waseosouehuss t~r ly  ~ f ~  ~ w u t  m l ~  t : 2 t  ~.~'e~e 

ilm tdR~Ity in v~l~maLe rooks. ~ O ~  mm~nd ~ e a l d ~ t ,  

the Im~rdmr m n e ~  t h ~  P w i ~  a~ l  the I m ~  e4 ~ ~ 
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of emple~, ~ppaz~mely inenmtve ~ betmon ~lterod duleo, 

aleered ~hpli~o. and qusz~Lu ~ i ~ i ~ .  and • ~ e e ~ k l y  

s h ~ c e r e d  and breee/Ae.ed b le~t ,  chest  s -dLe in dLmeter,  of  dt/Jbue 

and ~ S r ~ p  reeks.  ~ bloedS to  1~851y  t r s~oeUut  by d m i U  

dikes ,  vhi~h in  • few pLaNe m u j l l  eqmsod and e d d J d t  ~ t I 7  

in trus ive  telst~Lous. Fren tbo ~ uO~k of  tbs  dtvtds  b e r g e n  

k u u t e d  Gsn~m end g N d  Cup  ~ ,  tke herder of  the prepeoed ealdera 

bends u o r ~ d .  The r e e ~  ~ Stm berdew eous/OU e f  bL~se~LsUd 

Jnd e s u l ~ d  ~ Stoup reeks m d  dJatMme f ~ r e d s d  by qunqm ~ e e  

porph~Ty. The reeks vtth£u ~he e d d t t ~  a n  J s  e s r l i s r  v e l e m ~  reeko 

and e e e e i s t  of  eeus/dm'ably a l t ~  d t k y o l i t e e  end ~ f 8 .  A rolls e~ 

so to  the n0~eksmst, a s e r i e s  of  tamely ~ 1 1 y  d i p p i q  and over tur~d  

8reup reeks ere n e m m e e e ~ .  ~ s s e  reeks are r e l y  us~ml~ed 

and u b r e e e ~ u 4 ,  tbu7 dip eeseply  Imumt the e s l d m ,  a s  t h i s  i s  the 

only  p L t ~  in the entire ~ eh~t ~ q ~ i e a L l y  d/~ptn~ 88dLmsn~ u~ro 

eneo~ntered, and S i ~ e  the Weds* eS~lbe I~u~11~I ~ ~bo herder of  ~be 

~Idera, i t  i s  pogeiblo ~bst t h e i r  ~ t ~ t u d ~  w88 dlsmstW~tsd by Mm eol lapoe  

of  th~ ea tdera .  5:boee beds n r f J w  - - r ~ m m t ~ n 4  sud tb~ a N r e p e  ee~t inee  

for  sbou~ a ui1~. kT,md th io  petrie eke edm e f  ebe e ~ J e m  Ja u m ~  

8 h u r e d  tud t ~ u e l s ~ a d  ~ met em4y  p c s ~ m ~ ' ~ n  f4umm8 reeks.  

The bordsr  of ~ho e a l ~ s  beud8 ~o emt4md uM~ly J~tShuu1~j aid ooutinu~J 

until i t  a ~ i n  m s  Bsg~oe4~ ~d@~. Tho oldsr ~oek~ alou~ th~ b o ~  

are 8heated and brueei~ted, and le~tlly NnN Of sl~eutlem m fmmd. 

The etrl iet  voleanie roeko em 8autSo4~ r ld~  eous~ usinly of  alined 

rhyollee, and in • few plaeo viSegu8 plup h8~8 pegsibly le~5~dod Indistinctly 

~ 7  
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l ayered  flow8 and t u f f o .  The bordsr  of  t~ut ea lde r8  bend8 to  ~he 

r~orthoaot and e x t e ~  p a r a l l e l  to  18vtooth Rtdse,  probably a loe6  i t s  

no r the rn  f l ank .  Tho o l d e r  rocks a l e s 8  t h i s  he rder  eous lo t  of  enerreusly 

fauleod and broeciae4kd £paehe Stoup mid Paleomo£e ~ ,  ~ ,  

and Ruin Sranlte.  SOU of  td~8 i p p O d  s m / U  eou~LSt o u t l r o | y  o~ ~ L a t e d  

blocks and L~resuen~ of  tJho parUe~Lse germeti4m. 0deer mutllor toe411y 

brecc~ated u n i t s  Junto keen tne ludod  l l t  Idbo 08r l /4~  wol4~ale JqNdu0 oR 

ehe map. 

The d e f o r u s t i o n  i n  thLs a r e s  L0 iNa~med/ueeLly  eeuplem, pONtb ly  

b o u u ~  the  n o r ~ S e S t - t ~ l u J  rMmaed7 f a u l t  l ~ t e  robe border  o f  

the  u l d e r s  i n  eb/8 a rea .  I t  Ls s e t  kmeuu uboeber e~ no8 the  e a i d u n  

eo lLapR and ~he Yauno~ ~8ule e e o . -  . . . . .  . ~ - ~ - - ~ .  ~ ,  i t  fa  

l i k e l y  e~a~ uneh e~ a l l  o f  ~ mgNmsmJ on elm ~ foul~ e e e u n d  

a ~ e r  the ~rupt lon  o~ the  d se l eo .  5 b / J  /o  because she  dee/So o u s k m ~  

of  the  f~ault As qu /ee  eh/~k,  UINnPmO US d u L e o  AS ~ound g / t h l n  s e v e r a l  

s t i l es  of  t~e famlt  e l  tk8  ~ ~JdS. Only t n  8be ~ n e r t k u u ~  

 rnm o!  ebe ummeed  m3mn qid  j8 to  d r e a r  sgn/  elmlm t. 

I t  / s  r e a s e n ~ l e  t e  pa~sum Mut~ i emm e e e w u d  ebe inOse~mtu~ 

a rea ,  b i t  due t e  abe ~p l /~ t  o f  elm B~Sk  u R S t e N S  of  ~m mmmdy  h s l t  

eh8 d ~ l t e  kes  been 04~tppod suu~. 

N~eh o f  ebe d u i e e  u/eh~n t m  l~umb~T e f  tbo p r e g ~  e a l d e m  

has an ~ raeher  d i f ~  fhsmt ~ae dae leo  o~ o4bee 8cuss ,  

I~ l0  a 0Ubtle d i f F ~ r e m ~  and ~ ~8~ ~ to  8 p ~ i f l e a l l y  do£ino. Nn~t- 

~ o p t e a l l y  Cho j r ~ m d m s ~  api~ur0 ~ ~ t  p~r~ly b188ekod. ~ t ~ t  

mieroeeope t h i n  e e ~ l e u ~  o !  t h e m  q ~ o n o  ohou ~ e o u i d e H b l o  e l a y  
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and c a l c i t e  hav~ formed  i n  t h s  ~ n ~ ,  and ~lmt  f e l s p a r ,  p a r t i c u l a r l y  

p l a ~ t o c l a u ,  ha s  been  p a r t l y  a X t e r e d  t o  c l a y  and ~ a l e i t e .  ~h~s s u ~ e s  

that m i l d  h y d r o t h s r ~ a l  a X ~ r a t i o n  i S  ~h@ saus~  o f  ~ d t s t L n a t i v @  spp~a ran~o  

o f  t h e  r o c k .  Ale~rrat~on e f f@egs  ~ a l A  b~ e mpe e t e d  i n  • o o u r e e  ~ ,  8o 

t h e i r  p r o s e n c ~  v ~ h i n  ~ p r o p o s e d  m t l d s r a  and  t ~ t i r  abo~ne~ o I J ~ d ~ u ~  

p r ~ : ~ d s s  s u p p o r t  f o r  ~ v£~w t h s t  t h ~  oL to  was an  a ~ p t £ 1  ~ u  o f  

th~  ~ h  f l ow  s lum~.  | f ~  ~ s s ~  aX~a 'a¢/~m s o n ~  ~ h i n  ~ ~ves  

were  n o t  N e e e s s f u l ,  b e e a m ~  t ~ n s £ t i ~  ~ a Z ~  t o  m ~ l ~  r e e k s  

a r e  e ~ ! e t e l y  ~ a ~ . t ~ 1 ,  and  ev~m ~ks moot  a l u a ~ i  r ~ e k s  do n o t  

an a p p r e e l a b l o  ¢ ~ t  ~@ s m s 1 ~  ~ on  w s s ~  m ~ r ~ .  ~ks  

modal  a n a l y s e s  o f  r o ~ k s  w i t h i n  ~h~ ~ ¢ a l ~ s  i r ~  g l i S k t l y  b u t  

d i s t i n c t l y  d i f f m ~ n t  f r m  ~ t  o f  ~ ~ a ~ l ~  f r ¢ ~  o t h ~  minas .  

d i f f e r ~ n e ~ 8  a r~  d / ~ m m s o d  ~ f u l l y  l ~  z l ~  ~ . o u  ~a p s t ~ o ~ a l ~ Y .  

B r i e f l y ,  homev~r ,  ~ ~ k ~ S  f rom t h e  ~ lU~kLu ~ m s l ~ a  

This ~ ¢ a  tha t  tho rock v t t h i n  ~b~ peepeood ealdmm i s  ¢1oo~ m 

t b  ~ . n ~ r a l o S £ ~ l  O ~ H L t t £ O n  Of N J ~ q ~ o d  ~ Ln b db~Lg8 

~vrLe~.  T h t s  ~s eeal~t ib le v i ~  ~ vSbtw tbs~ ~be ealdmm i s  8 m m N o  

a r u  f e ~  t h e  d m ~ o .  

i c e u p e r i m  o f  m v o t m  o f  tgm 8~h  f i n  ~booe m d  eho  v o ~ m o  e f  

for  = o n  ehm a b e ! f  ~ q u r t W  e f  ~ ~ 1  e e e g e ~ n 8  ~ ~ b  f l ~  

xt , , ,  u , , m ,  b t  mm m v , - , d  m" 

4o0 ~ - d ~ U .  m~  m a t  e N  m m m ~  ~ ~M 8 U ~ m l y  m ~  i b m  

~I . . . . . . . . . .  ~... ~ .~ . . . . . . . . . . . . . . . . . . . . . . . . . .  ~. ~-~_- .... ~ ~  ~ - . - ~  ~ - ~ - - - - - ~ - ~ . ~ . ~ - ~ - ~ - : ~ - - - . .  ~/ .- ~-i i ~..~ ii ! 
~ . . ~ . . ~ .  ~-  : ~  - • -  . :  • ~ ~ - ~ , % , ~ , ~ . . _ ~  ~ i ~ . ~  ~ ~ :  ~ . ~ , .  ~ . - . ' ~ .  ._~ ~ f ~ - ~ - ~ . ~ . ~ _ -  - _ , ~ , ;  - ~ - ~  . - . ~ . - ~ : ~ % ~ . ~ - ~ -  ~,~ ~ . ~ f ~ -  . .  ~ . -  • - ~: - . /  ~. 
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m a x ~  d ia~s t e r  of  the ca lde ra  ~ - ~ t  :~  mi le s ,  ~nd i ra  area i s  roughly 

I0 square mi l e s .  I f  ~h~ v o l u ~  of  8 u ~ 2 m  F~undertn8 ~ S t  equal  the 

v o l ~  of  the ~ p o s i t ,  4 mi&~ o f  ~ i ~ a l  ~ ~ ~  ~ I d  

w l ~  of  I0 to  10 e u b ~  ~ t l e o  o f  g w k ,  and 1 ~  s a m  ~0 eo ~JO e u b ~  

m l l ~  m',,aee.~nP..l~ f ~ .  

Any o f  s evera l  l ~ 8 s l b i l l e l s s  ~ ~ for  t ~  ~ reek:  

I .  Other s ~ u r ~  s x ~ s  m y  l I~  i n  ~ ~ i ~ b ~ y  ~ ~ ~ ¢  y ~  been 

recosrd.zed. Thsy ud~ht: be eonoq~18~ undSr @i~bsr d l~ i l~  o r  Gila  eou- 

s loamrate ,  or rJ~y sdsh~ lle e~tsld8 ek~ area ~hae ~ beea maps~td, 

2. Less £ ~ t e u e  m b s i ~  my be dUer~meod ebreuShOet t im u e a  ~reund 

~he caldera. For ~ I ~ p l @ ,  part  Of Mte 8ubs~dousO Of th8 ~'ab~n b ~  

Esanedy and C, eld Culeh fa~1~ may be due r.~ wi~Idra~sl of voleanAc 

,,ater~al. The e,~:Irs 40 e~bie ~lee ee~Id be a~t,~Ibuted to am a~e~ass 

s u b e i d e ~  o f  o n o - h a l f  a ~ t l e  e s~r  m 50 0quaro m~le8 o f  th~s  8raben 

plus  an a d d l t l e a s l  I~ - ~ I s s  of  8ub4J~dsuoe o f  ¢~be e e l d ~ a .  

In eunnary.  S m l e s i e a l  e v / d s l 8 / a  ~d~ seu~lmNe p a t  o f  

Haunted Canyon quadrus~le  8uSJSOt8 ~ ~ o f  a e a t d e r a ,  u~teh may 

have been a settee for  part  of eke ask f l ew  s~ua. l~rA~nee ~einUJ~ 

to  a caldera  i s  not ee~l,Aei~. ~ ~ available ~aeU seem at l eas~  

to  be eempat£ble ~A~h the  idea  o f  s ~ scale eellapse, and m o f  

the  f ac t s  seem e o u t t a r y .  I f  ~h:bJ fhmSm~ i s  • ea ldo ra  i t  i s  w e t .  l i k e l y  

one ef e~e se,~-ee areu e~a~ e ~  ~ks d a ~ t ~ e  ash n e e  s~eee  o f  tb8 

i -  

• I I  " ~ -[ i l l l l l  ~ - ~ 7 ~  ~ . . . . . . . . . .  ~ "1 ~; i  = ~ , , ~ - ~ - ~ . ~ ~ ~  ~ ~ ' ~ -  ~ ~ : ~  ~ ~ ~. .  : :  " - - " 
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a d  s d n s n l o B  

~m~w~stm 

~e ,am, ~m~e~,,4 ml e l ~  e~ ~i~ I ~  

u a ~ e J t e ~  m e t  e f  ~ e  esb f ~ e  ~bsse f~ ~ l y  eetmume. 55~ 

,rj,,~ n~mn~L, feZZe~d ~ ]ulnm ~ d qpmn~ t4e~LIx~ n U ~ L m ,  

~ ~ s ~ t u .  m t x b ~  te  p s ~ i  Ix m ~ s / s l m ~  tx  

omtrs ,  s l X x m ~  41m~t~,  ~ s t w ~ m ~ m m ~  ssd s ass 

~ : t m ~  ~ a 2z t t l e  ~ I i  wl ,  a ~ w  ~ d 

~ aM Ibm i p ~  ~, ~ u , ,  h m U w  I m m W ~ m  i m m ~ l ~  

,m~rmlm ~mmm ~ awl I m t l B - ~ ,  n ~ .  t [ ~ m  ao 

I I  J im .  

5s= j f ~ e a ~ s e s  ~ e11 m u m  e e  ehs e t m e  t ree  s u m ~ m t ~  f m s -  

I ~ I I S I  lmIlII' I i s  Ime m ~l  I m  ~ I i I S l i I l ~  I~ I~141 b ! i I s l ~  I i s ~  

~ a , z ~ h  ~ s m m ~ .  2~s ~ s s s ~ &  ~lSSSmlass ~ m s~ ~ t ~ s s  ~ 

mmIS~ miNI kS4b l i m e ,  Me t e t e  i m ~ I m l m t y  ~ ts s m  I ~ I  

~ ,  ~ te s~mb ,~e ~ m~s~ ~ a ~ s ~ m p s  ~ l m  

q ~ s m ~  ~ d  t ~  m ~  l~ l ISSe~i  tbst t~,  m m : t m m t s  

e~ ~, ~ek ~Iiwm ~Ae~ emNmm ~i~r~ m ~ e ~  ek,~r 

nn ~a ]ma i]m~. 

/ 
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The t u f f  a t  the bose of the eudt f l ov  L,s ~71~¢~IIy a mommldod 

vi~l'la ~:17oI~I t ~ f | ,  w i t h  I ~  08~ i t  s vitraeLIOP~Le mq~'ie. 

25w ~ u ~ o  of  the  b88~1 t u f f  i 8  umm~l~kabl7  P T ~ o ~ l u t i e ;  ~hin u e t i o u o  

8how cuspate and lunate 8 1 u s  shst~Jo i n t a ,  q ~ r s e /  with f l ~ ,  dull. 

r i S u r e s  i l l u s t r a t e  the t ~  o f  tho b~881 t~22 .  

In the lover I ~ t  of  the t ~ f ,  anbwde m undofemed md r m d e ~ 7  

o r i e n ~ d ,  but u p l r d  thoy ehov • eemdem~ to  beeemo 8quoesed mtd 

f la tr~m4d.  This  ¢ondonay nu l~J  t ~ j  ~ i e l o n  h, ot, v N n  ~ ~ 1  t u f f  

amd the vit~ph3~ro. 

Tho shsrd8 amd 88h frspmmeo t~s t  ~ m ~ r l ~  ~ mm~/.z of  the 

8re s a l a r y  t ~ t . o ~ l a ,  oo the mat~H.sl t h s t  ~ l m  t ~  u t " r / , z  o f  the 

t~ f f  18 l s z s s ly  8Lu8.  The tndmt d t ~ t h ~ e t i u  of the 8 I r a  rsnSo8 

from 1.~96 to 1.499. Sine duurde n d  gV~jmnto 8be~ dim b i N ~ N I m N .  

iudiea t inB o l iSh t  d e v t i ~ i f i u t i m l .  & l ~ J l i n i u a ?  X-'lray 81~17 8ulEoote 

,1 thu ~n mlnriz oom~im ICohl~o ~oqlolmlimo~ ~ • Noligm am~m~al, 

p~ro~bly elimo~iloliU. ~.II ~ ~ im q~ho mgf am l~b. 

viu e  

v i ~  m e,ma,ioU d M41n,~ w l d s d  vim, ' ie ,,a'yn81 unti l .  

p,nm,omrl.a, te set l= a uqpl.,U.  M 8r.,amama, e. Ala.a,ql. 

u e p o e o p t e s l l y  o b  ~ adn, e I 1 ~  Ip~.~ivo an8 mil~ mdme am 

mim~eeope the 81ram Lo t35rleally n ~ ,nmtarLaHl d indlvidmsl  dtsgd8 

and h ~ p s M s  tha t  have bess f l a t s U m J .  / i ~ .  sod t / J e l ~  w l d e d  

t o p U t e r ,  gedee m i t r e  and h / ~  p e u ~ .  tim v i u m V k p n  e e m m l 7  m b l b i e e  

eemmro8 t ~ t  m e b e n e m i s t / ~  e f  ~Mm veldod U d ~  deee~bed In I o  

ee~ly,  v ide ly  lasmm pspm5 e~ NmuOm11 ( 1 9 3 5 ) ,  ~ I d  amd ham ( 1 5 3 5 ) ,  
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and Ci~b~r~ (1938) .  I n  t h e  v f t r o p h y ~ ' e  t h e s e  t y p i c a l  t e x t u r e s  a r e  

~-eadi!y identified, bu~ in parts of ~/~e overlying zones they have 

been pa~-tly to completely obscured by devltrlflcatlcm and ct,Istalllzatlon. 

In most of the vltrophyre the ~omndmass consists of two separate 

types of glass that show vaz'ylng amotmts of contrast wlth each other. 

One type comprises the shards anJ l~i111, ~d the other com~rises the 

intervening matrII. The Slass of ~ shards and 18pilll is typlcally 

clear, and contains llztle or no o~el~e4 dust or ¢~ystalline fza~ments. 

I t s  c o l o r  i n  p l a n e  l i g h t  r a n g e s  f rom ~ o l o z l e s s  t o  l i g h t  and ~8dt~m brown.  

Co lo r  o f  t h i s  g l a s s  w i t h i n  a s i n g l e  spec imen  i s  g ~ t a ~ e l l y  u n i f o r m ,  b u t  

t he  c o l o r  v a r i e s  w i d e l y  from one f i e l d  l o c a t i o n  to  a n o t h e r .  The s l a g s  

o f  ~ha m a t r i x  i s  g e n e r a l l y  c l o u d y  i n  8 p ~ e a r a n c e ,  c o n t a i n s  m o d e r a t e  t o  

l a r g e  amounts  o f  d u s t y  m a t e r i a l ,  and 18 h i g h l y  ehar jp td  w i t h  m a l l ,  

b roken  c r y s t a l l i n e  f r a g m e n t s .  Under  medium and h i g h  power i t  can  be 

seeu t h a t  t h e  g l a s s  i t s e l f  i s  c o l o r l e s s ,  t e e  s e c l u d e d  d u s t  e ~ m o u l y  

i m p a r t s  an a p p a r e n t  browu o r  g r a y  c o l o r ,  I n  some spec imens  t h e  bo~de re  

o f  t h e  s h a r d s  mad l a p l l l l  a r e  s h a r p  and d i a r i s t  and  fo rm a c l e a t  

c o n t r a s t  w i t h  t h e  m a t r i x ,  b u t  i n  o~hdets the he ,dents  a r e  v a j p ~  and t h e  

s h a r d s  and l a p i l l i  ~end ~o merge  i n t o  ~h@ m a t r i x .  

Many t e x t u r a l  d e t a i l s  v a r y  m~om8 v i t z o p h y r e  s p e c i m e n s  f t~m 

d i f f e r e n t  l o c a l i t i e s ,  b u t  c ~ r t a l n  8pma~81 p a t t e r n s  a p p e a r  i n  mos~ o f  

t he  s pec im ens  ( g i g ,  ) .  D i s t o r t e d  s h a r d s  and l a p i l l l  o f  c l e a r  81a88,  

f rom ,~ to  20 mm long ,  a r e  ro t t~h ly  to  w e l l  a l i ~ e d  i n  t h e  m a t r i x  o f  

c l o u d y  81888. }~ny s h a r d s  sho~  r ~ e s  o f  l u n a t e  and e ~ t e  ouZl£~es  

t h a t  have  been  b e n t  and d ~ s t o ~ t e d ,  t ~ t  t h e  presemZ f o t ~  o f  s h a r d s  i s  

t y p i c a l l y  l e n t t c u l a r  ( f i g ' s  . . . . ,  ~ . . . . ) .  8 h e ~ s  l o n g e r  t h ~  0 .5  um 

a r e  r e a d i l y  d t s t i n d p a t s h a b l e  i n  ~ o ~ t  v i g z o p h y r e  t h i n  g e n t i a n s .  Heqmvar, 

i i I I! i i i i 
- I ~1 . . . . .  " . . . . . .  I I i . . . .  I I  I I l l  I ; ~ ; [11 I ~ ' " - - ' ' - -  " -  i l f ~ ; i  : - - - - "  ~ : ~  = ~  , , . , . 1  " 
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in  some s e c t i o n s ,  s h a r d s  o f  a ~ h  r r o l l e r  s l ze~  d o n  to  a b ~ t  0 .03  

LenS, l l e  c l o s e l y  p e c k e d  end a l i n e d  a l o ~  ~ a b p a r a l l e l  s U ~ e t ~ t e s  

i n  t h e  c l o u d y  8 l e s s  o f  t h e  m a t r i x .  - l ~ l e r  h l B h e r  p o s e r s  o f  t h e  

m i c r o s c o p e  t h e y  show up a s  t i n y ,  e L e l r  l e m t i e l e s  8uTrmmdgd  by 

d u s t - c h a r ~ d ,  c l o e d y  81ass  ( f i  8.  _ _ ) .  YJa She o t h e r  d i r e ~ t l o n  o f  t h e  

s i z e  r ~ e .  f l a t t e o e d  l e p i l l i  p ~ ~  i n  l e m s t h  to  eewrr81  

c e n t l m e t e r s ,  b u t  mos t  e r e  l e s s  ~ h ~  8 t  I 0  sun. The l a p i l l l  e ~ m ~ a l y  

c o n t a i n s  m a l l  m s R m t s  o f  d u s t .  8 8 m a t a l l y  a8 d i e e r e t e  opaque  p a i n s .  

The d u s t  g r a l n s  ~ n e r e l l y  a r e  a l i ~  i n  e a b p a r a U e l  t r a i n s  t h a t  d e f i n e  

flow t e x t u r e  within the l a p i l l l .  I l t s h t  e h s n 4 p e  l a  eol~r lateuelt7 

in altQrnatinS bands of clear 8 1 ~  oaoen~aee the flow temtu~e. 

Lapi l l i  in some 8pecimm~ couteln attests of eloudy 81ass theft fe l l e r  

t h e  ~low t ~ t ~ r e s .  I n  some l a p i l l i  t~n  ~ l o q  c e x ~ r e s  are s m o o t h l y  end 

g e n t l y  u n d u l a t i n 8 ~  i n  o t h e r s  t h e y  ws~y e~h~ouKh m o d e r a t e l y  d i s h . r e e d  to  

h i g h l y  c o u t o ~ t e d  StLS.1~L~J~e8 (flJ°8 . . . ~ .  

The c l o u d y  81ass  o f  t h e  m a r c i a  ~ r e  c o n t a i n s  abund~mt t i n y  

p i e c e s  o f  b r o k e n  c r y s t a l s .  These  t i  T e r r y s t e l s  ~ a ~ m m t s  l ~ r t  an 

a p p a r e n t  l o v  b i r e f r i n K e n c e  t o  t h e  u m ~ J ~ j  whereas  ~he s h a r d s  ~md l a p i l l i  

r ema in  c o m p l e t e l y  i s o t r o p i c .  T h i s  d i g f e r e n e e  h e l p s  to  d i s t i n f p a i s h  t h e  

s h a r d s  aud l a p i l l i  f rom t h e  m a t r i x ,  e s p e c i a l l y  i n  s i~c iu te~s  i u  whieh  

b o r d e r s  a r e  v a s u e .  

T e x t u r a l  d e t a i l s  w i t h i n  each  o~ eke 8 l e s s  pha~e8 v a r y  w i d e l y  a m o ~  

d i f £ e r e n t  s p e c i m e n s ;  f i s u r e  ~ i l l . L - f a S t s  a few o f  t h e  d i f f e r e n c e s .  

In  f i s u r e  (0CbS) ~he s h a r d s  and l a p t l l i  e r e  o f  medium b r e v e ,  c l e a r  s l a s s ,  

and t h e y  s t a n d  o u t  s h a r p l y  ~rc~ t h e  umt~rtx. The l ~ i l l i  c o u t a i n  i n t r i c a t e l y  

e o u e o r t e d ,  c o l o r l e s s ,  d u s t y  s t r e a k s .  C~sTete  and l u n a t e  f o t ~ o  t h a t  have  

been f l a t t e n e d  and d i s t o r t e d  can  be ~ on t h e  m i l e r  s h a r d s .  The 



c Lc:u.~!~, ', colorless glass of the matrix contains only a moderate amount 

of dust, and the thin section has a "clean" eppearance. The deformed 

shards In £t~ure (KC3) a re  c l e a r l y  d e f i n e d ,  and are  qu i t e  un i formly  

d i spe r sed  throuSh tho smt r tx .  DoCk the shards and ~he umt~lx 8re 

c o l o r l e s 8 ,  but ~he shards a~e c l e a r  whi le  t~ t  nmt~rlz i s  h i s h l y  char8 ed 

~ t h  dust and broken c r y s t a l  f tsfpNmts,  and the Uhlm sect iom ~p@ar8 to 

be " d i r t y " .  

In f i g u r e  (?Call) ~he s h a d s  era/ 1~ptllA aSatu fenn  a d l s t l n ~ t  

I 

c o n t r a s t  wi th  the matzLz. The d u r d e  t~d l ~ i l l l  ate of  e l e a r  brown 

Klass~ whereas the m ~ / ~  i s  eolo~IS0g,  but  i s  " d i r t y "  t~om i t s  h i sh  

con ten t  o£ dust  n d  ~ r a p m u t s .  ~Je4 i a  the  m t r l n  i s  ~emmaly a l l p e d  

p a r a l l e l  ~o the  lama dLmsmslom of  Mm ohssds.  ~ f iSure  Did) ~h~ 

i n d i v i d u a l  okapis a n  d i s ~ t ~ e k ~  e k i d l y  by ~ a t m s  of dus t  a l l e g e d  

paza11~l to theIT boz~tezs tm ~ ~ / ~  m~ri~. ~ shards e l ~ l y  

show d i s t o r t e d  eusp~te  out l lme8.  ~be S~SatlY e l o a j s t s d  l ~ p i l l l  vm7  

i~am pa le  brmm to ~ o l o r l e u  mid sims smoothly b i l lo~Im8,  eonUnmous 

flow t e x t u r e s ,  d ~ l m e d  by ¢~I~ ot ro~ks  end pal . t ly  outi imod by 

a11~ ~t ~ralmo. The 8~um of t im m u , ~  e w ~ t u  e~eti~mly 

little ~st, r od - the  reek ~lqmsfs "el~. ~ ~ amd lapilli lu 

mo0t p l u e s  s~md ~ ¢  e l s u l y  ~ ~ mUlLs, but l o c a l l y  the  ~ s  

are vases  and 8 t m ~ U o u l .  

The e n t i r e  ~ e  et f t l lme  ( U I ~ )  epge8~ eo be ~ u p o N d  od 

e e 1 ~ r l n s ,  d~e tmod  8 1 ~ e  sherde ,  t / S b t l y  smlded,  ~ t h  dusty  b o ~ J e ~  

d e r h s i n s  t h e i r  o u t l i n e s .  The mat~18 phase i s  reLst~Ively mush 1sea 

abemdant ~um l a  u~e t  a t  the  o ~  gpme/mS~J, ~md the  a loeo ly  M 

s h m ~  e m p r i s e  uos t  of  the  81ass.  55m l u t i e ~ l s r  ehatds  mm a l l s m d  

m6a~'ly p ~ r a l l e l  to m s  s n ~ h e ~ ,  ~md the  e t rue~gm8  m omly 88mtl~ 

I . . . .  I . . . . . . .  I " " " -  ~ - ~  ~ n ~ " - - - -  , 
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~ d u l s t o r y  ins tead  of hiKhly con to r t ed .  In f i gu re  ~l~lO) the c l e a r  

c..~lorle~s g lass  of the shards and l ~ p l l l i  c o n t r a s t  s t~ons ly  with the 

cloudy matri~ that is hiKhly eharsed with dust and broken crystal 

fragments. Struotut-es formed by the ,d~st in This matrix are dls~on~inuous 

and very irregular, and the rock Is "dirty" in a~pearance. 

1 

Brown m 

The brown zone, l i k e  the viL-rophy~,  i s  composed of h i i h l y  welded 

t u f f ,  but i n s t ead  of a g lassy  ~oumbmSs i t s  phenoctTsts  l i e  in  a 

c r y p ~ o c r y s t a l l i n e  groundmsss. O r t K t ~ l  temtures  m 8Sm~al ly  pt~soerved, 

and in the microscope the h i s h l y  f l a t t emHl  and dofot3n~ shsTdI mad 

lapilli ere r e a d i l y  seen to be t i s h t t y  w l d ~ t  t o s e t h e r .  C ~ 7 s ~ s l l i u t i o n ,  

has been superimposed on the ptlmmry wslaed textures, and ~he brown none 

i s  p a r t  of  Smi th ' s  tone of d e v l t r i f l e s t i o n  (8mlth,  1960, p. 831). 

Under the mleroscope ~he I i i ~ S l I  eemprls iu~ ~ ¢rys~a111sed 

8~oundmasS could be o~ly t e m t a t i v e l y  i d e ~ t l f l e d  as s i l i c a  minerals mad 

f e ld spa r .  On ~he X-rsy epeetromet~J~, h m ~ v e r ,  the  8reundmasI was 

deteru~ned to e o ~ a l n  mainly ¢ reS~e~t l i~e  and K- fe ldspa r .  end jube~l ims te  

8 ~ m t 8  of quar tz  and p l a s i o c l a s e .  

The pclnnz7 te~t~n~es of meet  i m l l v l d ~ a l  s l~e lusns  e l o e e l y  z ~ n b l e  

those  desc r ibed  fo~ v t t~ophy~t ,  end tg l re~o~e ,  need no~ be r epea ted  i n  

detail. The 1~rlumlpal ~ l f f e ~ o  lO sbs t  the  v t ~  8 n ~ I d m ~ e  i s  

8188s, whereas the 8 ~ e  of tbo ~ seae £~ 8m~rally e199e~eryjeelllne. 

Za the v i ~ e .  dlselnet $1ea8 J~88oo dlsy~luqp~sh ~nrds ~md lep1111 

f ~  the  umtTL~ mad i n  the  b ~ o ~  ~ emeh o f  ~h~ two ptmsos  may 8bo~ 

en Ind iv idua l  e h a r ~ e e w  of e z T s t a l l l s m t i o u ,  by ~ t e h  ~he two phasm8 

may be dis~inSulohed. In ~he 8h8~ aid Lspi111, the e~yebslli~ttion is 
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more p r ~ i n e u t ,  a8 the c r y s t a l s  a n  I ~ r r a l l y  l a r s e r  ehan those in  the 

in terveninK matrix0 In some spaetReNt aa abrupt e h a n p  in  eTysta l  s i z e  

d i s t i n c t l y  marks the borders  og ~ and l a p i l l i  ( f i e . ) .  Forming 

the bcfders  of most s h a r d s  end L q ~ l l i  ~ e  J l a n d ~  n e e d l e s ,  probably of 

c r i s t o b a l i t e  mad K-fe ldspar ,  a t ~  lit ~a~liJ~il~l p a t ~  ~ f o r e  

s p h e r u l i t e s ,  oT in  IM~al le l  e ~ - l ~ I  8 t l q l ~ q ~ l  ¢o ~ am£ol iee j  

( f i e . . _ _ ) ,  The i n d i v i d u a l  m ~ l l ~  ~ f ~ m  0 . ~  to  about 0.05 m 

in  l eng th .  The i n e ~ i o t  p ~ t s  of  dm~18 mul l a p t l U  m e ~ s ~ u l y  ln t~ ro  

8 r e ~ h s  of t i n y  s n h s ~ a l  eryef~tll~ ~ p t ~ l l l m t e l y  o q ~ d ~ l ,  which 

f o ~  random p a t t e r n s .  Indlvi4hsal d~ys ta l s  eomnmaly ranlpt g~rma bmqtly 

d i s saz~ab le  to 0.01 ms in  d £ 1 t e ~ .  

C t y s t a l l i s a t i e n  in  tim m ~  iO ~ a l l y  l a ~  r o l l  4 ~ w n l e ~ l  t h ~  

in  the shards and l a p i l l l ;  i n  I ~ r t  of  tim smt~rt~ e t y s t a l l £ s a t i e a  san be 

d~t~et~d only /us a fa£ut  b i f e ~ i l q ~ t ~  m ~ i m d l ~ l  @Tyetelo e~a~ot 

be d i s t i ~ s h e d .  Im mmJ~ a reas .  ~ .  ~ T q t t m l l i ~ t t i o a  i s  ~Lietiaaely 

v i s i b l e  a8 low b i t ~ f t i m ~ m t  ~ sad o e s ~ d  s l ~ m t l i t t ~  ~ o ,  

p~obably sminly  e f  c t ~ a t e b a l t t 4  n~l F~ |~!dep~r .  £ f i r e  brmm dust~ 

~ s  noe t  of  the m t ~ i x ,  The dlmJt te l o c a l l y  e e t ~ a t e a t ~ !  tn  

l e n t i e u l a r ,  s i m m s ,  and I r reSulmr Imade~ l~yers ,  sad umoeo~, sad ~ o e o  

e o n e e n t r a t i c ~ s  r e f l e c t  snd s ~ s ~ t ~ O  i p l m ~ i l ~  tim ~ a l  I~slat ie~s 

between shards and l a p i l l i  and the  ue t~ t~ .  The duet  18 probably h ~ a t i t o ,  

bu£ £t could hoe be p o s i t i v e l y  idmatifi~MI ~m no l - r a y  l m t t ~  e~ elm 

groundsmss showed r a c o ~ t s a b l e  I~aks ~ s p c m d i n 8  to h ~ a t i e e .  

l 
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In some ~psclmens the snhedra l  ~ s t a l s  of the 8~oundmass reach 

about 0.2 to 0.3 sm in  d l a s ~ t e r ,  m M D o  I n t ~ o v t h 8  hsmt p ~ N : p h ~ l e  

rex. t u r e .  ~ a r t s  is the  domlnant n i ~ a l  in  the c o a r s e r  pa imml  i n t e r -  

growths.  8ceompsni0d by K-fsl~lsil, a~ ~ a l i t t l e  p L s s l o c l a s e .  Zt i s  not  

k~mm whether  t h i s  e o s r e e r  c ~ y s t a l U s s t i o l  ~ s  I~isms7 o r  s e e e m ~ .  

that I t ,  whether i t  as~elopel ~ I s 8  am eclSlul ~ l l s 8  of thin t ~  

c~ darla6 ~ b ~  dls4pm~tlG e h d u p 8 .  I~ p t i ss~7~ the  ~ o f  

this ~ is ~ l y  tbs b o S l ~  ~/ • Stsda~i~ to k l m ' s  8mmmo 

pbyrle ~ a  of ¢iTstolUsati~ (Smi~ 1~0, po $$1), and p~s~b l y  

i~ll¢stas m ~ 1 1 y  I ~  l~e i~ ~ ~ | i ~  e~r~B 8~spti~ enpla~nn~ 

eoui~s~le,  lu ~ m hick m~m~Clem ~/ ~sll~msk ~mmm dut  

a,~r17 obN,w~ t~s p~/ss~7 e u t m ~ t i e  ~ m m n  ( f l s .  ~ ) .  xu ~ m .  

e v a  though tb~ ~ i s  liSIM/4~sl 4M8 to  4 M ~ I C S i | I c a t i ~  

e r y s k l s  m N s=s11 ~ t  t im ~ I s  u ~ l y  I s ~ e p l e .  

p t ~ s s m ~  f m  m e e j h  se  tks t  tho le  t e s s ~ m ~ e  u ~ t  bees o b s e u t ~  m a  

a ¢lomr d i e t t a ~ t / e u  b o t u ~ m  the  ~ o  Id~Ssu i s  s o t  p o s s i b l e .  B e ~  mid 

br~um ~ m o . ~ T s t  h ~ s t s  m S m ~ s l ~  . m e  ~ lu tbs u s ~  

t ~ m  l u  the  s ~ , d s .  J ~ t .  i s  ~ SpaS l e a  a s  ~ s sd  f t s ~ s s a ~  

have bem~ mL~d i n t o  the  shards  sad l q ~ l L t ,  so t he  ~ t e r t o a  o~ 

u e d  to  dte t /u@utsh  the  p b u e ~ .  

In nose  s p e e i m m s  o~ the  b r e e 8  U S e  a l l  the  p b m m u y s t s  mrs 

em~re~7 ~ , e h .  JJe,mv~, in eb, uPlm8 ~ of the ~ d , ~ e  ebe 

8~letlea b o ~  the ~ ~ ~ p  ~ ~ .  b i o t i t e  sheus s l i ~ t  

b 1 ~ S  s ~  a s ~ l ~ s s u e  of  ~ ~ ~a i~s  bmrdsn .  

f 
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• Gray sons  

Rocks o f  t h e  g r ay  zone a r e  we lded  c r y s t a l  t u f f ,  w i t h  p h e n o c r y s t s  

s e t  in  a c r y p t o e r y s t a l l t n e  @roundmass. Because t h e  p r i m a r y  t e x t u r e s  

o f  t h e  ~ o u n d ~ s s  a r e  p a r t l y  t o  c o n s i d e r a b l y  o b s c u r e d  by c r y s t a l l i z a t i o n ,  

t h e  d e g r e e  o f  w e l d i n g  i s  n o t  d l s t i u t .  I n t e r p r e t a t i o n  o f  r e l i c t  

t e x t u r e s  i n d i c a t e ,  h o v e r e r ,  t h a t  t he  lower  p a r t  o f  t h e  zone I s  p r o b a b l y  

d e n s e l y  we lded ,  and t h a t  w i t h i n  t h e  sane  t h e  d e g r e e  o f  w e l d i n  8 d e e r e a s e s  

upward .  The c r y s t a l l i z a t i O n L O f  t h e  groumimass  i n d i c a t e s  t h a t  she g ray  

zone i s  p a r t  o f  S m / t h ' s  zone o f  d e v i t r i f i c a t i o u ~  and i t  i s  l i k e l y  t h a t  

t h e  uppe r  p a r t  o f  t h e  g r a y  zone  i s  fprading i n t o  h i s  zone o f  vapo r  phase  

c r y s t a l  llzatlon. 

In  most  s p e c i m e n s ,  i d e n t i f i c a t i o n  o f  8 roundmass  m l n e r a l 8  u n d e r  

O 
t h e  m i c r o s c o p e  i s  o n l y  t e n t a t i v e l y  ~ s i b l e ,  and l i k e  in  t h e  brown r ~ n e ,  

i n d i c a t e s  s i l i c a  m i n e r a l s  and f e l d 8 1 ~ r .  X-ray  s p e c t r e m e t e r  p a t t e r n s  

a g a i n  show t h a t  © r i s t o b a l i t e  and K - ~ l ~ p a r  a r e  t h e  p r i n c i p a l  S ~ m n d a a s e  

m i n e r a l s ,  and t h a t  q u a r t z  and p l a l r l o e l a s e - a z " e  8 u b o T d i n a t e .  I a  some t h i n  

s e c t i o n s ,  groundmaes  c r y s t a l s  have  ~ lawae e m m ~  t o  l ~ n C t e  v i a t m l  

cong iZ l~a t ion  o f  t h e  X- ray  d a t a .  

In  a t  I m t s t  some spec imen8  i n  ~ ~ a y  s o n s  w t h e  t3po d i s t i n c t  

p h a s e s  o f  t h e  p r i m a r y  t e x t u r e  c an  be  d i e t i ~ i s h a d  by d i f f ~ t i a l  ~mount8 

:~ o f  ~ a t a l l t g a t i e u .  C r y s t a l s  i n  l a ~ t l l i  and s h e r d a  ~ l m t ~ e r  ~ me~e 

d i s t i ~ e t !  i nd t~ -Ldu la l  f i b r o u s  e t y e t 6 L J  o~ t h e  Q h ~ l i e ~  m~! ~ £ o l i t e l  

~i~ e l o ~  t h e  l ~ i l l t  b o r d e n  t ~ e h  0 .1  ~ i n  l ~ a a t h ,  ~md g~e ~ h ~ a l  

: ~ y o t a l e  o f  t h e i T  l ~ t ~ , i ~ s  m ~ ~ y  0 .001  ~o 0 .02  mm i n  d i ~ n e ~ T .  

~ i  I .  ~ n ' a l ,  the .har,b~ and l a p i l L t  ~ee  . l a t l . l y  free o f  d u e t  ~ d  

b~o i~n  l~eno~l"y~t  f~ce, ~ ~ u~An~ has  e e l .  

c o n t r a s t ,  .the e ~ y s t a l g  e o ~ p ~ l ~ i ~  ~ ~ 8 t t  m ~ h  J m l i ~ ,  I ~ m ~ r a l l y  

~ ~  ~ - ~  . . . . . . . .  ~ ~- ~i -~ I L  ~ ~-'-i~-~:!~ ; / - ~ - ?  ~ ~-~%~ -~  ---~ ~~--~ ~ : ~ = ~ - -  -~ . . . . .  -~-~-~'~ ~-~-~-~--~ ~-~ :~  ~ - -  
. . . . . . . . . . . . . . . . . .  ~ e is~ mm 
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t:p to £..¢5 nTa, and in sc~ place8 the matrix is nearly isotroplc. 

The size of the groundmass c ~ y i t a l S  tends to increase upward in 

the ~-zay zone, and in some ~)eeim~ma no difference in crystal size is 

apparent between la~illi and maz~L~. ~ the dm~ee of ezysZalllzatlon 

increases, ecmsidezable InteTpeRet~lima oaeurs betueen shard8 and 

l a p i l l i  and ~he ~a tT ix ,  and the  ~ o s  of the  lapi111 and shard8 

become more and more d i f f u s e .  In ~ s p o e i l m s ,  p a z t l e u l a r l y  in  the 

upper p a r t  of the Kray minas, the  ~ t l t ~ s  of the  c~IKiual s h a r d - e l s e  

f raamants  have Men  o0mple te ly  ok l i t ee re ted  by c r y s t a l l i s a t l o n ,  and the  

bo~le r s  of the  Lapi111 a ~  so va~ t h a t  they  e~a be r eeean l eed  only  

wi th  d i f f l c u l t T .  The matnrts Seneva l ly  eemtaLns ¢ousi&e~able mmemts 

of broken phenocrys t  f r s a m m t s ,  m ~  t h i s  d l f f e r m t l s l  eoues~ t ra t l em 

of c r y s t a l  f r a ~ t 8  and dus t  may a id  Im d l s t l n ~ s h l n B  pz/amt'y te~cuzee  

~ m  they havw b~m o ~ c u r ~ d  by ¢ ~ y a t a t l i s a t i o u ,  

The mat~rix Is  ~ a l l y  e l m ~ y  ~ a h i sh  eomtent of 4k~St. 

p~obably h e m a t i t e ,  vh ieh  i s  d i f £ e l ~ m t i a l l y  c o n c e n t r a t e d  i n t o  b i l l o ~ l n 8  

and ~ v i n S  b a ~ s  a ~  l e n c i a l ~ s  t h a t  f l o w - m ~  m r l r l  around p h e n o e ~ s t s  

and c l o s e l y  z e ~ m b l e  t r u e  f low s ~ o z e .  Care fu l  s ~ t i n 7  shows, 

hoverer, ~t the  flow l i n e s  a r e  d imon t imaous  and l e n t l c u l a r ,  end t h a t  

many of  them are c o ~ e n t T a t i o n e  a l ~  borders  of  f l a t ~ e u e d  l a p i l l i .  

Lapilli ranKe fzcm a few mm ~o ~ & l  cm in lenKth, and i f  8 t h i n  

s e c t i o n  i s  cu t  through a l a r ~  I s p i l l i ,  apparen t  f low l i n e s  de f ined  

by d~st  consen t ' r a t ions  may extemd ~ o s s  ~m e n t i r e  ~htn s e c t i o n .  Unless 

mlcroseop ie  o b ~ w a t i o m s  a re  es~ei~s | ly  eor reLatml  wi th  a l o e s  u m ~ e o p l e  

~ n a t t o n ,  i t  would be easy to ~ l y  e o ~ l u d e  t h a t  ~hi8 t e n u r e  

ms developed in  a lava  f low.  T ~  obseu~ln8 of  o ~ t | l n a l  ~ l S S t t o  

texture  b~ e r y s t a l l i ~ a t i o n  ~ the ~ l M ~ a t  f low 8 ~ ~ e  l ~ a Z ~ /  by 

6 o  



dust  c o n c e n t r a t i o n s  a re  probably  UW i ~ l ~ e i p a l  reasons  t ha t  the d a e i t e  

shee t  was not  e a r l i e r  i d e n t i f i e d  as belu8 of  ash f low o r i s i n .  

Quartz ,  p l a s i o c l e ~ e ,  and s4m/AI~iJS ~ r y e t s  remain f t ' e A  and 

u n a l t e r e d  throush tha e n t i r e  Srw7 s a m .  K t o t i t e  reade lie bt  L ~ h  in  

the l m ~ r  p a r t ,  but wputrd i t  s h a w  p toSZ~ss lve ly  8~ea~er mnount8 of 

a l ~ a t l o n .  A l t e ~ a t l o n  be~h~a by bLs~hLn8 a t  the  borders  and the  

development of m u l l  s l o t s  of  opsqu8 e l i d e s  i n  t he  b lesahed  ~ .  

Blesekin8 pz~Sz'llSees i ~  ps r t i4~IdMly  a loa8  ale~e~J~ pLuso8~ aud 

the opaque p a ~ n s - l ~ e a s e  lm s i ~  ~ ~ t r a t t o ~ .  Same of  the 

b l o t ~ t e  becomes l ~ r t l y  a l t e r e d  to t i t ian ' i re ,  w h e r ~  mueh of  i t  

as a l IKhtee  eo lo rad  v ~ r t e t 7  of  I r l~L l~ j .  l ~ r t h e r  a l ~ a ¢ ~ o a  of foe to  

are  noted i~  the  o v e r l y i n |  d~ l to  m .  

Nieroeeop le  emminael~s l~s I N  t ~ m s L e d  say ~impla a i d  ~ L S b t -  

fo~mrd re, a~ou [~olr ~ d i~ fe t , '~ l~  i n  18~pll4~s~e ~ INJt~l~m t~_@ 

~-ocks of  the  b r o ~  m ~  the ~ r  8 ~ .  lie o o u l o ~ n t  ~olo~ d t f f e r o m e  

in the 8z~u~dma~ duet: w ~  uotod ~ th8 m / ~ ,  beJ~ 18 i l l  IM~ l ib le  

that  ehmN~es of emvil~emmnt ~ d i l~e tqu~  l e v e l s  i n  tlte ~ool i~8  ua i~  

could  en~ee ~et~81 d i f fe reaa@o i n  ~ eempooi t ion  of  the  d~s t  t ~ s t  ueu ld  

~how up e s  a b u l k  c o l o r  c h s n g e .  ~ mr n o t  such a ~ u m ~ e  o4e~urs 

i n  the dust i s  not kao ,m,  but  i t  d o n  ~ l i k e l y  t h s t  the e~mbimat/m 

of several textural fea~res my ~ sradual upward ~hausse Mhleh 

produce the zonal  d l s ~ i n c t i o n .  Thoge f a ~ r s  h m r l ~  m e t  e f f ~ t  m 

probably  the ui~qurd i n c r e a s e  i~ 9~amtdasss e ~ y s t a l  o l t ~ ,  the  Ismre 

d~£fuse borders  O~ shards  and 1 8 ~ i l l i ,  the  upward dec rea se  i n  i n t e u s l t y  

of w e l d i a s ,  and the l n~ rodue t i on  ~f  vmpor ldmse e r y s t ~ l l i ~ i o n .  

m 
i ]  i I . . . . . . .  i l l  Nil " I N i l  . . . . . . . .  I . . . . . . . . .  I . . . . . . . .  i n n  - -  - ~  m i n i -  



White r~ne 

The whlte  zone ~s composed of  part ly  welded to perhaps non~elded 

crystal tuff. with phenocrysts lyi~ in a ¢ryptocrystaUlne sroundmass. 

The degree of  welding must be mainXy Lm~erred, because the o r t s i n a l  

groundmass t ex tures  are near1 y a l l  o b l i t e r a e ~ d  by c r y s t a l l I s a t i o u . .  

Both devltriflcatlon a~d vapor phase e r y s ~ a l l l s a t l o a  ~ aated on the 

rocks of C'~ne whlti m. 

( ; ~ ' ~ s s  mlnerals  are  i d ~ m t i £ i e 4  ~ the microscope as s i l i c a  

mluerals and f e ldspar .  Some 81~m~m~oo e r l s t o b a l i t e  and quarts  sam be 

o p t i e a l l y  d lscern~d,  and ~ c c a ~ l ~ u t l  t1"idym~t~j c x y s t a l s  are n o t e d ,  ljm~ 

ever .  ~he Ipreat bulk of  the n m l ~ £ a l  Lm the Iproundm4~ san hos t  o~ ly  

generalir~d opt iea l  i demt / f t~ t ion .  P~elLmLM~7 X-raT ~ m l e d  

K-fe ldspar  and c r i s ~ o b a l i t e  as d~m/~Ia~, q ; u ~ t l  subol~tm~t~,  ~ J~st  

a little pla~ioclase. 

Tb~ kro~mdmass o~ t~pleal ~ h~m th~ ~Its s~ms is ~mti~ly 

crypeoczTsea11Ine, sad eonslsts o~ ~ sph~rallt~s sad ms.ms 

randomly e~ysea11/mod m u r a l .  L e ~ l l y  tim epksrul i tee  I n  ~ loee ly  

eroded  I ~ o p ~  m~i ~ mutually i ~ 4 t n ~ f ~ d  vL~k NO ~ m e t ~ t ' i  8z~w~.  

but In most p l o w  ~be 8 ~ m m d ~ n  iS , ~ m m r p b i e  ~Lek a l / ~ t - e p ~ l ~ k l L q  

of sph~rulite~.  In s o n  places ~ e l i e t  ~ l ~ t ~ a l  r ~ s  e~a be d i ~ i ~ i e h ~ d ;  

these ere 8enerall@ v a @ i l y  d~iaad ~lllLtaes of l~pl lLi  up eo 8evmral 

mil l imeters  tn dtmseee~. In a fen pLIOO t e l l e r  @uelines of  m a l l  

. . . . . . .  I I  I I I " I II . . . . .  I - I " -  " I l I  . . . . .  1 i l  " I l l  ~ "  I "  - - - -  ~ l I  
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The sph~rulltes are probably c ~  of K-feldspar and CTisto- 

balite, and they ge~erally ~anK@ from 0 .05- tO I Mn /m d l a s a t ; J ~  they 

rarely r~ach 2 nun. They g~nerally emtslet 81mply of radlatln8 £ibTca~ 

crystals, and thelr borders may be @It~ar sharply o~ vaKuely ~Iklfi~ed. 

A few show c o n c e n t r i c  s t r u c t u r e s  ~ M ~ m p o s ~  ou the r a d i a l  p~ttetU. 

An a l ~ r e e i a b l e  number f o ~ a  e o ~ p l e t e  . s l~ i l '~I ,  l ~ t  many e ~ t s t  o f  e ~ l y  

p a r t i a l  s e c t o r s  o f  s ~ .  

The bulk o f  the ~ r ~ s  t8  ~ t ~ h i e .  e o n s i s t i ~  o£ tiuy 

i n t e r ~  e r y s ~ a l s  o f  8111ea u i n e ~ a l ~  ~ £eldelrar.  In some p l a c e s  

they are  f i b r o u s  or 1 ~ d - l i k a ,  b~t ~ e l l y  ~ ea~ystals  are  ~ a l  

and more or l e s s  equ id imens iomal .  ~ l i a t  l ~ i l l i  end s h a ~ s  m y  have 

a type o f  = r y s ~ a l l i z a t i o n  diffelt~nt f ~  t h ~  o f  the =~t~rtX. ~het  i s ,  

~ they may be c o a r s e r  or f i n a ~  than ~k~ l i ~ l r i ~ ,  ha~e ~ l o l i ~ I c  ~ 8 ,  

be crowded wi~h t i a y  s p h e ~ u l l ~ e s .  ~r ~ ~ e~:her d i s ~ i n e t i w ~  

c r y s t ~ l l t ~ a t i o n  ~ t ~ n .  C o n t a c t  b ~  t im ~ s e a l l i e a e i ~  ~ a ~ e s  

show a ~ e a ~  ~ra~le~y o£ l ~ s s i b l l f e i ~  ~ ~ e ~ n s i s t e n t  l n t ~ l a ~ l e ~ s  

between the l ~ i l l i  ~ ~ a t ~ i x  cou ld  be ~ t e e t ~ .  ~ayi~h ~ dk~t t s  

abundant in  both ~be e ~ h e r u l i b e s  end eke ~ h i e  par t  og she ~ -  

mas=; s e v e r a l l y  o n l y  i n  ~he r e l i c t  l ~ l l l i  I s  ~h~ ro~k ~ l a t i ~ l y  f ~  

of  &~st.  The dus t  Is  ~ n e ~ a l l y  ~ a ~ l y  e e a ~ t ~ e ~ ;  on ly  r ~ e l y  does I t  

become c~neem~raeed i n t o  l i m e - l i k e  ~ ~ £8 i n  the  ~ e ~  and ~ y  

z o n e s .  

q~u~tz, pla~oelase, and sat~Ld/ns I ~ S s ~ y s e e  t ~ s a i n  e~ally 

f r e s h  i n  the  ~ h i ~ e  ~ a ~ ,  e h e ~ h  ~ a ~  e e l s  to  be ~ d u @ l y  ~ a ~ d .  

i ~ Biotite, h o w a ~ r ,  iS m e n , r a r e l y  to  ~ l y  ¢ m ~ l e ~ l y  & l t ~ e d ,  1~ s ~ w  

; s p e ~ i n ~  ~ b i o t i t e  iS N t l y  bl4u l~ l l  w ~  ~ e a t ~  elo~ e~ oldde, 

in  o ~ k ~  ~ i w ~ n e  i ~  t s  e c m ~ £ ~ l y  b ~  a~l ~ l y  ~ 
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the crowded c l o ~ s  o f  oa ld~ ,  £n somm i t  i~  l em~ly  to  l ~ l y  8 1 ~ m ~ l  to  

c h l o r i t e ,  and In a fm~ eq~mc./3Um~ osAL~ a e~l~ll of opaque ~ IPrails 

tndLe..~tes the f o ' m ~  p r s s e ~ e  of  ~ S e .  h~,rtst~m81y,  ev~m £n t,~eko 

w ~ h  ~ e ~ m I 7  alNL"od b t e t l t a ~  ~ ~ l u ~ l i b ~  

tens . in  f a i r l y  fresh. A~ ~l~re~/mbl~lqN~ o f  ~ s ~  o~ 

~ £ ~ 1 1 F  Lutet'srava q u ~ t 8  M 8~d,d/,ne tusve b~em nowd / 8  ebo ~dd.m 

#oss .  ~c ~ f f tes~t  t~ss oaly  ~ ~ i s  ~ .  mi~ no 

e ~ p L s ~ t t o ~  f W  8~Jm iS  ~ ~ .  

e e ~ e ~ t ~  of  ~ end ~ / z  v ~ L s t l m e  

l l ~ a l  ~ l y ~ s  o f  smm s i x t y  ~ smn/emm of  ~ i u  ~ 

a .~lyse ,  s rare ~hoem In t:mble C, ~ mm I r q ,  lm/u l ly  tllus#~L, ae~NI l a  ~ 

0. Yh~m ~ I t s  show that: mes~ o f  81~ ddm£te sin88 has  a ~ l y  m e l f ~  

.phenoe~st: u t u r a l s  t e  out 8 n o e h ~  a n  f ~ t r l y . e o u e m n .  The ~ U o u o  

o f  ~ ~ y s ~ 8  fron d ~ t ~  in the e e ~ k u e e t  ~ o f  t i e  Smme~l  

~ ~ l e ,  ~ ,  show 8 d L s t J ~  d ~ /  ~ s t ~  d L f f e r e u ~  Lh~t the 

~ t  p r o p o ~ t l ~  In o t h e r  ~ r ~ .  ~Aso ~ minor ~ 1 ~ £ o ~ m  

between e~mes ~ e  rmt~d at  e ~  l o e s l i ~ / @ s .  To ~ t ~ w a ~ m - M ~ i ~  o£ 

d i f f ~ e s  ars  r ~ l  ~ ~hle.~ I n  emly eqp~I~mt, 8 ~ s t t e ~ l  

m~thods have bQeu e p p l l e d  to  ~I~ mm~k~, ~ I  a ~ I s  pt~m~mt~l i n  

t s b l e  H. 1~e e o n f i ~ e  l h a i ~ 8  o f  s a m  ~ t~e  ~ i S t e ~  o f  t a b l e  H 

bro~d b~csuse the msm~ ar~ ~akem h~m r e l y  s few s m ~ I H .  N o n  medal 

au.alyeJe8 are planned so that f iSure8  w i l l  be based on more s ~ l ~ s .  

l ~ r h ~ s  the ecsd~der~e 1J.~.~, cam be ~ I ~ n ~ l .  At s s y  rae~.  ~ m e  

d ~  

. . . . . . . . . . .  F i r  I i l i  I I . . . . . .  I I F ~ l l l  i i  . . . . . . . . . . . . . . .  
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the presen~ resulte 6hould ~ K ~  ~ ~ly ~el~n~y. 

~e statistical study reveals ~, 

1. No s i g u i f i c a u C  d l f f e T e n ~ e  ~ l~  ~ r ~ l e d  ~ ~ I  toI~i1 

p e r c e n t a g e  o f  p h e u o c ~ s t s  i n  t h e  ~ l ~ I  d i f f e r t l t  ~ oT f r o l  

d i f f e r e n t  l o c a l i t i e s ;  S t s t i s t i e a l l y  I ~ t  l ~ k m ~ C r y s t s  ~ e  w a i i ~ l I l y  

d i s t r i b u t e d  t h r o ~ h  ~he e n t i r e  t h r i l l .  

2 .  The r e l a t i w l  p ~ i a m  I I  pIl~Loals8~ Ilmsidili@, qtS~ILt 

and h o r n b l e n d e  a r e  s t l n i f i c ~ t l 7  ~ ~ t t ~ e m  ~ e i ~ I  ~ ~ t  I ~ h -  

~.~st~rn p a r t  o f  t h e  ~ted ~ ~ M s ~ l e  m d  ~he ~ i t e  t~nm e ~  

areas.  ~ e ~  d i f f m e e  are ~ I I ~ l ~  u f e l l ~ I :  

M S m t i ~ a ,  s~ ~ ~ m s s m r l ~ .  

~. ~bs d t ~ l e I ~ u ~ s  iS l m ~ e e t ~ a s  ~I  p l a S l ~ l a u ,  ~ I ~  

1~m~l~ ~ siIIi~le~. 

4. ~ pz',mt~~ ~ p 1 ~ j i e e ,  ~ ssd  q m e t s  o f  the 

,~hlt~ ~ m? ~ 8~In~ i l l~ I t l~  d 4 J I J i I n t  f I I  Ibe e 4 h ~  ~ be~ u s n  

~ l ~ s  m i to ~ tlm ~ l f ~ t e ,  Z~: ~ f ~ m  

,m~ ~ ~ ~ I . .  

0 ~ -  

.......... .-.-~i~-~.-~ ~ ~ ~  ~ ' ~ ~  ~ ~ ~ ~  ~i ~ . .... i-.~ 
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These observations lea~ I:o the fo [ [ovJ[~  eo~ l tmtous:  

l )  the rock in the souldm~tmm pact of  ¢be Hmmted Canyon has a 

siSuiftcant difference in  ~ l L ~ a l o s : l c ,  a l  a c ~ o s t U o n  from ¢!~¢ ~Ln 

netshborinS areas;  

2) t:i~ :roeks o f  the eout~msteum part  o f  ~ t o d  Camyem m e l o N r  

£u ~ t n e r a l o ~ l e a l  c e e ~ o s i t i o n  ~ the ¢o~ks o f  the l ~ l ~  ~ than 

they are co the reeks  o f  the 1 ~  m s .  

These  c o n c l u s i o n s  are  c e m p a e i b l ~  w i t h  the  f i e l d  and 8¢¢uetamal  

e v i d e n c e  f o r  a 8ouree  or v e n t  a r e a  f ~  t h e  a sh  f l o w  8he~¢ i n  t h e  s o ~ t h -  

w e s t e r n  pa~t  o f  the  ~ a u n t e d  Canyon ~ m ~ B l e .  I f  t im e o B I m ~ i U o  n o f  

the  ~ b~ in~  e r u p t e d  from a v e n t  ~ ¢ e  t o  o h a n ~  i n  a p a r e i a u l ~  

d i ~ ' e c t i o n ,  we s h o u l d  e x p e c t :  

1) ~he rock  o e c u p ~  the  v e n t  a t  t h e  e l o s e  o f  amt~viCy t o  be 

d i f f e r e n ~  f ¢ ~  ~ a a r l i e J ~  M ~r~ptml  flfzm I ~ l  velat~ 

2) the roek8 in  ~he vent  would be e l o o e r  im eempo~t lom to t ~ t  roek~ 

I:kat l i e  st the top of the w)lel l~e lie/Jim, than they ~ I d  be to 

eke ear l i e r  rocks that: m ~ la the ~eleaaie e e ¢ l ~ .  

T h i n  obvious coudt~mss a o z . z ~  I m ~ s e l y  to ~ m oem, e l . ~ t . t m .  

1 ~  e 1 ~ ¢ 1 ~  ~mo~rys t  p o p - - t i m ,  I ~ m g m ,  ~ the W . ~  ekes 

a ~ u r e e  area fmr the daeit:te  ash f l e e  g b m e  e e ~ t e s  ~ s o u t h w s e e r a  

r~ 

r 

= • ~ : ~ : ~  ) : -  - %  ~ _  ~ ~ - _ ~  _ ~ - _  . . . . .  ~ : _ _ = ~ _ _ = 

li 

/ 

!ii 
lil i~  



~.-~ " ~, 

Q: 
i 

gN 

0 ~ 

P1.~ioc!a~e.--Through ~ha: e n~-ash flow shee~ plag£oclase la 

~he ~jor phenocrysr .  C rys t a l s  a r e  ~ n a r a l l y  subhedra l  and r a r e l y  

e ~ a d r a l .  T~nn£ug i n  ~h~ p l a K ~ ~  £s un£ve raa l ,  and most g ra ins  

are twinkled a f t e r  t~o or ~hre@ t~tm l a ~ .  Albt~a,  C a r l O a d ,  and ~ r i e l i n e  

a re  the  mo8~ cc~mon, and ~armbac, k~ ~ l i n o ,  and aim t~ln8  h m  a l s o  been 

recogn ieed .  ~ u t  p l a g i ~ c l a e e  pheaoerya t s  a re  d is t inc_~ly sorted, and 

may show e~ the r  normal or  o ~ e i l l a ~ r y  p a t t a n m ;  a £ev ~ t s  a re  

not zoned. 

Ef fores  dur£ng Oh, .pr~ton~ s tudy  eo def~rnttn~ tlm ~ of  ~he 

plagioclaae In  the  alblte-amorth4N lMJr~ hevm sm4~ lad to a unique 

arm~sr. De~tr~t~atlon of plaeleela~t imlpee£tlenp p a r t £ ~ l y  in voleanic 

rocks, is no lonsar a simple na~ImT of ~~natton of m~ctlon an411as. 

Recent s t u d i o s  of  the  p l a S l o ~ L a ~  ~ have otms~ tarot tam o p t i c a l  

p r o p e r t i e s  dopeud not  on ly  on tim l m e i t i e n  in  ghe a l b i t e - a a e ~ t h t t e  c a r i e s ,  

.but a l so  on the  a t r u e ~ n r a l  s t a r e  of  t l ~  c r y s t a l  l a e r t e s ,  which in  

depends on r~e ra~e of  c o o l i n g  du r i a~  and a f t e r  c r y s t a l l i z a t i o n ,  c e r ~ t t n  

p a r t i c u l a r  ev~m~e i n  ~he ~h~rsa l  h / ~ t ~ r y  of  t ~ t  r o c k .  a~ l  p a s s i b l e  

i o n i c  eubs t i t u t£o rm in  the p l a & t o c l a l ~  l ~ t e i e e  ( T u e t l e  and BoRn,  1950; 

Goodyear and Duffiu~ 1954; J .  V. $~ t t~ ,  1956; J .  R. Smith and ¥odar ,  

1956; ~acKenzie,  1957; J .  V. Smith mad ~ ty ,  1 9 ~ ) .  Tim o ~  s t a t e  

of the cr~s~a l  l a t t i c e  £8 the  l o w - ~ a t ~ r r e  ~ona of  ~ha a l g a l |  i t  

i s  found i n  p k ~ o c l a e e  of  p lueon/~  be~li@s and tlut l ~ r ~  Kabbro e~Ip lmme 

and r e p r e s e n t s  lone .  slow coOl i r~ .  Tim dIJu~rdsrod gt, tea of  eh~ e r y e e a l  

l a t t i c e  t s  the  h igh-eempera tu re  form; i t  Ls found i n  8yntho~le  p lag£oc lase  

and a few v e l c a n t c  rocke and r e p r ~ t ~ l ~  r a p i d  t o o l i n g .  The p l a g i o e l a a e  

of most v o l c a n i c  and hypaby~eal  rouk~ 1m8 a s tAge .min i  a ~ a t .  i n . r e a d . r e  

between complete o rde r  and d i o o r d ~ o  The wtdely~uaed e ~ i o c t i o n  auBle 
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curves were derived for l o w - t e m p e ~ r e  p l ~ e c l a n ;  they furthermore 

~em drawn by averagtnS po in t s  tha i  may shew cons iderable  spread.  As 

the pLsg loc lase  of  t h i s  study ~ hum 8 vo lcania  rock.  i t  d e e b e l o s e l y  

represents an tut~.~mdJL~te- or h ~ - ~ t u t ~  fo~m. TheTd~re N~e 

An-eOt~tent aS ~ q ~ n  ~ @ a E ~ l l ~ t i ~  ~ 0  ~ s r v o ~  ~m l i k e l y  eo be  i n  o r r o r .  

Despite  the uneerta ln  r e 4 m l t s ,  emttnetLou tusSleS e f  plm4~oeLue 

in  ~hin e e e t i o u  have beeu ~ M ou the  w d i u s r ~  u ~ e ~ q ~ o p e  

stake and Use an /vsrSa l  s~ase ,  quf~k ,  r o u e / N  684~nrm~m~Le~s u 8 ~  

made on moat s l i d e s ,  and moro dm~LOd g M e a  o f  about 8 t~  elf~Jms have 

been made on ~he u ~ t w ~ s a l  e ~ a p .  No ~ l e  ~ r / a t / ~ u  1ram t rod  

n o ~ /  from one r ~ k  r o l e  to a ~ .  ~easom~17 e (mst j tent  ~ a l m  

of An contrast ~mre p ~ r e l l 7  o b S s / ! q J ,  ~mujb  a few dmt~am/ns~tg~ 

on empl~z  t ~ _ 1  dmvintm/ om~idmra~y h~m ~bs ~mlk of  the z l ~ U .  

A c c o ~  to mml~z t im a n s ~  ~ s ~ s ,  mares p l ~ t U l ~ N  ~ ,  / ~ ~  

sonod ~ U l o ,  ~ a l l  in  tim o o m p e ~ 8 ~ m  asmSo An ~ .  & few 

e , ~ e  ~ c a ] L ~  , 8  An %5. end rams e~ ~ b e ~ s n  W ~meb 

~ 5 "  8 e ~  ~ d e  v ~ l a t i e u  m m .  h m m r .  md ~m~ few er~sts1~ 

show a ranss  o f  m than about l 0  ~ An, eemterod ~ th8 i u l m ~ m l  

kn350 ~ "  
i 

Perb~e  u s  of  She m m  r e l i d d j  mSf~eds of  p ~ I s N  d ~ e e u / ~ e i e e  

i s  freu eha index of  re free t tou  bet ~ ~ ~s sub,see  to  sans dmd~. 

J. V. Deith and Gay (1958, p. 7S9) ~ ' . t ~ t  the a m - e o a N t  iS 

but ~n eat/mate,  am she stendsrd eusm8 bare ~ ebeaLned t~7 mmrqin8  

r e f r a e t i v o  i nd i c t8  o f  anal3~ed p ~ .  ' ~  pOLu~ out  t~mt ehO 

verLst ious  o f  uLhraetiv8 tud~t  wLth 1 0  e t~mtw '11  r o t e  hs~m uot bum 
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s y s t e m a t i c a l l y  s t u d i e d ,  but s i t e  w~rk by o the r s  t h a t  show approelablo  

v a r i a t i o n  in  the  r e f r a c t i v e  index flr~s the  o rdered  to  d/JJOr~Jt~d s t a t s  

for sodic p l a g i o c l a s e .  They th ink  t h a t  t he  r e f r a c t i v e  tmk~ i8  not 

much a f f e c t e d  by the s t ru©turn l  s t a t e  Ln ~a l¢ ic  p l a s i o e l s ~ .  

In t h i s  s tudy the  h t sh  and log  r s f r a c t i ~  i n d i c ~  of  e l a a ~  

f r a ~ u n t s  of  p l a ~ o e l a ~  have been d e ~ m s / ~ d  i a  /~msrsion o i l s ,  and 

the p l a g t o e l a s e  eempoei t ion  has b o a  @stimstad ~ r m  ~m~b~e's a w r y 8  

(winchell, 1951, p. 280). ~ ~ N t i ~ l o ~  h a ~  been ~ on 

8 p e c t n ~ l ,  3, 9. U ,  12. and 13. ~ of  8ou/n8. the  r s ~ r s e t i v e  

Ind£c~s have a cons i~J r ab l s  ran~@. ~ v 4 ~ .  i~r  mmst ~r~ins l~/~qJ 

on ~ I .  the f a s t  ray has 8 r s f r a e t l m  ~ of  I . $ B o I . ~ A 0 .  and the  slow 
Tsv bo ," 

ray 1,5A7-1.~8.  ~ ' s  c m  i--~i_~.te a pLa~oclase e ~ N ~ I t l o u  

of  about ~m22.2~i ~ ~ , ,N  v a l u u .  ~ s  u / n / m s  ~ss t  r a t  i ~  o b m r v ~  

was 1.534, equivalen~ to anl& , and Ms8 m ~ u m  m l w  rw 7 indmt seen 

was 1.551, uhleh for  a 8~ain ly /a~  em 010 ueuld  be i s38 .  No v a r i a t i o n  

in  8 v S r ~  ~ l ~ r ~ t i m l  i ~ d ~ t S  m ~ ~ omO ~ q~e~/mma 

ano~k~r. I t  i s  l t ~ l y  t h a t  ~ ~ ~  s ~ ~ alma 

was ~ b ~ r v s d  in  t h i s  r ~ r a c t i m  indus  M .  We m y  ~ 1 ~  ~ t  

the  averaSe  e~mpositiem dmd the  ~ 15mSmg of  p l ~ s i o e l a s e  i ~  

by re i~raet lve  ~ &~ e ~ m s i ~ t b l ~  M s~Lte ~ s  ~ 

by e x t i n c t i o n  au4Lles. T ~ s p l a S i e e l a ~  tO Imuh~b.17 oodie  eumtBb ~ r  t he  

~ e ~ r ~ t i v e  indk~ t o  be arrested by ~b8 @ in ~ke 8 1 ~ r ~ t m l  84m~e. 

so the  / m L t ~ t o d  k~-~o~¢~;,t ~ be ~ ~  ~ u u ~ £ u .  Hmmu~r, 

even i f  ~ m m ~ s m  m o f  5 psTmm~ l ~  a l i n e d  ( h t e h  ~ d  ~ .  

19~s, p,  759). t ~  A n - e e ~ e n t  ~ ~  ~ r o ~ t / ~  i ~  i s  e ~ -  

I I  

ii 
i : i  ~ 
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This d e v i a t i o n  s h o w s - t h a t  t h e ~ e  ~ s t 8  e r e  n o t  s u f f i c i e n t  to  y ~ I d  a 

u n i q u e  p o s i t i o n  o r  r a n k s  o f  p o S l ~ / ~ a  o~ t h e  p ~ a a ~ o ~ s a u  on t ~ t  a l b i t e -  

a n o r t h i t e  s c a l a .  

S u p p l e m e n t a l  i n £ o r m a t i o n  c a  ks  p r o v i d e d  f rom X-ray  d i f £ r e c t i o u  

s t u d i e s ,  bu t  s t i l l  a u n i q u e  S o l u t i ~  e a n n ~  be o b t a / n e d .  J . V .  Smith  

and Gay (1959,  p .  749, 754) h a y s  ~ r i w m d  c u r v e s  f r ~  uhi©h e i t h e r  An- 

c o n t e n t  o r  s t r u c e u r a l  s t a t e  can  be ~ k ~ e z ~ t l d  I f  t h e  o t h ~ r  i s  known. 

A l though  n e i t h e r  i s  known p r a e i s e l y ,  t h e  ~ p t i c a l  s t u d i e s  h a y s  r o u g h l y  

i n d i c a t e d  she c o m p o s i t i o n ,  so  ~ho ~ I ~ o x / ~ a ~ @  s t r u c t u r a l  s t a t e  o f  t h e  

p l a g i o c  l a s e  s a n  be d o d g e d .  

F i g u r e  X shows X- r ay  d i f f r a c t i e n  r e e o r d s  o f  p l a s i o e l a o o  p h o n o e r ~ t s  

f rom s p e c i m e n s  EC1, 3, 9,  11, 12. stud 13. Table X 81ve t  t h e  r o e o r d o d  

values o~ 2~ £or the crys ta l  fae~8 (201)~ (111) .  (220) ,  ( I ~ I ) .  and (131) .  

a n d - t h e  v a l u e 8  o£ B ( e a p l t a l  J u t e )  and ]~ ( a a p i t a l  ~ )  a s  ~ £ 1 n o d  

by J .  V. Smi,th end Qty (1958,  p .  74~, 749,  7~A). F i ~ e  X r e p r ~ u e e s  

t h e  c u r v e s  o f  Smi th  and Gay 8hovLna t h e  r e l a t i o n  o£ B and ~ t o  A n - e o n t e n t .  

Each v a l u e  o f  B and r i s  p l o t t e d  on  f l l u r ~  X * a p i n a t  tuo asoumnd v a l u o s  

o f  A n - c o n t e n t ;  An22 y i e l d e d  by r u f r ~ t i w m  I n ~ z ,  amd An M y l e l ~ d  by 

e x t i n c t i o n  a n g l e s  f rom l o v - t e m p e r e ~  c u r v e s .  &I thouah  b o t h  p o l n t s  

a r e  p r o b a b l y  i n  e r r o r ,  t h e  t r u e  ~ a - e e ~ n t  p r o b a b l y  l l e s  

n e a r b y .  For  D t h e  r a n k s  o f  u n e e r r ~ i ~ y  i s  t o o  wide  t o  permit any  u s e f u l  

c o n c l u s i o n s ,  as  i t  e x t e n d s  a l l  t h e  way f r o  t h e  low t o  t h e  h i a h  e ~ m ~ r a t u r e  

c u r v e .  The r a n p  i s  n a r r o ~ r  f o r  ~ ,  h o ~ v e r >  a s  ~he p o i n t s  f a l l  a i r y  

be tween  t h e  low and h i g h  t e m p e r a ~  c u r v u s .  T h i s  c o n f i r m s  t h e  8uKKest iou  

t h a t  t h i s  p l a a ~ o ~ l A n ,  f r o n  a v o l c a n i c  r o c k ,  has  p e r t l y  o r d e r e d  and  

p a r t l y  d i a o r d o r e d  l a t t i c e  s t r u e t u l ~ .  

7~ 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

April 14, 1971 

TO= Mr. W. E. Saegart 

FROM= Mr. G. S. Barnett 

SUMMARY OF SUPERIOR EAST PROJECT DACITE STUDIES 

Q 

The purpose of my report is to present the results of three studies under- 
taken to obtain more information concerning the structure, depth and underlying 
geology of the dacite or Apache Leap Tuff. These studies are: one, a study of 
pumice ratios and zonal variations in the daci~e mass proper; two~ a photo- 
geologic mapping of lineaments; and three, an interpretation of the geologic 
setting and/or structural blocks for the area. 

The pumice ratios (length/width) were studied after preliminary work by 
D. W. Peterson indicated that these might be of value in determining the 
relative position of zones in the dacite and were also usuable in calculating 
depths to the bottom of the dacite. Relative differences of several hundred 
to possibly one thousand feet can be calculated using f lattening ratios. The 
results of my study indicate that the dacite plateau can be described as an 
asymmetric syncline with the thickest dacite on the western limb. The axis 
of this syncIine is probably the Devils Canyon drainage with thinner dacite 
cover to the east and west. The syncline is described as asymmetric because 
dacite thicknesses were found to be greater to the west of the axis. Measure- 
ments were taken in the same locations as those of D. W. Peterson and additional 
stations were taken to calculate dacite depths and relat ive displacements across 
fractures. The results of this stud~ submitted separately as Addenda ~were 
then ut i l ized to give dacite depths. 

The study of structures within the main dacite mass from Superior to 
Suttonls Summit (west to east) and from Haunted Canyon to north of Ray (from 
north to south) was conducted in order to extend previously mapped structures 
and to map any structure that had not been recognized previously. Areas 
immediately adjacent to the dacite were studied to determine i f  any direct 
correlations might be made between structures exposed adjacent to the main mass 
and known or inferred structures within the dacite. This study is submitted 
separately as Addenda B. In addition, the entire region or Globe-Superior 
d i s t r i c t  was studied in order to determine i f  a sequence or pattern of fault ing 
on a distr ic t -wide basis could be found. Color photographs and U.S°GoS° mapping 
were used in this analysis. Notes and maps of this phase are submitted as 
Addenda C. 
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It was found convenient to group structures into systems according to 
their trends. They are as follows: 

l) N-75 ° W + lO ° 
m 

2) N-30 ° W + 10 ° 
m 

3) N-S + 15 ° 

4) N-30 ° E + IO ° 
m 

5) N-50°E ~ lO° 

6) N-60 ° E 

7) N-70 ° E _+ IO ° 

8) E-W .+ I0 ° 

The photogeologic mapping of lineaments in the dacite was completed without 
an order determined for these fractures. H~wever, subsequent study in the 
immediate area and adjacent districts allowed an analysis to be completed. It 
is nearly impossible to infer pre-dacite faulting patterns and/or their signifi- 
cance solely within the dacite mass proper. This had been accomplished as far 
as possible on the most evident faults by D. W. Peterson as part of his dis- 
sertation study. He was the first worker to map numerous faults and zonal 
variations in the dacite. Using his data, my photogeologic mapping and an 
extensive review of the regional geology, I have determined blocks within the 
dacite and also pre-dacite blocks which influenced the evaluation of the 
structural history of the region. N. P. Peterson described three basic blocks 
in the Globe-Miami district. My protracted study indicated that four major 
blocks, or portions thereof, underlie the Superior Dacite. These may be 
described as the Inspiration block, the Haunted Canyon block, the Pinal Mountains 
block and the Superior-South block. 

As shown on accompanying Attachment A, the premineral basement configuration 
below the Tertiary units can be described as: l) A structural ridge with a low 
saddle in the central part, trending northeast from the Magma Mine to Suttons 
Summit: 2) A graben-like structural trough extending southward from the 
vicinity of DCA-3 to past DC-I; 3) Another trough extends, on the north side 
of the ridge, from the vicinity of OF-IA to past DCA-I. 

Included are cross-sections, submitted as Attachment B, used in the 
preparation of the structural contours shown on Attachment A. 

The dacite area can be broken into smaller blocks which are more significant 
in terms of relative displacements and rock units present. The blocks in the 
outer (northwestern) areas, away from the Pinal Mountains buttress, generally 
exhibit a radial pattern of eastward and northeastward tilted blocks, bounded 
on the northeast and southwest by "tear" faults along which movement in the 
strike-slip direction is probably greater in magnitude than the normal or 
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oblique displacements. To the southeast, blocks either tilt eastward or to 
the south. The faulting sequence is extremely complex and only partially 
understood by me. However, I have concluded that the ages of faulting for 
premineral and postmineral rocks is deducible. The Larimide faulting in the 
area and subsequent displacements are due to tension which developed when 
vertical uplifts were extant. I have assumed for convenience that this fault- 
ing should be catagorized into three groups or peak tectonic periods; the 
Larimide, Mid-Tertiary and Pasadenan. Additionally, a two-fold separation 
was made between Earlier Volcanics (Oligocene-Miocene) and Dacite (Miocene) 
faulting. 

The interpretation of the various ages of faulting underneath the dacite 
must out of necessity rely on an understanding of the geologic history and 
the description as exposed in adjacent areas. 

All systems have had recurrent movements and some fault zones have had 
later movements only along a position of the entire zone. Different sets 
have taken precedence in accord to the previously extant patterns and/or rock 
types present. Many groups have had active faulting and great depths of 
penetration while fractures in the same system have remained closed and/or 
shallow in their relative depth of penetration° The following is my interpreta- 
tion of the structural setting for the area beneath the dacite from the Larimide 
to present. 

In the Larimide (Late Cretaceous to Paleocene-Eocene) and in later epochs, 
the major s tructure~:systems active were= 

I) N-75 ° W • IO ° system, major en echelon shear zones allowing 

ingress of igneous materials and subsequent mineralization. 

2) N-30 ° W system, a major normal faulting zone with rotational 
displacements; available as a conduit for mineralizing 
solutions. 

3) N-S ~ 15 ° system, a group of predaminantly normal faults 
aithough with some reverse faults evident. Most active in 
late Larimide. 

4) 

s) 

s) 

N-30 ° E ~ I0 ° system, a l so  a shear ing  to  normal f a u l t i n g  zone 
~ i t h  r o t a t i o n a l  d i sp lacements .  

N-50 ° E ~ lO ° system, the major deep structures allowing 
ingress of magmas from approximately I17 million years 
(Willow Springs Granodiorite) to 64 million (Lost Gulch Quartz 
Monzonite) years and in Precambrian time (Manitou Granite). 

The N-60 ° E system, this direction has been recognized in a 
number of deposits as of primary importance with regard to 
mineralization. Actually probably a sub-system to the 
N-70 ° E ± IO ° group. 
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7) N-70 ° E + I0 ° system, this was the major conduit available at 
the time-of the Schultze and Granite Porphyry intrusions 
beneath the dacite. An en echelon N-70 ° E group allowed 
Granite Porphyry intrusion; the N-30 ° W, N-30 ° E and especially 
the N-50 ° ± IO ° E trends were mineralized, 

8) E-W ± IO ° system, a normal or tensional group in which 
displacements were secondary adjustments in late Larimide 
time. Although less active throughout the Earlier Larimide 
as a tensional feature. 

Slightly previous to the mineralization stage (62 M.Y.) the Paleozoic llme- 
stones now underneath the dacite were tilting to the east. This tilting 
continued with the Paleozoics and older units repeated by "normal" faults. 
The area to the east of Superior was being uplifted and as such, progressively 
older units were being exposed to the east. The outer zone of Paleozoics 
and older units is oenerall~ 13,000 feet wide (as at Superior) with an inner 
hinge area averaging 7,000 feet in which Pinal Schist or other Precambrian 
units were, and are now, exposed. Immediate infillin9 of the down faulted 
hinge area began, but blocks were rotated differentially to strip the block 
units from some areas and deposit them as cover over adjacent blocks. These 
cover deposits are now the Whitetail Conglomerate. 

The turn in the "hinge" area, in the vicinity of Oak Flat, and outer zone 
was probably a continuously active zone, but became more so at the time of 
the mid-Tertiar~ (Early Miocene) volcanism which migrated southeastward along 

the N-75°W ± lO system from the Goldfield region to the Haunted Canyon area; 

and related to this volcanism, a major N-30 ° E * IO ° trending block trough 
was formed in the northwestern part of the main dacite mass. The north to 
south graben which extends nearly to Ray, Arizona was receiving significant 
Whitetail Conglomerate accumulations, but some blocks in the inner portion 
of the fringe zone continued to be eroded and weathered. 

Bounding faults, as such, are rather indistinct at times in the outer 
zone with major displacement having taken place along numerous fractures. 
The N-30 ° W and N-30 ° E fault groups were most active in the Early Miocene 
times with the latter phase of tectonism exhibiting north to south tensional 
features (major normal faulting with some rotation). 

The Pasadenan (last lO or 5 million years to present) has established the 
faulting pattern now evident in the Globe-Superior area and post-dacite thrust- 
ing has been recognized to have had major significance (up to lO(?) miles). 
Thrusting on a smaller scale is also probable in the Larimide and Early 
Miocene events. 

Mid-to-late Miocene volcanism extruded the dacite over a terrain of high 
relief which to the north of Suttons Summit was essentiaLlydevoid of a White- 
tail cover. To the northwest this cover increases to 265 feet, in DCA-2, down- 
dip on the block surface. The dacite can rest on Earlier Volcanics, Volca~i~ 
Conglomerate, Basaltic andesite or Whitetail Conglomerate depending on the 
relative depths of erosion in pre-dacite times. 

Later displacements have either elevated the entire dacite plateau and/or 
down dropped adjacent areas° These downdrops may be described using the same 
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systems used f o r  an exp lanat ion  of  Lar imide events (as can the m i d - T e r t i a r y  
events) .  However, the f a u l t  pa t te rn  ex tant  modi f ied  the s t ress  o r i e n t a t i o n s  
and s t r a i n  to conform w i t h  the p re -es tab ] i shed  pa t t e rns .  

Dip and strike symbols used on Attachment A refer to the strike and dip 
of structural blocks underlying the daciteo Large "Us" and "Ds" refer to 
the relative degree of uplift which has affected rock units underlying 
Tertiary rock units. Small down and up symbols (D and U) refer to the relative 
displacement on faults in the dacite. 

I would recommend that  holes M- l ,  be re -en te red  and deepened to preminera]  
rocks. M-I is near to a major tens iona l  s i t e  and a lso near to  the p ro jec ted  
nose of  Schul tze Grani te  (James D. S e l l ,  ASARCO, Super ior  East Pro jec t  Geologic 
Hap). M-I bottomed in b a s a l t i c  andes i te  and may encounter a t h i n  (O-lO0 i )  
d e v i t r i f i e d  quartz  l a t i t i c  t u f f  and W h i t e t a i l  Conglomerate before reaching 
preminera] u n i t s .  The W h i t e t a i l  Conglomerate is ext remely v a r i a b l e  in 
th ickness but i t  should reach on ly  about 200' i f  N-S f a u l t i n g  in the N-S 
t rend ing  graben did not downdrop t h i s  area g r e a t l y .  A new hole should be 
d r i l l e d  in unsurveyed Sec. I I ,  T I S, R 13 E, 4,000 fee t  nor th  of the nor th  
sect ion  l i ne  of  Sec. 14, T I S, R 13 E, and 2,000 fee t  west of  the sect ion  
l i n e  between sect ions I I  and 12, to t es t  f o r  the extens ion of  the m i n e r a l i z a t i o n  
which is found to the east of the dac i te  at  a lower e levat iono 

GSB:bb George S. Barnet t  
cc: dDSell 
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ADDENDA A 

TO: J.D. Sell 

FROM: G. S. Barnett 

Re: SUPERIOR DACITE (PUMICE FLATTENING 
RATIOS~ THICKNESS ESTIMATES AND ZONES) 

In general, the dacite mass may be described as a very nearly a 
plateau with relatively moderately dipping planar structures which may 
represent flowage planes and/or joints. Dips can range from zero degrees 
to about sixty degrees. An average would probably be from IO°-15 °. Here- 
after the "dacite" will be used to describe the entire mass between Superior 
and Pinal Ranch from west to east, and from Haunted Canyon to north of Ray, 
from north to south. 

A study of the ratio of length to thickness for pumice fragments 
w as conducted in the dacite. This study was conducted after the initial 
studies by D. W. Peterson (Peterson, 1961 and 1968) which indicated that 
this might be a valuable technique for determining thicknesses of ash-flows. 
The reader may refer to these publications for further information or to an 
excellent discussion of the entire dacite complex (attached as Appendix A). 

Pumice fragments may be often recognized by a pumiceous texture 
which at times shows the encroachment of crystallization in a portion or 
majority of the fragment. Of special note in Peterson's description of 
pumice fragments is the observation that "many of the phenocrysts in the 
enclosing rock (matrix) are broken, whereas they are generally unbroken in 
the pumice fragments." 

Along road cuts or in recently broken boulders, the pumice frag- 
ments show up as bright, white lenticular to ovoid inclusions in a darker- 
brownish matrix. The outlines of these fragments range from well defined 
to very poorly defined, depending upon degree of devitrification and/or 
vapor phase crystallization. 

Of note also, is the rather distinct parallelism of the pumice 
fragments with relatively few fragments setting at oblique angles. No 
fragments were observed with a long axis vertical. 

The dacite is found to consist of from zero percent to very nearly 
one hundred percent pumice fragments in certain areas. The impression I 
was given was,"that the dacite can best be described as a lapilli-flow with 
the matrix secondary to pumice fragments, with a matrix possibly being de- 
rived from autobrecciation of flowing fragments and fluids". Pumice fragments 
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are not recognizable in the lower-most nonwelded t,~Iff u n i t  o f  the dac i t e }  _ 
below the v i t r ophy re~no r  are pumice f ragments  observable in the V i t r o p h y r e  
or  basal po r t i on  o f  the brown u n i t .  This is due to t h e i r  extreme f l a t t e ~ -  
Ing ra ther  than to t h e i r  absence. The upper p o r t i o n  o f  the brown u n i t  
conta ins numerous pumice fragments a l though t h e i r  extreme f l a t t e n i n g  causes 
some d i f f i c u l t y  in r e c o g n i t i o n .  The pumice fragments become p rog ress i ve l y  
less f l a t t e n e d  as one goes "up sec t i on "  in the dac i te  and t h e r e f o r e  the 
abundance of  fragments seems to increase.  Pumice fragments in the upper-  
most po r t i ons  of the wh i te  u n i t  are very d i f f i c u l t  to d e l i m i t  making t h e i r  
measurement tedious as wel l  as tenuous. 

The pumice fraaments were measured using a six-inch plastic scale. 
A felt-tip pen was used as much as possible to mark those fragments measur- 
ed for future reference and more to be sure that the same fragments were 
not measured more than once. 

Measurements were recorded in a standard field book to be later 
transferred to IBM coding sheets for data reduction. 

A program was written by Mr. Dave Sims and entitled ASARCO Dacite 
program. The data was coded using the following format: 

The number one card is an identification card with columns: 

2- 8 Used for station 

II-35 Station name, abbreviation and number 

36-48 Date: XX-XX-XX 

51-80 Recorder name 

The rest of the cards are used for data. The program has been 
set up to calculate ratios from either recorded measurements (A = length; 
B = height, see Appendix A or B) or ratios previously determined. 

Columns: 6- I0 : XX.XX length 

16-20 = XX,XX width 

26-30 = XX.XX ratios 

36 -80 identification--abbreviations, 
dates, etc. 

Two trailing cards signify end of data. 

The data cards were run initially to locate cards in error. Then 
another run was made using corrected data only. The results of both of 
these runs are collected as Appendices B and C. These data were then tabu- 
lated and the results included in the above mentioned appendices. 

One h igh ly  s i g n i f i c a n t  f ac t  became apparent upon comparing the 
data, which included few to numerous e r r o r s ,  to  Peterson 's  r a t i o s  and the 
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corrected copy of the dacite data. The data with errors at times agreed 
much more closely with Peterson's work than did the corrected data. The 
errors which were corrected were generally quite high ratio values. There- 
fore, I surmised that my error had been in the non-recognition of those 
well flattened pumice fragments which would give a very different ratio. 
Attempting to verify whether or not this was the case, I submitted 
Dr. Peterson's ratio determinations on separate runs, each time eliminating 
the two highest ratios. The results were tabulated as follows: 

Summary Sheet-Ratio Calculations 
and Calculations Less Deletions 

Data by Dr. D. W. Peterson 

Approximate Distance 
to Dacite Base Station Ratio Minus 2 Minus 4 Minus 6 Minus 8 

1980 ft. 0F-I 1.224 

1820 ft. SHA-15 1.683 

1610 ft. SHA-13 2,000 

1590 ft. SHA-12 2.720 

1450 ft. SHA-II 3.294 

1300 ft. SHA-IO 4.969 

1075 ft. SHA-9 8.931 

690 ft. SHA-7 24.087 

w ~  m m  - - ~  

2.952 2.790 - -  

4.595 4.307 4.174 

6.936 6.023 5.652 

21.06 19.915 18.749 

m m  

5.460 

17.683 

@ 

Of greatest significance are the changes that occurred in the 
data for station SHA-7. This station was the lowermost in the dacite mass 
and the ratio changed approximately l.O0 for each high value deleted. 

Therefore, it is very apparent that those fragments having ex- 
tremely high flattening ratios have a very significant end result on the 
total ratio determination for the lower zones in the dacite. However, very 
thin pumice fragments are rare to absent from the upper portion of the gray 
unit in the dacite and upwards into the white unit. As such, this factor 
is not significant for a large portion of the dacite. 

Sites were selected to check the ratio determinations of Dr. Peterson 
and to obtain additional ratios. These sites and those of Dr. Peterson are 
shown on Attachment C (after Plate 4, Dr. Peterson's dissertation). Addition- 
ally, Attachment C shows the locations of stations suggested to the author 
as valuable for further ratio determinations. 

Stat ion measurements are recorded in Appendices B and C. Appendix 
B contains the resul ts  of each S ta t ion 's  measurements (uncorrected and cor- 
rected) as recorded by d i f f e r e n t  ind iv idua ls .  Hr. Ramon Shannon and Hr. James Sell 
assisted me in the measurement and/or recording of data at d i f f e r e n t  s ta t i ons .  
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This data., serves to  i nd i ca te  the var iance which can occur when d i f f e r e n t  
I nd i v i dua l s  measure pumice Fragments. 

Appendix C conta ins the combined t o t a l s  of  a l l  measurements made 
at  a s t a t i o n  and the computer 's c a l c u l a t i o n  o f  a f l a t t e n i n g  r a t i o .  The 
f i n a l  pumice F la t t en ing  r a t i o  f o r  both the cor rec ted  and uncor rec ted data 
is inc luded:  Daci te th icknesses were ca l cu la ted  using these data and those 
shown on Dr. Peterson 's  map. For a l l  c a l c u l a t i o n s ,  r a t i o s  were re fe r red  
to p r o f i l e  SHa, Appendix E, (P la te  2, D. W. Peterson 's  Doctoral  D i sse r t a -  
t i o n ) ,  unless o therwise  noted (see SS-I ,  t h i r d  depth c a l c u l a t i o n ) .  

I t  is poss ib le  tha t  pumice r a t i o s  do not apply to  the e n t i r e  
dac i te  mass, but ra the r  to tha t  th ickness which conta ins  d i s c e r n i b l e  pumice 
f ragments.  I f  thTs is the case, then var iances of  severa] hundred feet  
w i l l  be noted in ca lcu ]a ted  dac i t e  th icknesses.  Measurements at known 
d r i l l  s i t es  can be used to ind ica te  the degree of  c e r t a i n t y  one is j u s t i ~  
f l e d  in a t tach ing  to r a t i o  de te rmina t ions  f o r  va r ious  areas o f  the d a c i t e .  
There is a lso an a d d i t i o n a l  source of  e r r o r  as shown by F igure  l ,  in tha t  
reference p r o f i l e s  must be ava i l ab ]e  near measurement s t a t i o n s .  

The f o l l o w i n g  are notes f o r  the s t a t i o n s  shown in Table 1 and on 
the summary sheet,  Table 2. 

Shaft s t a t i o n  SH-! was located in SE-1/4, Sec. 25, T 1 S, R 12 E. 
SH-2 and SH-3 were, r e s p e c t i v e l y ,  100 fee t  and 500 feet  east as app rox i -  
mately the same e l e v a t i o n .  

Shaft  # I ,  SH-1, measurements were taken in o rder  to  determine a 
r a t i o  we l l  away from the f a u l t  zone. 

Shaft #2 and 3, SH-2 and SH-3, were taken as near l y  as poss ib le  
at the same loca t ions  as were Dr. Peterson 's  s t a t i o n s .  When c a l c u l a t e d ,  
these data f i r s t  po in ted out the need f o r  an accurate  and exhaust ive measure- 
ment of very t h i n  pumice f ragments.  AI]  measurements were made in the gray 
u n i t - o f  the dac i t e .  

Su t ton 's  Summit r a t i o s  were a lso  taken near D. W. Peterson 's  
measuring s t a t i o n s .  SS-1 is in NE i / 4 ,  Sec. 14, T 1 S, R 13 E; SS-2 and 
SS-3 are about 200 fee t  and 500 fee t  east r e s p e c t i v e l y .  A no r th -sou th  
f a u l t  br ings the gray un i t  up on the east s ide aga ins t  the wh i te  u n i t .  
Rat io  changes were very ev ident  as were u n i t  or  zonal changes. Ratio~SS-I 
in p a r t i c u l a r  gave a ca l cu la ted  resu l t  very near to  the i n f e r r e d  value ob- 
ta ined from averaging th icknesses from the two c loses t  d r i l l  ho les .  SS-2 
and SS-3 were compat ib le to the r e l a t i o n s  observed in the f i e l d  and shown 
on Dr. Peterson's  mapping. 

J1-Ranch # 's  1 and 2, J l -1  and 2, were taken at  s t a t i o n s  very  
c l o s e l y ,  i f  not e x a c t l y ,  those shown by Dr. Peterson in the NW 1/4, SE 1/4, 
Sec. 23, T 1 S, R 13 E. Rat ios and ca l cu la ted  depths were not comparable 
to  those obta ined by Dr. Peterson. ! do not know the reason fo r  t h i s ,  bu t ,  
because Dr. Peterson 's  data is c loser  to the values obta ined in CE-1, I 
used his r a t i o s  f o r  c a l c u l a t i o n s .  Both stat=ions are in the wh i te  u n i t .  

OF-1 is located in S 1/2,  Sec. 29, T 1 S, R 13 E, w i t h  OF-2 
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t610 4.075 TRANS. 

1550 4.90 GRAY 

1500 5.35 GRAY 

1610 i.9 WHITE 
1600 1590 2.9 WHITE 

1450 3.3 WH!TE 
1400 

1300 5.0 GRAY 

1200 

IOOC 

BOC 

60C 

1075 9.0 GRAY 

1 
900 4.8 WHITE I 
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TO 
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about 300 fee t  east and OF-3 about 500 feet  nor th  and 500 fee t  eas t .  No 
s i g n i f i c a n t  r a t i o  changes were found. 

Throw, 235-I and 235-2, were taken approximately lO00 feet south 
and lO0 feet apart to attempt to confirm a ratio change across the fault 
indicated on Dr. Peterson's map, ~late ~, Attachment D, this report. The 
ratio changes, obtained by me, were not significant. However, subsequent 
study indicated that the fault was plotted about lO0 feet farther west 
than the t rue l o c a t i o n .  OF- l ,  2, and 3 and 235-1 and 2 are a l l  in the wh i te  
unit. 

Creek, CRK-0, 1, 2A and 2B, are a l l  located along a f a u l t  shown on 
Attachment D in S 1/2, SE 1/4, Sec. 27, T 1 S, R 13 E. Crk-O was measured 
about 250 feet  west of  the f a u l t  t race  wh i l e  Crk- I  and Crk-2 were measured 
on the west and east sides of  the f a u l t  r e s p e c t i v e l y .  Crk-2A and 2B were 
measured along a d i f f e r e n t  j o i n t - f a c e  set to  check f o r  r a t i o~  dependence 
on the d i r e c t i o n  of  the exposed sur face .  The d i f f e rences  are not considered 
significant. 

Ruff Slope, RS-I and 2, are located about 1500 feet north of Crk 
stations. The fact that no ratio changes were measured may indicate that 
the fault shown has had a scissors-like displacement with the northern por- 
tion of the fracture displaced little, if at all. The displacement may con- 
tinue to increase southward. A decrease in displacement even farther south, 
would indicate a "sag" type of movement along this fault. 

Sum Bank #1 and 2, SB-1 and 2, located about 2000 fee t  east of  the 
Crk s t a t i o n s ,  were taken to measure the r e l a t i v e  displacement and /o r  s i g n i f -  
icance of  a no r thwes te r l y  t r end ing ,  p h o t o - i n t e r p r e t e d  f r a c t u r e .  SB-1 and2 
ind ica ted tha t  displacement c a l c u l a t i o n s  must a lso  take i n to  cons ide ra t i on  
and differences in elevation between stations; i.e., that ratio must be com- 
pared on a horizontal reference plane to determine approximate throw across 
a fault. 

Tank #l and 2, TK-I and 2, stations are located in the E I/2, SE I/4, 
Sec. 21, T I S, R 13 E. These measurements were completely in the white 
unit and show approximately 170' of throw along a northwesterly (N 75°W) 
trending fault. 

Power line, PL-I and 2, were taken south and north, respectively, 
of a photo, interpreted fault. The ratio and therefore calculations based 
upon it, is suspect due to the very poor exposures of pumice fragments at 
station PL-2. The stations were both in the gray unit, located in the ~ I/2, 
SW I/4, Sec. 16, T 1 S, R 13 E. 

Devil's Canyon East, DCE-IA, IB, IC, 2C, 2B and 2A, were taken to 
determine vertical variations in ratios across a canyon from edge to edge. 
The canyon is thought to represent a northwesterly trending fault. The 
ratios indicated a reversal (ratio decrease) in ratios as determined down 
section from IA to IB to IC and up section from 2C to 2B to 2Ao Stations 
with the same letter label were taken at approximately the same elevation 
to aid in relative displacement calculations. 

DCE-3 and 4 were measured 300 feet  and 700 fee t  east o f  DCE'2A, 
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respectively. In addition, DCE-4 was approximately 60 feet higher than 
DCE-2 or 3, so this had to be subtracted from the depth of the dacite in 
order to have all measurements referred to the same plane. 

DCE-5, was measured about 600 feet south of DCE-4 to check for a 
ratio change across the fault. 

TABLE ONE 

CALCULATIONS OF DACITE THICKNESSES 

Shaft 

Station Depth 

SH-I 775? 

Source of Information 

1290'* 

Shaft SH-2 

Shaft SH-3 

Suttons Summit SS-I 

750' 

ll90'* 

550' 

980' 

I010'* 

1413' 

Sutton's Summit SS-2 

1410'* 

1790' 

1413' 

1360'* 

1355' 

1590' 

Shaft #6 and underground workings 
of Magma Mine. 

G.S.B. Pumice Ratio referred to 
"SHa" profile. Uncorrected ratio 
used as nearest to "true" value. 

Shaft #6, etc. 

G.S.B. uncorrected pumice ratio = 
DWP pumice ratio. 

Shaft #6, etc. 

GSB uncorrected pumice ratio 

DWP pumice ratio 

Estimated from drill holes: CE-I - 
1555' dacite 
DCA-2 - 1270'? dacite 
DCA-3 ~:]490' dacite 

4315 _ 1438' 
3 

1555 + 1270 

ave. dacite depth 
(3 holes) 

= 1413' ave. dacite 
depth (nearest 2 
holes) 

GSB pumice ra t ion  (SH curve) 

GSB pumice ra t i o  (EDa curve) 

Same as SS-I 

GSB corrected pumice r a t i o  

GSB uncorrected pumice r a t i o  

DWP pumice r a t i o  

*Used to ind icate value considered c losest  to " t r u e "  va lue.  
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Sutton's Summit 

J I Ranch 

Jl Ranch JI-2 

Oak Flat OF-I 

Station 

SS-3 1413' 

1210' 

1245'* 

Jl-I 1523' 

1260' 

1585'* 

1523' 

1340' 

1390'* 

1875' 

1618'* 

Oak Flat OF-2 2000' 

1600+'* 

Oak Flat OF-3 2000' 

1590'* 

Throw 235-I 2000' 

1585'* 

1590' 

Throw 235-2 2000' 

1595' 

1315'* 

Source of Information 

Same as SS-I 

GSB pumice ratio 

DWP pumice ratio 

DCA-3 = 1490' dacite intercept interpreted 
depths from 

CE-I = 1555' dacite intercept drill logs 

Combined dacite 3045 = 1523' Ave. dacite 
depth level 2 depth 

GSB pumice ratio 

DWP pumice ratio 

Same as JI-l 

GSB pumice ratio 

DWP pumice ratio 

Shaft #9, Magma Mine dacite 
depth 3500' E of station 

GSB-JDS pumice ratio 

Same as OF-I 

GSB-JDS pumice ratio 

Same as OF-I 

GSB-JDS pumice ratio 

Same as OF-I 

GSB-JDS pumice ratio 

DWP pumice ratio 

Same as OF-I 

GSB-JDS pumice ratio 

DWP pumice ratio 

Note: Fault missed by GSB-JDS pumice 
ratio, I assumed DWP's pumice 
ratio was taken across fault, 

*Used to ind ica te  value considered c loses t  to J ' t rue" value° 
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Creek 

Creek Crk-l 

Creek 

Station Depth 

Crk-O 1400+'? 

1440'* 

1400+'? 

1375'* 

1360' 

Crk-2 1400+'? 

-2A 1330' 

-2B 1370' 

-2(A & B) 1350'*  

I f 9 0 ' *  

Ruff Slope RS-I 1400+'? 

1395'* 

Ruff Slope RS-2 1400+'? 

1415' 

Sum Bank SB-I 1400' 

1270 ' "  

Sum Bank SB-2 1400+' 

1385'* 

Tank TK-I 2000 ' 

1610'*  

Tank TK-2 2000 ' 

1440 ' *  

Source of Information 

DCA-3 (1490' daclte) 

DC-I (1165' dacite) 

GSB pumice ratio 

Same as Crk-O 

GSB pumice ratio 

DWP pumice ratio 

Same as Crk-O 

GSB pumice ratio 

GSB pumice ratio 

GSB pumice ratio 

DWP pumice ratio (further east of 
fault?) 

Same as Crk-O 

GSB uncorrected pumice ratio 

GSB uncorrected pumice ratio 

Note: Uncorrected pumice ratios were 
used t.o check differences ob- 
tained. Ratios are actually 
not significantly different. 

Same as Crk-O 

GSB pumice ratio 

Same as Crk-O 

GSB pumice ratio 

Eda curve DWP 

GSB pumice ratio 

Same as TK-I 

GSB pumice r a t i o  

*Used to i nd i ca te  value considered c loses t  to " t r u e "  va lue .  
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Power Line 

Power Line 

Devil's Canyon 
East 

Dev i l ' s  Canyon 
East 

-9- 

Station Depth 

PL-I 1500+' 

1435'* 

PL-2 1500' 

I180'* 

DCE-IA 2000' 

-IA (2.91)=1570' 

-IB (3.00)=1545 ' 

-IC (2.76)=I 580 ' 

-I A = (A+B+C) =1575 '* 

DEC-2A 2000 ' 

-2A (3.17)=1500 ' 

-2B (3.08)-1520' 

-2c (2.89)-1575' 

-2A= (A+B+C) - 1530 ' ~" 

Devil's Canyon 
East DCE-3 

Devil's Canyon 
East DCE-4 

Devil's Canyon 
East DCE-5 

2000' 

1535'* 

2000' 

1355'* 

2000' 

1470'* 

Apr i l  20, 197.~ ; .... 

Source of Informat ion 

Estimated (GSB) 

GSB pumice ra t i o  

Estimated (GSB) 

GSB pumice r a t i o  

Estimated (GSB) 

GSB pumice ratio 

GSB pumice ratio 

GSB pumice ratio 

GSB pumice ratio 

Estimated (GSB) 

GSB pumice r a t i o  

GSB pumice r a t i o  

GSB pumice ratio 

GSB pumice ratio 

Estimated (GSB) 

GSB pumice r a t i o  

Estimated (GSB) 

GSB pumice ratio 

Estimated (GSB) 

GSB pumice ratio 

@ 

*Used to ind icate value considered closest to " t r u e "  value.  
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TABLE 2 

SUMMARY ASARCO DACITE DATA 

Combined To ta l s  - Pumice Rat io  De te rm ina t i ons  

CALCULATED 
DWP'S UNCORRECTED DEPTH OF 

STAT I ON RAT I 0 RAT I 0 RAT I 0 DAC I TE 

SH-I 5.08 5.08 1290 ' 

SH-2 4.34 6.91 6.92* 1190' 

SH-3 5.43 I0.37 10.98" lOlO' 

DIFFERENCE 180' 

April 20, 197. 

REASON MEASURED 
LOCATION~ ZONE~ SIGNIFICANCE 

Check ratio change near fault. 

Check ratio change in fault zor 

Check ratio across fault. 

Probable displacement. 

0 

SS-I 3.78* 3.68 141O' 

SS-2 4.28* 2.48 4.31 1360' 

SS-3 6.23 5.74 6.23 1245' 

DIFFERENCE 245' 

Jl-I 5.64* 2.56 5.64 1585' 

JI-2 4.43* 3.96 4.44 1390' 

DIFFERENCE 195' 

OF~I 2.10 2.11 1618' 

OF-2 2,35 2.13 1600' 

OF-3 2,47* 2.47 1590' 

DIFFERENCE 28' 

Check ratio change approaching 
fault. 
Check ratio change west side 
of fault. 
Check ratio change east side 
of fault. 
Probable displacement, plus stl 
tion's 80' elevation difference 

Check ratio change west of 
faul t .  
Check ratio change east of 
faul t ,  
Probable displacement. 

Determine ratio Oak Flat area 
west of fault. 
Determine ratio Oak Flat area 
east of fault. Note: Missed 
fault area? 
Determine ratio Oak Flat area 
east of fault. Note: Missed 
fault? 
Inferred change (out of 
accuracy limits of ratios?). 

235-I 2.56* 2.54 1590 ' 

235-2 2.45._ 4 .69 1595 ' 

DIFFERENCE . . . .  

Determine ratio west of faul t .  

Determine ratio east of fault 
(missed?), 

+Used to  i n d i c a t e  value cons idered  c l o s e s t  to  " t r u e "  va lue .  

Under l i ned  r a t i o  used in depth c a l c u l a t i o n s .  
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STATION RATIO 

DIFFERENCE 

- I I -  Apr i l  20, ]971 

TABLE 2 

SUMMARY ASARCO DACITE DATA 

Combined Totals - Pumice Ratio Determinations 

CALCULATED 
DWP'S UNCORRECTED DEPTH OF 
RATIO RATIO DACITE 

4.69 1315' 

275' 

REASON MEASURED 
LOCATION, ZONE, SIGNIFICANCE 

Assumed DWP's measurements were 
taken cross fault. 

0 

0 

CRK-O 3.45* 3.44 1440' 

CRK-I 4.12- 4.35 4.10 1360' 

CRK-2A 4.59" 6.59 4.54 1330' 

CRK-2B 4.15" 6.59 3.31 1350' 

CRK-2IA+B) 4.38* 6.59 1350' 

DIFFERENCE 90' 

6.59 I190' 

DIFFERENCE 250' 

RS-1 3.77 3.90]~ 1395' 

RS-2 3.77 3.74* 1415' 

DIFFERENCE O.OO - 20 ' -  

SB-I 5.42* 5.42 1270' 

SB-2 4.01" 4.10 1385' 

DIFFERENCE 55' 

TK-I 2_~23" 2.23 1610' 

TK-2 3.45* 3.40 1440' 

DIFFERENCE 170' 

150' west of fault zone. 

Adjacent to fault zone, west 
~ide. 

/;~o show variance of ratio with 
Idirection of surfaces pumice 
~kfragments measured on. 

To give to ta l  r a t i o  east of 
f a u l t .  

Hay be dac i te  depth f a r the r  
east .  
Note: Faul t  may be fa r the r  eas~ 

~ s e d  uncorrected values to sho~ 
r ro r  in depth determinat ions 
sing uncorrected data. 

No actual change measured, 

South side; 
Check r a t i o  change across mino 
f r ac tu re .  
North s ide; 
Check r a t i o  change across mlnc 
f ractu re. 
Probable displacement minor,  

~South side of  in fe r red  f a u l t  t 
Check ra t i o  change across i t .  

o r th  side of  f au l t?  

Probable displacement. 

*Used to ind ica te  value considered c losest  to " t r ue "  va lue.  
Underl ined ra t i o  used in depth ca lcu la, t ions.  
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STATION RATIO 

PL-I ~ 

PL-2 6.69* 

DIFFERENCE 

DCE-IA(A+B+C) 2.89* 

DCE-IA 2.91 

DCE-IB 3.00 

DCE-IC 2.76 

DCE-2A (A+B+C) 3.05 + 

DC E-2A 3.17 

ODCE.2B 3.08 

DCE-2C 2.89_ 

DIFFERENCE 

-12- Apr l !  20, 1971 

TABL E 2 

SUMMARY ASARCO DACITE DATA 

Combined Totals Pumice Ratio Determinations 

CALCULATED 
DWP'S UNCORRECTED DEPTH OF 
RAT I 0 RAT I 0 DAC I TE 

3.55 1435' 

6.69 1180' 

255' 

REASON MEASURED 
LOCATION, ZONE, SIGNIFICANCE 

South side of inferred fault 
to check ratio change. 
North side of fault? 

Probable displacement? weighted 

2.89 1575' 

1570' 

1545' 

Southside of canyon to check 
r a t i o  change across inferred 
fau l t ,  
Check ratio change as 
measured down 
section. 

1580' 

3.05 1530' 

1500' 

Same as DCE-IA(A+B+C) for 
north side of canyon. 
Same as DCE-2A, 2B 

1520' Same as DCE-2C. 

1575' 

45' Not s i g n i f i c a n t .  

DCE-3 3.04* 3.04 1535' 

DCE-4 4.32* 4.32 1355' 

DIFFERENCE IBO' 

Check lateral change in ratio. 

Significance indeterminate. 

DCE-4 4.32* 4.32 1355' 

DCE-5 3,3~ :~ 3.30 1470' 

SIFFERENCE 115' 

O 

(Lateral change or fau l t? )  
(may be as great as 260') 
To check ra t i o  change across 
f a u l t  s ta t ion  on north side. 
Check ra t i o  change across faul ,  
s ta t ion  on south side 

Throw(?) along NW trending 
fau I t .  

*Used to indicate value considered c]osest to "true It value. 
Underlined ratio used in depth calculations, 
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Daci te un i t s  or  zones have been mapped by D. W. Peterson as 
par t  of h is doctora l  d i s s e r t a t i o n  problem. Add i t i ona l  mapping, at  a 
smal ler  sca le,  is included in h is  paper, Zoned Ash-Flow Sheet in the 
Region Around Super ior .  Ar izona (Arizona Guidebook l l J ,  1968, p. 2i8') 
included in Appendix A, t h i s  r e p o r t .  I did not expand upon Dr. Peterson 's  
mapping except to f a m i l i a r i z e  mysel f  w i th  i t  and to v e r i f y  po r t i ons  of  
his mapping. A d d i t i o n a l l y ,  p r e l i m i n a r y  notes o f  Un i ts  exposed along 
the d r i l l  road to d r i l l  s i t e ,  DC-] (N I/2, NE l /4, Sect ion 16, T 2 S, 
R 3 E), are ind ica ted on Attachment C. The reader is r e fe r red  to  the 
above mentioned a r t i c l e  or Dr. Peterson's D i s s e r t a t i o n  ( D a c i t i c  Ash- 
f low near Super ior  and Globe, Ar izona:  Stanford UniversT'ty,  S tanford ,  
C a l i f o r n i a ,  PHd. Thesis,  130 pgs. ;  U.S. Geol.  Survey open f i l e  r e p o r t ,  
A p r i l  3, 196l) f o r  f u r t h e r  i n fo rma t ion .  Also o f  great  a id in the re-  
cogn i t i on  of  zones in p y r o c l a s t i c s  is Zones and Zonal Va r i a t i ons  in 
Welded Ash-Flows: U. S. Geol.  Survey, P ro f .  Paper 354-F. 

Attachment C includes the mapping of Dr. D. W. Peterson for 
his PhoD. and a compilation of the additional mapping shown in Arizona 
Guidebook Ill. My additions consist of more pumice flattening ratio 
plots and the extension or delineation of the more obvious, and/or cer- 
tain, fault traces. I have plotted the approximate locations of the 
various profiles Dr. Peterson ran and have also indicated those areas 
which could yield the greatest amount of information if additional 
studies are undertaken° 

A p l o t  o f  zones and mean pumice f l a t t e n i n g  r a t i o s  versus t h i c k -  
ness est imated by Dr. Peterson is included as F igure  ] .  P r o f i l e s  SHa, 
DC-16, EDa and SS apply to the Super ior  d a c i t e .  Some d iscrepanc ies  in 
zone depths, may be e l im ina ted  i f  one assumes tha t  Dr. Peterson 's  e s t -  
imates of th ickness were too high and tha t  some o f  the lower zones may 
be subject  to  var iance due to  the d i f f e r e n t  th icknesses of  the over -  
l y i ng  d a c i t e .  SHa was along Queen Creek and road cuts a f f o r d i n g  ex- 
c e l l e n t  exposures. By f a r ,  SHa is probably the most r e l i a b l e  curve.  
Th is  is due to the good exposures, number of  measurements taken and 
large ho r i zon ta l  ex ten t .  

I would suggest t ha t  a s i m i l a r  p r o f i l e  (IC, Iron Canyon, as 
shown on Attachment C be run from the base of  the dac i te  west of  Su t ton ' s  
Summit, at least  to  the wh i te  u n i t  on the west s ide o f  D e v i l ' s  Canyon 
and p re fe rab l y  cont inu ing  towards Oak F ia t  u n t i l  pumice fragments are 
i nd i sce rnab le .  This p r o f i l e  would have the long ho r i zon ta l  ex ten t  ( t he re -  
f o r  a p p l i c a b i l i t y )  of  SHa and a lso expose the complete range in dac i t e  
un i t s  to  s tudy.  Measurements of  pumice ra t i os  from the brown u n i t  up, 
f o r  the area. could then be re fe r red  to t h i s  curve i f  i t  proved s u i t -  
ab le .  Exposures along the road cuts would make such a study f a i r l y  rap id  
w i t h  s ta t i ons  spaced approx imate ly  I000 feet  a p a r t .  There are about 
20,000 feet  from Signal Peak to Oak F l a t ;  t h e r e f o r e ,  20 s t a t i o n s .  I f ,  as 
appears to  be the case, the dac l te  is f a u l t e d  or  is represented by a 
very t h i c k  sect ion near Signal Peak, then c l ose r  spaced measurements or  
a " s i d e "  - - n o r t h  to  sou th - -  p r o f i l e  may have to be run. This could be 
o f f s e t  by w ider  spacings of  s t a t i o n s  along Iron Canyon and par t  o f  D e v i l ' s  
Canyon in the gray u n i t .  

Another exce l l en t  l oca t i on  f o r  a p r o f i l e  is provided by d r i l l  
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site, DC-I. There is drill hole data available as a check of dacite thick- 
ness as well as excellent exposures. Such a profile is traced as SDC-I 
(South Devil's Canyon). A pumice measurement station should also include 

DC-I drill hole site. 

Another profile which might prove valuable although not as 
necessary as SDC-I or IC might be run into Devil's Canyon (see proposed 
NDC profile, Attachment C) or from our drill road southwest of DCA-I to 

the east (see alternate NDC profile). 

Pumice ratio measurements should be made at every drill site 
for reference purposes. Poorly logged holes may be better interpreted 
using this data and known depths will strengthen ratio determinations 
in areas that have not been drilled. Pumice flattening ratios are a 
useful, (although complex) tool, for the detemination of thicknesses 
for this welded-tuff flow and probably for others as well. This method 
is just as valid in application as are a wide variety of exploration 
aids. I would suggest that other exploration targets may well benefit 
from a continuation of our pumice ratio study and its implementation 
elsewhere where targets may be obscured by post-mineral ash-flows. 

Dacite thickness may also be interpolated between drill holes 
and, in conjunction with ratio determinations, give good approximations 

of dacite depths. 

A few sites are also proposed for future ratio determinations 
which will yield information relating directly to structure. (Attach- 

ment C) 

I would estimate that a maximum of two, 5 day, weeks would be 
needed to run the three proposed profiles with five additional days re- 
quired to complete measurements at the proposed stations 

GSB:sh 

George So Barnett 

(} 
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ZONED ASH-FLOW SHEET IN TtIE REGION 
AROUND SUPERIOR, ARIZONA' 

By 

Donald W. Peterson 
U.S. Geological Survey, Menlo Park, California 
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INTRODUCTION 

Renmants  of a thick Tertiary ash-flow sheet cover 
large areas in parts of Gila, Pinal, and Maricopa 
Counties, Arizona (Fig. 1). The ash-flow sheet is of  
particular local interest because it covers potential 
mineral exploration targets in a region that has many 
ore deposits. This report briefly describes the physical 
features of  the ash-flow sheet and explains how inter- 
nal zoning can help interpret its structure. 

Previous Work 

The ash-flow sheet was first studied in the Globe 
15-minute quadrangle by Ransome (1903, p .  88-95), 
who described the basal tuff  correctly but considered 
the vitrophyre and the rest of the unit to be thick, 
massive lava flows of dacitic composition. Short and 

i others (1943, p. 45-49) described the sheet near ' 0  i Superior as alternating dacitic lava flows and tuff  
deposits. N. P. Peterson carefully described the de- 
posit in the vicinity of  Globe and Miami (1962, 
p. 38-41). He realized that lava flows of this com- 
position would be erupted as relatively short, viscous 
flows with contorted flow structures. This deposit, 
however, actually covers hundreds of  square miles and 
contains uncontorted,  flat to moderately tilted struc- 
tures, so he concluded that it was probably laid down 
by several ash flows or incandescent clouds (N. P. 
Peterson, 1962, p. 40-41 ). 

1 have made additional _studies of  the deposit and 
have concluded that it is composed of  a number of  
ash flows erupted in rapid enough succession to form 
an ash-flow sheet that is, in general, a simple cooling 
unit. The present report,  outlining this thesis, is 
chiefly a condensation of  an earlier open-file report 
(D. W. Peterson, 1961a). 

Termin ol0gy 

The terms used in this report follow the terminology 
proposed by Smith (1960a, p. 800-801). Abbreviated 
versions of several of Smith's definitions are repeated 

i a }  here. 

i 
i 1. Publication authorized by the Dkcetor, U.S. Geological Surve,y 

I " ,.,r 

Ash flow: The basic unit of  ash-flow deposits; the 
deposit resulting from the passage of  one nude ardente. 

Ash-flow sheet: Any unspecified sheetlike unit or 
group of  units considered to be of  ash-flow origin. 

Welded tuff: A rock or rock body in which vitrie 
particles have some degree of cohesion by reason of  
having been hot and viscous at the time of  their 
emplacement,. 

Cooling unit: A single or multiple ash-flow deposit 
that can be shown to have undergone continuous 
cooling. 

Simple cooling unit: An asti flow or sequence of  
ash flows that has had an essentially uninterrupted 
cooling history. 

Compound cooling unit: One that shows depar- 
tures in expectable zonation and other properties 
which result from simple cooling, because the intervals 
between ash flows were too great for readjustment to 
a single-unit cooling gradient. 

To understand the definition of "' ash flow" it may 
be helpful to review Smith's concept of  "nude 
ardente". He emphasized the original observation 
that a nuee ardente is composed of two parts, a basal 
avalanche that contains the bulk of the e r u p t e d  
material, and an overriding cloud of expanding gas 
and dust (Smith, 1960a, p. 802-804). Although a 
nude ardcnte is both a type of eruption and an agent 
of transport, Smith emphasized its role as an agent of 
transport of  material from the vent to its final resting 
place. 

Tlie deposit in the vicinity of Superior, Miami, and 
Globe is an "ash-flow sheet" made up of an undeter- 
mined mmaber of separate "ash flows" that in most 
places cannot be individualIy recognized. Part of the 
deposit is composed of "welded tuff," and part is 
non-welded. In most places the ash-flow sheet 
constitutes a "simple cooling unit ," but locally it 
~ades  laterally into a "compour~d cooling unit ."  

In most of the literature describing the area, 
"dacite" has been used to designate tim rock type 
(Ransome, 1903, 1919, 1923; Short and others, 1943; 
Peterson and others, 1951; N.P. Pctcrson, 1962, 
1963), and the name is firmly established in current 
local usage. Dacite is defined as a volcanic rock with 
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numerous quartz and feldspar phenocrysts, the feld- 
spar phenocrysts being mostly plagioclase; on this 
basis dacite is a valid name for the rock. It should be 
recognized, however, that on the basis of its chemical 
composition, the rock is a quartz latite (Peterson, 
1961a, p. 111). 

O 

ORIGINAL EXTENT, VOLUME, AND AGE 

The area in which the ash-flow sheet crops out is 
shown in Figure 1. The deposit has been recognized 
from I0 miles west of the Superstition Mountains to 
the Salt River near Cherry Creek, and from a mile 
east of Globe to the vicinity of Ray. Outcrops of ash- 
flow rocks in the Santan Mountains may be part of 
tile same sheet, but the correlation is hot yet certain. 
The possible original extent of the sheet is indicated 
in Figure 1 ; this area is about 1500 square miles, but 
it may exceed 2000 square miles. 

The maximum, exposed thickness of the sheet is 
2000 feet just east of Superior. Thicknesses of over 
1000 feet are common in the central part of  the area 
shown in Figure 1, and the sheet gradually thins 
toward its margin. The original thickness of the 
s!leet is difficult to determine because of dissection 
by erosion and the irregular pre-eruption topography. 
However, 500 feet seems to be a reasonable estimate 
for the average thickness. This leads to an estimated 
volume for the sheet of about 150 cubic miles. 

Ransome (1903, p. 94-95) assigned a Tertiary (?) 
age to the deposit, and this age is confirmed by 
isotope age dating techniques. Creasey and Kistler 
(1962, p. 1) determined an apparent absolute age of 
20 million years on K-Ar ratios in biotite obtained 
from vitrophyre at the base of the deposit east of  
Superior. Damon and Bikerman (1964, p. 72 )ob -  
tained an age of 1.9.9+-.0.9 million years on biotite 
from dacite about 2 miles east of Superior. (They 
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used a slightly different decay constant and recal- 
culated the age obtained by Creasey and Kistler to 
19.4 million years.) These dates all indicate a middle 
Miocene age. 

FIELD DESCRIPTION 

Zoning 

All of  the zones of  welded ash flows defined and 
described by Smith (1960b) are present in this ash- 
flow sheet, and they are diagrammatically represented 
in Figure 2. The three fundamental zones that depend 

0 
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Figure 2 - Physical characteristics of the ash flow sheet 

on the degree of  welding include (1) upper and lower 
zones of  no welding, (2) upper and lower zones of  
partial welding, and ( 3 ) t h e  zone of  dense welding. 
Superimposed on all but the lower part of the sheet 
are three zones representing the different types of 
crystallization that took place during the cooling of  
the sheet: (1) devitrification, (2)vapor-phase crystal- 
lization, find (3) granophyric crystallization. The 
zones of crystallization are superimposed upon the 
three fundamental zones of  welding. In addition, the 
zones of crystallization overlap one another. In most 
vertical sections through the sheet, the successive 
zones in part follow the same pattern as indicated in 
Figure 2, without repetition or regression. This pattern 
indicates that, despite its great thickness, the sheet 
consists of a single cooling unit in most places. 

The rocks of  all the zones have certain features in 
O common. Throughout  the entire sheet the rocks are 

porphyritic with a similar phenocryst assemblage; in 
hand specimen phe.~ocrysts can be identified as feld- 
spz}r, quartz, biotite, accessory iror oxide, and lesser-" 

. . q 

variable amounts of hornblende and sphcne. Pheno- 
erysts constitute fi'om one-fourth to nearly one-half 
the volume of the rock; they range in size from barely 
discernible with the hand lens to 3 ram, and most are 
½ to I mm in diameter. 

Lithic inclusions are common throughout  the asia- 
flow sheet, and generally make up 1 or 2 per cent of  
the rock. In the lower part of the sheet, however, they 
become much more abundant, generally making up 
about l0 per cent and locally as much as 25 per cent 
of  the rock. All the older rocks of the district occur 
as inclusions. Most are angular chips a fraction of  an 
inch in diameter, some are several inches across, and a 
few scattered boulders several feet in diameter have 
been observed. 

In the field it has been convenient to map the fol- 
lowing five units rather than the zones of crystalliza- 
tion or welding: (I)  basal tuff, (2) vitrophyre, (3) 
brown unit, (4) gray unit, and (5) white unit. Some 
of  these units have been mapped in part of the 
Superior quadrangle; Figure 3 shows their generalized 
distribution. 

(1) The basal tuff  includes the lower zone of  no 
welding and part of the lower zone of partial welding. 
The glass shows no appreciable crystallization. The 
base of the ash-flow sheet consists of  nonwelded 
crystal tuff wherever observed. The basal tuffis  poorly 
to moderately indurated and weathers to gentle, sub- 
dued slopes. It is generally light gray to white but 
locally grades to shades of yellowish gray and moderate 
red. The basal tuff  ranges in thickness from 2 to 100 
feet or more, averaging about 10 to 20 feet. 

The matrix of  the nonwelded tuff  is powdery and 
generally uniform; in addition to phenocrysts and 
lithic inclusions, it locally contains pumice lapilli and 
blocks. In the nonwelded tuff, orientation of constit- 
uents is random. Upward into the zone of  partial 
welding, however, the pumice fragments and glass 
shards become flattened and uniformly oriented; as 
the tuff  becomes more firmly consolidated, its specific 
gravity increases, and discs of black glass appear and 
become progressively more abundant upward. These 
changes all result from a progressive upward increase 
in the degree of weIcting. The zone of partial welding 
(the uI)per part of  the basal tuff) ranges in thickness 
from a few inches to about 40 feet, averaging from 
1 to 6 feet. 

(2) The vitrophyre includes the lower part of the 
zone of dense welding that lacks superimposed crystal- 
lization. The lower part of the vitrophyre may also 
include the upper part of the lower zone of  partial 
welding ([rig. 2). Most of the vitrophyre is a densely 
welded tuff composed of  a matrix of black glass con- 
taining the normal assemblage of  phenocrysts and 
sparse to abundant lithic inclusions. It is generally 
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firm and resistant to weathering and stands out  as a 
ledge above the softer basal tuff. The vitrophyre 
weathers to a dark gray or dark brown color that 
contrasts with the lighter colors o f  overlying and 
ianderlying rocks. It ranges in thickness frolll 2 to 80 
feet and averages from 5 to 25 feet. 

(3) The brown unit consists of  the part of  the zone 
of  dense welding upon which has been superimposed 
the zone of  devitrification. It also may include the 
lower part of  the upper zone of  partial welding, in 
which thin scattered lenticles that underwent  vapor- 

phase crystallization are present. The dominant  c.har- 
acteristic of  the brown unit is a dcvitrification of  the 
original glass of  the groundmass to a dense, hard, 
flinty rock that is light brown to reddish brown in 
color. Careful scrutiny of  the groundmass with a hand 
lens reveals cutaxitic structures characteristic o f  
densely welded tuff;  these structures show clearly 
under  the microscope. The intensity of  devitrification 
crystallization increases upward. This is expressed 
megascopically by a gradual change in color from 
brown to brownish gray to reddish gray. The thin, 

, -  " T '  . . 
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light-colored lenticles in the upper part of  the brown 
unit are flattened pumice fragments that have retained 
enough porosity to allow slight vapor phase crystalliza- 
tion; they gradually become more abundant upward 
into the upper zone of partial welding. The thickness 
of  the brown unit cannot be given precisely, because 
of its gradational upper boundary, but it generally 
ranges from 20 to 200 feet. In Queen Creek Canyon 
the brown unit reaches its maximum thickness of 
about 450 feet. 

(4) The gray unit lies entirely within the upper 
zone of partial welding, upon which the zone of 
devitrification crystallization has been strongly super- 
imposed. This crystallization reaches the maximum 
coarseness in the gray unit, and in many places the 
original "welded-tuff texture" is obscured by the 
superimposed crystallization. The color of the rock 
ranges from reddish gray to medium and light gray. 
Pumice fragments are strongly flattened in the lower 
part of the unit and partly flattened in the upper part; 
as their flattening decreases, the amount of  vapor- 
phase crystallization increases. However, welding of 
the groundmass throughout the gray unit was strong 
enough to confine vapor-phase crystallization chiefly 
to the pumice fragments. Both the lower and upper 
contacts of the gray unit are gradational. The unit 
ranges from a few feet to over a thousand feet in 
thickness. 

(5) The white unit includes the upper part of the 
upper zone of partial welding and the entire upper 
zone of no welding. Its main characteristic is that 
vapor-phase crystallization not only occupies the 
pumice fragments but also permeates the groundmass 
and is there superimposed upon the devitrification 
crystallization. Crystallization is so intense that gen- 
erally the original vitroclastic textures have been 
completely obliterated. The rock has an aphanitic 
groundmass that generally lacks planar or oriented 
structures. The color on the fresh surface is light gray 
to white; it weathers brownish gray to reddish gray, 
nearly the same as the gray unit. Pumice fragments 
range from partly flattencd to nearly cquidimensional 
in shape. On unweathered surfaces they are difficult 
to distinguish from the enclosing rock, but as the rock 
weathers to a darker color, the pumice fragments 
become more discernible. In most places erosion has 
removed a substantial part of the white unit, and only 
in the vicinity of Oak Flat, 4 miles east of Superior, 
has the original upper surface of the unit been rec- 
ognized. The white unit has a maximum thickness of 
about 800 feet and averages perhaps 200 to 300 feet, 
but thickness~., are uncertain because of the grada- 
tional lower contact and the'~'rodcd upper surface. 

t ~  - ' "  

Granophy ric Crystallization 

Smith (1960b, p. 152) defines granophyric crystal, 
lization as follows: 

"In silicic welded tufts granophyric crystalliza- 
tion is characterized by groundmass quartz inter- 
grown with, or as blebs associated with, alkalic 
feldspar and minor accessory minerals. The 
aggregate shows granophyric or micrographic 
textures similar to those shown by many slowly 
cooled rhyolitic flows, domes, and shallow intru- 
sive rocks." 

Granophyric textures are identified in thin section in 
specimens from the central part of the very thick 
section east of Superior. These textures occur chiefly 
in the centers of flattened pumice fragments in the 
lower part of the gray unit. The granophyric crystal- 
lization evidently took place where cooling was slowest 
and was promoted by the presence of residual vapors 
in the pumice fragments. The position of the grano- 
phyric crystallization zone illustrates well how the 
various zones of crystallization are superimposed on 
o n e  another. This zone is thin, poorly defined, and 
discontinuous, and it is superimposed upon the zone 
of devitrification at a horizon where the zone of vapor- 
phase crystallization is also present. 

Pmnice Fragments 

Light-colored cognate inclusions that are locally 
abundant in some parts of the ash-flow sheet have 
been identified as pumice fragments. They are lentic- 
ular to ovoid in shape; toward the top they are equi- 
dimensional, but downward they become progressively 
more flattened. Most of the inclusions range from 1 to 
4 inches in their longest dimension, but both larger 
and smaller sizes are common. In general their light 
color contrasts with the slightly darker enclosing rock. 
Most of them carry approximately the same assem- 

blage of phenocrysts in about the same proportions as 
the matrix and, except for their lighter color, appear 
to be practically the same rock. An important dif- 
ference is that many of the phenocrysts in the enclos- 
ing rock are broken, whereas they are generally un- 
broken in the pumice fragments. The original 
pumiceous texture of the fl'agments has been largely 
obscured or obliterated by devitrification and vapor- 
phase crystallization, so that the fragments are now 
essentially ~ porphyritic rock with a uniform aphanitic 
groundmass. 

The flattening of pumice fragments has been given 
considerable study (Petcrson, 1961b). The apparent 
flatness of a fragment is defined as the ratio of its 
length to its height--a ratio which ha,~ a rather wide 
range of wducs at any given outcrop. The flattening 
ratio is defined as the mean value of the apparent 
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flatnesses of a representative number (generally 30 or 
40) of fragments. This ratio can be calculated either 
as an arithmetical average or as the mean of the log- 
aritl]ms of the apparent flatnesses. These two methods 
yield slightly different values; the logarithinic flatten- 
ing ratio is more rigorous, but the arithmetical flatten- 
ing ratio is easier to calculate in the field, l qgure 4 
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Figure 4 - Flatness  Characterist ics  

shows the relation of tlm flattening ratio to the strati- 
graphic position in the ash-flow sheet; the flattening 
ratio increases as the depth of burial increases. This 
curve was obtained from fragments in the section of 
rocks exposed in roadcuts along U.S. Highway 60-70 
between Superior and Oak Flat. Curves from other 
localities show similar relations. 

Studies of flattening ratios have niade it possible to 
estimate the amount of throw on faults in the ash-flow 
sheet. The flattening ratio also is a tool for estimating 
the distance of an outcrop below the original top of 
the sheet. Such applications are somewhat limited, 
however, because outcrops suitable for measurement 
of fragments are not numerous. 

STRUCTURE OF THE ASH-FLOW SItEET 
The term "sheet" appropriately describes the gross 

structure of the ash flows, inasmuch as the horizontal 
dimensions are many times greater than the thickness 
and the deposit extends over a wide area. The sheet 
was deposited on a surface of moderate to locally 
steep relief. 

The attitude of most layering ranges from horizontal 
to d~ps of about 30  ° , but in a few places the dips are 
as nmch as 60*. The planar/::tructure on which 

o, 
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attitudes are measured is generally a joint system, 
distinct to indistinct, tliat lies parallel to the. plane of 
flattening of the pumice fragments. It seems likely 
that the structures originally were nearly horizontal, 
and that the higher dips are due to post-solidification 
tilting. If the still-plastic rock had been deposited 
with an appreciable angle of dip, the rock would 
probably have flowed laterally, yet no evidence for 
such flowage has been recognized. 

In earlier maps and reports, few faults were noted 
within the ash flows because of the uniform appearance 
of weathered surfaces flom near the base to the top of 
the sheet, tIowever, the distinct changes in lithology 
due to zoning and the systematic changes in the flat- 
tening ratio of pumice fragments provide the criteria 
that permit faults within the sheet to be recognized 
and mapped. A fresh surface nmst be obtained to 
identify the zone, so the work is rather slow and 
tedious; therefore, zones have been mapped and faults 
studied in detail in only a part of the Superior quad- 
rangle (Fig. 3). 

Several faults cutting the ash-flow sheet have been 
recognized, most of which probably belong to a single 
set. Most of the faults trend north to northwest, and 
the west or southwest side is dropped down,  although 
a few have the opposite sense of displacement. Ham- 
mer and Peterson (in press) describe two principal sets 
of faults that cut the rocks of the Superior area. The 
older set trends principally eastward, and many of the 
faults are mineralized. Most of these faults are pre- 
Tertiary in age. The younger set trends north to 
northwest; its faults displace faults of the older set 
and offset Tertiary as well as older rocks. In general 
these faults are not mineralized. Most of the faults 
illustrated in Figure 3 belong to this second set. 

Nearly everywhere the ash-flow sheet is cut by a 
system of vertical or nearly-vertical joints. The joints 
vary from clearly defined to indistinct, and from wide- 
ly to closely spaced; most are from 5 to 15 feet apart. 
The joints commonly form distinct systems, in which 
parallel joints extend continuously for several hun dred 
feet to more than a mile. In many places two joint 
systems intersect each other at angles from 60 ° to 90*. 
The continuity of the joints suggests that they are of 
tectonic origin, and are not simple cooling cracks. 
tIowever, polygonal cooling joints are found in a few 
places, mostly in the vitrophyre. 

SOURCE 

The major source or sources of the ash flows have 
not yet been identified. Further study in areas west 
of the Ilaunted Canyon and Superior quadrangles may 
tfltimately reveal tile major eruptive center. Ilowever, 
a small caldera, about 3 miles in dianmtcr, has been 
recognized in the southwestern part of the Haunted 



Arizona Geological Society - Guidebook 111 

• Canyon quadran~e  (Peterson, 1961a); its position is 
. ot, tlined in Figure 1. This caldera was probably the 

t [  source for part of  the deposit. At most,  however, it 
' could have supplied about 10 cubic miles of  material 

- o n l y  a fraction of  the total volume of  the sheet 
(Peterson, 1961a. p. 71-72). 

The caldera is a crudely circular structure in which 
ash flows and underlying rhyolite are downdropped 
and are surrounded by rocks of  Paleozoic and Pro- 
cambrian age (Peterson. 1960). The relations between 
the volcanic rocks and the older rocks around the 
border of  the structure are complex and chaotic, and 
the older rocks are locally intruded bv dikes of  vitro- 
clastic material similar to that in the ash-flow sheet. 
Local zones of  alteration are common in the ash flows 
and rhyolite within the caldera. Erosion has removed 
all traces of  any original topographic ext~ression of  a 
collapse feature, but the foregoing evidence is consid- 
ered sufficient to identify the caidera (Peterson, 1961 a, 
p. 66-72). Similar structures, perhaps larger, may lie 
farther west. M. F. Sheridan has tentatively recognized 
caldera-like structures in the western part of  the 
Superstition Mountains (oral communicat ion,  1967), 
which may provide additional sources for the ash flows. 

PETROGRAPHY AND blINERALOGY 

The nature, distribution, and appearance of  pheno- 
O crysts throughout  most of  the ash-flow sheet are re- 

markably constant.  They are nearly uniformly distrib- 
uted, and consti tute from 35 to 45 per cen t  o f  the 
rock. Plagioclase is the most abundant  phenocryst  
mineral, followed by lesser amounts  of  quartz, biotite, 
sanidine, and opaque oxides. Hornblende is present in 
some specimens and absent in others. Sphene, apatite, 
and zircon are common accessory minerals, and a few 
specimens contain a little tourmaline. Over a hundred 
modal analyses show that the relative proportions o f  
the different phenocryst  minerals show a slight but  
systematic change from the bot tom to the top of the 
sheet. Plagioclase decreases slightly, and quartz and 
sanidine increase. 

The major phenocrysts average between ½ and 1 
mm in diameter,  but a few are as large as 3 ram. Ex- 
celgt for the phenocrysts in pumice fragments, a high 
proportion of  phenocrysts throughout  the sheet are 
broken, and tiny angular crystal fragments are scat- 
tered through the matrix. 

The plagioclase crystals, constituting from 55 to 
80 per cent of  all phenocrysts,  are generally subhedral, 
rarely anhedral, and are commonly  twinned after one 

O or more twin laws. Most are distinctly zoned, show- 
ing either normal or oscillatory-normal patterns. Op- 
ticai and X-ray diffraction studies of  the plagioclase 
have not shown a unique composition, but they in- 
dicate that it lies in the range from oligoclase to 
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andesine and probably has an intermediate structural 
state. 

The ash-f/ow sheet generally contains only a sinai[ 
number of  sanidine phenocrysts,  about 1/2 to 5 per 
cent of  the phenocrysts.  In the white unit. however, 
sanidine makes up from 6 to 15 per cent of  the pheno- 
crysts. In all units the sanidine is su bhedral or euhedral,  
and some crystals s h o w  slioht to moderate corrosio,1 
and embayment  of their borders. Mostare untwinned,  
but a few are twinned on the Carlsbad law. X-ray 
diffraction study indicates an approximate composi- 
tion of Or85-Ab 15. 

Quartz phenocrysts are anhedral and approximately 
equant, and they generally have deeply embayed 
borders. Quartz constitutes from 5 to 14 per  cent  of  
the phenocrysts in most of  the ash-flow sheet, but 
from 11 to 25 per cent in the white unit. Grains are 
clear and unaltered, and some contain liquid inclusions. 
The quartz in most specimens shows slightly undu- 
latory extinction. 

In all parts of  the sheet biotite makes up from 5 to 
13 per cent of  the phenocrysts and averages a b o u t 8  
per cent. Biotite phenocrysts are generally euhedral 
or subhedral and form tabular books and flakes; many 
grains are distorted and bent. "Bird's-eye" structure 
is common,  and pleochroism is pronounced with 
X = yellow, Y = Z = dark brown. Biotite in the lower 
part of  the sheet is fresh, but in the upper part o f  the 
brown unit it is slightly altered, and farther upward 
the alteration becomes progressively more intense. Al- 
teration begins as bleaching at the crystal boundaries 
and development of  small clots of  opaque oxides in 
the bleached areas. The bleaching progresses inward 
with further alteration, particularly along cleavage 
planes, and the opaque clots enlarge. Alteration is 
most intense in the white unit, where biotite is either 
replaced by chlorite or is completely bleached and 
accompanied by large concentrations of  opaque oxide 
clots. 

HISTORY OF THE AStt-FLOW SHEET 

The magma, with a chemical composition of  quartz 
latite, probably originated by selective melting of  
sialic material at a depth of  several kilometers (Peter- 
son, 1961a, p. 113-i 15). As it migrated upward it 
cooled, and plagioclase, sanidine, quartz, biotite, and 
other  minerals crystallized. As cryst,dlization contin- 
ued, gas pressure rose; when about 40 per cent of  the 
magma had cry'stallized, it" found its way explosively 

to the surface. The properties of  tlm ma gma - suc h  as 
temperature,  viscosity, and gas c o n t e n t - w e r e  such that 
it erttpted as nuees ardentes. Gas escaped with enough 
violence to disrupt the magma into ash-sized particles. 
and the explosively vesiculating magma rapidly spread 
laterally in all directions as a gas-charged avalanche. 
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Mobility was aided by air engulfed by the incandes- 
cent mass; the suddenly heated air expanded violently, 
speeding the avalanche forward along its path and 
creating a constant turbulence within it (Mc'Faggart, 
1960). Billowing clouds of  dust undoubtedly rose to 
great heights, but the bulk of the material was carried 
by the basal avalanche. 

Successive eruptions rapidly followed one anottaer; 
each eruption was an individual pulse separated from 
the next pulse by hours or days, but each successive 
layer was added before the next underlying layer had 
cooled appreciably. Each eruptive pulse added from a 
few tens to several hundred feet of  material to the 
deposit. The erupted material had sufficient energy 
and mobility to travel distances of  as much as 20 
miles. The original relief was moderate to steep, 
perhaps on the order of  I000 feet; the deposits filled 
in valleys and ultimately covered hills under depths of 
several hundred feet. 

The first material that came to rest on the cool pre- 
volcanic surface was quickly chilled, and the glass 
particles became rigid enough to resist deformation. 
This material (the lower nonwelded zone) formed an 
insulating blanket causing material above it to coo l  
more slowly, so that shards and pumice fragments re- 
tained their plasticity long enough to be deformed and 
flattened by the weight of the overlying material, 
thereby giving rise to the lower partly welded zone. 
The vitrophyre represents a layer in which the particles 
were plastic enough to become greatly flattened and 
thoroughly welded together, yet were chilled quickly 
enough to form a glass. 

In a thick layer above the vitrophyre the still-plastic 
particles were deformed by the overlying load and 
thoroughly welded. Cooling, however, was slower, 
and the originally glassy constituents devitrified to 
form the cryptocrystalline, aphanitic groundmass 
characteristic of  the brown unit. Higher in the sheet 
the overlying load was smaller and the degree of  weld- 
ing gradually decreased, so that some porosity was re- 
tained. Escaping gases collected in these pore spaces 
to promote  additional crystallization. The intensity 
of vapor-phase crystallization increased upward as the 
degree of welding decreased and became still more 
intense through the gray unit. Finally the upward- 
streaming gases permeated all the spaces between 
particles to cause vapor-phase crystallization through 
the entire white unit. As crystallization became more 
com'qete,  the outlines of particles became more diffuse 
because crystals grew across shard boundaries. Near 

' t h e  top of  the sheet the partict,~s were essentially 
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undeformed and nonwelded, but their original out- 
lines were ultimately obliterated by crystallization, 
owing to long contact with upward-rising hot  gases. 

The region was either standing high or was uplifted 
soon after the ash-flow eruptions, for erosion deeply 
dissected the sheet and locally cut entirely through it. 
Fluvial deposition followed, and the Gila Conglolnerate 
was deposited in local basins. In some areas air-fall 
tuffs and lava flows, ranging in composition from 
basalt to rhyolite, were erupted and locally interfinger 
with the Gila Conglomerate. Abundant faults cut 
both the ash-flow sheet and the younger rocks. 

Renewed uplift halted deposition of the Gila, 
erosion continued to dissect the ash-flow sheet and to 
cut into the younger rocks, and gradually the present- 
day topography developed. 
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TA__&!I_QB__~H__AF_T___SH1 D ~ 1 2 - 7 _ _ Q  -RECORDER GFORGE BARNETT 

- - ' L @ T H  = A 
H E_~GHT = B 
FLATNESS RATZO = C 

A B C A B C A B C 

14,25 2,20 6,477 2,20 0,50 4,400 
~ q  1,70 3.235 1,10 0,20 5,500 

5,90 0,50 11,800 5e80 i,i0 5,272 
__L0_,_0_0__G_~~o Io,_$D_.i_,.8_0___~D_QQ 

6,00 0,85 7,058 15,80 2,40 6.583 
5,70 1.50 3._8_0_0 6~0~.70 ~.764 
5,00 i,I0 4.545 3,50 1,50 2.200 
7,20 2,00 3,600 11'35 3,70 3,067 

6,20 l,O0 6,200 
3,40 0,50 6,800 
3,70 0,50 7,400 
6,20 3,20 1.9~7 
3,90 0,60 6,500 
3,00 ~,60 ~.875 
8.40 1,50 5.600 
7,30 2.00 3.650 

ii,70 3,80 3,078 
_ _ ~ . 9 0  6___,368 

0.00 0,00 0,000 

15.40 2.60 5.923 
5,80 2,30 2.521 
0.00 0.00 0.000 

8.30 1.40 5°928 
4.00 0,50 8.000 
0.00 0600 0,000 

ARITH. AVE OF RATIOS = 5,386 
LOG AVE OF RATIOS = 
$ T A N ~ A Y _ I £ I ~ O N  = 
95 PERCENT INTERVAL = 

0,68534 
~i813 
~ , 3 8 6  ÷/- 0,64 

@ 

@ 



A S ARCO-D-A-CI-T E--D-AT A--- " - 'S ARPEES--T-AK E - N - - I - I - f Z 7 7 T O - - ~ M O -  ~N--ST'FA-N-NO N 

F•ENGTH = A 
------I-IEIGRT-=- B 

FLATNESS RATIO = C 

A B C A B C A B C 

1,50 0,50 3,000 

2,60 0,40 6,500 
4-6-~-0--Z%~4-7 
1,40 0,40 3,500 
O,O0 OoOU u,OOo 

3,20 0,70 4,571 
4-'-50-~-i80--5,---6-25 
2,40 0,40 6,000 

1,80 0,40 4,~00 
O,OO O,-OO O,0OO 

1,90 0,40 4,750 
6 - ~ 0 0 ~ 0 0  
1,50 0,50 3,000 

0,00 0,00 0,000 
~ O X O 0 0  

ARITH, AVE OF RATIOS = 
go t  A'9"E-'D'F--RA-I'~DS = 
STANDARD DEVIATION = 
95 PERCEF4q'----TNTERVA& = 

4 6 4 3 6  

1 , 5 9 8  
4 e 4 ~  ~ 0 o 8 3  

O 
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STATION SHAFT SH~ DATE 11-12-70 RECORDER 

@ 

. . . .  L E ~ G ~ . L - i _  : A 

• . i 

GEORGE BARNETT 

HEIGHT : B 
FLAENE~5_RA_T_ID : C 

A B C A B C A B C 

3~D__O_L8D _&,.17_5 3 . - ,  ' - 5 _ 0  
9.50 2,60 3 , 6 5 3  4.20 i. I0 3.818 
~.~_Q__I_L.~Q__/._8_5~_ ~_0_,~_0__3_,_.L0___~,__.3_8~. 
4.00 1.00 4.000 9.00 I.I0 8.181 
4J/~-_l, 29/.916__/_tT_OO.7/_g___2~__~28 
2.80 i. I0 2.545 3.50 0.85 4.117 
A-ZQ--I.~O--~6~3.G._~La~9_O____2~21 
3.50 0.80 4.375 4.40 1.20 3.666 
3.2Q-_I.,/LO____3_,_ZQO 3_L~O 0,70 4,_6~57 
6-i0 1.50 4.06G 6.20 0.70 8.857 
O,OD OJ/LO ~_,_O_Q.O D_~OD._O_~QD 0.000 

9~90 1.50 6.__Q_Q9 
5.30 1.60 3.312 
5.00 0.70 7.142 
2.70 i.i0 2,454 
7.20 1.40 5.142 
6.00 2,20 2.727 
~ _  7.714 
2.50 0,45 5,55~ 
2.50 0.35 7.142 
3,20 i.i0 2.909 
0*00 0.00 0o000 

I @ 

A R I T H ,  AVE OF RATIOS = 4 , 4 3 9  
LO_G__~ME__O_F_J~E_LO%. = 0 ,~ !_~95  
STANDARD D E V I A T I O N  = 1 , 5 5 0  
95 PERCENT INT~R,E_.~L = 4 , 4 3 9  + / -  0.55 

I-@ 



STATION SHAFT SH2 DATE 11-12-70 RECORDER RANON SHANNON 

O 

L E_N_%LH =_.Z_A_ 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

3,30 0,80 4,125 5.00 0,80 6,2~0 
5.60 2.00 2,800 3.20 0.9Q 3,555 
2.90 0.60 &.833 
4.80 1.50 3.200 

2.50 0,70 3.571 
3.40 0,40 8.500 

4,00 0.50~[,000 
3,40 I.I0 5.090 
4,00 1,70 2.352 
3 , 1 0  0 . 5 0  6 . 2 0 0  

4 3 . 5 0  0 . 7 0  6 2 . 1 4 2  
43,10 0,80 5 3 , 8 7 5  0,00 0°00 0,000 0,00 0.00 0.000 

ARITH, AVE OF RATIOS = 1 1 , 5 6 2  
LOG AVE OF RATIOS = 0 . 7 9 7 1 6  
STANDARD D E V I A T I O N  = 2 . 9 9 7  
95 PERCENT INTERVAL : 11.562 +/- 1,46 

0 

@ 



---~iTATION SHAFT SH3 DATES 
ii-12-70 RECORDER GEORGE BARNETT 

LENGTH : A 
HEIGHT : B 
F L A T N E S S  RATIO : C 

A B C 
A B C A B C 

9,70 .1_'.30 7,461 
40,00 0,60 66.666 

3:9o .o_.6_o 9,_oo0 __ 

5,40 1,70 3,i76 
3 • 2 o i_,!9_ 2 • 9 o..~ 
3,00 1,00 3,000 

2,80 4,50 0,622 
2 . 5 o  0.40 6_._2_~_._0_ 
5,50 0.60 9,16~ 
0.00 0.00 0.000 

***** 1,40 71,9~8 
90.50 1.50 60,333 
__5.501.2~ 4,583 
5.10 1.15 4,434 
7.10 I--~ 5,916 
5.50 0.~0 ii,000 
9.30 0o50 8,6.00 
~.90 1.00 4,900 
4,70 1.652'848 _ 
2.40 0.90 2 , 6 ~ 6  
0,00 0.00 0.000 

60,80 1,50 40,.533 
90,20 0.95 94.947 
4,20 0.25 1__6.800 
8,50 0 , 9 5  8,947 
3,00 0,80 3,750 
4,10 1,00 4.100 
15.00 2,70 5.55~ 
3.40 1,10 3,090 
7,60 1,80 4,222 
0,00 0.00 0,000 
O,OO O,O0 O,OOO 

_ 

ARITH, AVE OF RATIOS : 
LOG AVE OF RATIOS 
STANDARD DEVIATION 
95 PERCENTINT ERvAL= 

1V..114- 
0 , 8 6 4 0 4  
3,659 

15,114 +/" 1.33 

@ 



@ 
STATION SHAFT SH 3 DATE Ii-12-70 RECORDER RANON SHANNON 

LEEGIL-~-~ 
HE IGHT = B 
F LA INESS__BAI I_O = C 

A B C 

3.,/_O__OJ.l D __5_,u?.S 5 ~ _ _ _  
1,80 0.70 2,571 
3JuO0 O,6D &,09~ 
3,30 0,40 8,250 
,~z ._O__O_i 7__O_____E,_S57 

2.70 0,60 4,500 
.,.2D__O_, 3.Q___4..LDD..O__ 

2,10 0,30 7,000 
2,600 .6_0  & , i . ~  

A B C A B C 

2 ,-&O__~, &Q----~LS~ 3 
3,30 0.80 4,125 
2,30 Q,40 5.7_,5--0 
3.00 0,70 4,285 
2,90 __0, &O____~, 8 ~3 
1,40 0,20 7,000 
2 ,._O_O_~.LeD___ELOZ,)-.O 
!.50 0,60 2,500 
0,00 0,00 0,000 

4_ ,3_O__Q. ,~L~Q 
1,70 0.60 2,833 
2.70 0.70 9"857 
4,20 0,80 5,250 
3,30 0.70 4,714 
2,70 0,60 4,500 

4,00 0,60 6,666 
0,00 0.00 O,O00 

@ 

ARITH. AVE OF RATIOS = 
t . D _ C _ A _ V _ ~ . 5  = 
STANDARD DEVIATION = 
95 P ~ N T  INTERVAL = 

5,021 
O~6_Z29Q 
1,7B8 
5,021 +/- 0,68 

, 



S T A T I O N  SUTTON'S  SUMMIT SS 1 DATE Ii-24-70 RECORDER GEORGE BARNETT 

0 
L Ej~ G _ T _ ~  = 
HE I GHT = B 
FLATN.E.$S RATIO = C 

A B C A B C A B C 

6 tJSD__l~_2~_QQ___.__i/x_6_O__/~ 7 5 7 ~7 71 l O O P  ~ l " ll~ i l 

7.50 2.20 3.409 6.00 1.70 3.529 
2 • 10__O,_7~__i,_QO 0 l .4L0_.40 3.500 
4.00 0.70 5.714 35.00 6.60 5.303 

16 .ZO _3.7 Q___4_. 513 7.80__2_, I_0 3 .x_7_I_4 
6.10 1.00 6oi00 2.90 2.90 l.O00 
9 _~9 D _ _ 5 _ ~ L O _ _ I _ , _ Z 3 _ D _ _ _ _ _ _ 3 ~ ~ ~  
2 . 2 0  0 . 7 0  3 . 1 4 2  3 . 6 0  1 . 4 0  2 . 5 7 1  
2 LZ+-O---,TL_,3_O 1. l '_8-~-6 1 I 7 Q___ O ~ _ _ L _ ~ _ _ ~ _  0 

2 , 7 0  0 , 3 0  9 , 0 0 0  5 . 9 0  1 o 9 0  3 . 1 0 5  
O._Og O:OQ__D~oO0 o.oo o.0o o.ooo 

2.20 0.60 3.666 
3.40 0.60 5.666 

21.i0 4.30 4.906 
3.50 0.80 4.375 
3.20 3.40 0.941 
3~_~_0 , 4  
3.40 1.30 2.615 
5.00 2.80 1.785 
2.10 1.70 1.235 
0.00 0.00 0.000 

I 
v 

L 

A R I T H .  AVE OF RATIOS = 3 , 6 8 3  
LOG AV~_Q_F___L~T_I_O_$_ = 0 , 4 9 9 8 0  
STANDARD DEVIATION = 1,256 
95 PERCENT I N T ~ _ V _ ~  : 3 . 6 8 3  + / -  0,44 

@ 



---3TATI-ON%-$UTT ON rs--S IJ NM I T-{SST---2---DAT E ' - - I T ' ; 2 4 ~ 7 0  RECOR1)ER---RAMON--SRAI~q3N 

O 
LENGTH - A 

--T-----~EI-GH T ~ -~l 
FLATNESS RATIO = "C 

A B C A B C A B C 

8,50 3,40 2,500 4,00 1,10 3 .636  
6-%-0D--1.-.-.-.-.-.-.-.-.-~I~---5.-4-54 7,-20--0¥90---~%-E44 
3,50 1,30 2,692 5,00 1,80 2,777 
6.60--~.~0--~;I-5T-----n';50--4T0-'0"--Z~F75 
4,90 I,i0 4 , 4 5 4  1,80 0,50 3,600 

8,00 2,00 4,000 4,70 0,80 5,875 
13.50 2 - ~ D - - - - 5 ~ - ~  Vo-5-0--2¥0-0----~%-TSD 
2,50 0,50 5,000 7o40 1,20 8,166 

0,00 0,00 0,000 0,00 0,00 0,000 

4,80 1,40 3,428 
2~60 O,8g 3,ZD0 
3,70 1,00 3,700 
6T-6D'-2T~ 
3,40 0,60 5,666 

3,50 0o40 8,750 
b,O0 !,UO b,O00 
7,30 1,60 4,562 
6,--3U--2TUO ~,l~U 
0,00 0,00 O,000 

A-ITITFI-~E-DF-RA-T]O$ : 4 , 3 0 8  
LOG AVE OF RATIOS : 0 , 6 1 3 4 2  
5"TATT~D--D%VI-A'TTON : Z . s z ~  
95 PERCENT INTERVA~ = 4 , 3 0 8  + / - -  0,54 

[-O 



&TATION SUTTON'S SUMMIT SS 2 DATE 11-24-70 RECORDER GEORGE BARNETT 

L E N G T H  = A 
H E I G H T  = B 
F L A T N E S S  R A T I O  = C 

A B C A B C A B C 

5,80 I~60 32625 
i0,70 1,20 8,916 
7,80 2,20 3,545 

3.50 .!_z_LQ 2.o58 
8,40 0,25 33,600 
3,80 1,00 3,800 

14,50._2,40 6,04! 
5,10 1,40 3,642 

12,00 3,40 3,529 
4,50 1,80 2,500 6,30 1,40 4,500 3,80 0,25 15,200 
2,30 0,20 14,000 ~,00 0,80 5,000 3,50 0,55 6,363 
2,50 0,30 8,333 4,70 0,55 8,545 9,40 1,75 5,571 
7,80 1,40 5,571 2,15 0,50 4,300 5,00 I,I0 4,545 
7,20 1,00 7,200 3,50 0,23 15,217 5,00 0,55 9,090 
6,80 I,!0 6,18! 2,25 0,50 4,500 4,20 0,52 7,636 
2,40 0,50 4,800 1,80 0,45 4,000 8,00 2,30 3,478 
0,00 0,00 0,000 0,00 0-00 0,000 0,00 0,00 0,000 

ARITH. AVE OF RATIOS = 7,i69 
LOG AVE OF RATIOS = 0,76735 

I I  
S T A N D A R D  D E V I A T I O N  = 
9 5  P E R C E N T  I N T E R V A L  = 

2,239 
7,169 +I- 0,80 

0 



~ l "  O t~ -$UTTO N a-5--~OHM I~T--I-'~-$] -"  3---DATE----I-I-~-24-7 0 R~" CORD~" R 

• t 

R A H O F I - - S ~  

t - O - - -  
LENGTH = A 

F L A T N E S S  R A T I O  = C 

A B C A B C A B C 

I#000 3.00 4 , 6 6 6  8o50 2o00 4,250 
9,00--2-~50----3~6OO 4,90--'I-~-00 ~0900 
1,20 0o50 2,400 8,00 2050 3.200 
1,8-U-!o--8"O---4-V333-----~--I-VS-O---5"G33"3 

12,00 1,60 70500 4,70 0,60 7,833 
~ 5 - 0 - - 0 , ~ - ~ - - ' J . 0 ¥ 8 3 3  . . . .  5-~7~-~o--00 ~.700 
5,40 2,00 2,700 5,50 2.00 2,7~0 
?.?O ~ ,5~  ~o13~ 0.00~0-,00 0;-0-00 

3 o 8 0  1 , 4 0  2 . 7 1 ~  
5 , - ' 20 - -0 -~ /0  7 e 4 Z 8  
3 , 4 0  ! o 2 0  2 , 8 3 3  
~ 6 .  . o  , - ; o . ' ~  

8,00 Oo7O 8,571 
8,00 ioOQ ~.000 
3,00 O.8Q 3o750 
O,OO OoO0 OoOOO 

A R I T H ,  AVE OF R A T I O S  = 
~OG A V E - - O F - - R ~ T I O $ -  = 
STANDARD D E V I A T I O N  = 
95 P E R C E N T - - - I ~ T E R ~ A L  = 

e.,., 9 5 7  

O, 6~+~-7~9 
1 1 6 9 6  
4 o 9 5 - T - - ' F - / - ~  0 

0 



~T_I_O/~_P.~A~PI J I I __ 

L ~ G T H  = A 

_ J : : / _ I T L l l ~ Z ~ 7 0  RECO~DE~L__Q_EQg,_Q_E___BARNETT 

FLATNESS RATIO = C 

A B C A B C A B C 

9,00 1,20 7,500 5,00 2,80 1,785 
4,30 1,00 &,300 2,00 0,70 2,857 

3,00 1,05 2,857 
13,00 4,20 5,095 

6,i0 3,00 2,033 2,50 1,30 1,923 

3,70 2,90 1,275 6655 1,80 3,638 
llj_~O 3,80 2,973 ~£50 0,80 4"I~7 5 
5,90 1,O0 3,900 0,00 0,00 O,OOO 

9,10 3,60 2,527 
3,30 30_x_Q.Q._._ix.~O0 
9,10 i,i0 8,272 
7,70 2,40 3,208 
0,00 0,00 O,OOO 

ARIT~L_AE..E__QE_~rtK.I_LQS = 
BOG AVE OF R A T I O S  = 
5TANPB~_D_D_SY_L_A/_I.QN = 
95 PERCENT I N T E R V A L  = 

3o216 
0,44419 

3,216 +/- 0650 

0 



--ET A-T-I UN--JJ- R ANCH--UJ/} .... I D-AT E---~2~-24--30---REEO-RDEIT~RAMO~NN 0 N 

F ~ E N G T H  = A 
~H-E IG NT--,~- - B 

FLATNESS RATIO = C 

A B C A B C A B C 

5,30 I,I0 4,818 22,00 6,00 3,666 

2,30 0,70 3,285 5,40 0,90 6,000 
--73-,SD--O---E,~D--I~;Sl~O~--~,-ETU--oT8-O.----4752-5 
7,00 0,i0 70,000 1080 !,30 1,384 
8*8-O--!7~b---T~769 2-;[0--I-;70 1,470 
4,50 l,O0 4,500 6,30 1,80 3,500 

4,50 0,90 5,000 0.00 0,00 0,000 

1,70 0,30 5,666 

4,60 0,70 6,571 
6,00 logo 4,0"00 
4,80 i,20 4,000 
1,70 0,80 Z,IZD 
2,80 0,50 5,600 
4,90 l,lO 4,464 
0,00 0,00 0,000 

ARITH, AV-£--O"Fr-RA-TTO& = 
LOG AVE OF RATIOS = 
513KND~RD--DEVT~TIDN = 
95 PERCENT INTERVAL = 

7.480 
0,67770 

7,480 +/- 0,84 

L_O 

0 



TATION JI RANCH JI 2 DATE 11-24-70 RECORDER GEORGE BARNETT 

L.~GTH = A 
h"L~I'GHT B 
FLATNESS RATIO = C 

A B C A B C A B C 

Ii,60 7.00 1,657 8,00 1.00 8,000 4,20 0,70 -6,000 
16,20 7,50 2,180 2,70 0,50 5,400 15,10 6.50 2,323 
I0,00 4,00 2,500 17,00 3,20 5,312 14,40 4,10 3,512 
17,80 3.20 5,562 0,00 0,00 0,000 OoO0 0.00 0,000 

A R I T H ,  AVE OF R A T I O S  = 4 , 2 4 2  
LOG AVE OF R A T I O S  = 0 , 5 7 # 7 5  
STANDARD D E V I A T I O N  = 1,512 
95 PERCENT I N T E R V A L  = 4 , 2 4 2  ÷ / -  0 , 9 3  

L-O 

0 



---ST-ATI 0 N--JJ-RA N £1-'1-{- j /)-:--2 D-ATE---I].---2~.---70-R ECO RD ER~-R-ATvION--SRA-NNON 

•[ENGTH " A 
"--"-~EI-GHT--=--B 

,FLATNESS RATIO = C 

A B C A B C A B C 

7 , 3 0  2 , 3 0  3 , 1 7 3  8 , 0 0  3 , 0 0  2 , 6 6 6  
i 43-00--5iiO 0 - - 2 - , - 8 0 0 - - - - - - I T  ~]-0--3-~5D----4-i-88.5 
10,60 4.I0 2.585 7,20 2,00 3,600 
.]. i ,-50--z¢;6-0----33-80~ 8 ,-90--Yi3-V---6-;~8z~-5 
I0,70 1.50 7.133 12,20 2,70 4,518 
ZU%~8 CT--3"¥20----6~5- 0 0 - - - - - q 8  ¥20--43--5-0--- -4--6UZiq. 
15.30 2.00 7,650 7,90 2,40 3,291 
e+, ~D--D~B0 5¥50 O Z, 20 0-.--80. 2 • 7-5D 
9,50 3.50 2.714 2.10 !._Q01'i 2,100 
(~ • 30-"2~6"Cr--'-2-i~-23 T T 2 ~ ' ~ ' B O - - - ~ O  
0.00 0.00 C.000 0.00 0.00 0,000 

7,40 0,70 I0o571 

9o30 3,40 2o735 

8 , 2 0  0 , 8 ~  1 0 , 2 5 0  

4 , 7 0  2 , 1 0  2 , 2 3 8  
ii.7D--3-~90 3.000 
6,90 I,I0 6,272 
_ , ~  ] , '_- _ 0  ~ P  

0.00 0,00 0,000 

AR-I-TI~-VE-OF--R-A-T-ITO-S--: ~ . ~ . .  _ 
LOG AVE OF RATIOS : 0,60102 
6 J A JkTL-~~EVq'A'TTO-N : I ,  548 
95 PERCENT INTERVAL : 4,530 + / -  0,56 

@ 

FO 



~ TATION OAK FLAT (OF) DATE 11-25-70 REOCRDER GEORGE BARNETT 

LFNGTH = A 

HEIGHT : B 
FI.,~£L~E$~S__~_L_O--~---C 

A . B______~ A B C A B C 

L4D_/I.~/3_._h~6_6___._._Z.u~_0--~I73 
2.50 1.00 2.500 2.90 I.i0 2.656 

10.5L0__6110___l~2~l_______~_0--/.~--0---l-t597 
17.10 9.80 1.744 13.I0 3.60 3.638 

IA_.4_0 ~._TQ___~.Q~9 --- 
12.90 6.40 2.015 
9.oo 5LI0____LL3-6~ 
4.60 4.00 1.150 
3jZ0,~._50----0.9!~ 
3.50 2.90 1.206 
O . O O _ D , ~ O _ _ ~ P - O  - -  

LQ~9 5._80 1.775 
8.50 5.00 1.700 

26LZO_gj6h__2--.3-Z9 
4.00 4.10 0.975 

13~3/IZ.Z0___l. 8~7 
2,40 1680 1.333 
O.o_Q9 o ~ o 0  0 . 0 o o  

9_,_z Q _ / ~  o__z ~Ls /  
2.20 2.10 1.047 

15.80 4.80 2.875 
11.90 3.90 3.051 
7~20 3.20 2.250 
6.00 4.40 1.363 

4.40 2.60 1.692 
7.20 3.__8_0_ 1.894 
0.00 0.00 0o000 
0.00 0.00 0.000 

A 

W 

A R I T H .  AVE OF RAT IOS = 
LOG A V F _ O E [ ? J i L L Q , 5 _ _  = 
STANDARD D E V I A T I O N  = 
95 p ~ N / _ _ _ / P I L E R V A L  = 

2.108 

0.703 
2__108 +/- 0,25 

k@ 



STATION OAK FLAT (OF) 2 DATE 1 1 - 2 5 - 7 0  RECORDER GEORGE BARNETT 

@ 

LENG_~ 
HEIGHT : B 
FLATNESS R A T I O  = C 

A B C A B C A B C 

i .gQ~_O, 75 6_._~&_g~g_O___&LQ~_O_____~&O__g ._#_Q.--~ .--i~ 9--0 
3.50 I,I0 5,181 3.50 1,00 3*500 1,50 0,80 i*875 
2,__6_O__J.Z~L, 79~. 6~.2~25,0~ _0,248 3,9023,00 0,169 
6,7025,00 0,268 3,0029,00 0,I03 5,60 2,90 1,931 
1,70 2.30 0.739 4,30 1.50 2,866 2,30 i,I0 2,090 
8,35 2"80 2.982 4.30 4,00 1.075 4.00 1.25 3,200 
~,_~ZQ___O,_.~90 4.1~I 8,00 4,5_0 1.777 4~30 2,30 1,869 
2.50 I.i0 2.272 3,50 1,70 2,058 7,10 2,10 3.580 
6,50 3.30 1.969 9,50 2.80 3.392 4,70 1,70 2,764 
4,50 3.60 1.250 5,80 2.60 2.230 0.00 0.00 0,000 
0,00 0,00 O.CO0 0.00 0.00 0.000 0.00 0.00 0.000 

ARITH, AVE OF RATIOS = 2.131 
A LOG O_G__AV_E OF RATIOS = 0,20737 
W STANDARD DEVIATION = 0 , 4 8 6  

95 PERCENT INTERVAL = 2.131 + / -  0 , 1 7  

0 



&TATION OAK FLAT (OF) 3 DATE 11-25-70 RECORDER GEORGE BARNETT 

O 

L.ENG.Zhl =___A 
HE I GHT : B 

F LA_TAE_S~5_AA_I_I_O__~ C 

A S C A B C_ A B C 

| 

7.5/I_/_._9~~#Z £.//l_l~ZS~D 7.5Q 3.20 2,L.3_q3 
5*55 1.75 3.171 3.70 2*00 1.850 B.4O 1.35 2.518 
3JL5.0---I-~ZO---Z.~I6 8.3~_3JLOD____2-.-Z66 4..~~_0_____LL8_2_~ 
6.00 2.80 2.142 3.60 1.40 2.571 

3.50 1.20 2.916 3.20 1.20 2.666 

8.10 3.80 2.131 2.70 i*~0 1.928 
#.!0 2t2_O____iJ_8_~_~.. 3.~9__1_._~0 2.0~2 
0.00 0.00 0.000 0.00 0.00 0.000 

W.55 1.80 2.527 
4,00_Q__I_LS5______2_.I~2 
1.30 1.55 0.838 
3 ~ h O _ _ ~ ~  
2.00 2.I0 0.952 

ii,20 4.70 2.38_2 
0.00 0.00 O*OOO 

0 

ARITFL,_A_VE OF R~J_I_OS = 
BOG AVE OF RATIOS = 
STAND_A_Bg__D_E_q/_A__T_LON = 
95 PERCENT INTERVAL = 

2,471 
0.B6302 
0,876 
2.471 +/- 0,33 

@ 



L o~TATION 
THROW NO. (235) 1 DATE Ii-25-70 RECORDER GEORGE BARNETT. 

LENGTH = A 
HEIGHT = B 

FLATNESS RATIO = C 

A B C A B C A B C 

12.90 7040 1.743 5.20 1.50 30466 
14.40 5.50 2.618 8,40 4.70 1,787 
1o90 0,80 2,375 6.80 2.90 20344 
2,90 2.10 1.380 8,70 3,50 2,485 

6.0026.00 0.2~0 
5.10 0.70 4,428 
6,10 1,50 4.066 

i0,60 3.80 2,789 
8.60 2.70 3,185 
4.50 0,90 5.000 

2,961 
2.50 2,20 1,136 4.30 1.90 2.263 
6 _ , . ~ ~ O  3,3_.3Q__O_~9_Q___3_~9_66 7,70 2,60 

10,70 6,10 1,754 8,90 5,70 1,561 9,90 4,00 2,475 
4.70 2.00 2,350 3.50 2.10 1,666 7,60 3.00 2.533 
0,00 0.00 0.000 0,00 0,00 0.000 0,00 0,00 O,OOO 

A R I T H ,  A_V_.E OF RAT/_Q._S : 2 , 4 8 2  
LOG AVE OF R A T I O S  = 
STANDARD D E V I A T I O N  = A 

W 

0.34442 
0.838 

95 PERCENT INTERVAU = 2,482 +/- 0,31 

0 



STATION THROW NO, ( 2 3 5 )  2 DATE 1 1 - 2 5 - 7 0  RECORDER GEORGE BARNETT 

O 

LFNGTH.= A 
HEIGHT = B 
F_LA_INESS_E~__.~  

A B C A B C A B C 

4_,.2..0__/_,.~0 z,~,2_Q.O.___._i,~_2_,d.5~2..%-- 
18,6011,30 1,646 12,30 5,20 2,365 
12.5Q__SJ_6_0 _ZL232 9~L2~_Q___.2_e_O~4 
20,6012,00 1,716 7,!0 3,90 1,820 
9,_I_Q__4_,_hQ____2J_21~ ___!_~_,70 6e8~____2_,455 
7,20 2,40 3,000 5,60 3,10 1,806 

I0,70 7,40 1,445 5,!0 1,40 3,642 
10.&0__3_LSO____3_,_Q2._i___h_9,_0___.3,50 1.5__4_2 

8 , 6 0  3 , 7 0  28324 0 , 0 0  0 . 0 0  0 , 0 0 0  

2 J  : ~ I -_ = _ ~  

12,40 5,50 2,254 
i~,20 7,30 1,671 
8,50 4,90 1,734 

13,50 2,00 6.750 
10.70 4.80 2.229 

8.30 2,20 3,772 
7,00 4,80 1.958 
0 , 0 0  0 , 0 0  0 . 0 0 0  

II 

ARTT~- AVF OF RATT.OS = 

LOG AVE OF RATIOS = 
STANDA~I_ON = 
95 PERCENT INTERVAL = 

0 , 3 2 3 3 4  
0 , 7 9 3  
2 , 3 6 5  + / -  0 . 2 9  

I-0 



-%-TATI  DN-- -EREE K- - (CRKT -0- D:AT E - -72=0 -3 - - -70  - -  RECORD ER c~ EORGE-~ARNE? i 

LENGTH " A 
- - R  E [GH T- =-~-B- 

FLATNESS R A T I O  = C- 

A B C A B C A B C 

9,80 3,30 20969 5,80 1o30 4,461 
5~60--0,-70--8~00U -4-,-GO--2~[5----Z,~9 

4060 2,60 1,769 4090 I,60 3,062 
~ [ 5 O - ~ ' q 2 O - - - 2 - ; 6 5 ~ - - - - - - - , E T g ~ - - l ~ O D - - ' - - 5 " ; T ~ D  
6050 1o4.5 40482 614b*~*~ 00000 
7-~7~-3040 20264 1 ~ 0 + + ~ 0 ~  
4050 lo.10 40090 7~_~C9_~ 00000 

II,T~D---~-~57 9070---279--~4--4 
5000 1o20 40166 4i30 1050 2,866 
5,-3-'T0--~-~6-0- 3.855 ~7~0--~0-~~-'~ - 

7070 3040 2,264 
6,50 [~7U 3%-8-2-3- 
7080 3090 2,000 

4080 1,00 40800 

0000 0,00 00000 

5000 2o45 2o040 
8oZO I , ~0  ~ , ~  
8,00 3080 20105 
6,3-CF-Z, - -T0- ' -3 - ;72~ 
5o10 lo40 3,642 
4,5D--0,60 Io~0D 

21,30 5o50 3,872 
902~ 1,913 2o7~6 
4030 1o80 2,388 
2 1 ---IO--: ''6--6 

6080 2,80 20428 
603D----2~I-0------3-~0 
0,00 0,0O 0,000 

ARITH'o"~TE-~'~'--RT~FTO"$ = 3,238 
LOG AVE OF RATIOS = 0,14785 
STAND-~R-~-D~TAW~DN = 1 , 2 9 9  
95 PERCENT INTERVAL = 3,238 + / -  0 , # i  

0 



--$T-A-TI-O N--C R E EK--q-£RE- } 1 -[~ATE--I-2-~D3=7-O - -  &rEC-0RDER--GEO-RGE-B~RT~T T 

~ ~ E N G T H  I A 
NE]GRT--~ B 
FLATNESS RATIO = C 

A B C A B C A B C 

8,00 1,90 4,210 2,80 0,70 3,714 
i , 9 0 - ~ B 0 - - - 4 % - 3 8 8  -~,-20--#,-60----0-i-9-1-3 
6 , 0 0  2 , 9 0  2 , 0 6 8  5 , 0 0  1 , 2 5  40000 
3o--'2O--'2~~+-0---l~333---"---l~-o~U-3"~g--- '2"~77f 
l l 8 0  1 , 3 0  1 , 3 8 4  2810 1 , 1 5  1e826 
2,30~5----1%~-40--------~¥50--5~20 1,057 
2,10 1,60 1,312 3,50 0,45 7,777 

8,20 1,60 5,125 

4,30 1,40 3,071 
4,20 2,70 i,55~ 
3,00 3,00 1,000 
6,0~0 4,0Y5 
4,70 4,30 1,093 

28.90 7,30 3,958 
2,90 2,30 1,260 

5,--~O--l%-60----~J-5-75------l-OX20 4,i0 2-~+-8-7 
0,00 0,00 0,000 0,00 O,OO 0,000 

ARTTR%---AVE-OF-RA-T~OS--'a-- 
LOG AVE OF RATIOS 
STA~DARD----DEVTATION : 
95 PERCENT INTERVAL = 

Z ~  

0,36346 
0,91;2 
2,743 +/- 0 , 3 5  

Q 



~k 

0 . . J  

STATION CREEK (CRK ) 1 DATE 12-04-70 RECORDER RAMON SHANNON 

0 

LENGTH = A 
HEIGHT = B 
FLATNESS RAT IO  = C 

A B C A B C A B C 

4,70 3,50 1.342 
7,00 2.00 3"500 

9 tQO__3_, 9 o __~x~Q 7 
4,70 1.30 3,615 
3.60 1,20 3,000 

2,50 1,8.0 1,388 
5.00 1.00 5,000 
3.60 1.30 2,769 

i0,00 1,40 7,142 3,60 1,30 2,769 3,50 0,80 4,375 
3,60 0.80 ~,500 8.50 2,50 3,400 3,00 1.20 2.500 
5,30 I.I0 4.818 3.30 1,50 2,200 

6,30 0.90 7,000 i0,60 0,80 13,2~0 
10,40 1,00 I0,~00 6,60 0,70 9,428 

11,50 2.20 5.227 
7.00 1,00 7.000 
6.10 0,70 8,714 
8,70 2.30 3,782 

i0,00 2.00 5,000 0,00 0.00 0,000 0,00 0.00 0.000 

ARITH. AV ~OE..Qf__F R__AT~$ = 
LOG AVE OF RATIOS = 
STANDARD DEVIATION = 

5,315 
0,65548 
1,760 

O 95 PERCENT INTERVAL = 5 , 3 1 5  + / -  0 . 6 5  

O 



STATION CREEK (CRK) 2A DATE 12-03-70 RECORDER GEORGE BARNETT(N75W) 

F O  
LE/~ : / =  . o 

HEIGHT = B  
FLATNIE.5~__RA/_ IO = C 

L _ B  C A B C A B C 

12.2.0__~____5.a_9_51 5,L9_0__/~0____~.277 8_LID I. 2 0  6.750 
3.40 1.90 1.789 8.20 1.70 4.823 
2.40~.~~D0 2. ; : 666 
IZ+.20 3.05 4.655 2.60 1.20 2o166 
S. 65_ 1 .ID__I.3 I_8__~.__,_.6_Q__O_,_SD~?~_O 
2.50 0.65 3.846 3.55 1.40 2.535 

5.90 l*iO 5.363 
7 . 4 ~ 5 5 ~ 4 8 1 _ _  
6.20 2.05 3.024 
O*OQ__O.OO__O.OQQ 

20.00 4.60 4.347 
5~00 1.35 3_.703 
3.60 0.60 6.000 
3.60 l~O0 3.600 
5.20 1.20 4.333 

7.40 1.30 5.692 5.70 1.45 3.931 
3~QOJg~ 3.666 3.90 i.~0 3.900 
5.60 1.40 4.000 4,20 O.BO 5.250 
OeQ~_O~O0_ O~QO0 0.00 0.00 0.000 

@ 
ARITH,  AVE OF R A T I O S  = 
LOG A _ V _ E _ . D ~ O _ 5  = 

S T A N D A R D  D E V I A T I O N  = 
95  P E R C E N T  I N T E R V A L  = 

4.368 
0.61688 
1.540 
4,368 +/- 0,55 

F@ 



i 

@ 
STATION CREEK (CRK) DATE 1 2 - 0 3 - 7 0  RECORDER RAMON SHANNON 

LEN~--__A 
HEIGHT : B 
F_LA_T_NE$S__BJkTIO = C 

A 8 C A B C A B C 

5 • Sg__]j_#_O____~*.I.# 2 4 , _ # . . O _ L , _ ~ _ Q  
6,00 1,20 5,000 15,70 3,00 5,233 

1 4 t2_O 4_I_C}_0____3J~ 5 0 7_, OJ3__2._'_6_O____.2_t6 9 2 
4,80 1,00 4,800 3,10 0,90 3,444 
8_,,_&O__L._2_O___]_,_O_09 5_._9__Q_2_._2,_O____2_L6_81 
9,00 3,90 2,307 8,50 1,50 5,666 
8 • ~J3._L,_4_O__.5_,~Z8 7 ,_7_O__]_,_EO___q_,_8 12 
5,40 1,20 4,500 6,30 l,DO 4,199 
8_,]31L__IJ._O.O___,.&,,_.O.C.O 5J_9i)__0_.3_0___6_.~ 55 
7.00 I . i 0  6.363 9,90 2.00 4.950 
0,00 O_LO_O___CL,~00 0,00 0,00 0,000 

6,50 l_m2._O 5,416 
3,80 1,00 3,800 

I0,i0 3,30 3,050 
6,80 1,20 5,6~6 
4,40...1,30 3--384 
5,30 1,40 3,78~ 
6 • I Q~h, JLO_._~_O__E~ 
5,00 1,00 5,000 
3 , 3 0  i , , 5 0  2 , 2 0 0  
4,00 0,40 i0,000 
0,00 0,00 0,000 

@ 
A R I T H .  AVE OF R A T I O S  = 
LOG AVE ~ O _ &  = 
STANDARD D E V I A T I O N  = 
95 PERCENT I N I E R V A L  = 

4,802 
0,65541 
i,669 
4,802 +/- 0,59 

@ 



S T A T I O N  £REEK (CRK) 28 DATE 12-03-70 RECORDER GEORGE BARNETT 

0 
LENGTH = A 
HEIGHT = 8 
FLATNESS RATIO = C 

A B C A B C A B C 

14___,_2_0 3,70 .~ . !~_7 7.Q9~60~' 692 6,7~ 2 , 4 0  2 , 8 1 2  
7,70 1,60 4.812 11.80 2,50 4,720 4,25 0,80 5,312 
5.50 !,80 3,055 5.25 1.80 2.916 4.40 1.00 4.400 

19.10 3.50 5,457 3.00 1,00 3,000 5.00 1.15 4,347 
5,60 2,30 2,434 3,00 I,I0 2.727 4,!0 2.30 1,782 
8.40 1.80 4.666 
2.40 I.i0 2,181 

6,70 3.50 1.914 
7,00 1,05 6.666 

2.50 1.00 2.500 
8,40 1.70 4.941 

4.95 I.i0 4,500 
4.10 2.10 1,952 

5.50 4,10 1.341 3.60 0.95 3,789 
2,20 0.40 5.500 8,50 5,80 1,469 

4,50 1.65 2,727 I0o70 2,30 4,652 6,80 2,50 2,720 
0 , 0 0  0 , 0 0  0 , 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  

A R I T H .  AVE OF RATIOS : 3 , 5 2 7  
LOG AVE OF RATIOS = 0.51212 

0 
STANDARD D E V I A T I O N  
95 PERCENT INTERVAL : 

i)250 
3,527 +/- 0,44 

I 

0 



~TATION CREEK (CRK) 26 DATE 1 2 - 0 3 - 7 0  RECORDER RAMON SHANNON {NIOE) 

@ 

~.500 ~/00 &.500 
3.30 0.80 4,125 
3j_50 ~2_0___2~9_1.6 
9,60 2.60 3.692 

10.60 2.80 36785 

LENGTH : A 
HEIGHT : B 
FLATNESS RATIO : C 

A B C 6 B C A B C 

9 . 2 0  1,90 4 , 8 4 2  4,00 0.90 4.444 

_~e90 6.40 0 . 2 9 6  
3.50 l.O0 3.500 
&,70 1.4Q 6,214 
5.30 1.20 4,416 
6.50 1,30 4,846 

4.~0 0.80 5.250 

i.___80__ 0.40 4.500 
7.00 1,50 4.666 
6.10 3.50 1.742 

17.50 2.70 6.481 
13.00 3.00 4.333 
3,20 1.00 3.200 

6,70 1,50 4,466 5.60 2,10 2,666 
4,20 0.80 5,250 7,40 l,lO 6"727 

21.30 2,50 8,520 4.60 i.I0 4,181 7,10 1,20 5,916 
0.00 0.00 0.000 0.00 0.00 0,000 0,00 0,00 0,000 

ARITH. AVE OF RATIOS : 4,631 
LOG AVE OF._BA_.T_[QS : 0 . 6 1 8 2 8  
STANDARD DEVIATION = 1,581 
95 PERCENT INTERVAL = 4.631 +/- 0,56 

3.50 0,70 5.009 
4,90 0.70 7,000 
7,60 1.00 7,600 

@ 

@ 



STATION RUFF SLOPE (RS) 1 DATE 12-03-70 RECORDER GEORGE BARNETT 

0- 

LENGTH : A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C .  

8.00 3,70 2,162 7.50 1.80 4.166 4,30 1.90 __2_,263 
2,80 1.00 2,800 8,50 2'50 3,400 5,90 ~,70 3,470 
7,50 2,80 2,678 I!~20 3,80 2,947 6,20 4,30 1.441 
9.70 2,50 3,880 5,50 0,60 9,166 6,40 3,10 2,0&4 
5.40 2,90 1,862 5,20 2,80 1,857 26,70 5,20 5,134 

8,~0 2,30 3,739 
II,40 0.90 12Z666 

8,60 2,20 3,909 
7.00 1,90 3,684 

I0,30 1,70 6,058 
l.o~_9_Q__~.oo_ 6.ooo 
7,70 2.40 3,208 12,20 2,60 4,&92 7,50 1,50 5.000 
3,40 0,60 5,666 4,80 1,90 2.526 0,00 0,00 0,000 
0,00 0.00 0.000 0.00 0.00 0,000 0,00 0,00 0.000 

LOG AVE OF RATIOS = 
STANDARD DEVIATION = 
95 PERCENT INTERVAL = 

4.017 
0.54809 
1,389 
4,017 +/- 0o53  

0 



STATION RUFF SLOPE (RS} 1 DATE 12-03-70 REOCRDER RAMON SHANNON 

0 

LENGTH_ = A 
HEIGHT = B 
FLATNESS RATIO'= C 

A B C A B C A B C 

11tQO__4_~._O___2.t.~.8.~ &~,_,5_.Q__rm~_Qg___3L,_9._Lg~Q o ~ • ~ 75 
8,70 2,00 4,350 3,60 1,00 3,600 2,00 0,70 2.857 
4,_5_Q___0__,_8~____5_~25 ~._5__Q_2_LQO 4.2~_0______~.003.09_Q__}.428 
4.B0 1.10 3.909 5.20 1.60 3.250 5.30 1.70 3.117 
3.60 0.80 4.500__2.30 0.90 2.555 11.50 4.00 2.875 
0,00 0,00 g,O00 0,00 g.O0 O,OQO 

ARITH. AVE OF RATIOS = 3.699 
LOG AVE OF RATIOS = 0.55840 
STANDARD DEVIATION = 1.367 
95 PERCENT INTERVAL = 3.699 +/- 0.69 

A 

O.O0 0°00 0 . 0 0 0  

I-0 



STATION RUFF SLOPE (RS) 2 DATE 1 2 - 0 3 - 7 0  RECORDER GEORGE BARNETT 

@ 

LENG T ~-L_e__A 
HE IGHT : B 
FLATNESS__RA~LO : C 

A___ B _C A B C 

Z,I_O__Z~.&O~ 2ULgJ+_.k.~_TJ.A O S-6-.,-5-g----OJ-Z3~ 8 
9 , 2 0  2,1+0 3,833 3 , 9 0  1.50 2.599 

_2_,5:Q _ 0 j ~ 6 _ O A L  I_66__ _4J-20--O-,-5-0-----BJ-&-0-0 
II,80 2,20 5.363 
&L£_O.__l_Lli__.313-9! 
4.30 2.10 2.047 
2_Lg/L-~,9-O.&~ 
4.80 1,20 4.000 

0.00 0.00 0.000 

3,70 4.65 0,795 
4~ZS.__,t~.O____2._~ZS.._2 
4.80 1.55 3.096 
&,_SD__Z.ZQ-- -Z, -&O]  
4 . 6 0  1 . 4 0  3 . 2 8 5  
&.QD3_,20____2,~]~2 
0.00 0,00 0.000 

A B C 

2,_&.~_j,~~~ 
3 , 0 0  O . 5 ~  5 , 4 5 4  
7.&0__2_~_0____3"__~-1~ 
5.20 1.70 3.058 
~ ~ 0  1 , 5 5 5  
4.00 1.10 3,636 
2,__&O__O~Z.5__IJ~,L2.00 
3.10 0.90 3,444 
0.00 O!OO 0 , 0 0 ~  
0.00 0,00 0,000 

A 

W 

~&£_LZ_ld , _ _ A ~  S = 
LOG AVE OF RATIOS = 
S TLANDA E D_ D E_V_LA T_L_QN = 
95 PERCENT INTERVAL = 

3,&15 
0.46763 
1.187 
3.615 +/- 0.45 

@ 



I-0 
STATION RUFF SLOPE (RS)  2 DATE 1 2 - 0 3 - 7 0  RECORDER RMAON SHANNON 

L E N C . ~  = A 
HE I GHT : B 
F L A_T_NESS__RAILO=C 

A B _C _ _ _ A  B C A B C 

z~_OD__O~£_ Q___~ ~&&(+ 
3,10 0,80 3,875 
5,#D__ZLOO---ILQO9 
6,50 1.20 5,416 
4_,_OQ &oS~So~OQ 
5,60 1,70 3,294 

7,20 1,30 5,538 

5,00 1,50 3 , 3 3 3  
O_.O_O_Q__Q__._O_O 0,000 

4,60 1,20 3.833 4,50 2.10 2.142 
4,2~_] j~_O___2._l&OO 4 , 3 0  O L80 5.375 
3.80 0,80 4,750 2.20 0,60 3 , 6 6 6  
2L,_8_O__Q_*70-_--5_o-~2~ 5 ~3~___I_,_90 2,7~9 
5,10 1,90 2,684 2,20 0,90 2,444 

__A_~,D_I_,L.~0 4.199 2 , _ Z Q _ _ ~ _ . L g ~ O  
4,20 2,00 2,100 I0,30 1,50 6,866 
4.70 2~20__2~I~6 2,!0 0,70 ~,000 

11,50 3,00 3,833 8,00 2,00 4.000 
0.00 0,00 0.000 0.00 0,00 0,000 

@ 
A R I T H ,  AVE OF RATIOS = 

LOG AVE_QZ~RAT_LOS = 
STANDARD D E V I A T I O N  = 
95 PERCENT INTERVAL = 

3,853 
0.~6&.347 
1.377 
3.85_.3 +/- 0,49 

I,O 



= 

-'-ST--A-TIO-N--- -S-D H -  B~ ~ K-:--I- SB-} - - 1 - - ~ - A T E ~  Z 2-- 02-'=-70--REC ORD- ER----G EOR GE'--BAR NET I- 

O _ 

LENGTH = A 

FLATNESS RAT IO  = C 

A B C A B C A B C 

9,20 3,10 2,967 6,20 1,40 4,428 
8-,9V-~-5-0 .... 55T87-------I0~8-0--~I0 9,818 
4,40 1,50 2,933 I0,00 2,20 4,545 
2-?SD--E;US---T,-2Tg~Sq2D--I%-k-0-----EVTI4 
3 , 2 0  0,60 5 , 3 3 3  9,80 0,70 14,000 
8,0-0---2-,--4-0---3QS~Z- 6,50--i-~0---5-~3U0 

10,50 2o#0 4,375 3,20 0,50 %,#00 
876D---273-0 3,739 3o--8U---O¥8O---q~-?50 
0,00 0,00 0,000 0,00 0,00 0,000 

4,20 1.30 3,230 
7,10 0%-95~3 
5,10 1,00 5,100 

.4 .-4-0--0 , ~ E 0  o 
6,90 2,20 3,136 

3,70 0,70 5,285 

0,00 0,00 0,000 

~RTTRi--AVE-DF--RA-T-I%)$ = 5 , Z 2 1  
LOG AVE OF RATIOS = 0 , 6 5 8 6 7  
5TA-NDA~D--DEV-I-AT~ON = i,77i 
95 PERCENT INTERVAL = 5 , 2 2 1  + / -  0 t 7 2  

- 0  

0 



. - ; ,  

STATION SUM BANK (SB)  1 DATE 1 2 - 0 3 - 7 0  RECORDER RAMON SHANNON 

0 

uENGTH : A 
HEIGHT = B 
FLATNESS R A T I O  = C 

A B C A B C A B C 

5_.~o._2~_0___2~.~ o o 
12,00 2,00 6,000 
6,20 2,!0 2,952 

~ , 7 0 0 ~ # 0  #.6_2_5 3.60 0,50 
6,20 1,40 4,428 12,90 3,00 
4,50 1,00 4,500 4,90 2,00 

7.200 
4,300 
2,450 

4,90 2,00 2,450 4,00 0,80 5,000 3,30 0,90 3,666 
8,20 I,~0 5,857 ~,60 1,20 3,833 3,60 1,40 2,571 

3,60 0,70 5,142 
3 ,/_Q__Q, 7_79~L~ 

14,00 3,80 3,684 
7,60 1,80 4,222 

5.50 1,00 5,500 

13,10 !,50 8.733 
0.00 0.00 0°000 

6,20 1,20 5,166 
3,30 0,I0 33,000 
6,70 1,40 4,785 
0,00 0,00 0,000 

A R I T H ,  AVE OF RAT IOS = 
LOQ__g_V_f._gF RAT~O_5 = 
STANDARD D E V I A T I O N  = 
95 PE_£~ENT ~NTERVAL = 

5 , 6 0 9  
o .6~245  
1,833 
5,609 +/- 0,71 

P@ 



--STAT IDN-- SDN BANK-- TSBI -- 2-- DATE 12 ~0 ~ D RECORDER- GEDRGE--BA RN E T T 

@ 
LENGTH - A 
I-TEIGHT rB 
FLATNESS RATIO = C 

A B C A B C A B C 

26i40 8,10 3,259 10,70 0,90 11,888 
i~2O--~IU--j~2Ig------I~i20-q-,-60----8%-ZSD 
4,80 I,i0 4,363 
~,50--U7~5----$,---736 
9i90 2,00 ~,950 

7,20 2,80 2,571 
OVUU--OTUU---O-,-O-O0 

~60"**** 0,000 

3,80 1,20 3,166 
~%-SO--YV~O -3,--OUO 
5.40 1,60 3,375 
O,O0--O-i"O0 0,000 

12,70 3,50 3,628 
6,00 i,-q0----5,454 
4,30 0,90 4,777 

6 , 6 0  4,2Q 1,571 
ii,80 3,i0 3,806 
0,00 0,00 0,000 
OiOO OiOO O,OUO 

ARITH, AVE OF RATIO5 : 
uO0 AVE-OF-RATTO5 = 
STANDARD DEVIATION 
95 PE~<CENTIT~TERVA~ : 

4,118 

1,177 
0,51 

@ 



S T A T I O N  SUM BANK ( S B )  2 DATE 1 2 - 0 3 - 7 0  RECORDER RAMON SHANNON 

O 
LFNG_T_U_~ 
hEIGHT = B 
FLATNESS_J~A_T_II-Q__~__C 

A S (2 A B C A B C 

m 

7_,_9~.15~ ~O_,_O.O_2.LiO___.~._i_Z61 
4.10 0.70 5.857 4.10 0.70 5.857 

12.O0--3,00____4,~0Q ~~,_00___.3~2.59 
5,70 1.60 3,562 3,90 I.i0 3.545 
4~Q_l~9O 2,~57 ~,60_i~5Q__2o400 
4.70 1.20 3.916 9,50 1.80 5,277 
--_- _ - - , :  L ~ O _ O O  ~ _ L O _ O _ _ _ O ~ Q _ O Q  

9 . . . .  ii 
8.50 i.i0 7.727 
8.50 2~50 5.4~0 
4.30 2.40 1,791 
7.80 1.50 5.199 
3 , 6 0  1 , 5 0  2 . 4 0 0  
0.00 O.__Q_O~O 

AR/_T~LLAME_Qf_]~ALI~_$ : 5.951 
LOG AVE OF R A T I O S  = 
S T A ~ D # ~ ~ N  = 
95  PERCENT I N T E R V A L  : 

0,56711 
1.4]~ 
5,951 ÷/- 0,63 

I-O 

O 



STATION TANK (TK) I DATE 12-04-70 RECORDER GEORGE BARNETT 

@ 
LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

~tSD_~_o___2~_~A~ q~_~_O__/~##~~ i 79 1 0 i 4 6_ 
2,00 1,70 1,176 1,80 0,90 2,000 6,80 3,20 2,12~ 

4,70 1,70 2,764 3,60 5,30 1,090 4,40 2,60 1,692 
2,50 0,90 2,777 7,90 4,I0 !,926 3,65 4®00 0,912 
2,50 1,10 2,090 

0.00 0,00 0.000 

4.70 1,70 2.764 
7. o o _3 • ~o_._ Z_~L~ 7 
0,00 0,00 0,000 

2,90 1,35 2.148 
0.00 0,00 g,oog 
0.00 0,00 0"000 

ARITH, AVE OF RATIOS = 1,884 
LOG AVE OF RATIOS = 

$/_&ND2L~,O~N = 
95 PERCENT INTERVAL = 

0,25297 
o ._642 
1,884 +/- 0,28 



STATION TANK (TK) 1 DATE 12-04-'70 RECORDER RAMON SHANNON 

I-@ 

.LK~T_H : ,A 
HEIGHT : B 
FLA_T_NESS_J~A_TLIQ-'_C- 

A B C A B C 

~.,_9_Q___~.,.I_Q___~.~8.Z______..~D_.],-,ZzO---2-~2 
7 . 5 0  i .  I 0  6 . 8 1 8  3 , 0 0  1 . 5 0  2 . 0 0 0  
5_~3LQ__~,_0_0__I_,!~_~__~.,_0_Q__2--.4-#-0---.I-~6-66 
3.20 0.80 ~.000 0.00 0.00 0.000 

A B C 

8~_Q_Z_,_7.9__2_,_02 4 
2,20 0,70 3,1@2 
5.10 2,20 2,318 
0.00 0,00 0,000 

&J?~I.T~:I..,_./LV_E__Q F__~.. ~S = Z_,_9_2_8 
LOG AVE OF RATIOS = 0,42310 
$_T_ANDA~.D~ EV__/ATLIDBL_ = Z_, 067 
95 PERCENT INTERVAL = 2,928 +/- 0,66 

@ 

@ 



S T A T I O N  TANK (TK } 2 DATE 12-04-70 RECORDER GEORGE BARNETT 

O 

L E N _ G ~  
H E I G H T  = B 
._El... AZN ES&_BA_I_LO = C 

A_ B ~ A B £ A B C 

k..,.3~_.2..,10_._.L,~£5 zc_____&,_&5-A.-,-7-0---- l~ 2_ .. ___0 ; !9_9_ 
4,70 i,i0 4,272 2,10 1,05 2,000 3,20 1,40 2,285 

4 7 , ! _ 0 _ L 2 _ , _ Z Q _ _ _ _ 3 _ L T _ Q 2 , _ - - - - - - - - S J ~ O ~ ~ 0  
4 , 3 0  2 , 3 0  1 , 8 6 9  5 , 9 0  2 , 8 0  2.107 
5j/m_Q__Z,_~O_~,gJ-I .__3_,~_O__!~lQ-~l 
9,10 4,00 2,275 9,70 5,30 1,830 

7,40 2.10 3,523 0,00 0,00 0,000 

n~L,_Q_O____4_,_IO 1.9~i 
i~.60 4.50 3.244 
2 0 , 2 0  9,00_ 2.244 
8,30 3,60 2,305 
6 _ , ~ . ~  
0.00 0,00 0.000 

~_p~[T_LIL.AV_LOy__~II_Q_S= 3~060 
LOG AVE OF RATIOS = Q , 4 3 8 2 5  
S T A N D _ ~ ~ N  = J._,L080 
95 PERCENT INTERVAL = 3,060.+/- 0,45 

I-@ 



STATION TANK ITK) 2 DATE 12-04-70 RECORDER RAMON SHANNON 

O 

LENGTH = A 
HEIGHT = B 
FLATNESS R A T I O  = C 

A B C A B C A B C 

j ingO . . . . . . . . . . . . . .  0 .70  i~14~_____I~.00______4.90 4 . 5 0 0  9 .40  2 .09  4 . 7 0 0  
i0,20 3,50 2.914 10.50 7,90 1,329 4,60 1.70 2.70~ 
1.50_I,59__I_~Q09 5,80~Q 3 , 8 6 6  4.60 2,00 2,300 

3,90 i.i0 3,545 4,80 l.O0 4,800 
I0.00 5,50 1.818 9,10 1,202,583 
8,00 l. SO ~,444 3.00 2.00 1,500 

I0,50 3.50 3.000 0,00 0.00 0,000 

9,30 1,40 6.642 
2,60 i. I0 2,363 
8,30 1,00 8.300 
3.60 3.10 1.161 
0,00 0.00 0.000 

ARITHo AVE OF RATIOS = 3,748 

LOG AVE OF RATIOS = 
$IJL~LDZO~D_D_EylATION = 
95 PERCENT INTERVAL = 

0.49230 
I x 2 6 7  
3.748 +/- 0 .92  

A 
v 

FO 



&TATION-POWER LINE (PL) i DATE 12-03-70 RECORDER GEORGE BARNETT 

I I  

LFN.G.T_N = A 
HEIGHT : B 
FLA_T~ESS_RA~Q-~--C 

A B C A B C A B C 

5 , 5 0  1.50 3 , 6 6 6  
B,~O_._]._~SO__.__.2.~&7-5- 

I0,50 3 , 3 0  3,181 

Q . 3 ~  
4,00 0.90 4,444 9,60 3.30 2,909 

5,00 1,60 3,125 2,20 1,30 1,692 

7,10/~&0_ 3,2ZL4 
2,60 I,I0 2.363 

5,30 2,B0 2.304 
I.~ 0.29 2~000 
1,50 0,30 5,000 
4,90 1,75 2.800 

2j_O_O__L~_2_Q---L~6#~ 
1,20 0,90 1,333 
~L,&O_Q~Q__BLO~9 
3,50 1,00 3,500 
1.50 1,00 1,500 
3,20 1,40 2,285 
0.00 0.00 0,000 

4,40 2,5~ 1,913 
7,10 3,25 2,184 
2 ~ ~  
5,50 1.35 4.074 
5,50 2,00 2,750 
1,70 1,20 1,416 
0,00 0,00 0,000 

tt  

A R I T H ,  AVE OF RATIOS = 
LOG AVE OF RAT LQ_$ = 
STANDARD D E V I A T I O N  = 
95 PERCENT INTERVAL = 

3.545 
0.49004 
1622:3  
3 • 5 4 5  + / -  0 , 4 3  

I-0 



STATION POWER L INE (PL )  2 DATE 12-04-70 RECORDER GEORGE BARNETT 

0 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

3 ,_. 9o%,%._~, • o o .~. , . . !P_9 
4,20 i'50 2.800 

16,iO 0"20 80,500 

5,50 2,00 2,750 
7,20 2,20 3,272 

13,50 4,00 3,37# 
2,50 0,60 4,166 
2,80 1,40 2,000 

6,10 2,10 2,904 12,10 4,85 2,494 
2.00 0,40 5,000 2,20 0-50 4,400 

7,50 1,90 3,947 
3,20 0,70 4,571 

3,50 1,90 !,8G2 4,40 0,90 4,888 

5,50 2,I0 2,6!9 3,80 0,80 4,7~0 
10,70 4.90 2,183 7,80 1,80 4 , 3 3 3  

4,90 1,00 4,900 
38,00 7,60 5,000 
20,50 4,20 4,880 
6,20 2,00 3,100 

9,15 1.50 6,100 8.20 4.00 2,0~0 
4,60 I.I0 4,181 0,00 0,00 0,000 

9,20 2,70 3,407 
0,00 0,00 0,000 

ARITH, AVE OF RATIOS : 66693 
LOG AVE OF RATIOS : 0,62387 

I - - I  STANDARD D E V I A T I O N  = 1 , 9 5 4  
95 PERCENT INTERVAL = 6 , 6 9 3  + / -  0 , 6 8  



S T A T I O N  D E V I L ' S  CAN,  EAST DCE 1A DATE 1 2 - 0 6 - 7 0  RECORDER GEORGE BARNETT 

@ 

L EI~IGS_M_._= A 
H E I G H T  : B 
FL&T~.E$S_Z:~AJ-iO : _C 

A__ B C A B C A B C 

/.,~,59___.6_,_ZD.O____./JIO_2~D---I~-JI3 
5,10 1,15 ¢,43~ 2,30 1,00 2,300 
4 ~ 5 _ 0 _ _ ! . ~ 0 ~ A 6 1  - -  b.2D__l_~0_5____l~_l-4-2 
5,30 3,90 1,358 2,75 1,35 2,037 
~ . , _ ~  O_,_8_D___Sj_.6_78_7____I!,~D ~5 4 . ~  
2,00 1,40 1,428 3,20 1,90 1,684 
.]~.,35__I_,.ZO___L~_2i________5_,~-Q--D-'3.D----&'-LLI 
9,20 3,50 2,628 3,15 3,30 0,9~4 

l~,_59~_L,3~.,_5_I2u---- 6._~5_D__l_~2_D____~_,4!6 ---- 
9,40 2,05 4,585 3,50 1,70 2,058 
...Oj_O0 OLOQ Q_,O00 0,00 OLO0 0,000_ 

3,10 2,10 1,476 
Z,_IQ_QJ_~O 3,8~ 
5,20 3,i0 1,032 

10,70 2,80 3,821 
3,35 1,20 2,791 
4,_O_Q~Q___/-,_8/_~ 
5,60 3,15 1,777 
4,60 2,10 2,190 
2,15 1,00 2,150 
0,00 0,00 O,O00 

A 

W 

ARITH. AVE OF RATIOS = 
LOG A_VE_O_E__~A/_.I_~S = 
STANDARD DEVIATION = 
95_P_ER~ENT I N ~ L  = 

26901 _ 
06_3_8.508 
0,955 
2,901 +/- 0 t ~ 4  

I-0 



STATION D E V I L ' S  CAN, EAST DCE 1B DATE 1 2 - 0 6 - 7 0  RECORDER GEORGE BARNETT 

@ 

Lg.N__G.ZH~_= A 
HEIGHT : B 
FLATNESS RATIO : C 

A B C A B C A B C 

L~Q_O !.,_90__~_!_0_~ 6,70 0,70 9~5/71__ 2,70 2,40 1,125 
4,30 1,20 3,583 8,20 4,15 1,975 4,60 1,20 5,833 

.2_,4_Q_!_~_15 2,086 6,i0 2,40 2,541 2,25. 1,90 1,184 
1,224 5,00 1,50 3,333 8,70 ~,00 2,175 3,00 2,45 

2,10 0,80 2,625 2,10 Q,50 ~,200 13,40 3,80 3,526 
9,50 1,60 5,937 3,50 !,65 2,121 8,10 1,60 5,062 
4 , 7 0  l_~Q___~6_~l  . 6 , 2 0  ~2~_0_ . 2 , 8 !  8 6 , 9 0  1 , 5 0  4 , 6 0 0  
4 , 4 0  2 , 1 0  2 , 0 9 5  8 , 3 0  3 , 2 0  2 , 5 9 3  5 , 5 0  1 , 6 0  3 , 4 3 7  
7,90 2,90 2,724 5,00 2,05 2,439 3,80 1,35 2,81# 
4,10 1,50 2,733 4,00 1,65 2,424 5,30 2,20 2,409 
1650 1"25 1,200 0,00 0,00 0,000.. 0,00 0,00 0,000 

ARITH.  AVE OF RATIOS = 3 . 0 0 3  
LO~ AV_E OF RATIOS = 0 . 4 2 8 5 4  
STANDARD DEVIATION = 1 , 0 4 8  
95 PERCENT INTERVAL = 3 , 0 0 3  + / -  0 , 3 6  

I--0 



PO 
STATION DEVIL'S CAN, EAST DEE IC DATE 12-06.~70 RECORDER GEORGE BARNETT 

L._E N.G..I'_~ 
HE I GHT : B 
F L.A__T_.N.E S S__RA_TIQ__:__C 

A S C A B ~ A B 

5,90 ~,00 1,475 2,20 1,90 1,157 9,70 2,15 4,51& 
IA,?_0___7~0___I.932 I~15_0___.~_,_6_5___3~_~98 2,75 0.80 3,437 
3,00 0,80 3,750 1,90 2,20 0,863 7,60 1,70 4,470 
I~Q_O~_O_ 2 ~  6,8Q /x!O __!,942 3,70 1,80 2,055 
9,40 2,30 4,086 6,60 1,55 4,258 6,10 1,80 3,388 

5,90 3,90 1,512 4,40 3,80 1,157 ii,80 6,80 1,73~ 
I~__I~5~ __~--~67 6,50 2,10 3,095 iil4"00 2,1 0 6,666 

13,00 8,10 1,604 6,60 4,00 1,650 8,80 3,20 2,750 
4.~O_l.OO 4.600 0.00 0.00 0.000 O,OO O,OO O.O00 

O 

ARITH, AVE OF RATIOS = 
~OG AVF.__QE_ R&T_T_I~_$ = 
STANDARD DEVIATION = 
95 PI~]P~_ENT INTERVAL = 

2,758 
0,37876 
0,934 
2,758 +/- 0,32 

0 



S T A T I O N  D E V I L ' S  CAN, EAST DCE 2C DATE 1 2 - 0 6 - 7 0  RECORDER GEORGE BARNETT 

0 
L E N G T H  = A 

H E I G H T  = B 

FLATNESS R A T I O  = C 

A B C A B C A B C 

~ 0  4~50 ~.044 3.00~.40 2_,_i_~_2 3.20 1.60 ~.000 
2,90 1,30 2,250 10,80 2,10 5,142 5,90 2,00 2,950 
8,50 2,60 3,269 8,80 2,80 3,142 7,50 1,60 4,687 
6,90 1,50 a,600 6,10 1,70 3,588 1,65 0,90 1,833 
2,60 1,15 2,260 ~,I0 2,60 !,576 7,10 2,15 3,302 
7,50 3,~0 2,205 

1,80 0,55 3,272 
I0,80 1.80 6.000 

5,90 2,80 2,107 7,50 2,00 3,750 
9,80 _2_'£0 3,379 2,00 1,15 1,739 
7.00 2,30 3,043 5,80 1,80 3,222 
2,30 3,10 0,74i 2,80 1,40 2,000 

7,00 1,80 3,888 26.50 6,40 4,!40 3,10 2,40 1,291 
3.50 1,50 2,333 0.00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 2,887 
LOG AVE OF R A T I O S  = 0.42170 
STANDARD D E V I A T I O N  = 1.018 
95 PERCENT I N T E R V A L  = 2 , 8 8 7  + / -  0 , 3 5  



STATION D E V I L ' S  CAN, EAST DCE 2B DATE 1 2 - 0 6 - 7 0  RECORDER GEOR_G_E___B_A~.NETT 

~ GTH : A 
GHT : B 

~ N - E S S  RATIO = C 

A B C A B C A B ¢ 

4,50 3,20 1,406 13,10 1,50 8,733 3,90 2,00 1,950 
2,60 0,90 2,888 6,00 2,21 2,714 6,80 1,90 5,578 
4,10 1,40 2,928 2,30 1,80 1,277 10,50 3,80 2,763 
5,00 1,20 ~,i66 6,80 1,00 6,800 6,00 3,45 1,739 
3,50 1,90 1,842 7,10 1,50 ~,733 1,70 1,60 1,062 
7,60 2,70 2,814 5,40 l,OO 5,400 8,80 2,90 3,034 
2,70 i,i0 2,454 3,20 0,60 5,533 2,60 0,70 3,714 
5,00 3,00 1,666 5,55 0,70 5,071 2,30 1,50 1,533 
2,80 0,70 a,O00 1,20 0,90 1,333 5,60 1,20 3,000 
4,80 1,70 2,823 1,45 i,20 1,208 2,35 0,90 2-611 
1,80 2,00 0,900 0,0D 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 3,080 
LOG AVE OF RATIOS = 0 , 4 2 1 7 0  
STANDARD DEVIATION = 1,047 
95 PERCENT INTERVAL = 3,080 +/- 0.36 

0 



~,TATIO_,N__D_F._V_I '_k_L$_CA,N_L_F.A$1__D_C_~__2.A___D_A~_6-T'O RECORDI~R GEORGF BARNETT :-" 

.b 

I~jGTH : A 
GHT = B 

FLATNESS RATIO = C 

A B C A B C A B C 

6.00 2.10 2.857 
2.50 2.40 ~,041 

11.30 3.70 3.054 
1.50 1.20 1.250 

5.90 io00 5.900 
5.15 2.10 2.452 

14.20 6.20 2.290 

6,90 2°60 2.653 
I0,I0 .~_~LQ___~.657 
3,35 0,60 5,583 
2.20 0.70 3.142 

3,10 I,i0 2.818 
7 ,_2~_Q.~Q.9..__.~LQ. o 
3.10 3.00 1.033 

11.20 3.70 3,027 
7,00 2,80 2,500 
4.00 2.20 1.818 

9.80 4,20 2°333 
4 , 3 0 ~ _ 6 8 7  
6.20 1.65 3.757 
5.00 1.00 5.QO0 
2,75 0.65 4.230 
3.90 1.20 3.250 

3.70 1.50 2.466 
LL,_Zg__.L ,_O_O___ , ~ . . ~  
3.75 0.90 4.166 

4.20 I.IC 3.818 

0.00 0.00 0.000 

5.70 1.30 4.384 

6 . _ 0 _ ~  9. 
O.OO O.OO OoOOO 

ARITH, AVE OF RATIOS = 
LOG AVE OF RATIOS = 

$ ~ ~ / _ L O N  = 
95 PERCENT INTERVAL = 

3,168 
0,4$491 
1.123 
3,168 +/- 0,39 

L@ 

@ 



~TATION DEV. ILOS CAN,  EAST DCE 3 DATE 1 2 - 0 6 - 7 0  

I , ~ T H  : A 
HEIGHT : B 
FLATNESS RATIO : C 

A B C A B C. A B C 

2.6,1011,00 2,372 8,60 3,00 2 , 8 6 6  7,70 1,50 5,133 
6,80 1,60 4,250 5,40 1,00 5,400 3,00 1,35 2,222 
3,10 1,50 2,066 6,90 1,70 4,058 6,80 3,00 2,266 
4,60 1,08 4,259 20,00 7,00 2,857 8,00 5,10 1,568 
8,80 1,70 5,176 8,50 2,70 3,148 ~,70 1,05 4,476 
7,60 2,50 3,040 4,20 1,40 3,000 4,60 2,50 1,840 
3,40 0,90 3,777 4,60 1,50 3,066 3,50 1,50 2,335 
5,10 3,50 1,457 5,70 2,70 2,IIi 3,60 1,50 2,400 
6,50 2,10 3,095 4,50 2,00 2,250 3,70 l,lO 3,363 
3,20 0,80 4,000 1,40 1,70 0,823 2,60 0,90 2,888 
6,70 2,60 2,576 0,00 OiO0 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 5',037 
LOG AVE OF RATIOS = 0 , 4 5 0 2 4  
STANDARD DEVIATION = 1,082 
95 PERQE~T INTERVAL = 3'037 ÷/- 0,38 

0 

I-0 



~:TATION DEVI. I . '$ ._C_AN_,__L_E_AST O CE 4 DATE 12~0_~- 70 RECORDER GEORGAF~Px~ , / _T__~ . : . ,  

L~I GTH - A 
GHT = 8 

FLATNESS RATIO = C 

A B C A B C A B C 

3,20 1,30 2,461 7,20 3,30 2,181 
7,70 2.40 3,~08 7,10 3,10 _~290 
3,50 3,00 1,166 ~,00 3,30 1,212 
2,..3_:q------------------~,_~.........~.3 ,..,,5_L,Lg_Z~O_Q__.&~5o 

I0,30 4,00 2,575 5,00 i,i0 ~,545 

4,75 2,10 2,261 5,00 1,60 3,125 
5,30 ~O0_Q__~,300 6,&O 1,80 5,666 
5,50 l,&O 3,437 la,20 5,60 2,535 
9 j  o_o_9_2.s~O_._&s.A9~ ~ ~ QO_..,1~LO &.t_.& 3_._6 
4,40 1,40 3,142 0,00 0,00 0,000 

6,20 1,90 9,263 
13,70 3,90 3,_5_12 
4,40 4,50 0.977 

4.~L_Ax210 
5,00 0,i0 50,000 

12,~0 7,80 1,564 
2,20 l,lO 2,000 
3,30 itlO 3,000 
4,50 2,00 2,250 
3600 ~,30 ~,307 
0,00 0.00 0.000 

ARi_T_H, AVE OF RATIOS = 4,324 
LOG AVE OF RATIOS = 
S T A N D A ~ ~ Q N  = 
95 PERCENT INTERVAL = 

0,45634 
~,319 
4,324 +/- 0,46 

L. 

@ 



TATION D E V I L ' S  CAN, EAST DCE 5 DATE 1 2 - 0 6 - 7 0  RECORDER GEORGF._._BARNETT 

L t d ~ T H  = A 
H L ~ H T  B 
FLATNESS RAT IO  = C 

A B C A B C A B C 

8 , # 0  2 6 6 0  3 , 2 3 0  2 , 3 0  2 , 3 0  1 , 0 0 0  7 , 4 0  3 , 1 0  2 , 3 8 7  
3.80 i'80 2"111 i0'00 I'I0 9,090 5,10 1,70 3,000 

I0,80 3,80 2,842 6,30 !,90 3,315 3,20 1,00 3,200 
1,60 0,80 2,000 5,!0 1,60 3,187 12,00 2,00 6,000 
11,90 2"20 5,409 10'80 2,60 4,153 8,80 2,00 ~,400 
2,50 0,80 3,125 ~'20 3,60 I,!66 5,00 1,30 3,846 
5,20 2,80 1,857 1,70 0,20 8,500 3,20 0,70 ~,571 
~,20 2,00 2,100 2,80 2,20 1,272 8,00 2,50 3,200 
1,90 1,50 !,266 8,10 I,40 ~,785 2,95 1,50 1,966 
2,70 0"60 L,500 2'00 2"10 1,428 1,00 0,90 I,iii 
I,i0 0,90 1,222 0,00 0,00 0,000 0,00 0,00 0,000 

A R I T H ,  AVE OF RATIOS = 3 , 2 9 8  
LOG AVE OF R A T I O 5  = 0 , 4 4 3 2 7  
STANDARD D E V I A T I O N  = 1,113 
95 PERCENT INTERVA~ = 3 , 2 9 8  ÷ / -  0 , 3 9  

Lo 
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S T A T I O N  SHAFT 5H1 DATE 1 1 - I . 2 - 7 0  RECORDER GEORGE BARNETT 

HEIGHT : B 
FLATNESS RATIO = C 

A B C A B C A B C 

14,25 2,20 6,477 2.20 0,50 4.400 6,20 1,00 6,200 
5.50 1,70 3,235 1,10 0,20 5,500 3,40 0,50 6,800 
5,90 0,50 I i , 8 0 0  5,80 1,10 5,272 3,70 0,50 7,400 

10,00 0,80 12,500 10,80 1,80 6,000 6,20 3,20 1,937 
6,00 0,85 7,058 15,80 2,40 6,583 3.90 0,60 6,500 
5,70 I~50 3,~00 6,~0 1,70 3,764 3,00 1,60 1,875 
5,00 I,I0 ~,545 3 , 3 0  1.50 2,200 8,40 1.50 5,600 
7,20 2,00 3,600 11.35 3,70 3,067 7,30 2,00 3,650 

11.70 3,80 3,078 15,~0 2,60 5,923 8,30 1,40 5.928 
12,10 1,90 6,368 5,80 2,30 2,521 4,00 0,50 8,000 
0,00 0,00 0,000 O,O0 0,00 0,000 0,00 0,00 0,000 

A R I T H .  AVE OF RATIOS : 5 . 3 8 6  
LOG AVE OF RATIOS : 0.68534 
STANDARD D E V I A T I O N  : 1 , 8 1 3  
95 PERCENT INTERVA~ = 5.386 +/- 0,6~ 

O 

I-'@ 



A.SAJkq._O__DA_CjTE DATA SH-I SAMPLES TAKEN Ili12/70 BY RAMON SHANNON 

I--@ LENGTH = A 

HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

1,50 0,50 3,000 3,20 0,70 4,571 1,9O 0,40 4,750 
2,60 0,70 3,714 4,50 0,80 5,625 6,00 1,00 6,000 
2,60 0,40 6,500 
.~__LI_, 7 o_.Zg__~..~ ~ 7 

1,40 0.~0 3.500 
0,00 0~00 O,OOO 

2,40 0,40 6,000 
2,20 O,&O 5,500 
1,80 O,aO 4,500 
0,00 0,00 0,000 

1 . 5 0  0 , 5 0  3 , 0 0 0  
2,80 l_e, OO 2.80__0 
0,00 0,00 0,000 
0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 
' R T I...O_G_&Y_L_O.F R _ A i ~  : 

STANDARD DEVIATION = 
95 PERCENT INTERVAL = 

4,436 
0,__~,2269 
1,598 
4,436 ÷/- 0 , 8 3  

@ 



_$]~_AT_IQLSHAET 5 H 2 _  DATE__ II-IZ-70 RECORDER GEORGE BARNETT ~, 

Q-E N G---T-H --~ A 
HF._LG_LH_T _: B 
FLATNESS RATIO = C 

A B C A B C A B C 

3.50 0.80 a.375 3.30 1.20 2.770 9.00 1.50 6.000 
9.50 2.60 3.653 4.20 l.lO 3.818 5.30 1.60 3,312 

5.00 0.70 7.142 
2.70 I,!0 2.454 
7.20 1.40 5.142 
6.00 2.20 2.727 

3.40 1.20 2.833 10.50 3.10 3.587 

4,_OQ_i~QO ~#_%OQ_ ~,o0 l._iQ_ _9~%~ 
4.70 1.20 3.916 1.70 0.70 2.428 
2.80 l~l~[ ~2~545 3.50 0.85 4.117 
6.20 I.I0 5.636 4.60 1.90 2.421 
3.50 0.80 4.375 ~.40 1.20 3.666 

2.70 0.35 7.714 
2.50 0.45 5.555 
2.50 0.35 7.142 3.20 1.00 3.200 3.aO 0.70 4.857 

_~..qLID__~L,_~.~_Q.~,--0_@-~ ,6__,._Z_Q.___O~Q 8 , 8 5 7  3 , 2 0  l , ! 0  2.909 
0.00 0.00 0.000 0.00 0.00 0.000 0.00 0.00 0.000 

ARITH. AVE OF RATIOS : 4 ,439  
LOG AVE OF RATIOS = 
S T A ~ V D Z . . . V ~ O N  = 
95 PERCENT INTERVAL = 

0.61a91 
1.550 
~.439 ÷/- 0.55 

@ 

@ 



STATION SHAFT $H2 DATE 11-12-70 RECORDER I-,AMON SHANNON 

I --  I~ENGTH = A 
HEIGHT : B 
FLATNESS RATIO = C 

A B C A B C A B C 

2,50 0,40 6.250 4,00 0,50 8,000 3,30 0,80 4,125 
5,00 0,80 6.250 3,40 I,I0 3,090 5,60 2,00 2,800 
3,20 0,90 5,555 4,00 !,70 2,352 2,90 0,60 4,833 
2,50 0,70 5,571 3,10 0,50 6,200 4,80 1,50 3,200 
0.34 0.40 0,850 4,50 0.70 6,428 ~.10 8,00 0.512 

/ 0.'00 0,00 0,000 0,00 0,00 0,000 0,00 0,00 0o000 / 

"7 . L 

ARITH. AVE OF RATIOS = 4,134 
LOG AVE OF RATIOS = 0,53012 
STANDARD DEVIATION = 1,392 
95 PERCENT INTERVAL = 4,13~ +/- 0,70 

0 

0 



TION SHAFT- SH3 DATE Ii-12-70 R E C ] R D E R  GEORGE B A R N E T T  ~- 

aENGTH = A 
HEIGHT : B 
FLATNESS RATIO = C 

A B C A B C A B C 

9,70 1,30 7,461 10,70 1,40 7,642 6,80 1,50 4,533 
4,00 0'60 6,666 9,50 i,50 6,533 9,20 0,95 9,684 
3,00 0,60 5,000 5,50 1,20 4,583 4,20 0,2~ 16,800 
5,40 1,70 3,176 5,10 1,15 4,434 8,50 0,95 8,947 
3,20 I,i0 2,909 7,10 1,20 5,916 5,00 0,80 3,750 
3,00 1,00 3,000 5,50 0,50 !i,000 4,10 1,00 4,100 

12,15 3"I0 3,919 4,30 0,50 8,600 15,00 2,70 5,555 
2,80 4,50 0,622 4,90 1,00 ~,900 3,40 I,!0 3,090 
2,50 O,aO 6,250 ~,70 1,65 2,848 7,60 1,80 4,222 
5.50 0,60 9.!66 2,40 0.90 2.666 0.00 0.00 0.000 
0,00 0.00 0,000 0,00 0,00 O,O00 0,00 0.00 0,000 

ARITH, AVE OF RATIOS : 5.785 
LOG AVE OF RATIOS : 0,69524 
STANDARD DEVIATION : i. B96 
95 P E R C E N T  INTERVAU : 5.785 +/- 0,69 

0 

0 



$__T_AT..IgNSHAFT SH 3 DATE 1 1 - 1 2 - 7 0  RECORDER RAMON SHANNON 

I•-ENGTH : A 
k J E I G H ! _ - - B  
FLATNESS RATIO : C 

A B C A B C A B C 

3,70 0,70 5,285 2,30 0,60 3,833 4,70 0,40 11,750 
1,80 0,7Q__.2-_571_~ 3,30 0,80 4,125 1,70 0,60 2,833 

3,00 0,60 5,000 2,50 0,40 5,750 
~ , 3 0 _ 0 , A D _ _ ~ , Z I D  ~_,~0_O_,7_D__qm~g.5 z~,~0_Q_9_.80 5 , 2 # 0  
3,40 0,70 4,857 2,90 0,60 4,833 
2,79 Q_~_Q___~O0 i, 40 0,20 7,000 
1,20 0,30 4,000 2,00 0,40 5,000 
2,10 0,30 7,000 1,50 0,60 2,500 
2,60 0,60 4,333 0,00 0,00 0,000 

2 , 7 0  0 , 7 0  3 , 8 5 7  

3 , 3 0  0 , 7 0  4 , 7 ! 4  
2 , 7 0  0 , 6 0  4 , 5 0 0  
3,70 1,30 2,846 
4,00 0.60 6 , 6 6 6  
0 , 0 0  0 , 0 0  0 , 0 0 0  

AR|TH, AVE OF RATIOS : 5,021 
LOG AVE OF RATIOS = 0,67290 
STANDARD DEVIATION = 1 , 7 3 8  
95 PERCENT INTERVA~ = 5,021 +/- 0,68 

I-'0 

0 



__,,~_&T_lOLi_ _$ .U_T_T Q. NZ_$ _$ tJM M i__T__$ _$_L___D _A T E 11-24-70 RECORDER GEORGE BARNETT 

Q E N G T H  = A 
RELGH_T__E_~ 
FLATNESS RATIO : C 

A B C A B C A B C 

6,60 1.20 5,500 13,60 1,75 7,771 2,50 0,80 3,125 
7,50 2,20 3,409 6,00 1,80 3,333 2,20 0,60 3,666 
2,10 0.70 3,000 2,10 0,30 7,000 !,40 014.0 3,500 
3_,_q.Q___Q_z_6_O____i_~69.6 ~ ~ , 7 ~ ~ 1 4  55.00 6,60 5,903 

21.!0 4,30 4,906 6,70 B,70 4,513 7,80 2,10 3,714 
3,~9 0o8_Q~4--~75 6,10 1,00 6,100 2.90 2.90 1.000 
3,20 3.40 0,94! 9,00 5,20 1.730 3,40 3,25 1,046 
~ O q_Q__/_.4Q__~428 2,20 0,70 3,1&2 3,60 1,40 2,57! 
3,40 1.30 2,615 1,70 0,40 4,250 
5_,_Q_Q__~,._8_9__/..._7_85 5.9o 1.9o 3.1o5 
2,10 1.70 1,235 0,00 0.00 0,000 

2,40 1,30 1,846 
~ 0  9,OJO 
0.00 0.00 0,000 

A R I T H , _ A V E  OF RATIOS = 3 , 7 8 3  
LOG AVE OF RATIOS = 0,51014 
S T A tlD.i.l:?/)_~.i.V_i/~_i.Q~ = ~_,_2.?..87 
95 PERCENT INTERVAl-  = 3 , 7 8 3  + / -  0,45 

-@ 



ST-ATION-SUTTONI$ SUMMIT (S$) 2 DATE 11-24-70 RECORDER RAMON SHANNON 

I•H•NGTH = A 

IGHT B 
FLATNESS RATIO = C 

A B C A B C A B C 

8,50 3,40 2,500 4,00 i,i0 5,636 4,80 1,40 3,428 
6.00 I,i0 5.454 2,20 0,90 2.444 2,60 0,80 3,250 
3,50 1.30 2.692 5,00 1,80 2.777 3.70 1,00 3,700 
6.00 1,90 3,157 1!,50 4,00 2,875 6,60 2,20 3,000 
4,90 I,I0 4,454 !,80 0,50 3.600 3.40 0.60 5,666 
7.00 1,50 5,666 6,00 1,00 6,000 2,10 0,60 3,500 
8.00 2.00 4,000 4,70 0.80 5.875 B,50 0,40 8,750 

13,50 2,40 5.625 9,30 2,00 ~,7BO 5,00 l.O0 5.000 
2,50 0,50 5,000 7,40 i,20 6,166 5,50 1,20 4,583 
6.30 2,00 3.150 0,00 0o00 0,000 O,OO 0,00 0,000 

ARITH. AVE OF RATIOS = ~.275 
LOG AVE OF RATIOS = 0,60873 
STANDARD DEVIATION = 1,514 
95 PERCENT INTERVAL = 4,275 +/- 0,56 

0 



STATION SUTTON°S SUMMIT SS 3 DATE 1 t - 2 4 - 7 0  RECORIDER GEORGE BARNETT 

~H ENGTH = A 
EIGHT : B 

FLATNESS RATIO = C 

A B C A B C A B C 

5,80 1.60 3,625 3,50 1,70 2,058 I~,50 2,40 6,041 
10,70 1,20 8,916 8,40 0,25 33,600 5,10 1,40 3,642 
7,80 2,20 3,545 3,80 i,O0 3,800 12,00 3,40 3,529 
4,50 i,80 2,500 6,30 1,40 &,500 5,80 0,25 15,200 
2,80 0.20 14.000 ~,00 0,80 5,000 3.50 0.55 6.563 
2,50 0.30 ~,333 4,70 0,55 8,545 9.40 1,75 5,371 
7,80 1,40 5,571 2,15 0,50 4,3~0 5.00 I,i0 4,545 
7,20 1,00 7o200 3,50 0,23 15,217 5,00 0,55 9,090 
6,80 l,lO 6,181 2,25 0,50 48500 ~,20 0,55 7,636 
2,40 0,50 4,800 ~,80 0,45 4,000 8,00 2630 3,478 
0,00 0,00 0,000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 7,169 
LOG AVE OF RATIOS = 0,76735 
STANDARD DEVIATION = 2,239 
95 PERCENT INTERVAL = 7,169 +/- 0,80 

II 

II 



S T_ATj_Q_Nr__SUTTON'S SUMMIT ( 5 5 )  3 DATE 1 1 - 2 4  70 RECORDER RAMON SHANNON - 

O E N G T H  : A 
H_ELGbLT _: 8 
FLATNESS RATIO = C 

A B C A B C A B C 

14,00 3,00 4,666 8650 2,00 4,250 3,80 1,40 2,714 
9,00 2,50 3,600 4,90 l,O0 4,900 5,20 0,70 7,428 
1,20 0,50 2,#00 8,00 2,50 3,200 
7La.O_L,.iJD.___&~_33./.____~ .... - ,_-; " %~3 

12,00 1,60 7,500 #,70 0,60 7,833 
6,iO~_~Q~5 5,10 3,00 1,700 
5,40 2,00 2,700 5,50 2,00 2,750 
7,70 I'~0~--~33 0600 0,00 O,OOO 

3,40 1,20 2,833 
3 ~ 0  4,6Z~ 
6,00 0,70 8,571 
8,00 1,00 8,000 
3,00 0,80 3,750 
0,00 0,00 0,000 

A R I T H ,  AVE OF RATIOS = # . 9 5 7  
LOG AVE OF RATIOS = 0 . 6 4 7 2 9  
STANDARD DEVIATION = 1,696 
95 PERCENT INTERVAL = 4 . 9 5 7  + / -  0 , 7 0  

Io 

0 



___$T_&_T__I_QJ~L_.MI__RA~CH _ J _ L _ l _ _ _ D A ! _ L ! l - 2 4 - 7 0  RECORDER GEORGE BARNETT 

Q LENGTH = A 
! E J ~ H T  = B .. 

FLATNESS RATIO = C 

A B C A B C A B C 

9,00 1,20 7,500 5,00 2,80 1,785 3,00 1,05 2,857 
4,30 1,00 4,300 2,00 0,70 2,857 13,00 4,20 3,095 
6,10 3,00 2,033 

II.,~.5___.Sj_.lQ___ZI2~ 
3,70 2,90 1,275 

.$i_,_30 3_~9.Q ~,973 

2,50 1.30 1,923 9,!0 3,60 2.527 
5,60 4,50____~2~44 3,30 3,00 i,i00 
6,55 1,80 3,638 9,10 i,I0 8,272 
3,50 0,80 ~,375 7,70 2,40 3,208 

3,90 1,00 3,900 0,00 0,00 O,OOO 0.00 0,00 0,000 

LOG AVE OF R A T I O S  = 

$_T_A~A~D__JD_E._V__I_ATLQN = 
95  P E R C E N T  I N T E R V A L  = 

0,44419 
1,114 
3,216 ÷/- 0,50 

L Q 

0 



S T A T I O N - J J  RANCH ( J I )  l DATE 1 2 - 2 4 - 7 0  RECORDER-RAMON SHANNON 

0 LENGTH = A 
HEIGHT = B 
FLATNESS RATIO : C 

A B C A B C A B C. 

5,30 I,i0 4,818 22,00 6,00 3,666 1,70 0,30 5,666 
7,00 1,50 4,666 6,50 3,50 1,857 4,50 1,20 3,750 
2,30 0,70 3,285 
7,50 0,60 !2,500 

5,40 0,90 6,000 4,60 0,70 6,571 
~,70 0,80 ~,625 6,00 1,50 ~.000 

7,00 0,i0 70,000 
8e80 I,~0 6,769 

1,80 !,30 1,384 4,80 1,20 c,O00 
2,50 1,70 1,470 !,70 0,80 2,125 

4,50 1,00 4,500 6,30 1,80 3,500 2,80 0,50 5,600 
4,10 0,90 4,555 4,90 0,40 12,250 4,90 l,lO 4,454 
4 , 5 0  0 , 9 0  5 , 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  

ARITH, AVE OF RATIOS = 7 , 4 8 0  
LOG AVE OF RATIOS = 0 , 6 7 7 7 0  
STANDARD DEVIATION = 2 , 1 6 5  
95 PERCENT INTERVAL = 7 , 4 8 0  + / -  0 , 8 4  

I_,, 

L O  



STATION Jl RANCH Jl 2 DATE ii-24-70 RECORDER GEORGE BARNETT 

- LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

11,60 7,00 1,697 8,00 l,O0 8,000 4,20 0,70 6,000 
16,20 7,50 2,160 2,70 0,50 5,400 15,10 6,50 2,323 
I0,00 4,00 2,500 17,00 3,20 5,312 14,40 4,10 3,512 
17,80 3,20 5,562 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH. AVE OF RATIOS = 
LOG AVE OF RATIOS = 

4,242 
0.5?4?5 

STANDARD DEVIATION = 1,512 
95 PERCENT INTERVAL = 4.242 +/- 0,93 

L_Q 

0 



.5_T_A/_LO_N_-_4J_ R_AN_C_H__I_J_I } 2 DATE ? ! - 2 4 - 7 0  RECORDER-RAMON SHAN,,iCN 

LENGTH = A 
HEI~HI --___8 
FLATNESS RATIO = C 

A B C A B C A B C 

7,30 2,30 3,173 8,00 3,00 2,666 7,40 0,70 i0,571 
14,00 5,00___Z,800 17,I0 3,50 4 , 8 8 5  13,50 8 , 8 0  1,534 
10,60 4,10 2,585 7,20 2,00 3,600 9,30 3,40 2,735 
~ . Z . . , . ~ . C ) . _ _ ~ _ ~ j . ~ . ~  ~ _ , _ 9 ~ ~  7 , 1 0  0 ~ 5  
10,70 1 , 5 0  7 , 1 3 3  1 2 , 2 0  2 , 7 0  4 , 5 1 8  
201iO___.3_,z2_Q__.~_tiO_.O_ 18e~Q_~O 4 , 0 4 4  
15,30 2,00 7,650 7,90 2,40 3,291 
4,~O_Q__O_L&LS,SOO , 2,20 0,80 2,750 
9,50 3,50 2,714 2,10 !,05 2,000 
. C . , I Q _ Z , _ 6 ~ _ _ Z L ~ Z 3  , 7~,_2.~_0~0 ~,00o 
0,00 0,00 0,000 0,00 0,00 0,000 

8,20 0,85 9,647 
13,20 5,10 2'5188 
4,70 2,10 2,238 

I1,70 3,90 3,000 
6,90 1,10 ~,272 
0,00 0,00 0.,000 
0,00 0,00 0,000 

gRITH, AVE OF RATIOS = a,494 

I 
LOG AVE OF RATIOS = 
S T A N D . A _ _ B ~ O N  = 
95 PERCENT INTERVAL = 

0,59638 
l,~B5 
4o494 +/- 0.55 

g 



$!AT_LO_BL_D_A_K__ELAT (05_) 1 DAI'E i!~25-70 RECORDER GEORGE BARNETT 

LENGTH = A 
HEI_G~T = B 
FLATNESS RATIO = C 

A B C A B ¢ A B C 

3,40 0,60 5,666 2,50 1,15 2,173 9,20 3,30 2,787 
2,50 1,00 2,500 2,90 i,i0 2,636 2,20 2,10 1,047 

I0,50 5'i0 1,721 11,50 7,20 1,597 13,80 4,80 
.______./3~_LO_._9_£SQ____I.L7__~_L_______~LI~ 3,60 3,¢38 11,90 3,90 

la,40 3"60 4,000 i0"30 5,80 1,775 7.20 3.20 
i~'_9_Q 6_~_Q___2_,~I~ 8,50 5,00 1,700 6,00 4,40 
9,00 5,10 1,764 26,20 9,60 2,729 a,15 5,80 
4,60 4,00 1,150 a,O0 4,I0 0,975 a,40 2,60 

2,875 
3,05! 
2,250 
1,563 
1,092 
1,692 

3,20 4,20 0,761 
3,..,%.~_2,.L~D___L,_~.~6 
0,00 0,00 0,000 

13,50 7,20 1,847 
2__~.4_0~__i~,8o_0____i,3~3 
0,00 0,00 0,000 

7,20 3,80 1,894 
O,OO 0,00 0,000 
0.00 0,00 0,000 

A R I T H ,  AVE OF RAT IOS  = 2 , 1 0 3  
LOG AVE OF RAT IOS  = 
~ A ~ R ~ L O  N = 

95 PERCENT INTERVAL  = 

0,27811 
0,697 
2,103 ÷/- 0,25 

L D 



,STATION OAK FLAT (OF)  2 DATE : ] ,1-2 r . "70 RECORDER GEORGE BARNET,  ~" 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

6,80 2020 30090 1,90 0075 205~3 3050 1,10 30181 
3,50 1,00 3,500 1,50 0,80 1,875 2,60 1o45 1,793 
6,20 2,50 2,~80 3,90 2,30 1,695 6070 2050 2,680 
3,00 2,90 1,034 5,60 2,90 10931 1,70 2,30 0,739 
4030 1,50 2,866 2,30 !,lO 2,090 8035 2,80 2,982 
4,30 4000 1,075 4,00 !,25 3,200 3070 0,90 4,111 
8,00 4050 1,777 9,20 ~,20 2,190 4,30 2,30 10869 
2050 I,i0 2,272 3,50 1,70 2,058 7o10 2,10 30380 
6050 3,30 1,969 9,50 2,80 3,392 ~,70 1,70 2,764 
~,50 3060 Io250 5,80 2,60 2,230 0000 0,00 00000 
0000 0,00 0,000 0,00 0,00 0,000 0000 0000 0,000 

ARITH, AVE OF RATIOS = 2,345 

LOG AVE OF RATIOS = 0,34014 
STANDARD DEVIATION = 0,822 
95 PERCENT INTERVAL = 20345 +/- 0029 

0 

I-0 



STAT LQN QKA_KELA__[ (OF) 3 DATE 1 1 - 2 5 - 7 0  RECOR'umR GEORGE BARNETT 

@ LENGTH = A 
H F J S H ~  
FLATNESS RATIO = C 

A B C A B C A B C 

7,50 1,90 3,9~7 8,10 1,25 6,480 7,50 3,20 2,343 
5,_~L5 I'75 3,171 3,70 2,00 1,850 3,40 1,35 2,518 
3,50 1,20 2,916 8,30 3,00 
_6_,_&O_Z,_SD___ZLL&Z_____~ i,~0 
9,30 3,70 2,515 3,i0 1,30 
3tSd.O__L,12_Q____2~21~ 3,2~~0 
4,30 2,20 1,954 2,40 1,15 
8,!_Q_3~_8_~I_3! 2_970 1,40_ 
4,10 2,20 1,863 3,30 1,60 

_O~,_9_Q___Q_t_Q_OO o .oo  o . o o  

2,766 4,20 2,30 1,826 
2j_57! 4,55 I L 8 ~ 7  
2,384 4,00 1,85 2,162 
2,666 1,30 !,55 0,838 
2,086 3,10 l,lO 2,818 
I1928 2,00 2,10 0,952 
2 , 0 6 2  1 1 , 2 0  a , 7 0  2 , 3 8 2  
0 , 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  

ARITH,  AVE OF RATIOS = 2 , 4 7 1  
LOG AVE OF RATIOS = 0 , 3 6 3 0 2  
STANDARD DEVIATION = 0,876 
95 PF.J~NT INTERVAL = 2,#71 +I- 0,33 

I--0 

II 



STATION THROW NO, ( 2 3 5 )  1 DATE l~I- 2 5 - 7 0  RECORDER GEORGE BARJqL i T 

O LENGTH : A 
HEIGHT : B 
FLATNESS RATIO : C 

A B C A B C A B C 

12,20 7,60 1,605 11,20 4,60 2,434 6,00 2,60 2,307 
12,90 7,40 1,743 5,20 1,50 3,466 3,I0 0,70 4,428 
14,40 5,50 2,818 8,40 ~,70 1,787 6,10 1,50 4,065 
1,90 0,80 2,375 6,80 2,90 2,344 I0,60 3,80 2,789 
2,90 2,10 1,380 8,70 3,50 2,~85 8,60 2,70 3,185 
2~ ~'2.0 1,13& 4,30 1,90 2,263 4,50 O,90 5,000 
6,80 2,50 2,720 3,30 0,90 3,666 7°70 2,60 2,961 

I0,70 6,10 1,75~ 8,90 5,70 1,561 9,90 ~,00 2,475 
4 , 7 0  2 , 0 0  2 , 3 5 0  3 , 5 0  2 , 1 0  1 , 6 6 6  7 , 6 0  3 , 0 0  2 . 5 3 3  
0 , 0 0  0 , 0 0  0 ° 0 0 0  0 ° 0 0  0 . 0 0  OmO00 0 , 0 0  0 , 0 0  0 . 0 0 0  

A R I T H ,  AVE OF RATIOS : 2 . 5 5 9  
LOG AVE OF RATIOS : 0 e 3 8 1 4 6  
STANDARD D E V I A T I O N  : 0 , 9 1 5  
95 PERCENT INTERVAL : 2 , 5 5 9  + / -  0 , 3 4  

I • 



$ T A T I_Q_N__.T_Id~_O_W___~O~_ (2.3_,.5__)_2 . . . . . .  DATE II-25-7J RECORDER GEORGE BARNETT 

LENGTH = A 

FLATNESS RATIO = C 

A B C A B C A B C 

4,20 1.00 ~,200 
L8,6011.30 1,646 

5,00 2,15 2.325 2,80 1,05 2,666 
12.30 5,20 2,365 12,40 5.50 2,254 

12,50 5.60 2,232 
~Q~OI2 ._O_O__L~ 7_/9 
9,10 4,10 2.219 
7LZg__2,&O_ 3.000 
2,30 1.30 1,769 

10,70 7,4Q__i.445 
10.60 3.50 3.028 

9,20 4.50 2,044 
7 ~%e___iz ~ o 

16,70 6.80 2,455 
5,60 3,10 i,806 

12,20 7,30 1 ,671  
8,50 4,90 1,734 

13.50 2.00 6,750 
i0.70 4,80 2,229 

!0,40 a,O0 2.600 8.00 4,30 1.860 
5.10 !,40 3.~42 8.30 2.20 3,772 
5,40 3,50 1,542 7,00 4.80 1,458 
o_.,_Q_ooQ,_9_~_Q 0.000 o.oo 0,00 0.000 

ARITH. AVE OF RATIOS = 
LOG_AV_E__OF RATIOS = 
STANDARD DEVIATION = 
95 PFR/=ENT INTFRVAL = 

2,449 
0,35906 
0,868 
2,449 +/- 0,32 

I@ 



STATION CREEK (CRK) O DATE 1 2 - 0 " - 7 0  RECORDER GEORGE B~8~ETT 

~J 

-- 0 LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

9,80 3,30 2,969 5,80 1,30 4a461 5,00 2,45 2,040 
5,60 0.70 8,000 4,60 2,15 2.139 8,20 1,50 5,466 
4,60 2,60 1,769 4,90 1,60 3,052 8,00 3,80 2.105 
8.50 3.20 2.656 5,90 1,00 5,900 6.30 l.].O 5,727 
6,50 1,45 4,482 6,45 2,20 2.951 5,10 1,40 3,642 
7,70 3.~C) 2,264 1,90 2,10 0,90~ 4,50 0,60 7,500 
4,50 l,lO 4.090 7,45 1,70 4.382 21,30 5,50 3,872 

ii,70 6,30 1,857 9,70 2,90 3,5~4 5.20 1,90 2,736 
5,00 1,20 4,166 4,30 1,50 2,866 4,30 1,80 2,3B8 
5,70 1,50 3,800 2,90 1,05 2,7~! 2,00 0,75 2,666 
7,70 3,40 2,264 ~,80 1,00 4,800 6,80 2,80 2,428 
6,50 1,70 3 , 8 2 3  3 , 5 0  1,40 2 , 5 0 0  6 , 3 0  2,10 3,000 
7,80 3.90 2,000 0.00 0.00 0.000 O,OO O,OO O.OOO 

ARITH,  AVE OF RATIOS = 3 , 4 5 3  
LOG AVE OF RATIOS = 0,49822 
STANDARD DEVIATION = 1,215 

L _ ~  95 PERCENT INTERVAL = 3 , 4 5 3  + / i  0 , 3 9  

-@ 



S!ATION_~EIE~_I_~K)  1 DATE 12-0~T~9 RECORDER GEORGE BARNETT_ 

LENGTH = A 
~[LG~I = B 
FLATNESS RATIO = C 

A B C A B C A B C 

8,00 1,90 4,210 2,60 0°70 3°714 4,30 1,40 3,071 
7,90 1,80 z~,388 4,20 4,60 0,9!3 4,20 2,70 1,555 

3,00 3,00 1,000 
6,00 ~30 4,615 
4,70 4,30 i,095 

28,90 7,30 3,958 
2,90 2,30 1,260 

i0,20 4,10 2,487 

6,00 2,90 2,068 5,00 1,25 4,000 
~2~O_~~L;~ J O~O0 3 . ~ 7 7 7  
I,80 1,30 I,384 2,10 i,15 1,826 
2j~_Q_.I_~,~L~_LLO_________~_LS~V~ "057 
2,10 1,60 1,312 3,50 0,45 7,777 
2,20 0,90 2,444 5,40 l'&O 3,375 
8,20 1,60 5,125 0,00 0°00 0,000 

ARITH, AVE OF RATIOS = 2,743 
LOG AVE OF RATIOS = 0,36346 
STANDARD DEVIATION = 0,912 
95 PERCENT INTERVAL = 2,743 + / -  0,35 

Q 

0,00 0,00 0o000 

0 



STATION CREEK (CRK ) 1 DATE 12-G~-70 R E C O R D E R  RAMON S H A N N O N  

0 LENGTH : A 
HEIGHT : B 
FLATNESS RATIO : C 

A B C A B C A B C 

8,90 i,i0 8,090 9,00 3,90 2,~07 2,50 1,80 1,388 

4,70 3.50 1,342 
7,00 2,00 3,500 

4,70 1,30 3,615 
3,60 1,20 3,000 

5,00 1,00 5,000 
3,60 1,30 2,769 

I0,0~ 1.40 7.142 3 1 6 0  1.30 2,769 3,50 0,80 4,375 

3,60 0,80 4,500 
5,30 !,!O 4,8!8 

8,50 2,50 3,400 
3,30 !,50 2,200 

3,00" 1,20 2,500 
Ii,50 2,20 5,227 

13,00 1,30 i0.000 
6,30 0.90 7,000 

lO,&O 1,00 10,400 

6,50 0,90 7.222 
I0,60 0.80 13,250 
6,60 0,70 9,428 

7.00 1,00 7,000 
6,10 0,70 8,712 
8.70 2,30 3,782 

i0,00 2..'00 5.000 0,00 0.00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 
kOG AVE OF RATIOS = 

5,348 
0,65733 

STANDARD DEVIATION = 

95 PERCENT INTERVAL = 

1.769 
5,348 +/" 0,65 

l--ll 

0 



~_~3__A_T.1Q_I::~L_Q~RdEL~__L~g~).- ~ L D ~ G E  !2-0__~-73 RECORDER GEORGE BARNETTINTCW,,! 

L@ LENGTH = A 
ME_IGHI_E_B_ 
FLATNESS RATIO = C 

A B C A B C A B C 

12.20 2.05 5.951 5.90 1.80 3.277 8.10 1.20 6.750 
3.40 1.90 1.789- 8,20 1.70 4.823 20.00 4.60 4.547 
2.z~0 0.80 3.000 2.20 0.60 3.666 5.00 1.35 3.703 

~ . 9 . . i _ m ~ . ~ i S  7 . . _ , _ ' ~  .3 • 6 o o ._6oL j 6 • %09 
3'65 l,iO 3,518 6,60 0,80 $,250 3,60 l,O0 3,600 
2~_5_0Q.~5 J~#~ 3.55 I.~0 2.535 5.20 1.20 ~.3_35 
3,20 0,85 3,764 5,30 1,30 4,076 5,45 0,50 6.900 
5,901_L~Q 5,3#3 7,40 1,30 5,692 5,70 1,45 3,931 
7,40 1.35 5.481 3,50 0.90 3.666 3.90 l.O0 3.900 
6_9_2._O.._.2._,O_Q_~--Qo~ff !._60_~.40 4.000 4,20 0.80 5.250 
0,00 0,00 0,000 0,00 0.00 0,000 0,00 0.00 0,000 

A R I T H ,  AVE OF RATIOS = 4 , 3 6 8  
LOG AVE OF RATIOS = 0 , 6 1 6 8 8  
5/L~, 9_LgD__#_F~/_KI/-o N = I • 5 ~ 0 

95 PERCENT INTERVAL = 4,368 +/- 0,55 

@ 



STATION CREEK (CRK} 2A DATE 1 2 - 0 3 - 7 0  RECORDER RAMON SHANNON (N75W) 

i ~  LENGTH = A 
HEIGHT : B 
FLATNESS RATIO = C 

A B C A B C A B 

5 , 8 0  1.40 4o142 4,40 i,00 4,400 6,50 Io20 5,416 
6,00 1.20 5mOO0 15670 3o00 5o233 3o80 1,00 3,800 

i~,20 a. O0 3,550 7.00 2.60 2.692 I0.i0 3.30 3.060 
~,80 1,00 4,800 3,10 0,90 3,444 6,80 1,20 5,666 
8,40 1.20 7,000 5.90 2.20 2.681 4.40 1.30 3.384 
9.00 3.90 2.307 8.50 1,50 5.666 5,30 1,40 3.785 
8.30 !,40 5.928 7.70 1.60 4.812 6.10 l.lO 5.545 
5,40 1,20 4,500 6,30 1,50 4,199 5,00 1.00 5.000 
8.00 1.00 8,000 5.90 0.90 6.555 3.30 1.50 2.200 
7.00 I.i0 6.363 9,90 2,00 4.950 4.00 0.40 i0.000 
0.00 0.00 0.000 0,00 0,00 0.000 0.00 0,00 0,000 

ARITH, AVE OF RATIOS = 4,802 
LOG AVE OF RATIOS = 0 , 6 5 5 4 1  
STANDARD DEVIATION = 1,669 
95 PERCENT INTERVAL = 4,802 ÷ / -  0,59 

O 



STATION CREEK (CRK) 2B DATE 12-03-7J -RECORDER GEORGE BARNETT 

U LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

14,20 3,70 3,837 7,00 2,60 2,692 6,75 2,40 2,812 
7,70 1.60 4.812 II,80 2,50 4,720 4,25 0,80 5,312 
5,50 1.80 3,055 5,25 1,80 2,916 4,4.0 !,00 4,400 

!9,10 3.50 5,457 3,00 Io00 3.0~0 5,00 1,15 4,347 
5,60 2,30 2,434 3,00 l,lO 2,727 4,10 2.30 1.782 
8,40 i'80 4,666 6,70 3,50 1,914 2,50 1,00 2,500 
2,40 I.!0 2,i8! 7,00 1,05 6,666 8,40 1470 4,941 
4,95 !.10 44500 5,50 4.10 !,341 3,60 0,95 3,.789 
4,10 2"i0 1,952 2,20 0,40 5,500 8,50 5a80 1,465 
a,50 1,65 2,727 !0,70 2"30 Z~,652 6,80 2.50 2.720 
0,00 0.00 0,000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 3,527 
LOG AVE OF RATIOS = 0.51212 
STANDARD DEVIATION = 1,250 
95 PERCENT INTERVAL = 3.527 +I- 0,44 

@ 

g 



STALLO_B__C_R._.E_E_~ (C_R~) 2B DATE 1 2 - 0 3 , - 7 0  RECORDER RAMON SHANNON ( N I O E )  

LENGTH = A 
HEI_GHT=_~__ 
FLATNESS RATIO = C 

A B C A B C A B C 

4,50 1.00 4,500 1,90 0,40 4,750 1,80 0,40 4,500 
3,30 0,80 4,125 3,50 1,00 3,500 7,00 1,50 4,666 
3,50 1,20 2,916 8,70 1,40 6,214 6,10 3.50 1,742 

.£.t6_Q__2_L(zD___.$_x.~92.-- 5, a~0_~~4%6 17,50 2,70 6,481 
i5,00 3,00 4,533 
3,20 1,00 3,200 

10,60 2.80 3.785 

2,70 0.70 3,857 
6,70___~,50 4,466 
4,20 0.80 5,250 

0,00 0,00 0,000 

6,30 1,30 ~,846 
4#00 0_,9__0__ 4.444 
4,20 0,80 5,250 
5,60 2,10 _2,666 
7,40 I.I0 6,727 

0 , 0 0  0,00 0,000 

3,50 0,70 5,000 
4,90 0,70 7,000 
7,60 I,00 7,600 
7,10 1.20 5,9!6 
0,00 0.00 0,000 

ARITH, AVE OF RATIOS = 4,779 
LOG AVE OF RATIOS = 

, ~ = 

95 PERCENT INTERVAL = 

0,65842 
.,.669 

4,779_ +/- 0,59 

A 

W 



S_T_ALLQN____~IJ_EF___$1..Q_P_E__L~.$)__I__ DATE 1 2 - ? _ ] - 7 0  REOCRDER RAMON SHANN&i'Z 

LENGTH = A 

H.~.i6.t[l = S 
FLATNESS RATIO = C 

A B C A B C A B C 

13,00 4,50 2,888 23,50 6,00 3,916 17.50 4,00 4,375 
8,70 2,00 4,350 3,60 1.00 3,600 2,00 0.70 2,857 

4,50 0.80 5.625 
• ~ _ . . ~ ~  • 9 0 9  

3,60 0,80 4,500 
0,00 0.00 0,000 

8 * 5 0  2,00 4 , 2 5 0  
5o~0_. .~1,60 3 , 2 5 0  
2630 0890 2,555 
O,O0 0,00 O,O00 

12.00 3,50 3,428 
5,30 l,?O 3,117 

i!,50 4,00 2,875 
0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 

L~Ig_AVILO_F~&LLQ~ = 
STANDARD DEVIATION = 
95 PERCEN~INTERVAL = 

3,699 
0,55840 
1,367 
3.699 +I- 0.69 

0 

I 0 



STATION RUFF SLOPE ( R S )  1 DATE 1 2 - 0 3 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

7,50 1 . 8 0  4 . 1 6 6  4 , 3 0  1,90 2 , 2 6 3  8 , 0 0  3 , 9 0  2,051 
2 , 8 0  1 , 0 0  26800  8 , 5 0  2 . 5 0  3 , 4 0 0  5 , 9 0  1 , 7 0  3 , 4 7 0  
7,50 2,80 2,678 II,20 3,80 2,9#7 6,20 a,30 !,441 
9,70 2,50 3.880 5,50 3,!0 1,774 3.50 0o60 5,833 
6,40 3,10 2,064 5,40 2,90 1,862 5.20 2e80 1,857 

26,70 5,20 5,13a 10,30 1,70 6,058 8,60 2,30 3,739 
8,60 2,20 5,909 i2,00 3,00 z~,O00 11,40 0.90 12,666 
7,00 1,90 3,684 7,70 2,40 3.208 12,20 2,60 &,692 
7,50 1,50 5,000 3,~0 0,60 5,666 ~,80 1,90 2,526 
0,00 0.00 0,~ O 0,00 0.00 0,000 0,00 0 O0 0,000 

ARITH, AVE OF RATIOS = 3.806 
LOG AVE OF RATIOS = 0 , 5 2 8 9 0  
STANDARD DEVIATION = 1,525 
95 PERCENT INTERVAL = 3.806 +/- 0,50 

L9 

@ 



S T A T I O N  RUFF SLOPE (RS)  2 DATE 1 2 - 0 3 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

7,10 1,80 3,9L~4 7,80 5,65 1,380 2,45 1,00 2,450 
9,20 2,40 3,833 3,90 1,50 2,599 3,00 0,55 5,454 
2,50 0,60 ~.,166 4,20 0,50 8,400 7,80 2,50 3,119 

11,80 2,20 5,363 3,70 ~,65 0,795 5,20 1,70 3,058 
3,90 i,i5 3,391 ~,85 1,70 2,852 2,80 1,80 1,555 
4,30 2,10 2,047 ~,80 1,55 3,096 4,00 1,10 3,636 
2,90 i,00 2,900 6,50 2,70 2,407 2,80 0 , 2 5  11,200 
4,80 1,20 4,000 a,60 i,aO 3,285 5,10 0,90 3,44a 
5,85 1,45 z~,034 9,00 3,20 2,812 0,00 0,00 0,000 
0,00 OoLO0 _0,000 O0CO O,OO 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 3,662 
LOG AVE OF RATIOS = 0,50610 
STANDARD DEV~AT ION = 1 , 2 6 8  
95 PERCENT I N T E R V A L  = 3 , 6 6 2  ~ / -  0 , 4 8  

P-O 



ST_AT_I_O_N___RUEE__SA~_PE_(_R!L 2 DATE 1 2 - 0 3 - 7 0  RECORDER RMAON SHANNON 

O LENGTH = A ~: 
HF~I£LIT =__B..__ -~ 
FLATNESS RATIO = C  

A B C A B C A B C 

4,00 0,90 a,444 
3, OLO,80 3,~75 

3,50 0,70 5,0QO 4.,10 i,20 3,416 
4,60 1,20 3,833 4,50 2,I0 2,142 

5,00 l,O0 5°000 4,20 !,50 2,800 4.30 0,80 5,~75 

4,00 0.80 5,000 3,80 0,70 5,428 5*3Q l,9O 2,789 
5_,JS.Q__l,70 3L2_994 5,19 !,90 Z,684 2,20 0,90 2,444 
6,50 2,00 ~,250 6,30 1,50 4o199 2,20 i,I0 2,000 
7,29 i,30 5,538 4,20.2,00.. 2,100 10,30 I~50 6,866 
6,00 1,50 4,000 &,70 2,20 
i,_%_O__l_L~_O____~ 1!.50 3,00 
0,00 0°00 0,000 0,00 0.,00 

2,i36 2,10 0,70 3,000 
3,833 8,00 2,00 ~,000 
O,OOO 0,00 O,00 O,O00 

ARITH, AVE OF RATIOS = 3.853 
LOG AVE OF RATIOS = 

STA~L~EVIATIgN = 

95 PERCENT INTERVA~ = 

0,56347 
!,377 
3o853 + / -  0 , 4 9  

0 

0 



12-02 '70 RECORDER GE.ORGE BARNET- '- ~ _ D A T E  STATIQ_N~UM__~A~ ($B) 

@ LENGTH = A 
H[[G,ktL=_.[i_. 
FLATNESS RATIO = C 

A B C A B C A B C 

9,20 3,10 2,967 6,20 i,~O ~,428 4,20 1.30 3,230 
~tL_Q i ~ L ~ 8 7  __~QL8Q_ i,!0 9,818 7.10 0,95 7,473 

~,40 1,50 2,933 i0.00 2,20 ~,,545 

3,20 0.60 5,335 9,80 0,70 ia,OO0 
8900Q__2~0 3,333 6,50 [,30 5,000 

10,50 2.40 4,375 3,20 0,50 6,400 
8t O ~ Q  3,759 5,80 0.80 4,750 

5,10 1,00 5,100 
8,800 

5.90 2,20 3.13% 
8,00 1,50 5,533 
3,70 0,70 5,285 
0,00 0.00 06000 

0,00 0.00 0.000 0,00 0.00 0,000 0,00 0,00 0.000 

ARIThL, A_V_E.__Q_F RATIOS - 
LOG AVE OF RATIOS = 
SIANDARP gDEVLATJ ON = 
95 PERCENT INTERVAL = 

5.221 
0 , 6 6 8 6 7  
1,771 
5,221 +/- 0,72 

I--@ 

kQ 



. . . .  ST___A.T..J_QN ........ S IJ.H__E~ANK _,(._.SB) . . . .  1 DATE 1 2 - 0 3 - 7 0  RECORDER RAMON SHANNON 

LENGTH = A 
HEIghT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

5 , 2 0  2 , 0 0  2 , 6 0 0  3 . 7 0  0 , 8 0  4 , 6 2 5  3 , 6 0  0 , 5 0  7 , 2 0 0  
12.00 2.00 6.000 6,20 1,40 4,428 12,90 3.00 4,300 
6,20 2.10 2,952 4,50 1,00 ~,500 4,90 2,00 2,450 
~,90 2,00 2,450 L,O0 0,80 5,000 3.30 0,90 3,666 
8,20 1,40 5,857 a,60 !,20 Z,833 3.60 1,40 2,571 
3,60 0.70 5.!42 5.50 i,00 5,500 6,20 1,20 5,i66 
3.10 0,70 4,428 4,40 1,40 5,142 3,30 O,lO 33,000 

14,00 5,80 3.684 13,10 1.50 8,733 6,70 1,40 n,785 
7,60 1,80 4°222 0,00 0,00 0.000 0,00 0°00 0,000 

ARITH, AVE OF RATIOS = 5,609 

LOG AVE OF RATIOS = 0,66245 
STANDARD DEVIATION = 1 , 8 3 3  
95 PERCENT INTERVAL = 5,609 +/- 0,71 



2 DATE 1 2 - 0 - " 7 0  RECORDER GEORGE BARNETT- '  S T..A_T_LO_._~__S #.!"4 _.._S_ .&H.I~_3_S & !  

0 LENGTH = A 
HE LGHT = B _  
FLATNESS RATIO = C 

A B C A B C A B ¢ 

26,40 8,10 3,259 !0,70 0,90 II,888 12,70 3,50 3,628 
13,_2__0 &~!~I____3'259 13,20 1,60 8,250 6,00 I,I0 5,454 

4,80 l,lO #,363 2,65 l,lO 2,409 
~_Q._0_,_9 5 4 .  v ~ .5_____%,  ~ . . _ o ~ 8 ~  7 

9.90 2.00 4.950 3.80 1.20 3.166 
£j_7_9__l._~7_0____2~Fz23. ~,50 1,50 3,000 
7,20 2,80 2,571 5,40 1,60 3,575 
0.00 0,00 0.000 0.00 0.00 0.000 

4.30 0.90 4.777 
4 . 3 0 ~ ~ 8 6 6  
6.60 4.20 1.571 

ll.80 3.10 3.806 
0.00 0.00 0.000 
0.00 0.00 0.000 

ARITH. AVE OF RATIOS : 4.238 
LOG AVE OF RAT]05 : 0.58176 
STANDARD D E V I A T I O N  : 1 , 4 8 3  
95 PERCENT INTERVAL = #.238 ÷/- 0.65 

0 



STATION SUM BANK (SB) 2 DATE 12-03-70 RECORDER RAMON SHANNON 

A 

U L E N G T H  = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

7,90 2,50 3,160 I0,00 2,10 a,761 9,50 4,50 2,111 
6,00 2,40 2,500 4,10 0,70 5,857 8,50 l,lO 7,727 

12,00 3,00 L,,O00 6,50 2,00 3,250 8,50 2,50 3,400 

5,70 1,60 3,562 5,90 i,I0 3,545 4,30 2,40 1,791 
4,00 1,40 2,857 5,60 1,50 2,400 7,80 1,50 5,199 

4,70 1,20 3,9i& 9,50 1,80 5,277 9,60 1,50 2,400 
7,60 1,90 ~,000 0,00 O,O0 0,000 0,00 0,00 0,~00 

ARITH, AVE OF RATIOS = 3,774 
LOG AVE OF RATIOS = 0.54765 
STANDARD DEVIATION = 1,356 
95 PERCENT INTERVAL = 3,774 +/- 0,60 

0 

B 



$_T_ #L_T_I _Q .N_ _[I_A ._N N_ __(_T_K_L _ I D_AT__E 12-04-70 

7, 

RECORDER GEORGE B A R N E T T  

0 LENGTH = A 

.HEI.G[JI__E_B 
FLATNESS RATIO = C 

A B C A B C A B C 

8,80 3,80 2,315 4,80 3,50 1,371 1,70 1,20 1,416 
2,00 1,70 1,176 1,80 0,90 2,000 6,80 3,20 2,125 
4,60 2.40 !,9!6 
4,0_Ig__i_,_7__Q__Z, 764 
2.50 0,90 2.777 
2,30 !,hQ___Z_tQgO 
4,45 1,80 2,472 
0,00 0.00 0,000 

2,20 2,00 i,i00 
3 , 6 ~ 0  
7.90 a,lO 1,926 
4,70 1.70 2,764 
7,00 3.20 2,187 
0,00 O,O0 0,000 

2,60 i,80 1,444 
4.40 2.60 1,692 
3,65 4,00 0,912 
2.90 1,35 2,148 
0,00 0,00 0,000 
0,00 O,O0 0,000 

ARITH, AVE OF RATIOS = 

LOG.__~E_O~_~AZ.I.~5_ = 
STANDARD D E V I A T I O N  = 

95 PFJP~_ENT INTERVA~ = 

1,884 
0,25297 
0,642 
1,884 +/- 0,28 

l-O 

A 



STATION TANK CTK) 1 DATE 12-04-70 RECORDER RAMON SHANNON 

/ 

LENGTH = A 
HEIGHT = B 

FLATNESS RATIO = C 

A B C A B C A B C 

6,90 4,10 1,682 4,50 1,60 2,812 8°30 2,70 3,074 
7,50 i,I0 6,818 ~,00 1,50 2,000 2,20 0,70 3,142 
5,30 3,00 1,766 4,00 2,40 io666 5,10 2,20 2,318 
3,20 0°80 L,O00 0,00 0,00 0,000 0,00 0,00 0,000 

AR~TH, AV[  OF RATIOS = 2,928 
LOG AVE OF RATIOS = 0,42310 

STANDARD DEVIATION = 1,067 
95 PERCENT INTERVAL = 2,928 +/- 0,66 

0 



® 

STATION TANK (TK)  2 DATE 12-04-70 RECORDER RAMON SHANNON 

LENGTH : A 
_HEI G U T--___B 
FLATNESS RATIO : C 

A B C A B C A B C 

9.50 0.70 13.571 
IO.~Q 3.5Q~.91& 

18.00 4.00 
I0.50 7.90 

a.500 9.40 2.00 4.700 
!.529 4.60 1.70 2.705 

1,50 1,50 !,000 5,80 1,50 3 , 8 6 6  
~9_Q__~,~.__~%,_5_&~___._~8_Q__,I,__O_Q_. ~.,80~ 

I0.00 5.50 1.818 3.i0 !.20 2 , 5 8 3  
~_0__I~80~,444 3.00 2,_00 1.500 
8,60 2,50 3,440 i0,20 3,00 3,400 

10.50 3.50 3.000 0.00 0.00 0.000 

a.60 2.00 2.300 
9._i9__3.40 6.64~ 
2.60 I.I0 2.365 
8.30 l. O0 8.300 
3.60 2.10 1.714 
0.00 0.00 0.000 

ARITH, AVE OF RATIOS : 3,838 
LOG AVE OF RATIOS = 0,50219 
STANDARD DEVIATION : 1,298 
95 PERCENT INTERVAL : 3.838 ÷/- 0,54 



STATION TANK (TK ) 2 DATE 12-04-70 RECORDER GEORGE BARNETT 

r 0 LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

4.30 2,20 1.954 
4.70 i,I0 4,272 

8,65 4,70 1,840 
2,10 1,05 2,000 

12,30 3,00 4,100 
3,20 1,40 2,285 

47,10!2,70 ~,708 
4,30 2,~0 1,869 

8,60 2,50 3,440 
5,90 2,80 2,107 

8,00 4,10 1,951 
14,60 4,50 3,244 

5,60 2.90 i,931 
9,10 4,00 2.275 

5,30 1,70 1,941 
9,70 5e30 !,830 

20,20 9,00 2,244 
8,30 3.60 2.305 

I0,40 3,20 3.250 
7,40 2,10 2.523 

11620 i,I0 10,i81 
O~O0 O,O0 0,000 

6.60 1,30 5.076 
O,OW 0.00 0,000 

ARITH. AVE OF RATIOS = 
LOG AVE OF RATIOS = 

3,060 
0,43825 

STANDARD D E V I A T I O N  = 
95 PERCENT I N T E R V A L  = 

1.080 
3,060 +/- Oe~,5 

0 

10 



$_T__A_T_[QN_~_E_O_WE_r-L__L] ,_N E ( P L ) :], D A T E 1 2, - 0 3_-_" q RECORDER GEORGE BARNETT 

L, 
/ ,  

LENGTH A = 

.H_F. I~tT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

8,40 1.90 4.421 2.50 0.30 8.333 0.90 0.20 4.500 
5.50 1.50 3.666 4.00 0.90 4.444 9.60 3.30 2.909 
B.80 1.60 2.375 

7.10 1.80 3.944 
2.~Q i.i0 2.363 

5.10 2.00 2.550 1.90 0.60 
5'0-0 ~,6Q B.I~5 2.20 1,30 
2.00 1.20 1.666 ~.40 2.30 
1,20 0,90 1,533 7,10 3,25 

3.166 
1.6--92 
1.913 
2,184 

4.80 2.20 2.181 
5.30 2.30 2.304 

4,80 0.60 8.000 2.20 0.30 7.333 
3.50 I'00 3.500 5.50 1.55 4.074 

1.80 0.20 9.000 1.50 l.O0 1,500 
1,~Q__O_.~LO__i~#~ B,O .4: .~85 
4.90 1"75 2.800 0.00 0.00 O.O00 

5.50 2.00 2.750 
1.70 1,20 1,416 
0.0~ 0o00 0,000 

ARITH. AVE OF RATIOS = 3.545 
LOG AVE OF RATIOS = 

STAND~ARD OEVIATIOIN = 
95 PERCENT INTERVAL = 

0,49004 
1,223 
3,545 +/- 

@ 



S T A T I O N  POWER L I N E  (PL) 2 DATE 1 2 - 0 4 - 7 0  RECORDER GEORGE BARNETT 

L E N G T H  : A 
HEIGHT = B 
F L A T N E S S  R A T I O  : C 

A B C A B C A B C 

3,90 1,00 3,900 14,00 i,i0 12,727 13,50 4,00 3,375 
4,20 1,50 2,800 5-50 2,00 2,750 2,50 0°60 4,166 

16,10 0,20 80,500 7,20 2,20 3,272 2,80 1,40 2,000 
6,10 2,10 2,904 12,i0 4,85 2,494 7,50 1,90 3,947 
2,00 0,40 5,000 2,20 0,50 @,400 3,20 0,70 4,571 
3,50 1,90 1,842 4,40 0,90 4,888 4,90 1,00 ~,900 

28,50 2,60 10,961 3,50 1,00 3,500 38,00 7,60 5,000 
5,50 2,10 2o619 3,80 0,80 z~,750 20,50 4,20 4,880 

10,70 4,90 2,!83 7,80 1,80 4,333 6,20 2,00 3,100 
9,15 1,50 6,100 8,20 4,00 2,050 9,20 2,70 5,407 
4,60 i,i0 ~,181 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS : 6,693 
LOG AVE OF RATIOS : 0,62387 
STANDARD D E V I A T I O N  = 1,954 
95 PERCENT INTERVAL : 6,693 +/- 0,68 

l_o 

@ 



A 
LE;';GTH : A 
H F.l_GkiZ = J3 

FLATNESS RAT;O = C 

_ 2 - 0 6 - 7 0  RECORDER G._._EORGE BA2:,"gTT STAT ION D EVLL ' S~AN--__  EAST__DC_E IA  DATE 

A B 

3,05 0,50 

C A B A B C 

6,100 3.80 2,40 1,583 4,30 4,40 0,977 
3,10 2,10 1~476 5' • 5 /+,~34 2,30 !,00 2,300 

~,50 I'50 3,461 1,20 1,05 1,142 
l "/ 

5 • ~ o _3_,i_O__l_~,_?,.b-B-------Z,S-5--J~, ~ 5 2 Q~.~! 
a,55 0,80 5.687 i7,30 3.85 ~-,493 
2_,_C_O__I_,_LLO----fL~*J~ ~_x2._O_l_L90 i • 684 
1,55 1.20 !,125 5.50 0.90 6.ili 
9, 0~5_Q 2.628 3.15 3.30 0,954 

2,30 0,60 3 . 8 3 3  
~ ~ ~ o 3 2  

10.70 2,80 3,821 
3,~ 1,20 2,791 
4 , 8 0  2,20 2,181 
5,60 3,15 1,777 
4,60 2,10 2,190 12.50 1.90 6°578 6.50 1.20 5,a16 

9,40 ~ ~ 5 _  3.50__Q._~70 2,~8 2,15 1,00 2,150 
0.0O 0 .C0  0.OO0 0 . 0 0  0 , 0 0  O.OOO O.00 O.OO 0 , 0 0 0  

AR~TH, AVE OF RATIOS =. 2,913 
LOG AVE OF RATIOS = 0 , 3 8 7 7 2  
ST AN~RD DEVIA_ T ION = 0,97! 
95 PER(ENT INTERVAL = 2,913 ÷/- 0,34 

FIIF 

@ 



_ _ _  _ ~ Z A ! [ Q ~ _ ~ E # Z I _ k J S _ ~ , _ . ~ A ~ !  ~ _ ~ E  pATE 1 2 - 0 6 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

B C A B C A B C 

~,00 1.90 2.105 6.70 0.70 9.5'/I 2.70 2,40 1.125 
a,30 1.20 3.583 8.20 4.15 1,975 4.60 1.20 3,833 
2,40 1,15 2.086 6,10 2,40 2,541 2,25 1,90 !,18a 
8,70 4,00 2.175 3.00 2,45 !~224 5,00 1,50 3.533 
2,10 0.80 2,625 2,10 0.50 ~.200 13,40 3,80 3.526 
9.50 !,60 5,937 3,50 1,65 2,121 8,10 1,60 5,062 
4,70 1,80 2,611 6,20 2,20 2,818 6.90 1.50 4.600 
~,aO 2.10 2,095 8,30 3,20 2.593 5050 1,60 3,437 
7,90 2,90 2,724 5.C0 2.05 2.439 3,80 1,35 2,814 
4.10 1.50 2,733 4,00 1,65 2,424 5,30 2,20 2.409 
1.50 1.25 1,200 0.00 0,00 0,000 0,00 0,00 0,000 

ARITH. AVE OF RATIOS : 3.003 

LOG AVE OF RATIOS : 0 , 4 2 8 5 4  
STANDARD DEVIATICN = 1,048 
95 PERCc~T INTERVAL = 3,003 +/- 0,36 

0 

Q 



$17LT_~Q_['L~IL_'_$ CAN._EAST D__C_E iC DATE 12-06-70 RECORDER GEORGE BARNETT 

-@ 
LENGTH = A 

M_E.TLGZiI_~_B_ 
F L A T N E S S  R A T I O  = C 

A B C A B C A B . . . .  C 

ll.O0 5.60 1.964 ~.65 1,30 3.576 B.O0 2.70 l.lll 
5.90 ~.00 1.475 2.20 1.90 1.157 9.70 2.15 &.511 

~ 7.20 1.972 13.50 3.65 3.698 2.75 0.80 3.437 
~.00 0.80 ~750 ! , 9 9  2.20 0.863 7.60 1,70 4.470 
1,60 0,60 2,566 6,80 3.50 !,942 3.70 1,80 2.055 
9,40~j3~ 4.086 6.60 1.55 4.258 6.i0 1.80 3.388 

5.00 0.90 
5.90 3.90 

5.555 6.90 3.i0 2.225 3.20 2.00 1.600 
1,512 a,40 3,80 1,157 II.80 6.80 1.735 

1.50 1.55 0.967 6.50 2.10 3.095 14.00 2.10 6.666 
i ~ ~ ~ - -  4 ~ ' 6 " "  4 ' 0 9  - -165,0 8 ' 8 0  3 " 2 0  2 ' 7 5 0  
4.60 1.00 4.600 0.00 0.00 0.000 0.00 0.00 0.000 

ARITH. AVE OF R A T I O S  = 2.758 
DOG AVE OF R A T I O S  = 
S T A N Q ~ V I A T I O N  = ,, 
95 PERCENT I N T E R V A L  = 

0.37876 
0.934 
2.758 +/- 0,32 

h_@ 

@ 



STATION DEVIL'S CAN, EAST DCE 2C DATE ]2-06-70 RLCORDER GEORGE BAPNmTT 

o 

@ LENGTH = A 
HEIGHT = B 
FLATNESS R A T I O  = C 

A B C A B C A B C 

9,20 4.50 2,04~ 3,00 1,40 2,142 3,20 1,60 2,000 
2,90 1,30 2,230 10,80 2,10 5,142 5,90 2,00 2'950 
8,50 2,60 3,269 8,80 2,80 3,142 7,50 1,60 ~,687 
6,90 1,50 ~,600 6,10 1,70 3,588 1,65 0,90 1,833 
2,60 1,15 2,260 4,10 2,60 1,576 7,10 2,15 3,302 
7,50 3,aO 2,205 5,90 2,80 2,107 7,50 2,00 31750 
9,60 2,20 1,636 9,80 2,90 3,379 2,00 I,I~ 1,739 
1,80 0.55 3,272 7.00 2,30 3,043 5,80 1,80 3,222 

I0,80 1,80 6,000 2,30 3,i0 0,741 2,80 !,40 2,000 
7,00 1.80 3,888 26,50 6.40 4,iw0 3,10 2,40 1,291 
3,50 1,50 2 1 3 3 3  0,00 0,00 0,000 0o00 0,00 0,000 

A R I T H ,  AVE OF RAT IOS  = 2 , 8 8 7  
LOG AVE OF RAT IOS  = 0 , 4 2 1 7 0  
STANDARD DEVIATION = 1,0!8 
95 PERCENT I N T E R V A L  = 2 . 8 8 7  ÷ / -  0 , 3 5  



STATION DEVILIS CAN, EAST DCE 2B DATE 12-06-70 RECORDER GEORGE BARNETT 

O LENGTH = A 

FLATNESS RATIO = C 

A B C A B C A B C 

4,50 3,20 1,406 
2~o~_..Q_O___._9,O__._~.sa8 
4,!0 1,40 2,928 

3,50 1,90 1,842 
7.6Q_2~70 2._~LZ4 
2,70 I,I0 2,454 
~,00 3,00 i.666 

13,10 1,50 8,733 5,90 2,00 1,950 
6,00 2,2! 2,714 6,80 1,90 3,578 
2,30 1,80 !,277 I0,50 3,80 2,763 
~ ( ~ _ , . .  ~_~_O 6,00 3,45 1,7~9 
7,10 1,50 4,733 1,70 1,60 1,062 
~ , 4 0  1 , 0 0  5L~O0 8 , 8 0  2 , 9 0  3 . 0 3 4  
3.20 0,60 5.333 2,60 0,70 3,714 
3,55 C,70 5,071 2,30 1,50 i,533 

2,80 0.70 4.000 1.20 0.90 1,333 

1,80 2,00 0,900 O,O0 O,O0 0,000 

3,60 1,20 3,000 
2,55 0,90 2,62& 
O,OO 0,00 O,O00 

AR!TH, AVE OF RATIOS = 3,080 
~OG AVE OF RATIOS = 
STAN~VIATION = 
95 PERCENT INTERVAL = 

0,42170 
!,047 
3,080 +/- 0,36 

II 

Q 



STATION D E V I L ' S  CAN, EAST DEE 2A DATE 1 2 - 0 6 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

6,00 2,10 2,857 11,30 3,70 3,054 5,90 l,O0 5,900 
2.50 2.40 1,041 1,50 1.20 1,250 5.15 2,10 2,452 

14,20 6,20 2,290 3,i0 i,i0 2,818 9,80 4,20 2,333 
3,&O Io60 2,250 !7,20 A,O0  ~,300 4,30 1,60 2,687 
6,90 2,60 2,653 3010 3,00 1,033 6020 1,65 5,757 

I0,!0 3,80 2,657 Ii,20 3,70 3*027 5,00 i,00 5,000 
3,35 0,60 5,583 7,00 2,80 2,500 2,75 0,65 4,230 
2,20 0,70 3,142 4,00 2,20 1,818 2,90 1,20 3,250 
3.70 1"50 2,466 4,20 1,10 3,818 5,70 1.30 4,384 
4,70 l,OO a°700 3,25 !.25 2,600 6,30 1,50 ~,199 
3,75 O. ~n ~ 4.166 0.00 0.00 0,000 0,00 0,00 0,000 

A R ! T H .  AVE OF [RATIOS = 3 , 1 6 8  
~OG AVE OF RATIOS = 0.46491 
STA~DARD D E V I A T I O N  = ! . 1 2 3  
95 PERCENT INTERVAL = 3.168 +/- 0,39 

II 
v 



S T A T LQN___D~._V.]_L~_$ .QAL4__, _E A S T DCE 3 DATE " 2 - 0 6 - 7 0  

LENGTH = A 
HEI.G~!_~_~ 
FLATNESS RATIO = C 

A B C A B C A B C 

26,i011,00 2.372 8,60 3,00 2,866 7,70 1,50 5,19B 
6,80 1.60 ~.250 5,40 1,00 5,400 3,00 1,35 2.222 
3.10 1.50 2,066 6,90 1,70 4,0~8 6,80 3,00 2.266 
4~60~,__Q_6___~Z59 20.00 7,00 2.857 8.00 5.10 1.568 
8.80 1,70 5.176 8,50 2,70 3.148 4,70 1,05 4,476 
7.~z_Q_ 2,50 ~_Q/~O 4.20 i.40 3,GO0 4.60 2,50 1.840 
3,40 0,90 3 , 7 7 7  4,60 1,50 3.C66 3.55 1,50 2,366 
5,10 3,50 1.457 5,70 2.70 2.1!I 3.60 !.50 2.400 
6.50 2,10 3,C95 

6,70 2,60 2,'576 

4.50 2.00 2.250 
~, ,_~0. .~ .70  0 , 8 2 5  
0.00 0.00 0.000 

3.70 1,10 3,363 
2,60 0,90 2,888 
0 . 0 0  O,OO 0 , 0 0 0  

ARITH. AVE OF RATIOS = 3,038 
LOG AVE OF R A T I O S  = 
6TAP.-L, .o_~e.- A ON = 
95 PERCENT INTERVAL  = 

0 , 4 5 0 4 4  
1 , 0 8 2  
3 , 0 3 8  ÷ / -  0 , 3 8  

I--0 



S T A T I O N  D E V I L ' S  CAN,  EAST DCE ~ DATE 1 2 - 0 6 . ; 7 0  RECORDER GEORGE BARNETT 

- LENGTH = A 
HEIGHT = B 
FLATNESS R A T I O  = C 

" A B C A B C A B C 

3,20 1,30 2,461 7,20 3,30 2,181 6,20 1.90 3-263 
7,70 2.40 3,208 7.10 3,10 2.290 13,70 3,90 3,512 
3,50 3,00 I,!56 4,00 3,30 1,212 4,40 4,50 0,977 
2,30 1.50 1,533 6.10 2,00 3,050 4,00 0,95 ~.210 

i0.30 ~,00 2.575 5.00 i,I0 ~,545 5,00 O,lO 50,000 
2,00 0,90 2,222 3.50 !,20 2~916 12,20 7,80 1,564 
~,75 2.10 2,261 5,00 !,O0 3,125 2,20 l,lO 2,000 
5,30 1,00 5,300 6.60 1.80 3,666 5,30 1,10 3,000 
5.50 1.60 3.437 14.20 5,60 2,535 4,50 2,00 2,250 
9,00 2,00 ~,500 ~,00 i,I0 3,636 3,00 1,30 2,307 
4,40 1,40 5,142 0,00 0,00 O,O00 0,00 0,00 O.O00 

ARITH, AVE OF RATIOS = 4,324 

LOG AVE OF RATIOS = 0,45654 
STANDARD D E V I A T I O N  = 1 , 3 1 9  
95 PERCENT I N T E R V A L  = 4,324 +/- 0,46 

@ 

@ 



STATION DEVIL'S CAN. EAST DCE 5 DATE "2-06-70 RECORDER GEORGE BA,,#,CTT 

hENGTH= A I I  
HEIGMT = B 
FLATNESS RATIO = C 

A B C A B 12 A B C 

8.aO 2.60 3,230 2,30 2,30 1.000 
3.80 1.80 2.111 i0,00 I,i0 9,090 

10.80 3.80 2.842 6.30 1.90 3,315 

11.90 2.20 5,409 10.80 2.60 &.15B 
2 0 0  0 . 9 0  ~-ll5 ~.2.0__3.50 IL166 
5,20 2.80 1,857 1.70 0.20 8.5JO 
~.20 2,0C 2,i00 2.80 2.20 1.272 

7.~0 3.10 2.387 
5.10 1.70 3.000 
3.20 1.00 3.200 

12.00 2.00 6.000 
8.80 2.00 4.400 
5.00 1.30 3.846 
3.20 0.70 ~.571 
8,00 2.50 3.200 

1.90 1.50 1,26& 
f" , ~#h 2 .7o  O,~o 4,5._.~. 

1 . 1 0  0 . 9 0  1 . 2 2 2  

8.10 !.40 5.785 
3.00 2.-~ !.@28 
0 . 0 0  0 , 0 0  0 . 0 0 0  

2.95 !.50 1.966 
1.00 0.90 i.ili 
0.00 0.00 0.000 

ARITH. AVE OF RATIOS = 3,298 
LOG AVE OF RAT IOS  = 
S T A N p ~ E V I A T I O N  = 
95 PERCENT INTERVAU = 

0.44327 
1.113 
3,298 ÷/- 0,39 

o 



TAB 



~0 
ASARCO DACITE DATA 

Combined Readings - Ratios 
Uncorrected Data 

George S. Barnett Apr i !  20, 1971 

~0 



A 
--U ASARCO DACITE DATA SH-I SAMPLES TAKEN 11/12/70 BY RAMON SHANNON 

LENGTH [] A 
H E I G H T  = B 
FLATNESS RATIO = C 

A B C A B C A B C 

t 1,50 0,50 3,000 B,20 0.70 #.571 1.90 0,40 4.750 
2,60 0.70 3.714 4,50 0.80 5,625 6,00 1,00 6,000 
2,60 0,40 6.500 2,40 0.40 6.000 1.50 0,50 3,000 
4,50 1,70 2,6&7 2,20 0,40 5.500 2,80 1,00 2,800 
1,40 0.40 3,500 1,80 0.40 4,500 ~ 14,25 2,20 6,477 
2,20 0,50 4,400 6,20 1,00 6,200 5,50 1.70 3,235 
I.I0 0,20 5,500 3,40 0,50 6.800 5,90 0,50 11,800 
5,80 I,i0 5.272 3,70 0,50 7,400 lO,OO 0,80 12,500 

I0,80 1,80 6,000 6,20 3,20 1,937 6,00 0,85 7.058 
15,80 2,40 6,585 3,90 0,60 6,500 5,70 1,50 3.800 
6,40 1,70 3.764 3,00 1,60 1,875 5,00 I,I0 4,545 
3,50 1,50 2,200 8,40 1,50 5,600 7,20 2.00 3,600 

11,35 5,70 3,067 7,30 2.00 3.650 11,70 3,80 3.078 
15,40 2,60 5,923 8,30 1.40 5,928 12,10 1,90 6,568 
5,80 2,30 2.52i 4.00 0,50 8.000 0,00 0,00 0,000 
0,00 0,00 0,000 0,00 0,00 0.000 0,00 0,00 0,000 

i 
A R I T H .  AVE OF R A T I O S  = 5 . 0 8 ~  I~,."! !0"-' ~. 
LOG AVE OF RATIOS = 0.66699 
STANDARD DEVIATION = 1,726 
95 PERCENT INTERVAL - 5,084 ÷/- 0.51 



STATION SHAFT SH2 DATE t 1 - 1 2 - 7 0  RECORDER GEORGE BARNETT v 

~N~_T_tTt = A 
HEIGHT = B 
FLATNESS RATIO = £ 

A ~ A ~ ( A B 

3 ,  0 ~ _ ~ 0  4 t ~ 7 5  
9 , 5 0  2 , 6 0  3 , 6 5 3  
3,~O__L~Q__Z~Q___Z_,~35 1 
4 , 0 0  ! , O 0  4 , 0 0 0  
4 , 7 0  1,Z2__3_~L91.Z_# 
2,80 I,I0 2,545 
_~O~.~Q__/_,_IQ 5,636 

3,30 1,20 2,750 9,00 1,50 6,000 
4,20 I,i0 3,818 5,30 1,60 3,312 
0,50 3,10 3,387 5,00 0,70 7,142 
9,00 l,lO 8,181 2,70 i,i0 2,454 
!,7~,70 ~ #  7,20 1,40 5,142 
3,50 0,85 ~,I17 6,00 2,20 2,727 
4,60 1,90 2,421 2,70 0,35 7,714 

3,50 0,80 4,375 
3,20 1,0# ~j200 
6,10 1,50 4,066 
2~_5o O.~q 6~ iPo .  
3,30 0,80 4,125 
5,60 2,00 2,800 

4 , 4 0  1 , 2 0  3 , 6 6 6  2 , 5 0  0 , 4 5  5 , 5 5 5  
5 , 4 0  0 . 7 0  4 , 8 5 7  2 , 5 0  0 , 3 5  7 , 1 4 2  
6,20 0,70 8,857 3,20 l,lO 2,909 

">2,50~.O~,&~*~5~Z#~[ ~ ~:4,00 0,50 8,000 
5,00 0,80 6,250 3,40 l,lO 5,090 
3,20 0,90 3,555 &,O0 1,70 2,352 

0 2,90 0,60 4,833 
4,8Q_j.,50 3.200 

2 , 5 0  0 , 7 0  3 , 5 7 1  3 , 1 0  0 , 5 0  6 , 2 0 0  
3 , 4 0  0 , 4 0  8 , 5 0 0  ~6-=J-,-5~--0,-70"-~6~---~42- 4 j ' : ~  

4.-91.q-0-.-0 • 8 0  5 3 , 8 7 5 "  0 , 0 0  0 , 0 0  0 , 0 0 0  0 , 0 0  OoOO 0 , 0 0 0  
0,7 

ARITH, AVE OF RATIOS = 
LOG AVE OF RATIOS = 0,67830 
STANDARD DEVIATION = 2,059 
95 PERCENT INTERVAL = 6,917 */- 0,59 

l - g  



I--O S T A T I O N  SHAFT SH 3 DATE 11-12-70 RECORDER RAMON SHANNON 

LENGTH : A 
H E I G H T  : B 
FLATNESS R A T I O  : C 

A B C A B C A B C 

3,70 0,70 5,285 2,30 0'60 3,853 4,70 0,40 i1,750 
1,80 0,70 2,571 3,30 0.80 4,125 !,70 0,60 2,833 
3,00 0,60 5,000 2,50 0,40 5,750 2.70 0,70 5,857 
3,30 0,40 8,250 5,00 0,70 4,285 4,20 0.80 5,250 
3,40 0o70 4,857 2o90 0,60 &.833 3.30 0,70 4,714 
2,70 0.60 ~,500 1,40 0,20 -7,000 2,70 0,60 4.500 
1,20 0,30 4,000 2,00 0,40 5,000 3,70 1,30 2,846 
2,10 0,30 7,000 1,50 0,60 2,5~0 4,00 0,60 6,666 
2,60 0,60 4,533 " 9,70 1,30:?'<7,461 > 4**~-l-j'~O 7"iJ928 /:9o7~ / . 4 

>6~89_5"50 40,555 >4~,00 0,60 66,666 ~90,50 1,50 60,3~3 ~- 
b9~,20 0.95 94,9~7 3,00 0660 5.000 5.50 1,20 4,583 

~,20 0,25 16,800 5,40 1,70 3,176 5,10 1,15 ~,434 
8,50 0,95 8,947 o 3,20 i,I0 2,909 7,10 1,20 5,916 

@ 3,00 0,80 3 . 7 5 0  3,00 1,00 3.000 5,50 0,50 i i , 0 0 0  
4,10 1.00 4,I00 12,15 3.10 3.919 4.30 0,50 8,600 

15,00 2,70 5,555 2,80 4,50 0.622 4,90 1,00 4.900 
3.40 !,iO 3,090 2,50 0e40 6,250 4,70 1.65 2.848 
7,60 1,80 4.222 5,50 0.60 9.166 2.40 0,90 2.666 
0,00 0,00 0,000 0,00 0,00 0.000 0.00 0,00 0,000 

A R I T H .  AVE OF R A T I O S  : I 0 , 9 7 9  
LOG AVE OF R A T I O S  : 0 . 7 7 5 5 5  
STANDARD D E V I A T I O N  : 2 , 8 1 1  
95 PERCENT INTERVAL : 1 0 , 9 7 9  + / -  0 , 7 4  

@ 



0 STATION SUTTONIS SUMMIT SS I DATE 11-24-70 RECORDER GEORGE BARNETT 

L E N G T H  = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C C A B 

7 69_60___i,20 5,500 .- 13,-60 1,75 7,771 2,50 0,80 3,125 

7,50 2,20 
2,10 0.70 

3,409 ; >6,00 1,70 3,529 2,20 0,60 3 , 6 6 6  
3,000 -~ i.,40-'0,40 3,500~ i~:".3,40 0,60 5.666 

4,00 0,70 5,7141 ~? 35,00 6,60 
16_,_LO__.i~Tn ~.t5.1~ 7,80 2,i0 
6,10 1,00 6,I00 2,90 2,90 
9,00 5,20 1,730 3,40 3,25 

5,303 
3,7!4 

~ 21,i0 4,30 4"906 
3,50 0,80 4,375 

1,000 
1.046 

3,20 3,40 0,941 
3,40 1,40 2,428 

2,20 0,70 3,142 
2,40 1,30 !,846 

3,60 1,40 2,571 
1,70 0,40 4,250 

3,40 1,30 2.615 
5,00 2,80 1,785 

2,70 0,30 9,000 5,90 1,90 3,105 
0,O0 0.00 0,0OO 0,00 O,00 0,OQO 

2.10 1,70 1.235 
0.00 0,00 0.000 

I___II 
ARITH, AVE OF RATIOS = 
LOG AVE OF RATIOS = 

3,683 
0,49980 

C- ",,) i "  

STANDARD D E V I A T I O N  = 
95 PE.RCENT INTERVAL = 

i,256 
3,683 ÷/- 0,44 



S T A T I O N - S U T T G N ' S  SUMMIT {55) 2 DATE 11-24-70 RECORDER RAMON SHANNON 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

~ 8,50 3,40 2,500 4,00 i,i0 3,636 4.80 1,40 3,428 
6,00 1,10 5,454 2.20 0,90 2,444 2,60 0,80 3.250 
3,50 1,30 2,692 5,00 1,80 2,777 3,70 1,00 3,700 
6,00 1'90 3,157 11,50 4,00 2,875 6,60 2,20 3,000 
4,90 1,10 4,454 1,80 0,50 3,600 3,40 0,60 5,666 
7,00 1,50 4,666 6,00 1,00 6,000 2,10 0,60 3°500 
8,00 2,00 4,000 4.70 0,80 5,875 3,50 0,40 8.750 

13,50 2,40 5,625 
2.50 0.50 5.000 
5 , 5 0  & , 2 0  4 , 5 8 3  
0 , 0 0  0 , 0 0  0 , 0 0 0  

9 , 5 0  2 4 0 0  4 , 7 5 0  5 * 0 0  1 , 0 0  5 * 0 0 0  . . 
7 , 4 0  1 , 2 0  6 , 1 6 6  , ~ 3 4 9 . - - ~ 0 - - - ~ ~ 5 6 2 " -  f~.~, ' ~  O q  

~ - q - ~ 6 ~ - ~ , 9 0  .......... 5 , 0 0 0 ' ! I : . . ! ' : . . 6 , 3 0  2 , 0 0  3,150 
O,UO 0 , 0 0  O , O 0 0  0 , 0 0  0 , 0 0  0 ° 0 0 0  

4,3o8 
0,61342 A 

V 

A R I T H ,  AVE OF R A T I O S  = 
LOG AVE OF R A T I O S  = 
STANDARD D E V I A T I O N  = 1.525 
95 PERCENT I N T E R V A L  = 4 , 3 0 8  + / -  0 , 5 4  

I_I__ 



• , {  

S T A T I O N - S U T T O N ' S  SUMMIT ($S)  3 DATE 1 1 - 2 4 - 7 0  RECORDER RAMON SHANNON 

kENGTH = A 
HEIGHT= B 
FLATNESS R A T I O  = C 

A B L A B C A B C 

"q 14,00 3,00 ~,666 8,50 2,00 4,250 3,80 1,40 2,714 
9,00 2,50 3,600 4,90 1,00 4,900 5,20 0,70 7,~28 
1,20 0,50 2.400 8,00 2,50 3,200 3,40 1,20 2,833 
7,80 1.80 4,333 8,00 1,50 5,333 3,70 0,80 4,625 

12._LQO___L~_6~_. 7,500 4,70 0.60 7,833 6.00 0,70 8.571 
6.50 0.60 10,833 5,10 3.00 1,700 8,00 1,00 8,000 
5.40 2.00 28700 5.50 2,00 2.750 3,00 0,80 3,750 

III 
w 

7,70 1,50 5,133 I0 5.80 1,60 3,625 5,50 1,70 2,058 
~4,502~0__ 6.041 i0.70 1,20 8,916 8,40 0,25 33,600 
5,10 1.40 3,642 7.80 2.20 3,545 3,80 1,00 3,800 

12,~._L~,~5_?.9 4,50 1,80 2,500 6,30 1,40 4,500 
3,80 0.25 15.200 2,80 0,20 14,000 4,00 0,80 5,000 
3,50 0,5~6,363 2,50 0,30 8,333 4,70 0,55 8,.545 

9,40 1,75 5,571 7,80 1,40 5,571 2,15 0,50 4,300 
5,00 l_~_!O 4,545 7,20 1,O0 7,200 3,50 0,2~ 15,217 
5,00 0.55 9.090 6,80 l,lO 6.181 2,25 0,50 4,500 
4 , 2 0 ~ ~ _ & _ _ ~ # 0  0.50 ~,800 1.80 0.45 4.000 
8 . 0 0  2 . 3 0  3 , 4 7 8  0 , 0 0  0 , 0 0  0 , 0 0 0  O.O0 0 . 0 0  0 . 0 0 0  

ARITH, AVLOF RATIOS = 6,233 
LOG AVE OF RATIOS = 0,71656 
STA~2LD D~.? ~ I - ~ N  ..... = i • 992 
95 PERCENT INTERVAL = 6,233 +/- 0,54 

@ 

.C7  



STATION J I  RANCH J I  1 DATE Ii-24-70 RECORDER GEORGE BARNETT 

LENGTH = A 
H E I G H T  = B 
F L A T N E S S  R A T I O  = C 

A B C A B C B C 

II 9,00 1,20 7,500 5,00 2,80 1.785 3.00 1,05 2.857 
4,30 1,00 ~,300 2,00 0,70 2,8~7 13,00 4.20 3,095 
6,10 3,00 2,033 2,50 1,50 1.923 9.10 3,60 2,527 

ii,85 5.30 2.235 5,60 4,50 1.244 3,30 3.00 i,i00 
3,70 2,90 Io275 6,55 1.80 3.638 9.10 I.i0 8,272 

ii,30 3,80 2,973 3,50 0,80 4,575 7,70 2,40 3.208 
3,90 1.00 3,900 ~ 5,30 I,I0 4,818 22,00 6,00 3,666 
1,70 0.30 5.666 7.00 1.50 4.686 6.50 3,50 1.857 
4.50 1.20 3.750 2,30 0.70 3.285 5.40 0.90 6,000 
4,60 0,70 6,57! 7,50 0,60 12,500 3,70 0,80 4,625 
6,00 1,50 4.000 7,00 0.!0 70,000 1,80 1.30 1,384 
4.80 1,20 4,000 8,80 1,30 6.769 2.50 1,70 1.470 
1,70 0,80 2.125 a.50 !,00 4,500 6,30 1,80 3,500 

A 
• v 

2.80 0.50 5,600 *,10 0,90 4,5D5 4,90 0,40 12,250 
4,90 I,i0 4.454 ~.50 0,90 5.000 0,00 0,00 0,000 
0,00 O.CO 0,000 0.00 0,00 0,000 0,00 0,00 0.000 

ARITH. AVE OF RATIOS -- 5.639 0__.~'~(#~ -~ ~I#.~ ~ 
L.OG AVE OF RATIOS = 0,57686 
STANDARD DEVIATION = 1.699 
95 PERCE,NT I N T E R V A L  = 5 , 6 3 9  ÷ / -  0 . 5 0  



STATION-J,,,# RANCH (J J) 2 DATE 11-24-70 RECORDER-RAMON SHANNON 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C 

I0 Z ,_~  2 ,30  3.173 8,00 3.00 2 ,666  

A B C 

7.40 0.70 10.571 
14,00 5.00 2,800 17,10 3,59 a,885 
10,60 4.10 2,585 7,20 2,00 3,600 
17.50 4,60 3,804 

16,50 8,80 1,875 
9,30 3.40 2,73.5 

8,90 1,30 6,846 .~7,10 0,80 8,875 

20,80 3.20 6,500 
15.~0 Z.Q~ 7.650 

o ~ I Z _ , 2 Q .  2 ,70  4 ,518z . .A . [ "8  20 0 ,85  9 ,647  
18,20 4,50 4,044 ~ 13.20 5,10 2.588 

_ 7,90 2,40 3.291 ! 4.70 2,10 2,238 
4,40 0,80 5,500 
9,50 3,50 2,71a 
6,30 2.60 2.423 
~.00 1.00 ~00 
2.70 0.50 5.400 

1 7 . 0 0  3 .20  5,3!_2_2 
0.00 0.00 0,000 

2,20 0 ,80  2 , 7 5 0  ii,70 3 ,90  
> 2.10-1-,%~'3::--~2.t00"/i,0~ 6,90 I,i0 

7,20 1,80 4.000 :l~ 11,60 7.00 
~200.70 6,000 16.20 7.50 

15,10 6,50 2,323 10,00 4,00 
la,40 4,10 3,512 i7,80 3,20 
0,00 0,00 O,OJO 0,00 0,00 

3,000 
6,272 
1.657 
2.160 
2,500 
5 .562  
0,000 

ARITH, AVE OF RATIOS-= 
LOG AVE OF RATIOS = 
STANDARD D_EVIATION = 
95 PERCENT INTERVAL = 

4,441 
0,59361 
1.515 
4,441 +/- 0,47 



STATION OAK FLAT (OF)  1 DATE 1 1 - 2 5 " - 7 0  REOCRDER GEORGE BARNETT 

LENGTH : A 
HEIGHT = B 
FLATNESS RATIO : C 

A B C A B ¢ A B C 

(~ 3,40 0,60 5,666 2,50 1,15 2,173 9,20 3,30 2,787 
2,50 1.00 2.500 2,90 i,i0 2.636 2.20 2.10 1,047 

i0.50 6.10 1.721 li,50 7.20 1,597 13.80 4,80 2,875 
17.10 9,60 1.744 13.10 3,60 3.638 11,90 3.90 3.051 
14,40 3.60 &.O00 10.30 5.80 1.775 7.20 3.20 2.250 
12.90 6.40 2.015 8.50 5.00 1.700 6,00 4,40 1,363 
9.00 5.!0 1,76& 26,20 9.60 2,729 4,15 3.80 1.092 
4.60 @.00 1.150 4.00 ~.i0 0.975 @,40 2.60 1.692 

>3,20 -5-,50 0,9!4 /~ "(~13,30 7.20 1.847 7.20 3.80 1.894 
3,50 2.90 1.206 2.40 1.80 1.353 0.00 0,00 0.000 
0.00 0.00 0.000 0.00 O,O0 0.000 0,00 0.00 0,000 

A 
v 

A R I T H ,  AVE OF RATIOS = 2 , 1 0 8  ~ ~ c , ~  N Z,~ ' "~  ~u... 
LOG AyE O = RATIOS = 0 , 2 8 0 8 &  
STANDARD DEVIATION = 0,703 
95 PERCENT INTERVAL = 2,108 +/- 0,25 



_ _ ~  S T A T I O N  OAK F~AT I O F )  2 DATE 11-25-70 RECORDER GEORGE BARNETT 

LENGTH = A 
H E I G H T  = B 
F L A T N E S S  R A T I O  = C 

A B ~,, A B C A B C 

3,50 I,I0 3,181 3,50 1,00 3,500 i,50 0,80 I,875 
j.. 

2~G_Q__l_~4_5 1.79_5 ~6-,f~.~.~Q ........ 0.248 ~#~,"~:~ 3,.90~5-~00- 0.169 
>6,7029,'C*0 0,268 ~3,G029,00.. 0,i03 5,60 2,90 1,931 
I m/_Q__Z_,~_._O_~7_/i~, ' 7 ¢" 4,_3_Q__i_~._Q~9~_6.. 2i30. ....... ~ • lO 2,090 
8,35 2,80 2,982 4,30 4,00 1,075 4,00 1.25 3,200 
~,70 C,90 a,lll 8,00 4,50 1,777 >q.~3.0.-.2.,..~0 .... i-,.86-9- 

7 

2,50 i,i0 2,272 
6,50 5~_Q___/.969 
4,50 3,60 i,250 
0,00 0,00 0.000 

3,50 1.70 2,058 7,10 2,i0 3.380 
9,50 2.80 3.592 4,70 1,70 2,764 
5,80 2,60 2,230 OiO0 0,00 0,000 
0,00 0,00 0,000 0,00 0,00 0,000 

O 
ARITH, AVE OF RATIOS = 
LOG AVE OF RATIOS = 

2,131 
0.20737 

# 
. . eL" x.,l I 
7-<L, t ,'-''''L-' i'~ '~L, -~ 

STANDARD D E V I A T I O N  = 
95 PE,~CENT I N T E R V A L  = 

0,486 

2,131 +/- 0,17 
r li- 

-0 



S T A T I O N  OAK FLAT (OF)  3 DATE 1 1 - 2 5 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
H E I G H T  = B 
F L A T N E S S  R A T I O  = C 

A B C A B C A B C 

17 7,50 1,90 3,9~7 8,10 1,25 6,480 7,50 3,20 2,343 
5,55 1,75 3,171 3,I70 2,00 1,850 3,40 1,35 2,518 
3,50 1,20 2,916 8,30 3,00 2,766 4,20 2,50 i,826 
6,00 2,80 2,142 5,60 1,40 2,571 4,55 i,80 2,527 
9,30 3,70 2,513 3,10 !,30 2,384 4,00 1,85 2,162 
3,50 !,20 2,9!6 3,20 1,20 2,666 1,30 1,515 0,838 
4,30 2,20 1,954 2,40 1,15 2,086 3,10 i,I0 2,818 
8,10 3,80 2,131 2,70 1,40 1,928 2,00 2,i0 0,952 
4,10 2,20 1,863 3,30 1,60 2,062 11,20 4,70 2,382 
0.00 O.O0 0.000 0.00 0.00 0.000 0,00 0.00 0.000 

A R I T H ,  AVE OF R A T I O S  = 2 . 4 7 1  ~ § ' t ] : : 4  ; ~ £ , ~ ~  t 
&OG AVE OF R A T I O S  = 0 , 3 6 3 0 2  

A STANDARD D E V I A T I O N  = 0 , 8 7 6  
,,iv 9 5 P E R C E N T  [ N T E R V A ~  = 2 . 4 7 1  ÷ / -  0 , 3 3  



--@ STATION THROW NO, (235) 1 DATE Ii-25-70 RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT : B 
FLATNESS RATIO = C 

A S < 

1_2' 20 7.60 1.605 

A B C A B C 

ii,20 4,60 2,~34 >6,0024r,9~" 0.230 '.~ .~[~ ~ 
12,90 7.aO !,745 5.20 1,50 3.466 
iz,.40 5.50 2,618 8,aO a,70 1,787 

3,10 0,70 4,428 
6.10 1,50 4,066 

1.90 0,80 2*375 
2.,_9_Q__Z,/_¢___/_,_~80 
2,50 2,20 1,136 
6__t80 2,50 2,720 

6,80 2.90 2*344 10.60 3,80 2,789 
8 , 7 ~ 0  2,4%5 8.60 2,70 3,185 
~,30 1,90 2,263 4,50 0.90 5.000 
5,30 0,90 3,666 7,70 2,&O 2,961 

10,70 6,10 1.754 8,90 5.70 1.561 9,90 4,00 2.475 
&.70 2.00 2*350 3,50 2,10 1.666 7*60 3*00 2.533 
0,00 0,00 0,000 0,00 0,00 0o000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 2,482 .-~.-:.~:'. .. 
LOG AVE OF RATIOS = 0,34442 
STANDARD DEVIATION = 0,838 
95 PERCENT INTERVAL = 2,482 +/- 0,31 

@ 



--@ STATION THROW NO, (235) 2 DATE II-25-70 RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

4,20 1,00 ~,200 5,00 2,15 2,325 2,80 1,05 2,666 
I #~ 18,6011,30 1,646 12,30 5,20 2,365 12,40 5,50 2,254 

12,50 ~ 5,60 2,232 9,20 L,50 2.044 12,20 7,30 1,671 
20,80]12.00 1,71& 7,10 3,90 1.820 8,50 4,90 1,754 
9,10 ~ A,!O 2,219 16,70 6,80 2,455 13,50 2,00 6,750 
7,20 2.40 3,000 5,60 3,10 1,806 10,70 4.80 2,229 
2.30 1.50 1,769 !O,40~J~O0 0.260~:)0 8,00 4,30 1.860 

10.70 7.40 1,445 5,10 ~ I~40 3.642 8.30 2,20 3,772 
10,60 3.50 3,028 5.40 3,50 1.542 7,00 4,80 i,~58 
8,60 3,70 2,324 0,00 0,00 0,000 O,OO 0.00 0.000 

@ 
ARITH, AVE OF RATIOS = 2,365 
LOG AVE OF RATIOS = 

zI . t~ "~ ~- ~ ~ ,~ 

0,32334 
STANDARD DEVIATION = 0,793 
95 PERCENT INTERVAL - 2,365 +/- 0,29 

@ 



$ T A T I O N  CREEK (CRK) DATE 1 2 - 0 3 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

tc~z 9~0 3~3Q 2,969 5,80 1,30 4,461 5,00 2,45 2°040 
5,60 0,70 8,000 4,60 2,15 2,139 8,20 1,50 5,466 
a,GO 2,60 I.769 ~,90 1,60 3,052 8,00 3,80 2.i05 
8.50 3.20 2.656 5a90 1.00 5,900 6,30 1,10 5.727 
~,_.50__/_,~ ~j4@C~ 6,45 2.2~ 2.931 5.10 1,40 3.642 
7,70 3,40 2,264 1.90 2,I0 0,904 4,50 0.60 7,500 
~,50 I.!0 4°090 7,45 1,70 a,382 21°30 5,50 3,872 

ii.70 6.50 I°857 
5'QO I'20 ~.165 
5.70 1.50 3.800 

6,50 1.70 3.823 
7.80 3.90 2.000 

9,70 2,90 3,3~4 5,20 I,90 2,736 
4,30 1,50 2,866 4,30 1,80 2,388 
2,90 1.05 2,761 2,00 0,75 2,666 
a,BO !,OQ 4.800 6.80 2.80 2,428 

~3,50 ~!-mgo - 1.8421 "- 6,30 2,10 3,000 
0o00 0,00 o,oo0 0°00 0,00 0.000 

A 
V ARITH. AVE OF RATIOS 

LO_~E OF RATIOS 
STANDARD DEVIATION 
95 PERCENT INTERVAL 

= 3 , 4 3 5  

-= 0.#9464 
= 1 , 2 0 7  
= 3 , 4 3 5  + / -  0 * 3 8  

! 

FX) 
# 

III 
v 



--0- &TATION CREEK (CRK) 1 DATE 1 2 - 0 3 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

/~ 8,00 1.90 4,210 2,60 0.70 3.714 4,30 1,40 3.071 
r 

7,90 1.80 4,388 4,20 4,60 0.913 4.20 2.70 1,555 
6,00 2,90 2.068 5,00 1.25 4.000 3,00 3.00 1,000 
3,20 2.40 1,333 lO,O0 3,60 2,777 6.00 1.30 4.615 
1.80 1.30 !,384 2,10 1.15 1.826 4.70 4,30 i,'093 
2,30 1.25 1.840 5,50 5.20 1.057 28,90 7,30 3,958 
2,10 1.60 1.312 3,50 0,45 7.777 2.90 2.50 1.260 
2,.20 0.90 2,444 5,40 1,60 3,375 10,20 4,!0 2,487 
8,20 1.60 5.125 21 >?--gO~-l,lO ....... 7,!8! 9,00 3,90 2.507 
2,50 1,80 1,388 4,70 3,50 1,342 -~ZC 4,70 1,30 3,615 
5,00 1.00 5.000 7.00 2.00 3,500 3.60 1.20 3,000 
3,60 1.30 2,769 i0,00 !,40 7.1L2 3,60 i.30 2,769 
3,50 0.80 4.375 3,60 0,80 4,500 8,50 2.50 3.400 

L_@ 3,00 1,20 2,500 5,30 i. I0 a,8!8 3.30 1,50 2.200 
II,50 2.20 5,227 13,00 i,30 !0,000 6.50 0,90 7,222 
7,00 1,00 7.000 6.30 0,90 7,000 10.60 0.80 13.250 
6,10 0,70 8,714 I0,40 1.00 lO,e~CO 6,60 0,70 9,428 
8,70 2,50 3.782 I0.00 2.00 5,000 0.00 0.00 $.000 
0,00 0,00 0,000 0,00 0,00 O,OOO 0,00 O,OO 0.000 

ARITH, AVE OF RATIOS = 4,102 ~ ~ L. ~ h 
w LOG AVE OF R A T I O S  = 0 , 5 1 7 7 4  ~ ' ~ " -  ~ '~'\ 

STANDARD D E V I A T I O N  = 1 . 3 4 2  
95 PERCENT I N T E R V A L  = 4 , 1 0 2  + / -  0 , 3 6  

Q 



?-, 

S T A T I O N  CREEK ( C R K )  2A DATE 1 2 - 0 3 - 7 0  RECORDER GEORGE B A R N E T T ( N 7 5 W )  

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

~__m.~ 12~20 2,05 5,951 5,90 !,80 3.277 8o10 1.20 6,750 
3,40 1.90 1,789 8,20 1,70 4,823 20,00 4,60 4,347 
2.40 0.80 3.000 2,20 0,60 3,666 5,00 1,35 3.703 

14,20 3.05 ~,,655 2.60 I,20 2.166 3.60 0,60 6,000 
~(~_~_~Q___~3~_ 6,60 0,80 8.250 3.60 1.00 3.600 
2,50 0,65 3,846 3,55 1,40 2,535 5,20 1,20 ~,333 
3,20 0.85 3,764 5,30 1,30 A,076 3.45 0,50 6,900 
5,90 i,I0 5,365 7,40 1,30 5.692 5,70 1,45 3,931 
7,&0 1.35 5,48! 3,30 0,90 3°666 3,90 1,00 3,900 
6,20 2,05 3,024 5,60 1,40 4.000 4.20 0,80 5,250 

..... 5 ~ , 4 0  Z~.l~ 2 4140 Io00 4,400 6,50 i°20 5.416 
6,00 1,20 5,000 15,70 3,00 5.233 3,80 !,00 3.800 

14,20 4,00 3,550 7,00 2,63 2,692 i0.I0 3,30 3.060 
4,80 1,00 z~,800 3.10 0,90 3,444 6.80 1.20 5.666 
8.40 1.20 7,000 5,90 2,20 2.681 4.40 1.30 3.38L 
9.00 3,90 2,307 8,50 1,50 5,666 5,30 1.40 3,785 
8,30 ~.40 5__,_9._28 7.70 1.60 z~.812 6.10 I,I0 5.5~5 
5,40 1.20 4,500 6,30 1.50 4.199 5.00 1.00 5.000 
8,00 1,00 8.000 5,90 0,90 6.555 3,30 1.50 2.200 
7,00 i'i0 6,363 9,90 2"00 &.950 4,00 0,40 I0,000 

~I{ > 4,50 1.00 4.500 >1,90 6-'~.~ "° 0,296 0~31.80 0,40 4.500 
3,30 0.80 z~,125 3,50 1,00 3.500 7.00 1.50 a.666 
~ I ~ ~  8'70 I'4 O 6'12114 6'10 3,50 !.742 
9,60 2.60 3,692 5,30 1,20 4,416 17.50 2,70 6,481 

i0,60 2.80 3,785 6,30 1.30 z~.846 13.00 3,00 z~,333 
9.20 !,90 a.842 4.00 0,90 ~,444 3.20 1,00 3.200 
2,70 0.70 ~,857 4,20 0,80 5,250 3.50 0.70 5.000 
6,70 1.50 ~,466 5,60 2,!0 2,666 4,90 0,70 7,000 
~,20 0.80 5,2i9 7,40 ~,!0 ~.727 7,60 ~.00 7,600 

21,30 2.50 8.520 4.60 I.I0 4,181 7.10 1.20 5.916 
~ 14,20 3,70 3.837 7,00 2.60 2,692 6,75 2,40 2,812 

7,70 1.60 z~,812 iio80 2,50 z~.7iO 4,25 0.80 5.312 
5.5_0 1.80 3~O~ 5,25_i~0Q__2~.916 ~,40 1.00 4.400 

19.10 3.50 5,457 ~ 6 1 - ' 7 ~ ' ~ 2 " 2 0  2.050 ~ 0,00 5,90 ...... 1,800 
,;7 / f . f '  

A R I T H .  AVE OF R A T I O S  = 4 . 5 4 1  . . . . .  "-':'--~ L L r 
LOG AVE OF RATIOS = 0.62592 
STANDARD DEVIATION = 1.562 

L Q 
95 PERCENT I ~TERVAL~ = 4,541 +/- 0.30 



FO 3 , 0  1 , 0  ( C R K )  2B GSB . - ' : - -  . . . . . . . . . . . . . . . . . . . . .  

. 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

~~._ ~ :~ 5,00 1,15 4,347 5,60 2,30 2,43~ 3,00 1,10 2,727 
4,10 2,30 1,782 8,40 1,80 4,666 6,70 3,50 1,914 
2,50 1,00 2,500 2,40 l,lO 2,i81 7,00 1,05 6,666 
8,40 1,70 4,941 4,95 1,10 L~,500 5,50 4,10 1,341 
3,60 0,95 3,789 4,10 2,10 !,9~2 ~2,20 0,40 5,500 
8,50 5,80 1,465 4,50 1,65 2,727 10,70 2,30 4,652 
6,80 2,50 2,720 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 
LOG AVE OF RATIOS = 

3,305 
0,47427 

STANDARD D E V I A T I O N  = 1 , 1 7 2  
95 PERCENT I N T E R V A L  = 3 , 3 0 5  + / -  0 , 5 2  

0 



STATION RUFF SLOPE (RS) 1 DATE 12-03-70 REOCRDER RAMON SHANNON 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B 

13,00 4.50 
...'>-.7,50 1,80 

2,00 0,70 

< , ,  A B C A B C 

2,888 i 23,50 6,00 3,916 17.50 a,O0 a,375 
~ 70 2,00 4,3D0 a,i66~ ~ 8, 

2,857 4.50 0.80 5,625 
3,60 1,00 5,600 
8,50 2,00 4,250 

12,00 3.50 3,428 4,30 I,!0 3,909 
~,~0 ,7~l_tZ_Q.__i~h~7 3,60 O,BO ~,500 

11,50 4.00 2,875~7 ~" .~4,50 1,90 2,265 
2,80 i.00 2,800 8,50 2,50 3,400 

5,20 1,60 3,250 
2,30 0,90 2,555 

>8.oo ~I-~ 2,~62 
5.90 3.47o 

7,50 2,80 2,678 II,20 3,80 2,947 6,20 4,30 1,441 
. ~r5, ~0 o,10 2,06~ 9 , 7 0  2 , 5 0  3 , 8 # 0  > 5 , 5 0  0 . + ~ 0  ....... 9 , . . : $ 6  # _..~ ........ ~ . . . . . . . . . . . . . . . . . . .  # 2 # / . 

5,40 2,90 1,862 5,20 2,80 1,857 26,70 5,20 5,134 
l ,Q~,7.0 6,058 8,60 2,30 3,739 8,60 2,20 3,909 
12,00 3.00 4,000 ll,40 0.90 12,666 7,00 1,90 3.684 
7,70 2,40 3,208 12620 2,&0 4,692 7,50 1,50 5,000 
3,40 0,60 5,666 ~,80 1,90 2,526 0,00 0,00 0,000 
0,00 0.00 0,000 0,00 0,00 0,000 0,00 0,00 0.000 

ARITH, AVE OF RATIOS = 3,901 
LOG AVE OF RATIOS = 0,55186 ~ /~00 I/) ~#2 ..... 2 
STANDARD DEVIATION = 1,364 
95 PERCENT INTERVAL = 3,901 ÷/- 0,41 

i 

0 



- : .- 

i 

A 

U STATION RUFF SLOPE (RS) 2 DATE 12-03-'70 RECORDER RMAON SHANNON 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

Q.-2 4,00 0.90 4.444 3,50 0.70 5.000 4.10 1.20 3.416 
3,10 0,80 3,875 4,60 1,20 3,833 4.50 2,10 2,142 
5.00 1.00 5.000 4.20 !,50 2.800 4.30 0,80 5.375 
6,50 1,20 5,416 3.80 0,80 4,750 2.20 0,60 3,666 
4,00 0,80 5,000 3.80 0,70 5,428 5,50 1,90 2,789 
5,60 1,70 5,294 5,10 1,90 2,684 2,20 0,90 2,444 
6,50 2,00 3,250 6.30 !.50 4.199 2.20 l.lO 2.000 
7,20 1,30 5,558 4,20 2,00 2oi00 10.30 1.50 6,86& 
6,00 1.50 4,000 4,70 2,20 2.i36 2,10 0,70 3.000 
5,00 1,50 5,353 
7,10 1,80 3.944 
9,20 2,40 3,835 
2,50 0,60 4,166 

II.501 3,00 3.833 8.00 2.00 L.O00 
7,8~me~.O 0,138 2.45 1,00 2,450 
3,90''i,50 2,599 3,00 0,55 5,454 
4,20 0,50 8,400 7.80 2,50 3,119 

11,80 2,20 5,363 3,70 4,65 0,795 5,20 1,70 3,058 
3.90 1.15 3,39! 4,85 1,70 2,852 2.80 1.80 1,555 
4,30 2.10 2,047 4,80 1,55 3,096 4,00 l,lO 3,636 
2,90 1,00 2.900 6,50 2.70 2,407 2.80 0.25 11,200 
4,80 1.20 4,000 4.60 1.40 3.285 3.I0 0.90 3.444 
5.85 1.45 4.03q 9,00 3.20 2 , 8 1 2  0,00 0,00 0,000 
0.00 0,00 0,000 0,00 0.00 0,000 0.00 0,00 0,000 

ARITH, AVE OF RATIOS = 3 , 7 4 3  
LOG AVE OF RATIOS = 
STANDARD D E V I A T I O N  = 

0,51897 
1,278 

! 

95 PERCENT INTERVAL = 3 , 7 4 3  + / -  0 , 3 3  

0 



-- ~ ~ S T A T I O N  SUM BANK (SB)  1 DATE 1 2 - 0 2 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS R A T I O  = C 

A B C A B C A B C 

~-,~ 9.20 3.10 2.967 6.20 1.40 ~.428 4.20 1.30 3.230 
8.30 1.60 5.i87 i0.80 I.i0 9,8~8 7.10 0.95 7.473 
4.40 1.50 2.933 i0.00 2.20 a.545 5.10 1.00 5.!00 
2.50 2.05 1.219 5.20 1.40 3.714 4.40 0.50 8.800 
~.3.~_Q__Q_~_O____~_,3_~il 9.80 0.I70 14.000 6.90 2.20 3.136 
8o00 2.40 3.353 6.90 !o30 5.000 8.00 1.50 5.333 

~0.~0 2.40 &.375 3.20 0.50 6.400 3.70 0.70 5.285 
8.60 2.50 3.739 3.80 0.80 &.750 ~ 5.20 2.00 2.600 
3.70 0.80 4.625 3.60 0.50 7.200 !2.00 2.00 6.000 
6.20 1.40 4,428 !2.90 3.00 4.300 6.20 2.10 2.952 
4.~Q 1.00 ~00 4.90 2.00 2.450 4.90 2.00 2.450 
4.00 0.80 5.000 3.30 0.90 3.666 8.20 1.40 5.857 
4.60 1.20 3.833 3.60 !.40 2.571 3.60 0.70 5.142 

II 
5.50 1.00 5.500 6.20 !.20 5.166 3.i0 0.70 41428 
4.40 1.40 3.142 3.30 O.iO 53.000 !4.00 3.80 3.~84 

13.10 1.50 8.733 6.70 1.40 4.785 7.60 1.80 4.222 
0.00 0.00 0.000 0.00 0.00 0.000 0.00 0.00 0.000 

A R I T H ,  AVE OF R A T I O S  = 5 , 4 2 3  -~z.. 4 0 © o  t ~, .~. .  ~ ~ i ( - ~  
LOG AVE OF RATIOS = 0.66543 
STANDARD DEVIATION = 1.784 
95 PERCENT INTERVAL = 5.423 +/- 0.50 

0 



STATION SUM BANK (SB) 2 DATE 12-03-70 RECORDER GEORGE BARNETT 

i 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

~..~. 26.40 8010 3.259 i0,70 0,90 11.888 12,70 3,50 3.628 
13'20 ~,i0 ~,219 13,20 1,60 8,2~0 6.00 l,lO 5,454 
4,80 I,I0 ~,363 2,65 !,lO 2,409 4,30 0.90 4,777 
4,50 0,95 4,736 5,40 0,70 4,857 4,50 1,50 2.866 
9.90 2.00 4,950 B,80 !,20 ~.!66 6,60 4,20 1.571 
9,70 3,70 2,621 a,50 1,50 
7,20 2,80 2,57! 5,40 1,60 

lO.O0 2,10 &,761 
. "~ ,-'TO---.O-,-7 0 .... 5 • 8 5 7 ~ 

9.50 a,50 
8,50 !,I0 

5,000 Ii,80 3,I0 3.806 
3,375 ~-~ 7,90 2.50 5.160 .~ ~ ~ -. _" 
2 • I 11 ~-'4W. Y~-~.-7O - 5 • 8 5 7  ..... / ' ~ " ,  " ~ 

7,727 12,00 3,00 4,000 
6,50 2.00 36250 8.50 2.50 3.400 5.70 1,60 3.562 
3,90 I,!0 3,545 4.30 2,40 1.791 4.00 1.40 2.857 
3,60 1,50 2,400 7.80 1.50 5.199 @,70 1,20 3.916 
9,50 1.80 5,277 3,60 1.50 2,490 7,60 1,90 4,000 
0,00 O.O0 0,000 O.O0 0,00 0.030 0,00 0,00 0,000 

ARITH, AVE OF RATIOS .= 4,098 
LOG AVE OF RATIOS = 0.57462 ~ -~°C~I 

E 

STANDARD DEVIATION = 1,430 
95 PERCENT INTERVAL =- 4,098 +/- 0,44 



47 

OSTATION TANK (TK) 1 DATE 12-04-70 RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B _  q A B C A B C 

8, 0_8_Q___3,80 2,315 ~,80 3,50 1,37! 1,70 1,20 1,416 
2,00 1,70 1,176 1,80 0,90 2,000 6,80 3,20 2,125 
4,60 ~,40 1,916 2,20 2,00 i,i00 2,60 1,80 I,~44 
4,70 1.70 2,76~ 
2,~___2,777 
2,30 l,!O 2,090 
4,45 1.80 2,472 
4,50 1,60 2,812 
3,00 1.50 2,000 

3,60 3,30 1.090 4.40 2.60 1.692 
7.9&,Q__q2_~Q___~,926 3,65 &,O0 0.912 
4,70 1,70 2,7~ 2.90 1,35 2,148 
7,00 3,20 2.187 ~5 6.90 a,lO 1,682 
8,30 2,70 3,074 7,50 I,I0 6,818 
2,20 0,70 3.142 5,30 3.00 1.766 

4,00 2.&O 1,666 
0.00 0.00 0.000 

5,10 2.20 2,318 3.20 0,80 4,000 
0.00 0.00 0,000 0.00 0.00 0.000 

ARITH, AVE OF RATIOS = 2,232 
LOG AVE OF RATIOS = 0.30968 
STANDARD D E V I A T I O N  = 

95 PERCENT I N T E R V A L  = 
0 . 7 6 3  
2 . 2 3 2  + / -  0 , 2 7  

A 

U 



,.,j-_ 

STATION TANK (TK)  2 DATE 1 2 - 0 4 - 7 0  RECORDER RAMON SHANNON 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

"2-8,50 0,70 12,142 18,00 4,00 4,500 9.40 2,00 4.700 
I0,20 3,50 2,914 10.50 7,90 1,329 4,60 1,70 2,705 
1,50 1.50 1,000 5,80 1,50 3,866 4,60 2.00 2,300 
3,90 i,i0 3.545 ~,80 1,00 4,800 9,30 1,40 6,642 

i0,00 5,50 1,818 3,10 1,20 2,583 2,60 i,i0 2,363 
8,00 1,80 4,444 3,00 2.00 1,500 8,30 1,00 8,300 
8,60 2.50 3.440 10,20 3,00 3,400 > 3,60 "9-,-i-~ 1,161 ~L.I 

"'~ 4,30 2,Z0 1.954 8,65 4,70 1,840 10,50 3,50 3,000 ~ 
12,30 3,00 4,100 4,7~ I,I0 4,272 2,10 1,05 2,000 
3,20 1,40 2,285 &7,10~2,70 3,708 8,60 2,50 3,440 
8,00 &,lO 1,951 4,30 2,30 1,869 5,90 2,80 2,i07 

14,60 4,50 3,244 5,60 2,90 1,931 3,30 1,70 1.941 
20,20 9,00 2,244 9,10 4 , 0 0  2,275 9.70 5.30 1,830 

v 

8,30 3.60 2.305 10,40 3,20 3,250 11,20 !.i0 10.181 
6,60 1.30 5,076 7.40 2,10 3.523 0,00 0,00 0,000 
0 , 0 0  0 , 0 0  0 , 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  

ARITH, AVE OF RATIOS = 3,404 
LOG AVE OF RATIOS = 0,46528 
STANDARD D E V I A T I O N  = 1 . 1 5 9  
95 PERCENT INTERVAL = 3,404 +/- 0,34 



O STATION-POWER L I N E  I P L )  1 DATE 1 2 - 0 3 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FgATNESS R A T I O  = C 

A _ B . _ _ _ C  A B C A B C 

4, 
8,40 ~9_Q_ 4_,_421 
5,50 1.50 3.666 
3_,80 1.602.375 

10,50 3.30 3.181 
~_~ho_.Lz 8_&_~..~2 4 4 
2,60 I.i0 2,363 
4,80 2.20 2,!81 

2,50 0.30 8.333 0,90 0.20 4,500 
4.00 0.90 &.444 9.60 3.30 2.909 
5.10 2,00 2.550 1.90 0.60 3,166 
5 , 0 3  1.60 5.125 

1.20 0,90 1.333 
4.80 0.60 8.000 

2 , 2 0  1.30 1.692 
4.40 2.30 1,913 
7.10 3.25 2.184 
2.20 0.30 7,333 

5,30 2,30 2.304 
1.80 0.20 9°000 

3.50 1,00 3.500 
1.50 l,OO 1.500 

5.50 1,35 4.074 
5.50 2.00 2,7.50 

1,50 0.30 5.000 
4.90 1.75 ~.800 

3,20 1,40 2,285 
0,00 0,00 0,050 

1,70 1,20 1,4!6 
0,00 0.00 0,000 

@ A R I T H ,  AVE OF RAT IOS = 
LOG AVE OF R A T I O S  = 

3.545 
0.49004 

STANDARD D E V I A T I O N  = 
95 PERCENT I N T E R V A L  = 

1.223 
3.545 +/- 0,43 

@ 



STATION POWER L INE (PL )  2 DATE 12-04-70 RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

5~ 3,90 1,00 3,900 14,00 I,I0 12,727 13.50 4,00 3,375 
4,20 1,50 2,800 5,50 2,00 2,7~0 2,50 0,60 4,166 

16,10 0,20 80,500 7,20 2,20 3,272 2,80 1,40 2,000 
6,10 2,10 2,904 12,10 4,85 2,494 7,50 1,90 3,947 
2,00 0,40 5,000 2,20 0.50 ~,~00 3,20 0,70 ~,571 
3,50 1,90 1,842 4,40 0,90 4,888 4,90 l,O0 4,900 

28,50 2,60 i0,961 3,50 1,00 3,500 38,00 7,60 5,000 
5,50 2,10 2,619 3,80 0,80 4,750 20,50 4,20 4,880 

10,70 ~,90 2,183 7,80 1,80 4,333 6,20 2,00 3,100 
9,15 1,50 6,100 8,20 4,00 2,050 9,20 2,70 3,~07 
4,60 I,i0 ~,181 0,00 0,00 0,000 O,OO 0,00 0,000 

ARITH, AVE OF RATIOS = 6,693 
A LOG AVE OF RATIOS = 0,62387 

STANDARD DEVIATION = 1,954 
95 PERCENT INTERVAl. = 6,693 +/- 0,68 

@ 



STATION DEVILIS CAN, EAST DCE IA DATE 12-06-70 RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 

FLATNESS RATIO = C 

Ll Q 
t 

A B ¢ A B C A S C 

3,05 0.50 6../00 5.80 2.40 1.583 4.30 4.40 0.977 
5.10 Io15 4.434 2.BO 1.00 2.500 3.I0 2.10 1.476 
4o50 1.50 3.46i i.20 1.05 1.142 2.30 0.60 3.855 
5.30 5.90 1.358 2.75 1.55 2.037 3.20 3.10 1.032 
~~_0~____~._6_87 _I_7.3_Q___5_.85 #.493 i0.70 2.80 3.821 

2.00 1.40 1.428 3.20 1.90 
i._~5 1.20 1.125 5.50 0.90 

1.68@ 3.55 1.20 2.791 ~# 

6.111 ~ , k - - , - £ + ~ - - 2 . 2 0  1.818 ~ " ' 

0.954 5.60 3.15 !.777 
5.~!6 4.60 2.!0 2.190 12,50 

U! ~q 
i 

9,20 3,50 2,628 3,i5 3,30 
1,9(I 6,578 6,50 1,20 

9,40 2,05 4,585 3,50 1,70 
4.00 1.9_0___~5 6.70 
4.30 1.20 3.583 8.20 4.15 
2.40 ].15 ~.086 6.10 
8.70 4.00 2.175 
2.10 0.80 2.625 

2.058 2.15 1.00 2.150 
0.79 9.571 2.70 2.40 i.!25 

1.975 4.60 1.20 5.855 
2.40 2.5bi 2.25 1.90 1.18a 

~.00 2.@5 1.224 5.00 1.50 3.533 
2.10 0.50 4.200 13.40 3.80 B.526 

9,50 1,60 5,937 3,50 1,65 2,121 8,10 l,6O 5,062 
~,70 1,80 ,2~I 6,20 2,20 2.618 6,90 1.50 4,600 
#,40 2,10 2,095 8630 3,20 2,593 5,50 1,60 3,437 
7.90 2.90 2.724 5.00 2.05 2.~B9 3.80 1.35 2.8!4 
4.10 1.50 2.733 4.00 1.65 2.424 5.30 2.20 2.409 
1.50 1.25 1.200 -~II.00 5.60 1.964 4.65 1.30 3.576 
3.00 2.70 I.Iii 5.90 4.00 i.~75 2.20 1.90 1.157 
9 , ~ Q ~  14_q_~2~ 7,20 !,972 13,50 3.65 3.698 
2.75 0.80 3.437 3.00 0.80 3.750 1.90 2.20 0.863 
7.60 1.70 4.470 !.60 0.60 2.666 6.80 5.50 1.942 
3,70 1,80 2,055 9,40 2,30 ~,086 6,60 1,55 4,258 
~.I0 1.80 3.388 5.00 0.90 5.555 6.90 3.I0 26225 
3.20 2.00 1.600 5.90 3.90 1.512 4.40 3.80 1.157 

II.~0__5_Z99 1.7~i_____i_._5_Q_~.5~ Q.967 6.50 2.I0 3.095 
14.00 2.10 6.666 13.00 8.10 1.604 6.60 4.00 1.650 
8.80 3.20 2.750 4.60 1.00 4.600 0.00 Q.O0 O.OOQ 
0.00 0.00 O.O00 0.00 0.00 O.QO0 O.OO O.OO O.OOO 

ARIT~j AVE OF___P~A.T._I_O~ = 8.8@7 
LOG A V E  OF R A T I O S  = 0 , 3 9 7 5 9  

STANDARD DEVIATION = 0,972 
95 PERCENT INTERVAL = 2,887 +/- 0,19 

Q 



O STAT~ON D E V I L ' S  CAN, EAST DCE 2A DATE 1 2 - 0 6 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

t.~ 6,00 2,10 2,857 11,30 5,70 5,054 5,90_1,00 5,900 
• 5,15 2,10 2.452 

[ ' O  

2,50 2.40 1.041 1,50 1,20 1,250 
14,20 6.20 2,290 5,10 I,I0 2.818 9,80 4,20 2,535 
3.60 1,60 2,250 17.20 4,00 4.500 4,30 1,60 2.687 
6,90 2,60 2,655 5,I0 3.00 1.053 6,20 1.65 5,757 

i0.i0 5,80 2,657 i!,20 5.70 3.027 5,00 1.00 5.000 
3,35 0,60 5,583 7.00 2.80 2,500 2,75 O,&5 4,250 
2,20 0.70 3,142 4.00 2.20 1.8~8 3.90 1.20 5,250 
3,70 1,50 2,466 4,20 i,i0 3,818 5,70 1.30 4,584 
4,70 l,O0 4,700 ,, 5.25 1,25 2,600 6,50 1,50 4,199 
3,75 0,90 4,166 U~] 4,50 5,20 l,a06 13,!0 1,50 8,753 
3,90 2,00 1,950 2,%0 0,90 2.888 6,00 2,21 2,714 
6,80 1,90 5,578 4,10 1640 2,9"28 2,30 1.80 1,277 

I0,50 5,80 2,763 5,00 i,20 4,1~6 6,80 1.00 6,800 
6,00 3,45 1,759 5,50 1.90 1,642 7,10 1.50 4.733 
1,70 1.60 i,082 7,60 2.70 2.814 5.40 1.00 5,400 
8,80 2,90 3,034 2.70 l.lO 2.454 5,20 0,60 5,355 
2,60 0.70 5.714 5,00 3,00 1,666 3.55 0.70 5,07! 
2,50 1,50 1,535 2,80 0,70 4,000 !,20 0,90 1,555 
5,60 1,20-----3,000 4,80 1,70 2.825 1,45 1,20 1,208 
2,35 0,90 2,611 1,80 2,00 0.900 q# 9,20 4,50 2,04a 
3,00 1,40 2,142 3,20 1,60 2,000 2,90 1.30 2,230 

I0,80 2,10 5,142 5,90 2,00 2,950 8,50 2.60 3,269 
8,80 2,80 3,142 7,50 1,60 4,687 6.90 1,50 4,600 
6,10 1,70 3,588 1,65 0.90 1,833 2,60 1.15 2,260 
4,10 2.60 1,576 7,10 2.15 3,302 7.50 3,40 2.205 
5,90 2,80 2,107 7,50 2,00 3.750 3,60 2,20 1,656 
9,80 2,90 5,379 2,00 1,15 1,759 1,80 0,55 3,272 
7,00 2.30 5,045 5,80 1,80 5,222 10.80 1.80 6.000 
2,30 3,i0 0,741 2,80 1,40 2,000 7,00 1.80 5.888 

26,50 6,40 4,140 3,10 2,40 1.291 3,50 1,50 2,333 
0,00 0.00 0.000 0.00 0,00 0.000 0,00 0.00 0.000 

A R I T H ,  _AVE OF RATIOS = 3 . 0 4 5  
LOG .AVE OF RATIOS : 0 , 4 5 6 1 0  
STANDARD D E V I A T I O N  = 1 . 0 5 1  
95 PERCENT INTERVAL = 5 . 0 4 5  + / -  0 . 2 1  



A 

W STATION D E V I L ' S  CAN, EAST DCE 3 DATE 1 2 - 0 6 - 7 0  

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A # ~ .A B 

~/C 26,10l_l, Q 0Q___2_~372 ~8,6 0 3 , 0 0  

_~ A B C 

2,866 7,70 1,50 5,133 
6,80ii,60 ~,250 5,40 1,00 5,400 3,00 1,35 2,222 
3,10 1--50___ 2,066 6,90 1,70 ~,058 6,80 3,00 2,266 
4,60 1,08 4,259 20,00 7,00 2,857 8,00 ~,i0 1,568 
8,~_Q_I_LT_O___I,.Z/_~ &,_S A__2,70  ~,__$48 ~ , 7 0  1,9._5 4 , ~ 7 6  
7 , 6 0  2 , 5 0  3 , 0 4 0  4 , 2 0  1 , 4 0  3 , 0 0 0  4 , 6 0  2 , 5 0  1 , 8 4 0  
3,aO 0,90 3,777 ~,60 1,50 3,086 >~-,-9~"I,50 2,333 ~..~.~" 
5,10 3,50 1,457 5,70 2,70 2,111 3,60 1,50 2,~00 
6,50 2,10 3,095 a,50 2,00 _2,250 3,70 I,I0 3,365 
3,20 0,80 4,000 1,40 1,70 0,823 2,60 0,90 2,888 
6'70. ~,60 2,576 0,00 0,00. 0,000 0,00 0,00 0,000 

~!~ A R I T H ,  AVE OF RATIOS = 3 , 0 3 7  
..-. LOG AVE OF RATIOS = 0 , 4 5 0 2 4  

STANDARD D E V I A T I O N  = 1 , 0 8 2  
9~ PERCENT INTERV&L = 3 , 0 3 7  + / -  0 , 3 8  

0 



~L 

L Q RECORDER GEORGE BARNETT STATION D E V I L ' S  CAN, EAS--T DCE 4 DATE 1 2 - 0 6 - 7 0  

LENGTH : A 
HEIGHT : B 
FLATNESS RATIO : C 

A B C A B C A B C 

~ 3,20 1,30 2,461 7,20 3,30 2,181 6,20 1,90 3,263 
7,70 2,40 3,208 7,10 3,I0 2,290 13,70 3,90 3,512 
3,50 3,00 1,166 4,00 3,30 !,2i2 4,40 4,50 0,977 
2,30 1,50 1,533 6,10 2,00 3,050 4,00 0,95 4,210 

10,30 4,00 2,575 5,00 I,i0 4,545 5,00 0,I0 50,000 
2,00 0,90 2,222 3,50 1,20 2,916 12,20 7,80 1,564 
4,75 2,10 2,261 5,00 1,60 3,125 2,20 l,lO 2,000 
5,30 1,00 5,300 6,60 1,80 3,666 3,30 1,10 3,000 
5,50 1,60 3,457 la,20 5,60 2,535 4,50 2,00 2,250 
9,00 2,00 4,500 4,00 I,I0 3,636 3,00 1,30 2,307 
4,40 1,40 3,142 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS : z+,324 

LOG AVE OF RATIOS = 0 , 4 5 6 3 4  
STANDARD D E V I A T I O N  = 1 ,3%9 
95 PERCENT INTERVAL = 4 , 3 2 4  + / "  0 , 4 6  

0- 



" ~d , ,  

S T A T I O N  D E V I L ' S  C A N ,  EAST DCE 5 DATE 1 2 - 0 6 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
H E I G H T  = B 
F L A T N E S S  R A T I O  = C 

i , 

A B 

8_~O&Q_2_L&O ~,~30 
3,80 1,80 2,111 

~0,80 3,80 2o842 

A B C A B C 

2,30 2,30 1,000 7,40 3,10 2,387 
lO.O0 1,10 9,090 5,10 1,70 3.000 
6,30 1,90 3,315 3,20 1,00 3,200 

1,60 0,80 2,O00 
~,.l_t~O_._2~ ,.2,.p_____~...~p 9 . _ _  
2,50 0,80 3,125 
5.20 2.80 1,857 

5.10 1,60 3,187 12,00 2,00 6,000 
~0,80 ~,60 4,153 8,80 2,00 4,400 
4,20 3.60 1,166 5,00 1,30 3,846 
1,70 0,20 8,500 3,20 0,70 4,571 

4,20 2,00 2,100 
1--90 1,50 1,266__ 
2,70 0,60 4,500 
~,~0 0.90 1,222 

2.80 2,20 1,272 8,00 2,50 3,200 
8,10 1,40 5,785 2,95 1.50 1,966 
3,00 2,10 1,428 1,00 0,90 l,lll 
0.00 0,00 0.000 0.00 0.00 0,000 

A 
v 

ARITH, AVE OF RATIOS = 
LOG AVE OF RATIOS = 

3 , 2 9 8  
0 , 4 4 3 2 7  

STANDARD D E V I A T I O N  = 1 , 1 1 3  
95 PF,.E.QENT I N T E R V A L  = 3 . , ~ 9 8  + / -  0,39 

L @  



ASARCO DACITE DATA 

Combined Readings - Ratios 

Corrected Data 

0 

George S. Barnett April 20, 1971 

0 



ASARCO OAC|TE DATA SH-1  SAMPLES TAKEN li/12/70 BY RAMON SHANNON 

r I~EENGTH = A 
IGHT = B 

FLATNESS RAT IO  = C 

A B C A B C A B C 

1 , 5 0  0 , 5 0  3 , 0 0 0  3 , 2 0  0 , 7 0  4 , 5 7 1  1 , 9 0  0 , 4 0  4 , 7 5 0 -  
2,60 0,70 3,7i4 4,50 0,80 5,625 6,00 1,00 6,000 
2,60 0,40 6,500 2,40 0,40 6,000 1,50 0,50 3,000 
4,50 1,70 2,647 2,20 0,40 5,500 2,80 1,00 2,800 
1,40 0,40 5,500 1,80 0,40 4,500 14,25 2,20 6,477 
2,20 0,50 ~,400 6,20 1,00 6,200 5,50 1,70 3,235 
I,I0 0,20 5,500 3,40 0,50 6,800 5,90 0,50 11,800 
5,80 l,lO 5,272 3,70 0,50 7,400 I0,00 0,80 12,500 

i0,80 1,80 6,000 6,20 3,20 1,937 6,00 0,85 7,058 
15,80 2,40 5,583 3,90 0,60 6,500 5,70 I,~0 3,800 
6,40 1,70 3,7&4 3~00 1,60 1,875 5,00 l,lO 4,545 
3,30 1,50 2,200 8,40 1,50 5,600 7,20 2,00 3,600 

ii,35 3,70 3,067 7,30 2,00 3,650 11,70 5,80 3,078 
15,40 2,60 5,923 8,30 !,40 5,928 12,10 1,90 6,568 
5,80 2,30 2,52! 4,00 0,50 8,000 0,00 0,00 0,000 
0,00 0,00 0,000 0,00 0,00 0,000 0,00 0,00 0,000 

A R I T H ,  AVE OF RATIOS = 5 , 0 8 4  
LOG AVE OF RATIOS = 0 , 6 6 6 9 9  
STANDARD D E V I A T I O N  = 1 , 7 2 6  
95 PERCENT INTERVAL = 5,084 +/- 0.51 

0 



5ZA.T_LQ_N~$H&_F~ _ _ $ H 2 J  ~ A £ E  11-12-70 RECORDER GEORGE BARNETT 

- t ~ N G T H  = A 

~EI~I__=~ 
FLATNESS RATIO = C 

A B C A B C A B C 

3,50 0.80 4,375 3,30 1,20 2,750 9,00 1,50 6.000 
9,50 2,60 3,653 4,20 i,i0 3,818 5,30 1,60 3,512 
3 , 4 0  1 . 2 0  2 . 8 3 3  

4,70 1.20 3,916 
2,89~0 2,545 

10,50 B,iO 3°387 
9 , o o j ,  z~o ~.1~1 
1 , 7 0  0 . 7 0  2 . 4 2 8  
3,5.0 0,85 4,117 

5,00 0,70 7,142 
2,70 i,I0 2,454 
7,20 1,40 5,142 
6,00 2,20 2,727 

6,20 I,i0 5,636 4,60 1,90 2,42! 2,70 0,35 7,714 
3,50 0,80 ~,375 4,40 1,20 3,666 2,50 0,45 5,555 
3,20 1,00 3,200 5,40 0,70 4,857 2,50 0,35 7,142 
#~./_Q_/~_iQ____/t,_Qo~6 _6,20 0,70 B,8.57 3,20 I,i0 2,909 
2,50 0,40 6,250 4,00 0,50 8.000 3,30 0,80 4,125 
5,00 0,80 6,250 3.~0 !,I0 3.090 5,60 2,00 2.800 
3,20 0,90 3.555 4,00 !,70 2.3~2 2,90 0,60 4,833 
2,50 0,70 3,571 3,10 0,50 6,200 4,80 1,50 3.200 
0.34 0.40 0,850 4,50 0,70 6.428 4,10 8,00 0,512 
0.00 0.00 0.000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = ~,337 
LOG AVE OF RATIOS = 0,58665 
STANDARD DEVIATION = 
95 PERCENT INTERVAL = 

I,481 
~,337 +/- 0,43 

0- 



STATION SHAFT SH 3 DATE 1 ] . - 1 2 - 7 6  RECORDER RAMON SHANNON ~; 

~E NGTH = A 
IGHT = 8 

FLATNESS RATIO = C 

A B C A B C A B C 

3,70 0,70 5,285 2,30 0,60 3,833 4.70 0,40 11.750 
1,80 0,70 2,571 3130 0,80 4,125 1,70 0,60 2,833 
3,00 0,60 5,000 2,30 0,40 5,750 2,70 0,70 3,857 
9,30 O,aO 8,250 3,00 0,70 4,285 4,20 0,80 5,250 
3,40 0,70 4,857 2,90 0,60 4,833 3,50 0,70 4,714 
2,70 0,60 4,500 1,40 0,20 7,000 2,70 0,60 4,500 
1,20 0,30 4,000 2,00 0,40 5,000 5,70 1,30 2,B46 
2,10 0,50 7,000 1,50 0,60 2,500 4,00 0,60 6,666 
2,60 0,60 4,533 9,70 1,50 7,461 10,70 1,40 7,642 
6,80 I'50 4,553 4,00 0,60 5'666 9,50 1,50 S,333 
9,20 0,95 9,684 3,00 0,60 5,000 5,50 1.20 4,583 
4,20 0,25 16,800 5,40 1,70 3,176 5,i0 1,15 4,43a 
8,50 0,95 8,947 5,20 I,i0 2,909 7,10 1,20 5,916 
3,00 0-80 3,750 3,00 1,00 3,000 5,50 0,50 ii,000 
4,I0 I'00 4,i00 !2,15 3,10 3,919 4,30 0,50 8,600 

15,00 2,70 5,555 2,80 ~,50 0,622 4,90 !,00 4,900 
3,40 i,i0 3,090 2,50 0,40 6,2~0 4,70 i,65 2,848 
7,60 1,80 4,222 5,50 0,60 9,166 2,40 0,90 2,666 
0,00 0,00 0,000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 5,431 
LOG AVE OF RATIOS = 0,68490 
STANDARD DEVIATION = 1,806 
95 PERCENT I N T E R V A L  = 5 , 4 3 1  * / -  0 , 4 8  

- Q  



D&ZE II-Z4.-7O RECORDER GEORGE BARNETT 

i~ENGTH : A 

FLATNESS R A T I O  : C 

A B C A B C A B C 

6,60 1,20 5,500 13,60 1,75 7,771 2,50 0,80 3,125 
7,50 2,20 3,409 6,00 1,80 3,333 2,20 0,60 3,666 
2,10 0,70 3,000 

21,10 4,30 4,906 
I~05__Q___O_.~_,8__Q__ 4,375 
3,20 3,40 0,941 
3.40 1,40 2.428 

2,10 0,30 7,000 
4,0Q__0_~70 5,714 

16,70 3,70 4,513 
6,10 1,00 6,100 

1,40 0,40 3,500 
35,00 6,60 5,303 
7,80 2,10 3,714 
2,90 2,90 1,000 

9,00 5,20 1,730 5,40 3,25 1,046 
2,20 0,70 3,1a2 3,60 1,40 2,571 

B,40 1,30 2,615 

2,10 1,70 1,235 

2,40 1,30 1,846 
2._. 7__LO_Q~_ 3 0 9 • Qo,o 
0,00 0,00 0,000 

1,70 0,40 4,250 
5,90 1"90 5,105 
0,00 0,00 0,000 

ARITH, AVE OF RATIOS : 3,783 
LOG AVE OF RATIOS = 
S T A N I ) _ ~ Q , ~  : 
95 PERCENT INTERVAL : 

0,51014 
I,~87 
3.783 ÷/- 0,45 



A_T!O.~nS U!!O_N LS..___S UMj~.LT JS_S 1 

I 

2 DATE l l - 2 q  70 RECORDER RAMON SHANNON .... 

~-  i t - - ~ G T H  = A 
~ E I G H T  = B 

F L A T N E S S  RATIO = C 

A B C A B C A B C 

8,50 3.40 2,500 ~,00 l,lO 3.636 4,80 1,40 3,428 
6,00 i,I0 5,454 2,20 0,90 2,444 2,60 0,80 3,250 
3,50 1.30 2.692 5,00 1,80 2.777 3,70 1,00 3,700 
6,00 1,90 3,157 !I,50 ~,00 2,875 6,60 2,20 3,000 
4,90 i,i0 A.454 !,80 0,50 3,600 3.40 0,60 5.666 
7,00 1.50 A.666 6,00 i.00 6.000 2.10 0.60 3,500 
8,00 2.00 4,000 &,70 0.80 5,875 3.50 0,40 8.750 

13,50 2.40 5.625 9,50 2,00 ~,750 5.00 l.O0 5.000 
2o50 0,50 5o000 7,40 i,20 6,166 5,50 1,20 4,583 
6 , 3 0  2 , 0 0  3 . 1 5 0  0 , 0 0  0 8 0 0  0 , 0 ~ 0  0 , 0 0  0 . 0 0  0 , 0 0 0  

A R I T H ,  AVE OF R A T I O S  = & , 2 7 5  
LOG AVE OF R A T I O S  = 0 , 6 0 8 7 3  
STANDARD D E V I A T I O N  = 1 , 5 1 4  
95 PERCENT I N T E R V A L  = 4 , 2 7 5  + / -  0 , 5 6  

@ 



£T-t-A~;ON-S~TT~,4'$ SUMM]_T_(SS) 3 DATE Ii-24-70 .<IECORDER RAMON SHANNON 

~ ENGTH = A 
ElO~ L =__8_ 

FLATNESS RATIO = C 

A B C A B C A B C 

14,00 3,00 4,666 8'50"~00 4,250 3,80 1,40 2,714 
9.00 2.50 3.600 4.90 1.00 4,900 5.20 0.70 7.428 
1,20 0,50 2,400 8,00 2,50 3,200 3,40 
7,8o t , r & E ~ . 3 3 3 _ _ ~ O _ O ~ j ~ L _ # _ ~ 3 3  ~ 3.70 o._8_q 

12.00 1.60 7.500 4.70 0.60 7.833 6.00 
6t_5_O__O_~6.Q__l_O_~9~_~_ 5,_i0 3.00 !,700 8,00 
5,40 2,00 2,700 5,50 2,00 2,750 3,00 0o80 
7,70 1,50 5,133 5,80 1,60 3,625 3,50 1,70 

1 , 2 0  2 , 8 3 3  
4__5_~5  

0.70 8,571 
1,00 8,000 

3 , 7 5 0  
2.058 

14.50 2.40 6.041 0.70 1.20 8.916 8.40 0.25 33.600 
5.-~/-Q__ .!_z_~_Q___~L6~Z 7.80 2.20 3.545 3.80 l.O0 3.800 

12.00 3.40 3.529 ~.50 i.80 2.500 6.30 1.40 4.500 
3 , 8 0  0 . 2 5  1 5 . 2 0 0  2 , 8 0  0 , 2 0  1 4 , 0 0 0  4 , 0 0  0 . 8 0  5 . 0 0 0  
3.50 0.55 6.363 2.50 0.30 8.333 4.70 0.55 8.545 
9,40 1,75 5,371 7,80 1.40 5.571 2,15 0,50 4,300 
5,00 I,i0 4,545 7,20 I,00 7,200 3,50 0,23 15,217 
5 . Q ~ . 0 9 0  6.80 i.I0 6.i81 2.25 0.50 4.500 
4.20 0.55 7.636 2.40 0.50 4.800 1.80 0.45 4.000 
8,00 2.30 3,478 0.00 0.00 0,000 0,00 0.00 0,000 

A 
v 

ARITH. AVE OF RATIOS - 6.233 
L_O_G AVE OF RAT_L~ = 0.716~6 
STANDARD DEVIAT ION = 1.992 
95 PERCENT INTERVAL = 6 , 2 3 3  + / -  0 , 5 4  

0 



ST ATIO_N Jl RANC_H_, J~ L DATE ii-24-70 RE"ORDER GEORGE BARNETT 

LENGTH = A 

'WJrEIGHT = B 
FLATNESS RATIO = C 

A B C A B C C 

9,00 1.20 75500 5,00 2,80 1,785 5,00 i.05 2.857 
4,30 1.00 a.300 2,00 0,70 2,857 13°00 4.20 3.095 
6.10 3°00 2.033 2,50 1,30 i.925 9,10 3.60 2.527 

11585 5°30 2,235 5°60 4°50 1,244 3,30 3.00 l°lO0 
3,70 2.90 i°275 6,55 I.80 3.638 9,10 1510 8,272 

II.30 3°80 2.973 3°50 0680 4.375 7570 2°40 3°208 
3,90 I.00 3.900 5°30 i. I0 4o818 22,00 6.00 3°666 
1.70 0530 55666 7°00 1550 t~,666 6550 3.50 i°857 
4,50 i°20 3°750 2.30 0570 3.285 5,aO Oe90 6°000 

4,¢_Q 0.70 65571 7.50 0,60 i2.500 3.70 0~80 a°625 
6,00 !.50 a. O00 7,00 0.I0 70.000 1.80 1.30 1-38@ 
4°80 1.20 45000 8.80 i°30 6°769 2550 1570 !°470 
1.70 0.80 2,125 4,50 1.00 4.500 6.30 la80 3.500 
2.80 0.50 5,600 4.i0 0o90 4.555 4°90 05¢0 i2.250 
~,90 1510 ~.454 4,50 0°90 5.000 0500 0°00 0.000 
0.00 0.00 0.000 0°00 0.00 0.000 0500 0,00 0,000 

A 
v 

ARITH. AVE OF RATIOS = 
LOG AVF OF RATIOS = 

5.639 
0.576@6 

STANDARD DEVIATION = %,699 
95 PERCENT INTERVAL = 5,639 ÷/- 0.50 

0 



__ #IA_T_LO_N__4L_A AN_CZ-LJ_ I 2 D~A_LE ii-24-70 RECOPmER GEORGE BARNETT 

@~ NGTH = A 

I~HT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

7,30 2,30 3,173 8,00 3,00 2,666 7,40 0,70 i0,571 
14,00 5,00 2,800 17,10 3,50 4,885 13,50 8,80 1,534 
I0,60 4,10 2,585 7,20 2,00 3,600 9,30 3,40 2,735 
~7,50 a.60 3.804 8.90 1,30 6,846 7,10 0,80 8,875 
10,70 1,50 7,133 
20.80 3"29_____4,509 

!2,20 2,70 4,~18 8,20 0,85 9,647 
!8,20 4~50 z,,044 13,20 5.10 2,588 

15,30 2,00 7,650 7,90 2~uO 3,2#i #,70 2,10 2,238 
~,40 0,80 5,5C0 2,20 0,80 2,750 !!,70 3,90 3,000 
9,50 3,50 2,714 
& o, 19_Z~&9__2_~ ,jit~ 
8,00 1.00 8,000 
2,70 0,50___Q____~,40G 

2,10 1,05 2,000 6,90 !~lO 6,272 
7j]O~_Jl,jO 5) 000 11,60 7,00 1,657 
4,20 0.70 6,000 16o20 7.50 2,1160 

15,10 6,50 2,323 lO,O0 4°00 2,500 
17,00 3,20 5,312 14,~0 ~,i0 3,512 17,80 3,20 5,562 
0,00 0,00 0,000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 
LOG AVE OF RATIOS = 

4,4.30 
0 . 5 9 0 8 3  

STANDARD DEVIAT ION = 1 . 5 0 9  
A 95 PERCENT INTERVAL = & , 4 3 0  + / -  0 , 4 7  

L t 



STATION OAK FLAT (OF)  1 D A T E  1 1 - 2 5 - 7 0  RECORDER GEORGE BARNETT 

~ NGTH = A 
IGHT = B 

FLATNESS RATIO = C 

A B C A B C A B 

3,40 0.60 5.666 2,50 1,15 2.173 9,20 3,30 2,787 
2,50 1.00 2,500 2.90 1,!O 2,636 2.20 2,10 1,047 

i0,50 6,10 1,721 Ii,50 7,20 1,597 13,80 4.80 2.875 
17.10 9.80 !.7a~ 13,10 3,60 9.638 ii,90 3,90 3,051 
!4,40 3,6D t~,O00 10.50 5,80 !,775 7,20 3,20 2,250 
12,90 6,40 2,015 8,50 5.00 1,700 6,00 a,40 1,563 
9,00 5.10 1,764 26,20 9,60 2.729 4,15 3.80 1.092 
a,60 4°00 !,!50 4,00 4,10 0,975 4,~0 2.60 !.692 
3,20 a.20 0,761 13,30 7.20 !,847 7,20 3,80 1,894 
3.50 2.90 1.206 2.40 i,80 Z,333 0,00 0°00 0,000 
0,00 0.00 0,000 0,00 0.00 O,O00 0,00 O,OO 0,000 

ARITH, AVE OF RATIOS = 2,103 
50G AVE OF RATIOS = 0,27811 
STANDARD DEVIATION = 0.697 
95 PERCENT INTERVAL = 2.103 ÷/- 0,25 

II 



S T A T ' O N  OAK - L A T  !OF) 2 DATE 1 1 - 2 5 - 7 0  RECOPgER GEORGE BARNETT 

~ N G T H  = A 

FLATNESS RATIO = C 

A B C A B C A B C 

6,80 2.20 3.090 1,90 0,75 2,533 3,50 i,I0 3.181 
3,JS_O__L£D_Q_ ~_t~Q 1,50 0.80 1,875 2,60 1,45 1,793 
6o20 2.50 2.480 3,90 2,30 1,695 6o70 2,50 2,680 

~O~,.~---____#_,_6.~_.2xig___.!xi31 I._7_Q_Z_,_iO o,7~9 
4,30 1"50 2,866 2,30 I'i0 2,090 8,35 2.80 2,982 

~ & - - ~ _ 2 . _ , ~  z ~ , ~ _ _ ~  3 , 2 0 0  3 , 7 0  0 , 9 0  L , 1 ] ~  
8,00 4,50 1,777 9,20 4,20 2.190 a,30 2,30 1.869 
2~OiQ_l_tl.O2~_2J2 3.50 !.70 2.058 7,i0 2.10 3.380 
6,50 3,30 1,969 9,50 2,80 3,392 4,70 1,70 2,764 
~ i ~ _ ~ O _ _ l ± ? ~ o  5 .80  Z .6o ~ 3 o  o .oo  o .oo  o .ooo  
0,00 0,00 0,000 0,00 O.CO 0,000 0,00 0,00 0.000 

A R I T H ,  AVE OF RATIOS = 2 , 3 4 5  
LOG AVE OF RATIOS = 0 , 3 4 0 1 4  
S T G N ~ E V I A T I Q N  = 0 , 8 2 2  
95 PERCENT INTERVAL = 2 , 3 4 5  + / -  0 , 2 9  

i 



S._T_AT_.~I_O.N OAK FLAT IOF) ~ DATE " ~ I 

11-25-70 P~CORDER GEORGE BARNETT 

--~-£NGTH = A 
~EIGHT B 
FLATNESS RATIO = C 

A B C A B C A B C 

7,50 1,90 3,947 8,10 1,25 6,480 7,50 3,20 2,343 
5,55 1,75 3,!71 3,70 2,00 1,850 3,40 1,35 2,518 
3,50 1,20 2,916 8,30 5,00 2,766 4,20 2,30 1,826 
6,00 2.80 2,1~2 3,60 1,40 2,571 ~,55 1,80 2,527 
9,30 3,70 2,513 3,i0 1,30 2,384 4,00 1,8~ 2,162 
3,50 1,20 2,916 3,20 1,20 2,666 ].,50 1,55 0,858 
4,30 2,20 !,954 2,40 1,15 2,086 3,I0 I,I0 2,818 
8,10 5,80 2,131 2,70 1,40 1,92B 2,00 2,10 0,952 
~,I0 2,20 1,865 3,50 1,60 2,0~2 !!,20 4,70 2,382 
0,00 0,00 O,OOO 0,00 0,00 O,OOO 0,00 O,OO 0,000 

ARITH, AVE OF RATIOS = 2,~.71 
LOG AVE OF RATIOS = 0,36302 
STANDARD DEVIATION = 0,876 
95 PERCENT INTERVAL = 2,471 +/- 0,33 

0 

0 



STAT~Q~--TH.ROW NO, (235) 1 DATE 11-25-70 RECORDER GEORGE BARNETT 

= A 
HE I G~IT = B 
FLATNESS RATIO : C 

A B C A B C A B C 

12.20 7.60 i.605 II.20 4.60 2.434 
12.90 7.40 !.743 5.20 1.50 3.466 

6.00 2.60 2.307 
3.i0 0.70 4.428 

14,40 5.50 2,618 8,40 4,70 1.787 
'I_LgO Q--80 . ~375 6,80 2,90 2,344 

6.10 1.50 4.066 
i0.60 3.80 2.789 

2.90 2.10 1.3~0 8.70 3.50 2.~85 
2.50 ~.20 !.156 4.30 1.90 2.263 

8,60 2,70 3,185 
4,50 0,90 5°000 

6,80 2,50 2,720 3,30 0,90 5,666 
I0,70 6,10 1,754 8,90 5,70 !,561 

7.70 2,60 2,96i 
9,90 a*O0 2,475 

4,70 2"00 2.350 3.50 2.10 1.666 
O,O0 O . ~ O O O  0.00 0.00 0.000 

7.60 3.00 2.533 
0.00 0.00 0.000 

ARITH, AVE OF RATIOS = 2,559 
LOG AVE OF RATIOS = 0.38146 
STANDARD DEVIATION = 0.915 
9 5 ~ N T E R V A ~  = 2,559 ÷!- 0e34 

A 

W 



STATION THROW NO, {235) 2 DATE 11-25-70 RECORDER GEORGE BARNETT 

--Q--ENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B 

a,20 1,00 4.200 5,00 2,15 2,325 2,80 1,05 2,666 
18,6011.30 1,646 12,30 5.20 2.365 12.40 5.50 2.254 
12,50 5,60 2,232 9,20 4,50 2,044 12.20 7,30 1,67i 
20,6012,00 1,7!6 7,10 3,90 1,820 8,50 4,90 1,73a 
9,10 4,10 2,219 16,70 6,80 2,455 13,50 2,00 6,750 
7,20 2,40 3.000 5,60 3,I0 1.806 i0,70 ~,80 2,229 
2,30 !.30 I,769 10.40 4,00 2,600 8,00 4,30 1,860 

10.70 7.40 !,445o 5,10 1,40 3,642 8,30 2,20 3.772 
I0.60 3650 3.028 5.40 3,50 1,542 7,00 4.80 1,458 
8,60 3,70 2.324 0.00 0,00 0,000 0,00 0,00 0,000 

ARITHo AVE OF RATIOS = 2,449 
LOG AVE OF RATIOS = 0.35906 
STANDARD DEVIATION = 
95 PERCENT INTERVAL = 

0,868 
2,449 +/- 0,32 

0 



ST_#TION CR.F#K (CRK) 0 DATE 1 2 - 0 3 - 7 0  RECORDER GEORGE -BARNETT -- 

LENGTH = A 

A g C A B C A g C 

9,80 3.30 2.969 5.80 1.30 4.4~i 5,00 2.45 2.040 
5.60 0.70 8.000 4.60 2.15 2.139 8.20 1.50 5.466 
4,60 2,60 1,769 

6.50 I,L~5 A.482 
7,7_Z9~ 2,2.~_~ 
4,50 l.,lO ~-, 090 

l_l • 70 6.30 !.857 

4,90 i,60 3,062 8,00 5,80 2.105 
~,_~_.Q._.]~LC~__~_e.9OO 6.30 I.~.. 5,727 
6,45 2.20 2.931 5,10 1.40 3,642 
]._~90 2,10 0.904 ~,50 0,60 7,500 
7,45 1,70 ~,382 21,30 5,50 3.872 
9,70 2.90 3,34~ 5,20 1.90 2.736 

5.00 1.20 ~.166 
9,_.LT_Q_I.~ ~.80o 

~.30 1,50 2,866 4,30 1,80 2,388 
2,90 1,05 2.76i 2,00 0,75 2 . 6 6 6  

7,70 3,40 2.264 
6,50 1,70 3.823 

~,80 i,00 4.800 6,80 2,80 2,428 
3,50 1,40 2.500 6,30 2.10 3.000 

7.80 3.90 2.000 0.00 '0.00 0.000 0,00 0.00 0.000 

ARITH, AVE OF RATIQS = 3.L53 
LOG AVE OF RATIOS = 0,49822 
STANDARD D E V I A T I O N  = 1 . 2 1 5  
95 PERCENT INTERVAL = B,453 + / -  0,39 



STATION CREEK (CRK) 1 DATE 12-03-7n 3ECORDER GEORGE BARNETT 

O LENGTH = A 

HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

8.00 1.90 4.210 2.60 0.70 3,714 4,30 1.40 3.071 
7,90 1.80 4,388 4.20 4.60 0.913 4,20 2,70 1.555 
6,00 2,90 2o068 5,00 1,25 4,000 3,00 3,00 1,000 
3,20 2,aO 1,333 I0,00 3,60 2.777 6,00 1,30 4,615 
1,80 i'.30 1,384 2,i0 1,15 1,826 4,70 4,30 1,095 
2,30 1,25 1,840 5,50 5.20 1,057 28,90 7,30 3,958 
2.10 1,60 !,312 3,50 0,45 7,777 2,90 2,30 !,260 
2,20 0,90 2°44~ 5.~0 1o60 3.375 i0,20 4,10 2,48"7 
8,20 !,60 5.125 8,90 i'!0 8,090 9,00 3,90 2,507 
2,50 1.80 !,388 4.70 3.50 !.342 4,70 1,30 3,615 
5,00 1,00 5,000 7.00 2,00 3,500 3,60 1,20 3.000 
3,60 1,30 2.769 I0,00 I,40 7,142 5,60 1,30 2,769 
3.50 0,80 L,375 3,60 0.80 ~,SOO 8.50 2,50 3.400 
3,00 1.20 2.500 5.30 I.i0 4.818 3.30 1,50 2.200 

11,50 2,20 5,227 13.00 1.30 i0,000 6,50 0,90 7,222 
7.00 1,00 7,000 6,30 0.90 7.000 i0,60 0.80 13.250 
6,10 0,70 8,714 10,40 1.00 I0,400 6,60 0,70 9,428 
8.70 2,30 3,782 I0,00 2.00 5,000 0,00 0.00 0,000 
0,00 0,00 0,000 0,00 0,00 0,000 0,00 0.00 0.000 

ARITH, AVE OF RATIOS = 4,119 
LOG AVE OF RATIOS = 0,51871 
STANDARD DEVIATION = l o 3 4 7  

95 PERCENT INTERVAL -- I4.119 "P/" 0,36 

0 



__~T~_I_~_EE_K___L¢.RA_) 2A DATE 12-03-70 RECORDER GEORGE BARNETT(N75W) 

~ E N G T H  : A 

FLATNESS RATIO : C 

A B C A B C A B C 

12,20 2,05 5,951 5,90 1,80 3,277 8,10 1,20 6,750 
3,40 1,90 1,789 8,20 1,70 ~,823 20,00 4,60 4,347 
2,40 0,80 3,000 2,20 0,60 3,666 5,00 1,35 3,703 

I~__~,0~ #,~.~5 Z_9__60 I~0~166 3,60 0,60 6,000 
3,65 l,lO 3,318 6,60 0,80 8,250 3,60 l,O0 3,600 
2~i0 0,65___~846 3,55 1,40 2,535 5,20 I£,2.0 4,333 
3,20 0,85 3,764 5,30 1'30 4,076 3,45 0,50 6,900 
5,90 i,i0 5,363 7,40 1,30 5"692 5,70 1,45 3,931 
7,40 1"35 5,481 3,30 0,90 3"656 3.90 1,00 3,900 
~L~.2_O_~ ~_~.2~ 5,60 1,40 4,000 4,20 0,80 5,250 
5,80 1,40 4,142 4,40 1,00 &,400 6,50 1,20 5,416 
6,00_ 1,20 5,000 15,70 3,00 5,233 3,80 l,O0 3,800 

14,20 4,00 3,550 7,00 2,60 2,692 i0,i0 3,30 3,060 
4,80 1,00 a.,800 3,10 0,90 3,444 6,80 1,20 5,666 
8,~0 1,20 7,000 5,90 2,20 2,681 4,40 1,30 3,384 
90_I_Q_Q_~~,307 8,50 1,50. 5,666 5,30 1,40 3,785 
8,30 1,40 5,928 7,70 I'60 4,812 6,i0 i,I0 5,545 
5,40 ].-£-2~ a,500 6,30 I'50 4"199 5,00 1,00 5"000 
8,00 1,00 8,000 5,90 0,90 6,555 3,30 1,50 2,ZOO 

~,O0___I//_Q 6,363 9,90 2,00 4,950 4,00 0,40 I0,000 
v 0,00 0,00 0,000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF Rf~T!OS = 4,585 
LOG AVE OF RATIOS = 0,636~5 
STANDARD DEVIATION = 1,591 
95 PERCENT INTERVAL = 4,585 +/- 0,40 



S T A ,  ION .CREi-~ (CRK) 2B DATE 12-03-70 RECORDEk-GEORGE BARNETT 

Q . E N G T H  : A 

I.EIGHT : B 
FLATNESS RATIO = C 

A B C A B C A B C 

4,50 1,00 ~,500 1.90 0,~0 4.750 1,80 0,40 4,500 
3,30 0,80 a,125 3,50 1,00 3,500 7,00 1.50 4.666 
3,50 1,20 2,916 8,70 1,40 6,214 6,10 3,50 1,742 
9,60 2,60 3,692 5,30 1,20 Zt..416 i7,50 2,70 6,481 

i0,60 2.80 3,785 6,30 1,30 a.846 13,00 3.00 4,333 
9,20 1,90 4,842 4,00 0,90 a.4~4 3,20 1,00 3,200 
2,70 0,70 3,857 4,20 0,80 5,250 3,50 0,70 5,000 
6,70 1.50 4,466 5.60 2.10 2.666 4.90 0.70 7,000 
4.20 0.80 5.250 7.40 l.lO 6,727 7.60 1.00 7.600 

2!,30 2,50 8,520 4,60 I,i0 4,181 7,10 1,20 5,916 
14,20 3,70 3,837 7,00 2,60 2,692 6,75 2,40 2,812 
7,70 1,60 4,8i2 1!,80 2,50 4,720 a,25 0,80 5,512 
5,50 1,80 ~,055 5.25 1,80 2,916 a.#O 1,00 4,400 

19,10 3.50 5,457 3,00 1,00 3.000 5,00 1,15 4,347 
5,60 2,30 2,43a 3,00 i,I0 2,727 4,10 2,30 1,782 
8,40 1,80 4,666 6,70 3,50 !,914 2,50 1,00 2,500 
2,40 !,I0 2.181 7.00 1,O5 6,686 8,40 1,70 4,941 
4.95 I,I0 4,500 5,50 4,10 1,341 5,60 0,95 3,789 
4,I0 
4,50 
0.00 

2 . 1 0  1 , 9 5 2  2 . 2 0  0 , 4 0  5 . 5 0 0  8 , 5 0  5 . 8 0  1 , 4 6 5  
! , 6 5  2 , 7 2 7  l O , 7 0  2 , 3 0  z~,652 6 , 8 0  2 , 5 0  2 , 7 2 0  
0 , 0 0  O,O00 0 . 0 0  0 . 0 0  0 , 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  

VE OF AJ~,TH, A = 4 , 1 5 3  
LOG AV~ OF RATIOS = 0 , 5 8 5 2 7  
STANDARD D E V I A T I O N  = 1.446 
95 PERCENT INTERVAL = 4 , 1 5 3  + / -  0 , 3 6  

@ 



£..TAJ~Of4 RUFf 5~OPE (RS) 1 DATE 1 2 - 0 3 - 7 0  REOCRDER RAMON SHANNON 

~ ENGTH = A 

E~GHT B 
FLATNESS RATIO = C 

A B C A B C .A B C 

13,00 4.50 2,888 23,50 6,00 3,916 17.50 4,00 4,975 
8,70 2,00 a,B50 3,60 1,00 3,600 2.00 0,70 2,857 
4,50 0,80 5.625 

3,60 0,80 ~,500 
7t-; ~ .~_ . ~L¢ 

2,80 1.00 2,800 
7,50 2.80 2,678 
9.70 2.50 3.880 

26.70 5.20 5.134 
8,60 2,20 3,909 

8.50 2.00 4.250 12,00 3,50 3,#28 
~ _ t _ Z ~ Q . . _ ~ O  5.BO ! . 7 0  3 . 1 1 7  
2.30 0.90 2.555 11.50 4.00 2.879 
4 t ~ ~ . _ 2 6 B  8,00 5,90 2.0.51 
8"50 2.50 3.400 5.90 1.70 3.470 

11.20 3.80 2.947 6.20 4.30 1.q41 
5.50 B.!O 1.774 3.50 0.60 5.833 
5.~!.O_.2_z_9_Q. i,8e2 5.20 2.80 1.857 

!0.50 !.70 6.058 8.60 2.30 3.759 
12,00 3.00 #,000 ll,q,O 0,90 12.666 

7,00 1,90 3,684 7,70 2.40 3,208 i2.20 2,60 4.692 
7,50 1.50 5.0C0 3.40 0°60 5,666 4.80 1,90 ,2,526 
0,00 0.00 0,000 0,00 0.00 0,000 0,00 0.00 0,000 

ARITH, AVE OF RATIOS = 9,768 

v 

~OG AVE OF RATIOS = 0 . 5 3 9 4 3  
STANDARD D E V I A T I O N  = 1 . 3 2 4  
95 PERCENT INTERVA~ = 3.768 +/- 0.40 



STATION RUFF SLOPE (RS) 2 DATE 1 2 - 0 3 - 7 0  RECORDER RMAON SHANNON 

LENGTH = A 
_ _ @ H E I G H T  = B 

FLATNESS RATIO : C 

A B C A B C A B C 

4,00 0,90 4,44.4 3,50 0,70 5,000 4,10 1,20 3,416 
3,10 0,80 3.875 z~,60 1,20 3,833 4,50 2,10 2,142 
5,03 1,00 5.000 4,20 1,50 2,800 4.30 0.80 5.575 
6,50 1.20 5,416 2,50 0,80 4,750 2,20 0.60 3,666 
4,00 0,80 5,000 3.80 0,70 5.428 5.30 1,90 2,789 
5,60 1,70 3,29a 5,10 1,90 2.68& 2°20 0,90 2.444 
6,50 2,00 3.250 6.30 1.50 4,199 2,20 i.i0 2,000 
7,20 !,30 5.538 ~,20 2,00 2,100 i0,30 1,50 6,866 
6.00 i,50 4.000 4,70 2,20 2.136 2,10 0,70 3,000 
5,00 ].50 3°333 !1.50 3°00 3,833 8,00 2.00 4,000 
7,i0 1,80 3,944 7,80 5,65 1.580 2,45 1,00 2,450 
9,20 2.40 3.833 3o90 1,50 2.599 3,00 0,55 5,454 
2,50 0.60 4.166 &,20 0,50 8,400 7,80 2.50 3.119 
1,80 2,20 5,363 3,70 4,65 0.795 5.20 1,70 3.058 
3,90 !,!5 3.39! 4,85 1.70 2.852 2,80 1,80 1,555 
4,302,10 2,047 4.80 1,55 3.096 4,00 I,I0 3,636 
2,90 1.00 2,900 6,50 2.70 2.#07 2,80 0,25 ii,200 
4,80 1.20 4.000 4,60 1,40 3.285 3.10 0,90 3.444 
5.85 1,45 4.054 9.00 3,20 2,812 0.00 0,00 0,000 
0,00 O.O0 0.000 O,CO 0,00 0.000 0,00 0,00 0,000 A 

v 

ARITH, AVE OF RATIOS = 3,7"65 
LOG AVE OF RATIOS = 0,53683 
STANDARD DEVIATION = .i,314 
95 PERCENT INTERVAL = 3 . 7 6 5  + / -  0,34 

F-@ 



. _ i T ~  " ' ' '~ - '  ~' .... m A ~,ik" C < ~  ) D_A._! E 12-02-70 RECORDER GEORGE BARNETT 

I•,ENGTH = A 
. ~ , ' ~ . . I ~ T - -  B 

FLATNESS RATIO = C 

A B C A B C A B C 

9,20 3,10 2,967 6,20 1,40 4,428 ~,20 ~,30 3,230 
8,30 1,60 5,187 10,80 i,i0 9,818 7,10 0,95 7,473 
4,aO 1,50 2,933 I0,00 2,20 4,545 5,10 1,00 5,100 
2,50 2,05 1,219 5,20 I'40 3,714 4,40 0,50 8,800 
3,20 0,60 5,333 9,80 0,70 14,000 6,90 2,20 3,136 
8,00 2,40 3,333 6,50 1,30 5,000 8,00 1,50 5,333 

i0,50 2,40 4,375 3,20 0,50 6,400 3,70 0,70 5,285 
8,60 2,30 3,739 3,80 0,80 &,750 5,20 2,00 2,600 
3,70 0,80 4°625 3,60 0,50 7,200 12.00 2,00 6,000 
.6L,_2-_Q_l_,___4._O____~t_2_8... l ~ a ~ 3 0 0  6.20 2,10 2,952 
&,50 l,O0 4,500 4.90 2,00 2,450 #,90 2,00 2,450 
4#00 Q~_8~0~.000 3,30 0,90 3,666 8,20 1,40 5,857 
4,60 1,20 3,833 3,60 1,40 2,571 3,60 0,70 5,142 
5,~Q__/_~_QO _5,500 6,20 1,20 5,I~6 3,I0 0,70 4,428 
4.40 1,40 3,142 3.30 0,i0 33,000 14,00 3.80 3,684 

IB.lO I.~0.. 8,75~ 6,70~.,40 4,785 7,60 1,80 4 , 2 2 2  
0,00 0,00 O,O00 0,00 0,00 0.000 0,00 0,00 O,OOO 

- - ~ ,  AVE OF RATIOS = 5,423 
LOG AVE OF RATIOS = 0,66543 
&T~ANDA[!D D E V I A T I Q N  = 1 , 7 8 4  
95 PERCENT INTERVAL = 5 , 4 2 3  +I- 0 , 5 0  

b-@ 



S T A T I O N  SUM BANK (SB)  2 DATE 1 2 - 0 3 - 7 0  RECORDER " GEORGE BARNETT 

Ch,~Tw 

. _ _ _ ~ E I G H T  : B 
I I'~-AYNE-SS RATIO = C 

A B C A B C A B C 

26,40 8,10 3,259 !0,70 0,93 11,888 12,70 B,50 5,628 
13,20 4,!0 3,219 13,20 1,60 8,250 6,00 I,i0 5,454 
4,80 1,10 4,363 2,65 I,i0 2,409 4,30 0,90 4,777 
4,50 0,95 4 , 7 3 6  3,40 0.70 4,857 4,30 1,50 2,866 
9,90 2,00 4,950 3,80 1,20 5,166 6,60 4,20 1,571 
9,70 B,70 2,621 a,50 1,50 3,000 11,80 3,10 3,806 
7,20 2,80 2,571 5,40 1,60 3,3"75 7,90 2,50 3,i60 

10,0O 2,10 4,761 9,50 q,50 2,!ii 6 , 0 0  2,40 2,500 
4,10 0.70 5,857 8.50 1,10 7,727 12~00 3,00 4,000 
6,50 2,00 3,250 8,50 2.50 3,400 5,70 1,6D 3,562 
3,90 1,10 3,545 a,30 2,40 1,791 4,0----0--I,40 2,857 
3,60 1,50 2,4C0 7,80 1,50 5,199 4,70 i'20 3,916 
9,50 l,S0 5,277 3,60 1,50 2,400 7,60 1,90 4,000 
0,00 0,00 0,000 0,00 0,00 0.000 0,00 0,00 0,000 

ARITH. AVE OF RATIOS = 4,012 
50G AVE OF RATIOS = 0,56514 
STANDARD DEVIATION = 1,402 
95 PERCENT I N T E R V A L  = 

P@ 4,012 +/- 0,44 



,STATION TANK I T K )  1 DATE 1 2 - 0 4 - 7 0  RECORDF_R GEORGE BARNETT 

LENGTH = A 
_ .__~ ,~E ]GHT = B 

• 'qv'F'-I-AYNESS RATIO = C 

A B C A B C A B C 

8,80 3.80 2,315 4,80 3,50 1,371 1,70 1,20 1,416 
__27091.70 1.176 !,80 0,90 2,000 6.80 3,20 2.125 
4,60 2.40 1,9i6 2,20 2,00 1,100 2,60 1.80 1.444 

2,50 0.90 2,777 7,90 4,10 1,926 3.65 4.00 0,912 
2.30 1,._~3LD___2,Oe04,70 I~70 2,764 2.90 !.35 2,148 
4,a5 1,80 2,472 7,00 3.20 2.187 6,90 4,!0 1,682 
4.50 !.60 2,812 8,30 2.70 3.074 7.50 I.i0 6.818 
3,00 1.50 2.000 2.20 0.70 3.142 5.BO 3,00 i.766 

0,00 0.00 0,000 
5.!0 2.20 2.318 3.20 0.80 4.000 
0.00 0.00 O.OOO 0.00 0.00 O.O00 

ARITM. AVE OF RATIOS = 
LOG AVE OF RATIOS = 

2.232 
0.30968 

STANDARD DEVIAT!_ON = 
95 PERCENT INTERVAk = 

0.763 
2.232 +/- 0.27 

0 

v 



STATION TANK IT<)  2 DATE 12!04-70 _RECORDER RAMON SHANNON 

LENGTH = A 

F_OHEIGHT --- B 
FLATNESS RATIO = C 

A B C A B C A B C 

9,50 0.70 13,571 i8,00 4,00 4,500 9,40 2,00 4,700 
I0,20 3,50 2,91a !0,50 7,90 1,329 4,60 1,70 2,705 
1,50 1.50 1,000 5,80 1,50 3,866 4,60 2,00 2,300 
3,90 i. I0 3,545 4,S0 1,00 4,800 9,30 1,40 6.642 

i0,00 5,50 1,818 3,10 1,20 2,583 2,60 i,i0 2,363 
8,00 !,80 a,a44 3.00 2.00 1,500 8,30 1,00 8,300 
8,60 2,50 3,4~0 10.20 3,00 3,400 3,60 2,10 1,714 

I0,50 3,50 3,000 4,30 2,20 1,954 8,65 4,70 1,840 
!2,30 3-00 a,100 4,70 !,i0 4,272 2,10 1,0~ 2,000 
3,20 !,4C 2,285 47,!012,70 3,708 8,60 2,50 3,440 
8,00 4,10 1,951 4,30 2,30 1,869 5,90 2,80 2,107 

14.60 4,50 3,2a4 5.60 2,90 1.931 9,30 1,70 1,941 
20,20 9.00 2,244 9,10 4,00 2,275 9,70 5,30 1,830 
8,30 3,60 2,505 10,40 3,20 3,250 11,20 I,I0 I0,181 
6,60 1,3C 5,076 7,40 2,10 3,523 0,00 0,00 0,000 
0,00 0,60 O,COO O.O0 0,00 0,000 0,00 0,00 0,:000 

ARIIH. AVE OF RATIOS = 3,449 
LOG AVE OF RATIOS = 0 , 4 7 0 2 2  
STANDARD DEVIATION = ! - 0  1,175 
95 PERCENT I N T E R V A l =  3 , 4 4 9  + / -  0 , 3 4  



ISTAL[oN-POWER LINE CPL) 1 DATE 12-03-70 
RECORD-ER GEORGE BARNETT 

LENGTH = A 

LATNESS RATIO = C 

A B C A B C A B C 

8.40 1.90 4,421 2.50 0.30 8,333 0.90 0.20 4.500 
5,50 !.'50 3,666 I *OO 0,90 4,z+44 9,60 3,30 2,909 
3.80 1.60 2.375 5.10 2.00 2.5-50 

1,90 0,60 3,166 

Z.lO. . . . .  1 . s o  3 . 9 , ~ .  2 . 0 o  1.2~,.,, ~.ooo~' - - - - - - - ~ ~ ~ - -  
? ._5~2_, 3 6 3 
4 , 8 0  2 . 2 0  2 , 1 8 t  
5 . 3 0  2 . 3 0  2,304 
1 , 8 0  0 ° 2 0  9 . 0 0 ~  
1.5o C~_Q____~.opo 
4,90 1,75 2,800 

4 J 8 0  0 i 6 0  8 . 0 0 0  
3 . 5 0  _1.00 3 . 5 0 0  
1,50 !,00 1-500 

OiO0 0,00 O,O00 

2.20 1,30 1 - 6 9 2  
4,40 2,30 1"9!3 
7,10 3,25 2,184 
2 * 2 0  0*30 7,333 
5,50 1,35 4,074 
5.50 2,00 2.750 
1,70 1,20 1,416 
0.00 0.00 O,OO--O 

AR!'TH. AVE OF RATIOS = B . 5 4 5  
LOG AVE OF RATIOS = 0 . 4 9 0 0 4  
S T A~.D_2~_..D ~ ~ , ~  0 N = ! . 2 2 3  
95 PERCENT INTERVAL = 3 , .545 + / -  0 , 4 3  

0 



S T A T I O N  POWER L I N E  I P L )  2 DATE 1 2 - 0 4 :  1"0 RECORDER GEOR, GE BARNETT 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

3,90 1,00 3,900 i~,00 IolO 12,727 13,50 4o00 3o375 
~,20 1,50 2,800 5,50 2,00 2,750 2,50 0,60 4,166 

16.10 0.20 80.500 7.20 2.20 5.272 2.80 1.40 2.000 
6,10 2,10 2,904 12,10 &,85 2,494 7,50 1,90 3,947 
2.00 0.40 5,000 2,20 0,50 4,400 3.20 0,70 4,571 
3.50 1-90 1.842 4~i40 0.90 4,888 4,90 i,00 4.900 

28.50 2.60 !0,961 3,50 1.00 3,500 58,00 7,60 5.000 
5,50 2,10 2.619 3,80 0.80 a,750 20.50 4.20 4,880 

10.70 4,90 2.183 7.80 !.80 4,333 6,20 2,00 3,I00 
9,15 1.50 6,100 8.20 4,00 2,050 9,20 2,70 3.407 
~.60 !.I0 4.181 0.00 0,00 0,000 0.00 0,00 0,000 

ARITH. AVE OF RATIOS = 6.693 

LOG AVE OF RATIOS = 0,62387 
STANDARD DEVIATION = 1,954 
95 PERCENT INTERVAL = 6,693 ÷ / -  0,68 

0 

n • 



STAT_ION DEVIL'S gAC!,_ EAST DCE IA DATE 12"06-70 RECORDER GEORGE BARNETT 

5ENGTH = A 
HEIGHT = B 
FhATNESS RATIO = C 

A B C A B C A B C 

3,05 0,50 6,100 3,80 2,40 1,583 4,30 4,40 0.977 
5,10 I'15 4,434 2.30 1,00 2.300 3,10 2,10 1,476 
a,50 1.30 3,461 1,20 1.05 1,142 
5~d~_2~Lg_O~~________Z,7 = ],35 2.037 
4.55 0.80 5,687 17,30 3,85 4.493 
2,00 i.~_0__~!t2~8 3,2~ 1.90 1.684 
1,35 i'20 i,125 5,50 0"90 6.111 
9,20 ~,50 2,628 3,15 3,30 0,954 

2.30 0.60 5,835 
3.20 3,10 1.032 

i0,70 2,80 3.821 
3.35 1.20 2.791 
4.80 2,20 2.181 
5,60 3.15 1,777 

12,50 1.90 6,578 6,50 1,20 5,416 4,60 2,10 
9 , 4 Q _ _ ~ _ O J ~ . ~  $ . . . 5 ~ 2 , 0 5 8  2 , 1 5  1 , 0 0  
4,00 1,90 2,105 6,70 0,70 9,571 2.70 2,40 
4,30 1.20 3.583 8,20 4.15 1.975 ~,60 !.20 

2,190 
2.150 
1.125 
5,833 

2.aO 1.15 2,086 6,i0 2,40 2.541 2.25 1.90 1,184 
8.70 4.00 2,!75 3,00 2,45 1,224 5,00 1,50 3,333 

III 
v 

2.10 0.80 
9,~O_O__l._~O 
4.70 !.80 
4,40 2,10 
7,90 2.90 
4,10 1.50 
1.50 1.25 
~I/Q.9__2_.70 
9,70 2.!5 
~,75 0.80 
7,60 1.70 
5.70 1,80 

2,625 2,10 0.50 4.200 !3.40 3.80 3,526 
9,9~7 3150ii!165 2,121 8,10 1,60 5.062 
2,61! 6,20 2,20 2,8!8 6,90 1,50 4,600 
2,095 8,30 3,20 2,~93 5,50 1,60 3,437 
2,724 5,00 2,05 2,439 3,80 1,35 2,814 
2.733 4,00 1,65 2.424 5,30 2,20 2,409 
!,200 l,O0 5,60 1,964 4,65 1,30 3,576 
l~l.l_l 5,90 L,O0 ;,475 2,20 1,90 1,157 
4,511 4,20 7,20 1,972 13,50 3,65 3,698 
~,457 3,00 0.80 ~,750 !,90 2.20 0.865 
4,470 1,60 0,60 2,666 6,80 5,50 1,942 
2,055 9,40 2,30 4,086 6,60 1,55 4,258 

6,I0 1,80 3,388 5,00 0,90 5,555 6,90 3,10 2,225 
3.20 2 , ~ Q - Q  5,9Q ~,90 1.51~ 4,40 3,80 1,157 

11,80 6.80 1.735 1,50 1.55 0.967 6,50 2,10 3.095 
!4,00 2.10 6.666 3,00 8,10 1,604 6.60 4,00 !.650 
8,80 3.20 2,750 4,60 l.O0 ~.600 0,00 0,00 0,000 
0.00 0.00 0.000 0.00 0.00 0.000 0,00 0,00 0.000 

ARITH, AVE OF RATIOS = 2,891 
LOG AVE OF RATIOS = 0,39845 
STANDARD DEVIATION = 0,974 
95 PERCENT INTERVAL = 2,891 +/- 0,19 



7 " 

STATIO" DEVIL'S £AN. EAST DCE 2A DATE 12-06-70 RECORDER GEORGE BARNE.T 

LENGTH = A 
HEIGHT = B 
F L A T N E S S  R A T I O  = C 

A B C A B C A B C 

6.00 2.10 2.857 II.30 3.70 3.0~4 5.90 1.00 5.900 
2,50 2,40 1,041 1,50 !,20 1,250 5,15 2,10 2,452 

14,20 6,20 2,290 3,10 !.I0 2,818 9,80 4,20 2,333 
3.60 1.60 2.250 17.20 4,00 L,300 4.30 1.60 2,687 
6,90 2,60 2,653 3,10 3,00 i,033 6,20 !,65 3,757 

i0,I0 3,80 2,657 11,20 3,70 3,027 5,00 I,OC 5,000 
3 , 3 5  0.60 5.583 7o09 2.80 2.500 2.75 0.65 4.230 
2,20 0.70 3-142 4,00 2,20 1.818 3,90 1,20 3,250 
3,70 1.50 2,466 4,20 !,I0 3,818 5,70 1,30 4,384 
4,70 1,00 a,700 3~25 1,25 2,600 6,30 !,50 4,199 
3,75 0,90 4,i66 4,50 5,20 !,406 13,I0 1,50 8,733 
3.90 2.00 1.950 2.60 0.90 2.888 6.00 2.2! 2.714 
6,80 1,90 3,578 4,10 1,40 2,928 2,30 1,80 1,277 

10,50 3,80 2,765 5,00 1,20 4,166 6,80 1,00 6,800 
6,00 3,45 1.739 3,50 !,90 1,842 7,10 1,50 4,733 
1,70 !.60 !,062 7 , 6 0  2,70 2.814 5,40 1,00 5,aO0 
8,80 2,90 3,034 2,70 1,10 2,454 ~,20 0,60 5,333 
2,60 0,70 3,714 5,00 ~,00 1,666 3.55 0,70 5,071 
2.30 1.50 1.555 2.80 0.70 4,000 1,20 0,90 1,333 

A 3,60 !,20 3,0C0 4.80 1,70 2,823 1,45 1.20 1,208 
v 2,35 0.90 2.6!I 1,80 2,00 0,900 9,20 4e50 2,044 

3,00 1.40 2.!~2 3,20 1,60 2,000 2,90 1,30 2,230 
iO.80 2.10 5.142 5.90 2.00 2.9~0 8,50 2.60 3.269 
8.80 2.80 3.I~2 7.50 1.60 4.687 6.90 1.50 4.600 
6,10 1,70 3,588 !.65 0,90 1,833 2,60 1,15 2,260 
4-!0 2.60 1,576 7,10 2'15 3,302 7.50 3.40 2,205 
5,90 2,80 2,107 7,50 2,00 3,750 3,60 2,20 1,636 
9,80 2,90 ~,379 2,00 1,15 1,739 1,80 0,55 3,272 
7,00 2,~0 5,043 5.80 1'80 5,222 I0,80 1,80 6,000 
2,30 3.10 C,7~! 2,80 1,40 2,000 7,00 1,80 3,888 

26,50 6,40 A,140 3.!0 2,~0 1,291 3,50 1,50 2,333 
0,00 0,03 0,000 O,O0 0,00 0,000 0.00 0,00 0,000 

ARITH. AVE OF RATIOS : 3.045 
LOG AVE OF RATIOS : 0.43610 
STANDARD DEVIATION : 1.051 
95 PERCENT INTERVAL = 3.045 +/- 0.21 



STAT I Q.&L..~£_V_I~/$__E.A~ , . _  ~A$_T__~_C ~.,__.9__1~ T E 12-06-70 

LENGTH = A 
~ELGLd/= B 
FLATNESS R A T I O  = C 

A B C A B C A B C 

26.1011.00 2.B72 8.60 3.00 2.866 7.70 1.50 5.133 
6.80 1.60 a.250 5.40 1.00 5.400 3.00 1.35 2.222 
• I0 1.50 2.066 6.90 1.70 4.058 6.80 3.00 2.266 
,Z~L_i,_9_!___~,_EIg______ZQ_~Q~7,~~7 8.00 5.10 1.568 
.80 1.70 5.176 8.50 2.70 B.148 4.70 1.05 4.476 
~_~__2_,_5__0____5_~Q~ 4.~0 1.40 3.000 ~.60 2.50 i.840 
.40 0.90 3.777 4.60 1.50 5.065 5.55 1.50 2.366 
.lO 9.50____!~457 5.70 2.70 2.111 5.60 1.50 2.400 
• 50 2"10 ~.095 4.50 2"00 

, . 2_D__O_LS_O___A .LO~_~ .7O  
• 70 2.60 2.576 0.00 0,00 

2.250 3.70 I.i0 3.363 
0.823 , 2.60 0.90 2.888 
0.000 0.00 0.00 0.000 

AR!TH. AVE OF RATIOS = 3.0B8 
LOG AVE OF R A T I O S  = 
STANDAR D__DEV i A T I Oi_~ = 
95 PERCEP4T I N T E R V A L  = 

0.4.5044 
1.082 
3.038 +/- 0,38 



-'~""L'S CAN, EAST DCE 4 DATE 12-0#-70 RECORDER GEORGE BARNETT S T A T I O . .  , . . , , _ , ~ . ,  • 

@ LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

3,20 1,30 2,461 7,20 3,30 2,181 6,20 1,90 3,263 
7,70 2,40 3,208 7,10 3,10 2,290 13,70 3,90 3,512 
3,50 3.00 1,166 4,00 5,50 1,212 4,40 4,50 0,977 
2,30 !.50 1,533 6.!0 2.00 5,050 4,00 0,95 4,210 

i0,30 4,C0 2,575 5,00 I,i0 ~,545 5,00 0,10 50°000 

2,00 0,90 2,222 9.50 1,20 2,9i6 12,20 7,80 1,564 
~,75 2.10 2,261 5~00 !,60 3,i25 2,20 1,10 2.000 
5,30 1.00 5.300 6,60 1,80 3,666 3.30 i,I0 3,000 
5.50 !,60 3,437 14,20 5G60 2,535 4,50 2,00 2,250 
9,00 2,C0 L,500 ~.00 1,10 3,636 5,00 1,30 2,307 
4.40 1.40 3,142 0.00 0,00 0,009 0,00 0,O0 0,000 

ARITH, AVE OF RATIOS = 4,324 
LOG AVE OF RATIOS = 0,~5634 
STANDARD DEVIATION = 1,3!9 
95 PERCENT INTERVAL = 4,324 +/- 0,46 

A 
v 

LIL 



STATION D E V I L ' S  CAN, EAST DCE 5 DATE 12-06-70 RECORDER GEORGE BARNETT 

II LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

8,40 2.60 3.230 
!-~0__1.80 Z. III 
!0,80 3,80 2,8~2 

_L, Xzg__O_tig._2_~_O_& 
II,90 2,20 5.409 

2 . 5 0  0 _ ~  _ .3~Z~ 
5,20 2,8C 1,857 
~,20 2oC0 2 . 1 0 0  

2'30 2,50 1.000 7,40 3,i0 2,387 
!0,00 i,I0 9,090 5,10 1.70 3.000 
6,30 1,90 3,315 

10.80 2,60 4,153 
z+.20 3,60 i,166 
1,70 0.20 8,500 
2,80 2.Z0 i.272 

3.20 1.00 3,200 
~ _ ~ 0 0  6.000 
8.80 2.00 4,400 
5.00 1.30 3.846 
3,20 0,70 4,571 
8.00 2.50 3,200 

1,90 le50 1.266 8,IC !~40 5,785 
2._Z_,0_0.._6~ 4 . 5 ~  3,jOo . 0 L . 4 2 8  
I.i0 0.90 1.222 O,OO 0.00 O.OOO 

2.95 1,50 1,966 
leO0 0.90 I,iii 
OJO0 0.00 0.000 

ARITH. AVE OF RATIOS = 3.298 
LOG AVE OF RATIOS = 

STANDARD DEVIATION = 
95 PERCENT INTERVAL = 

0.44327 
!.113 
~ . 2 9 8  ÷ / -  0 , 3 9  

L e 

II 



TAB 



0 

RELATION 
TO DACITE 

1980'(top) 

SUMMARY OF RATIO CALCULATIONS AND 
CALCULATIONS LESS DELETIONS OF 

DR. D. W, PETERSON'S DATA 

STATION NAME RATIO 

TOTAL 
RATIO 

MINUS 2 
READINGS 

OF-I l .224 

TOTAL 
RATIO 

MINUS 4 
READINGS 

TOTAL 
RATIO 

MINUS 6 
READINGS 

TOTAL 
RATIO 

MINUS 8 
READINGS 

1820 SHA-I 5 1.683 

161o SHA-I 3 2.0000 

1590 SHA-12 2,720 

1450 SHA-I 1 3.294 2.952 2.790 

0 

1300 

1075 

690 (Nearest 
to base) 

SHA- l 0 

SHA-9 

SHA-7 

4.969 

8.931 

24.087 

4.595 

6.936 

21.206 

4.307 

6.023 

19.915 

4. 174 

5.652 

i8. 749 

5.460 

17.683 
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ASARCO DACITE DATA 

0 
Ratio Calcu lat ions and 

Calcu lat ions Less Delet ions 

Data by Dr. D. W. Peterson 

ill 
George S. Barnett.  Ap r i l  20, 1971 



L E N ~  = A 
HEIGHT = B 

- - - -~FL~ATNESS RATIO = C 

A B C A B C A B C 

0.00 0,00 0,390 0,00 0,00 0.530 0.00 0,00 0.550 
0,00 0,00 0,610 0,00 0,00 0,620 0.00 0.00 0,670 
0,00 0.00 0,880 0,00 0.00 0,690 0,00 0.00 0,710 
0,00 0,00 0,730 0,00 0,00 0,740 0.00 0,00 0,760 
0,00 0,00 0,840 0,00 0,00 0,840 0.00 0.00 0,860 
0,00 0,00 0.880 0,00 0.00 0,900 0.00 0,00 0,910 
0.00 O,OC 0.920 0,00 0.00 0,920 0.00 0,00 0.920 
0.00 0,00 0,920 0,00 0,00 1,090 0.00 0,00 l.lO0 
0,00 0,00 l,llO 0,00 0,00 1,160 0,00 0,00 1,170 
0.00 0.00 1,210 0,00 0,00 1,210 0.00 0,00 1,220 
0,00 O.OC 1.270 0,00 0.00 1.300 0,00 0.00 1.300 
0,00 0,00 1,300 0,00 0,00 1,300 0,00 0.00 1,320 
0,00 0.00 1,330 0.00 0.00 1,330 0,00 0.00 1,400 
0,00 0,00 1,430 0,00 0o00 1,450 0.00 0,00 1,500 
0,00 0.00 1.500 0.00 0.0C 1.500 0.00 0,00 1,520 
0,00 0.00 1.520 0,00 0.00 1,520 0,00 0,00 1,550 
0.00 0.00 1.570 0.00 0.00 1.57"0 
0.00 O.OO 1.590 0.00 0.00 1,590 
0 . 0 0  0 . 0 0  1 . 7 6 0  0 . 0 0  0 , 0 0  2 . 0 1 0  
0 . 0 0  0 . 0 0  2 . 5 0 0  0~00 0 . 0 0  2 , 7 5 0  

0,00 0.00 1,590 
0.00 0.00 1.750 
0.00 0,00 2,370 
0,00 0,00 0,000 

L@ 
0.00 0.00 0,000 0.00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 1,224 
LOG AVE OF RATIOS = 0.05516 
STANDARD DEVIATION = 0,188 
95 PERCENT INTERVAL = 1,224 +/- 0,04 

@ 

J 



LENGTH = A 
HEIGHT = B 

O FLATNESS RATIO = C 

A B C A B C A B C 

0,00 0,00 0,870 0,00 0,00 0,990 0,00 0,00 1,010 
0,00 0,00 1,020 0,00 0,00 1,050 0,00 0.00 1,050 
0,00 0,00 1,070 
0,00 0,00 1,150 
0,00 0,00 1,320 
0 • __ _0_0__ _Q _tO_O__ __ ! ~__S_O 
0,00 0,00 1,560 
0,00 0,00 1,610 

0,00 0,00 1,070 0,00 0,00 1,130 
0,00 0,00 1,240 0,00 0,00 1,270 
0,00 0,00 1.330 0,00 0,00 1,340 
O,_tg_Q 0.00 1.4~0 0.0o o.po l,~5_E_ 
0,00 0.00 1,570 0,00 0,00 1,580 
0,00 0,00 1,630 0.00 0,00 1,650 

0,00 0.00 1,670 0,00 0,00 1,680 O.OO 0,00 1,720 
0.00 0.00 1,740 0.00 0'00 1,750 0,00 0.00 1,800 
0 , 0 0  0 . 0 0  1 , 9 0 0  0 , 0 0  0 , 0 0  1 , 9 2 0  0 , 0 0  0 , 0 0  2 , 2 0 0  
0,00 O.O0 2.250 0,00 0,00 2,3~0 0,00 0.00 2.400 
0,00 0.00 2.540 0.00 0,00 2,550 0.00 0.00 2.600 
0,00 O.OO 2.810 0,00 0,00 4,340 0,00 0,00 0,000 
0,00 0,00 0.000 0.00 0,00 0,000 0,00 0,00 0o000 

ARITH, AVE OF RATIOS = 1.683 
LOG AVE OF RATIOS = 0,19903 
STANDARD D E V I A T I O N  = 0 , 5 2 9  
95 PERCENT INTERVAL = l o 6 8 3  + / -  0o~6  

@ 



Sl AT_LON SH~_=,T SHA 1} (D_WP) " _~.E 12-_Z3-70 RECORDER .GEORGE B_~_~_E_T_T__ 

LENGTH = A 
HEIGHT = B 

I--@ FLATNESS RATIO = C 

A B C A B C A B C 

0,00 0,00 1,100 0,00 0,00 1,110 0,00 0,00 1,200 
0,00 0,00 1,300 0,00 0,00 1,380 0,00 0,00 1,410 
0,00 0,00 1,420 0,00 0,00 1,480 0,00 0,00 1,500 
0,00 0,00 1.500 0,00 0,00 1,500 0,00 0,00 1,600 
0,00 0,00 1.600 OoO0 0,00 1,700 0,00 0,00 1,700 
0,00 0,00 1.800 0,00 0,00 1.800 0,00 0,00 1,900 
0,00 0.00 1.900 0,00 0,00 1,900 0,00 0,00 1,900 
0,00 0,00 1.950 0,00 0,00 2.020 0,00 0.00 2,100 
0,00 0,00 2.200 0,00 0,00 2,300 0,00 0,00 2,300 
0,00 0,00 2.300 0,00 0,00 2.300 0,00 0.00 2,500 
0,00 0°00 2°500 0,00 0,00 2°620 0,00 0,00 2,700 
0,00 0,00 2,750 0,00 0,00 2,800 0,00 0,00 3,180 
0,00 0.00 3.200 0,00 0,00 3.600 0,00 0,00 0,000 
0,00 0,00 0,000 0,00 0,00 0,000 0600 0,00 0,000 

ARITH, AVE OF RATIOS = 2,000 
LOG AVE OF RATIOS = 0 , 2 8 2 0 3  
STANDARD DEVIATION = 0,693 
95 PERCENT INTERVAL : 2.000 +/- 0.22 

r 



LENGTH = A 
H E I G H T  = B 

j_______o) 
FLATNESS RATIO = C 

A B C A B C A B C 

oego 0,00 Ie390 0o00 0,00 logO0 0e00 0o00 1,700 
0,00 0,00 1,700 0,00 0,00 1,700 0,00 0,00 1,800 
0,00 0,00 1,800 0,00 0,00 1,900 0,00 0,00 1,900 
0,00 0,00 1,900 0,00 0,00 2,120 0,00 0,00 2,120 
0,00 0,00 2,120 0,00 0,00 2,200 0,00 0,00 2,300 
0,00 0,00 2.400 0,00 0,00 2.400 0,00 0,00 2o400 
0,00 0,00 2,600 0,00 go00 2,800 0,00 0,00 3,010 
0,00 0,00 3,330 0,00 0,00 3,400 0,00 0,00 3,600 
0,00 0,00 3,700 0,00 0,00 3,800 0,00 0,00 3,900 
0,00 0,00 4.000 0,00 0,00 4,000 0,00 0,00 4,000 
0,00 0,00 4,i00 O,OO O,O0 4,100 0,00 0,00 4,100 
0,00 0,00 0,000 0,00 0,00 0.000 0,00 0,00 0,000 

A R I T H ,  AVE OF R A T I O S  = 2 , 7 2 0  
LOG AVE OF RATIO5 : 0 . 4 0 9 ~ 5  
STANDARD DEVIATION = 0 . 9 7 6  
95 PERCENT I N T E R V A L  = 2 , 7 2 0  + / -  0 , 3 3  

t - 0  

1_1t 



. . . . .  -_ .__ z- " " GE_BARNF..,_T-.'.'~ 

L E N G T H  = A 

H E I G H T  = 8 

FLATNESS RATIO = C @ 
A B C A B C A B C 

OeO0 0 . 0 0  1 , 3 0 0  0 , 0 0  0 , 0 0  1 , 5 0 0  0 , 0 0  0 , 0 0  1 , 5 4 0  

0,00 0.00 1.900 0,00 0,00 1,900 0,00 0,00 1.900 3~ 
0,00 0,00 2,130 0,00 0,00 2,200 0,00 0,00 2,200 
0,00 0,00 2,~00 0,00 0,00 2,400 0,00 0,00 2.600 ? 
0,00 0,00 2,600 0,00 0,00 2o600 0,00 0,00 2,720 
0,00 0,00 2,720 0,00 0,00 3,000 0,00 0,00 3,000 
0,00 0,00 3,200 0,00 0.00 3.200 0,00 0,00 3,200 
0,00 0,00 3,320 0,00 0,00 3,500 0,00 0,00 3,500 
0,00 0.00 3.600 0,00 0.00 3.700 0.00 0.00 3.700 
0,00 0.00 3.800 0,00 0.00 3.800 0,00 0,00 4,700 
0,00 0.00 5,550 0,00 O.OO 5.400 O,O0 O.OO 7,550-- 
0,00 0,00 9,980 0,00 0,00 0,000 0,00 0,00 0,000 

A R I T H ,  AVE OF R A T I O S  : 3 , 2 9 4  

LOG AVE OF R A T I O S  = 0 , 4 7 4 2 3  

S T A N D A R D  DEVIATION = 1,158 
9 5  P E R C E N T  I N T E R V A L  = 3 , 2 9 4  + / -  0 , 3 8  

F@ 



G1ATLQ.~___5..t-~A~T SHA lO (D_~P)  DATE 1 2 - 2 3 - 7 0  RECORDER GEORGE__BARNE_~_II 

LENGTH = A 
HEIGHT = B 

O FLATNESS RATIO = C 

A B C A B C A B C 

0,00 0.00 1,400 0.00 0,00 1.700 0,00 0.00 2,300 
0,00 0,00 2,610 0600 0,00 2,830 0,00 0,00 2,850 ~i 
0,00 0,00 3,000 0,00 0,00 3,000 0,00 0,00 3,000 - ~ l  

0,00 0800 3o200 0,00 0,00 38200 0,00 0,00 3,200 ~ i 
OoO0 0*00 3.410 0,00 OoO0 3o500 0,00 OiO0 
o,oo O.O0_ILI~9 O.O0 0.00 4.1QQ o.oo o.0o 
0,00 0,00 4.300 0,00 0,00 4,400 0,00 0,00 4,400 
0,00 0,00 z~,500 0800 0800 48730 0,00 0,00 4,850 
0800 0800 5,320 0,00 0,00 58400 0800 0,00 5,400 
0800 0800 6,010 OiO0 0,00 6.400 0,00 0800 6,720 
0,00 0,00 6,720 0,00 0,00 68720 0,00 0,00 6,980 
0800 0800 88700 0,00 0,00 9,380 0,00 0,00 9,600 ~'~ 
0800 0,00 9,980 0,00 0,00 13,400 0,00 0,00 0,000 
0,00 0,00 0o000 0800 0,00 0,000 0,00 0,00 0,000 

ARITH,  AVE OF RATIOS = 4o969  
LOG AV.E OF RATIO5 = 0 , 6 4 5 1 3  
STANDARD DEVIATION = 1 , 6 7 9  
95 PERCENT INTERVAL = 4,969 +/- 0,53 

3 , 7 2 0  
4.200 



--- T 

LENGTH = A -- 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

0.00 0.00 1.900 0,00 0.00 2.300 0.00 0.00 2.500 
0,00 0,00 3,500 0,00 0,00 3,600 0.00 0,00 3.820 ~ 
0,00 0.00 4.000 0,00 0,00 4,000 0,0--0 0.00 4.000 
0.00 0,00 4.000 0.00 0,00 4,300 0.00 0.00 4.700 S~ 
0,00 0,00 5.000 O,O0 0.00 5,000 0.00 0,00 5,000 
0.00 0,00 5.730 0.00 0,00 5.730 0,00 0o00 5,730 ~ 3 
0.00 0,00 6,000 0.00 0.00 6°000 0,00 0,00 6,000 
0,00 0.00 6.340 0,00 0,00 6.340 0,00 0.00 7.000 
0,00 0.00 7,540 0.00 0,00 7.540 0.00 0,00 7,540 
0.00 0,00 9.150 0,00 0.00 9,550 0.00 0,00 i0,010 
0.00 0.00 11.400 0,00 0.00 I!,55~ 0.00 0,00 {2tOlO 
0,00 0,00 15.500 0.00 0,00 28.500 0,00 0,00 43.400-- 
0,00 0.00 44.300 0,00 0600 0.000 0.00 0,00 0,000 

ARITH, AVE OF RATIOS = 8.931 
LOG AVE OF RATIOS = 0,81869 
STANDARD DEVIATION = 2.594 
95 PERCENT INTERVAL = 8.931 +/- 0.83 

D@ 

0 



LENGTH = A 
HEIGHT =_ B 
FLATNESS RATIO = 

A B C A B C A B C 
. - /  

0,00 0,00 6,000 0,00 0,00 6.500 0,00 0,00 8-010 
0,00 0,00 8,550 0.00 0,00 8,670 0,00 0,00 9,300 ~ c 
0,00 0,00 i0,000 O*OO 0,00 ii,400 0,00 0,00 12,700 
0,00 0,00 1&,080 0,00 0,00 14.420 0,00 0,00 14,500 ~ 
0.00 0,00 15,000 0,00 0,00 16°080 0,00 0,00 17,800 
0,00 0,00 I~,000 0.00 0,00 18,100 0,00 0,00 19.060 
0,00 0,00 20,000 0°00 0,00 21,3~0 0,00 0,00 23-i00" 
0,00 0,00 24,000 0,00 0,00 25°800 0o00 0°00 26°i00 
0,00 0,00 27,100 0,00 0,00 27,500 0,00 0,00 28,000- 
0,00 0,00 29,200 0,00 0,00 32,500 0,00 0,00 33,400 ~ 
0 , 0 0  0 , 0 0  3 5 , 0 0 0  0 , 0 0  0 , 0 0  5 6 . 0 0 0  0 . 0 0  0 , 0 0  t ~ - , - 0 0 0  

_Q±~9_O__tO_O.__4~.ooo o.oo o.oo ~.ooo o.oo o.oo 69.000 ~-- 
0 , 0 0  0 , O 0  8 0 , 0 0 0 - ~ -  0 . 0 0  O * 0 0  O,OO0 O , 0 0  O,O0 0 , 0 0 0  

ARITH, AVE OF RATIOS = 24,08? 
LOG AVE OF RATIOS = 1 , 3 0 0 3 2  
S_TA~_D_6~9 v ~ _ O N  = 5 • 511 
95 PERCENT INTERVAL = 24,087 + I -  1,77 

F-@ 
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-'- , L O R_Q_&6E__8_A_8_N E_T_T 
v ,  

i -  ~ 

LENGTH = A 
HEIGHT ~ B 
F CA T N E S S -  R A T I O  = C 

A B C A A B C 

0,00 0,00 1,300 0,00 0,00 1,500 0,00 O,OO 1,540 
0,00 0,00 1,900 0,00 0,00 1,900 0,00 0,00 1,900 
0,00 0600 2,130 0,00 0,00 2,200 0,00 0,00 2,200 
0,00 0,00 2.300 0,00 0,00 2,400 0,00 0,00 2,600 
0,00 0,00 2,600 0,00 0,00 2,600 O,OO 0,00 2,720 
0,00 0,00 2,720 0,00 0,00 3,000 0,00 0,00 3,000 
0,00 0,00 3,200 0,00 0,00 3,200 0,00 0,00' 3,200 
0 , 0 0  0 . 0 0  3 . 3 2 0  0 . 0 0  0 ° 0 0  3 . 5 0 0  0 . 0 0  0 . 0 0  3 . 5 0 0  
0 , 3 0  0 . 0 0  3 , 6 0 0  0 , 0 0  0 , 0 0  3 , 7 0 0  0 . 0 0  0 , 0 0  3 , 7 0 0  
0,00 0,00 3,800 0,00 0,00 3,800 0,00 0,00 4,700 
0,00 0.00 5,350 0,00 0,00 5,400 0,00 0,00 0,000 
0,00 0,00 0,000 0,00 0,00 0,000 0,00 O,OO 0,000 

A R I T H .  AVE OF RATIOS = 2 , 9 5 2  
BOG AVE OF RATIOS = 0 , 4 4 5 2 1  
STANDARD D E V I A T I O N  = 1 . 0 6 2  
95 PERCENT INTERVAL = 2,952 +/- 0,36 

Fo 

__@ 



" ETT 

LENGTH = A 
HEIGHT ~ B 
FLATNESS RATIO = L-i 

A 8 C A B C A B C 

0,00"0.00 1.400 0,00 0,00 1,700 0,00 0,00 2,300 
0,00 0,00 2,610 0,00 0,00 2,830 0,00 0,00 2,830 
0,00 0.00 3,000 0,00 0.00 3,000 0,00 0,00 3.000 
0,00 0.00 3,200 0,00 0.00 3,200 0.00 0,00 3,200 
0,00 0,00 3,410 0,00 0,00 3.~00 0,00 0,00 3,720 
0,00 0,oo - - ~ ! 2 9  0,00 o.oo 4.~oo 0.oo 0,0o 4.200 
0,00 0,00 4.300 0,00 0,00 4,~00 0,00 0,00 4,400 
0,00 0.00 4,500 0600 0.00 4.730 0,00 0.00 4.850 
0,00 0.,00 5,320 0,00 0,00 5.400 0,00 0,00 5,400 
0,00 0,00 6,010 0,00 0.00 6,400 0,00 0,00 6,720 
0,00 0.00 6.720 0,00 0.00 6,720 0.00 0,00 6,980 
0,00 0.00 8.700 0,00 0,00 9,380 0,00 0,00 9,600 
0,00 0.00 0,000 0,00 0,00 O,OOO 0,00 0,00 0,000 

A R I T H .  AVE OF RATIOS = 4 . 5 9 5  
LOG AVE OF RATIOS = 0,62191 
STANDARD D E V I A T I O N  = 1 , 5 8 2  
95 PERCENT INTERVAL = 4 . 5 9 5  ÷ / -  0 . 5 1  

A 

v 



- j  _ ' _  ' - ~ ~ ~ ~ -  . - , . . ,  - 

L E N G T H  = A 
H E I G H T  = B 
FLATNESS RATIO = C 

A B C A B C A B C 

0,00 0,00 1,900 0,00 0,00 2,300 0,00 0,00 2,500 
0,00 0,00 3,500 0,00 0,00 3,600 0,00 0,00 3,820 
0,00 0,00 4,000 0®00 0,00 4,000 0,00 0,00 4,000 
0,00 0,00 4,000 0,00 0,00 4,900 0,00 0,00 4,700 
0,00 0,00 5,000 0,00 0,00 5,000 0,00 0,00 5,000 
0,00 0,00 5,720 0,00 0,00 5,730 0,00 0,00 5,730 
0,00 0,00 6,000 0,00 0,00 6,000 0,00 0,00 6,000 
0,00 0,00 6,340 0,00 0,00 6,~40 0,00 0,00 7,000 
0,00 0,00 7,5~0 0,00 0,00 7,540 
0.00 0,00 9,150 0,00 0,00 9,550 

0,00 OoO0 7,540 
0,00 0,00 lO,OlO 

0,00 0,00 11,~00 
0,00 0,00 15,500 

0,00 0,00 ii,550 
0,00 0,00 28,500 

0,00 0,00 12,010 
0,00 0,00 0,000 

0,00 0,00 0,000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = ~,956 
LOG AVE OF R A T I O S  
S T A N D A R D  D E V I A T I O N  : 

0,771~5 
2,200 

95 PERCENT INTERVAL = 6,936 +/- 0,72 

l--J~- 



ETAT._I..ON.__$HA F T 5HA ? (D W P _ L _ _ _ D ~ Z ~ . -  7_0 R CE ~O_ED R__F..~__9 E_C) R_CtF._B&.R N ~ T T 

LENGTH = A 
HEIGHT = B 
FLATNESS RATIO = C 

A B C A B C A B C 

0,00 0,00 6,000 0,00 0,00 6,500 0,00 0,00 8,010 
0,00 0,00 8o550 0,00 0,00 8,670 0,00 0,00 9,300 
0,00 0,00 lO,O00 0,00 0,00 11,400 0,00 0,00 12,700 
0,00 0,00 14,080 0,00 0,00 14,420 0,00 0,00 14,500 
0,00 0,00 15,000 0,00 0,00 16,080 0,00 0,00 17,800 
0,00 OoO0 18,000 0,00 0,00 18oi00 0,00 0,00 19,060 
0®00 0,00 20,000 0,00 0,00 21,3~0 0,00 0,00 23,100 
0,00 O,O0 24,000 O,OO 0,00 2.5,800 0,00 0,00 26,100 
0,00 OoO0 27,100 0,00 0,00 27,500 0,00 0,00 28,000 
0,00 0,00 29,200 0,00 OaO0 52,500 0,00 0,00 33,400 
0 , 0 0  0 , 0 0  3 5 o 0 0 0  
0.00 0.00 4_4j,_.009 
0,00 0,00 0,000 

OiO0 0.00 36.000 
OoO0 0.00 44.000 
OiO0 OoO0 0.000 

0.00 O.OO 40o000 
0.00 O.OO 0,000 
0 , 0 0  0 , 0 0  0 , 0 0 0  

A R I T H ,  AVE OF RATIOS = 2 1 o 2 0 6  
LOG AVE OF RATIOS -- 1 , 2 6 7 7 1  
STANDARD DEVIAT ION = 5 , 0 9 5  
95 PERCENT INTERVAl.  = 2 1 , 2 0 6  + / -  l e 6 8  

O 
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$TATiO~{  $__H~,FT 5HA 11 (DWP} DATE 1 2 - 2 3 - 7 0  RECORDER GEORGE BARNETT 

LENGTH = A 
HEIGHT = B 

- - -~,FLATNESS RATIO = C 

A B C A B C A B C 

0,00 0,00 1,300 0,00 0,00 1,500 0,00 O.OO 1,540 
0,00 0,00 1,900 0,00 0,00 1.900 0.00 0,00 1.900 
0,00 0,00 2,130 0,00 0,00 2,200 0.00 0,00 2,200 
0.00 0,00 2,300 0,00 0,00 2.400 0,00 0.00 2,600 
0,00 0,00 2,600 0,00 0,00 2,600 0,00 0,00 2.720 
0,00 0,00 2,720 0,00 0,00 3,000 0,00 0,00 3,000 
0,00 0,00 3,200 0,00 O,O0 3.200 OoO0 OoOO 3,200 
0,00 0,00 3,520 0,00 O,O0 3,500 0,00 0,00 3,500 
0,00 0,00 3,600 0,00 0,00 3,700 0,00 0,00 3,700 
0,00 0,00 3,800 0,00 0,00 3,800 0,00 0.00 4,700 
0,00 0,00 0,000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 2,790 
LOG AVE OF RATIOS = 0 , 4 2 6 2 0  
STANDARD D E V I A T I O N  = 1 , O l t  
95 PERCENT INTERVA~ = 2 , 7 9 0  ÷ / -  0 . 3 6  

O 

F O 



SIA.TION S#AF_T ,5_.N_A_IQ (DWP) DATE 1 2 - 2 ~ - 7 0  RECO'~DER GEORGE BAR~ETT 

LENGTH = A 
HEIGHT  = B 

-,-~I~LXTNESS RATIO = C 

A B C A B C A B C 

0.00 0,00 1,400 0,00 0.00 1,700 O,OO O,OO 2,300 
0,00 OoO0 2,610 0.00 0,00 2,830 0.00 0.00 2.830 
0,00 0,00 3,000 0,00 0,00 3,000 0,00 0,00 5,000 
0,00 0,00 3,200 0,00 0,00 3,200 0,00 0,00 3,200 
0,00 0,00 3,410 0,00 0,00 3,500 0,00 0,00 3.720 
0,00 0,00 36720 0,00 0,00 4.100 0,00 0.00 4,200 
0,00 O,O0 4o300 0,00 0,00 4,400 0,00 0,00 4,400 
0,00 O,CO ~,500 0,00 0,00 4.730 0,00 0,00 4.850 
0,00 0,00 5,320 0,00 O,CO 5,400 0,00 0,00 5.400 
0.00 0.00 6,OlO 0.00 O.O0 6.400 0.00 0.00 6.720 
0,00 0,00 6,720 0,00 0,00 6,720 0,00 0.00 6.980 
0,00 0.00 8,700 0,00 0.00 0,000 0,00 0,00 0.000 

A R I T H ,  AVE OF R A T I O S  = 
LOG AVE OF R A T I O S  = 

4,307 
0,60101 

STANDARD D E V I A T I O N  = 1 . 5 0 4  
95 PERCENT I N T E R V A L  = 4 o 3 0 7  + / -  0 . 5 0  

F-@ 



STATION SHAFT SHA 9 (DWP} DATE 1 2 - 2 3 - 7 0  RECORDER GEORGE BARNETT 

LENGTH " A 
HE I GHT = B 

A B C A B C A B C 

0,00 0,00 1.900 0,00 0,00 2.300 0,00 0o00 2.500 
OoO0 0,00 3,500 0.00 0.00 3,600 0,00 0.00 3,820 
0.00 0,00 4.000 0,00 0,00 4,000 0,00 0,00 4,000 
0,00 0,00 4o000 0,00 OJO0 4.300 0,00 0,00 4,700 
0,00 0,00 5,000 0.00 0,00 5,000 0.00 0,00 5,000 
0,00 0.00 5,730 0,00 0,00 5,730 0,00 0,00 5,730 
0,00 0,00 6,000 0.00 0,00 6,000 0.00 0,00 6.000 
0,00 0,00 6,340 0,00 0,00 6,340 0.00 0.00 7,000 
0,00 0,00 7,540 0,00 0,00 7,540 0.00 0,00 7,540 
0,00 0,00 9.150 0,00 0,00 9 , 5 5 0  0,00 0.00 lO,OlO 
0,00 0,00 I1,400 0,00 0.00 i1,550 0.00 0,00 12.010 
0,00 O.CO 0,000 0,00 O,CO 0,000 0,00 0,00 0.000 

ARITH, AVE OF RATIOS = 6,023 
LOG AVE OF R A T I O S  = 0.73826 
STANDARD DEVIATION [] 1,996 
95 PERCENT INTERVAL = 6.023 ÷ / -  0,68 

O 

F'O 



_ S T A T I O N  ......... SHA.F:T ___._~.BA ? (D.~P) DATE 12-23-70 R E ~  

LENGTH = A 
HEIGHT = 8 

- - @ F L - A T N E S S  RATIO = C 

A B C A B C A B C 

0,00 0,00 6,000 0,00 0,00 6,500 0,00 0,00 8,010 
0,00 0,00 8,550 OoO0 0'00 8,670 0,00 0,00 9,300 
0,00 0.00 i0,000 
0,00 0,00 14,080 

0,00 0,00 11,400 
O°OO 0,00 14,420 

0,00 0,00 12,700 
0.00 0,00 14,500 

0,00 0.00 15°000 
0,00 0,00 !8,000 

0.00 0~00 16,080 
0.00 0,00 18,100 

0.00 0.00 17.800 
0.00 0.00 19,060 

0,00 0o00 20,000 0,00 0,00 21o350 0,00 0,00 23oi00 
0.00 0,00 24,000 0.00 0,00 25,800 0,00 OoO0 26,100 
0,00 0,00 27,100 0,00 OiO0 27,500 0,00 0,00 28,000 
0,00 0,00 29,200 0,00 0,00 32,~00 0,00 O,OO 33,400 
0,00 O,CO 35o000 0°00 0,00 3&,OOO 0,00 0,00 40,000 
0 , 0 0  0 , 0 0  0 ° 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  0 , 0 0  0 , 0 0  0 , 0 0 0  

A R I T H I  AVE OF RATIOS = 
LOG AVE OF RATIOS = 

19o915 
1,24587 

STANDARD D E V I A T I O N  = 4 . 8 9 2  
95 PERCENT INTERVAL = 1 9 , 9 1 5  + / -  1 , 6 6  



STATION SHAFT SHA 10 (DWP) DATE 12-23--70 RECORDER GEORGE BARNETT 

LENGTH = A 

FLATNESS RATIO = C 

A B C A B C A B C 

0,00 0,00 1,400 O,O0 0,00 1,700 0,00 O.OO 2,300 
0,00 -0--..~0 2.830 0,~-0-0 2,830 
0,00 0,00 3,000 0,00 0,00 3.000 
0,00 0,00 3,200 0,00 0,00 3,200 

0,00 0,00 3.720 

0,00 0,00 2,610 
0,00 0,00 3,DO0 
0,00 0,00 3,200 
0.00 0,00 3.410 0,00 0,00 3,500 
0,00 0.00 3,720 0,00 0,00 4,100 0.00 0,00 4.200 
,Oo.O0 0.,00 4,.300 0,00 0,00 4,400 0,00 0,00 4,400 
0,00 0.00 4,500 0,00 0,00 4,730 0.00 0,00 4,850 
0,00 0,00 5.320 0,00 0,00 5,400 0,00 0.00 5,400 
0.00 0,00 6.010 0.00 0,00 6.400 0.00 0,00 6.720 
0,00 0,00 6.720 0.00 0,00 6,720 0.00 0,00 6,980 
0,00 0.00 0,000 0,00 0,00 0.000 0'.00 0,00 0,000 

ARITH, AVE OF RATIOS : 4,17a 
LOG AVE OF R A T ! O S  = 
STANDARD D E V I A T I O N  = 
95 PERCENT INTERVAL = 

0,59075 
1,467 
4,174 +/- 3.50 

0 

L, 



STATION SHAFT SHA 9 (DWP} DATE 12"'23-70 RECC. .~)ER GEORGE BARNETT 

LENGTH " A 

FLATNESS RATIO = C 

A B C A B C A B C 

0,00 0,00 1.900 0,00 0,00 2,300 0.00 0,00 2,500 
O,~O--D-,--O-O----]-,-5~O 0,00 0,00 3.600 0.00 O,OO 3,8-20 
0,00 O.OO 4,000 0,00 0,00 4,000 0,00 O.O0 4,000 
0,00 0,00 ~.000 0,00 0,00 ~,300 0.00 0,00 ~,700 
0,00 0.00 5.000 0.00 0.00 5,000 0.00 0.00 5,000 
0,00 0,00 5,-"77-~0 OoOU 0,00 5 . 7 3 0  3,0U-"D-;.~O 5 , 7 ~ 0  
0,00 0,00 6.000 0,00 0,00 6.000 0.00 0,00 6,000 
0~0D--~0- - -6 ,340 0600 0.00 6.340 O.OO 0,00 7,000 
0,00 0,00 7,540 0,00 0,00 7,540 0,00 0,00 7,540 
0,00 O,OD 9,150 0,00 0,00 9,550 O,OO 0,00 lO,O!O 
0,00 0,00 II,400 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = ~,652 
LOG AVE OF RATIOS = 0,,716.79 
5 T A N D-A-RD--D-EV-I-A-TFO N = l • 903 
95 PERCENT INTERVAL = 5,652 + / -  0,66 

0 

V-@ 



STA#ION S~,AFT SHA 7 (DWP) DATE 12-23-70 RECORDER GEORGE BARNETT 

i 

LENGTH = A 
HEIGHT = 8 
FLATNESS RATIO = C 

A B C A B C A B C 

0,00 0,00 6.000 0,00 0,00 6,500 0,00 O,OO 8,010 
0,00 0,00 8,550 0.00 0,00 8,670 0,00 0,00 9,300 
0,00 0,00 i 0 , 0 0 0  0,00 0,00 11,400 0,00 0.00 12,700 
0,00 0.00 14,080 0,00 0,00 14,420 0,00 0,00 14,500 
0,00 0,00 15,000 0,00 0,00 16,080 0,00 0,00 17,800 
0,00 0,00 18,000 0,00 0,00 18,100 0,00 0,00 19,060 
0,00 0,00 20,000 0,00 0,00 21,350 0o00 0,00 23.100 
0,00 0,00 24,000 O,O0 0,00 25,800 0,00 0,00 26,100 
0,00 0,00 27,100 0,00 0,00 27,500 0,00 0,00 28,000 
0,00 0,00 29,200 0,00 0,00 32,500 0,00 0,00 33,400 
0,00 0,00 35,000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH, AVE OF RATIOS = 18,749 
LOG AVE OF RATIOS = 1 , 2 2 4 3 7  
STANDARD DEVIATION = 4,703 
g5 PERCENT INTERVAL = 18,749 + / -  1,65 



ST-A-, .ON " SHAFT SHA 9 ( DWP ) b--A-TE :I:-2-~2-3-~7-(}----R-E-¢~RTJE-F{--GEC3iR-G-E--B-A-iR-N-EYf - -  . . . .  

- -0  ~ N G T H  = A 
,-,=i-GRT--~_- s 
r - A T N E S S  R A T I O  = C 

A B C A B C A B C 

0.00 0.00 1.900 
O.OD-O.--~.--~O0 
0 , 0 0  0 . 0 0  ~ , 0 0 0  
UT~0--0T0-U-~DU 
0.00 0.00 5.000 
0. ~0--0-,-0-G 5,730 
0.00 0.00 6.000 
O.O00.--D~--~Jg#O 
0°00 0.00 7°540 
0,C0 O,0C 9,150 
0.00 0.00 0.000 

0,00 0,00 2,300 0,00 0,00 2,500 
O.U0 0,00 3,600 O-J, O0 0,00 3,8~0 
O.O0 0.00 4.000 0,00 0.00 4.000 
5VO~- -O~ZTO-U UV@O--D-/07~. O~ 
0,00 0,00 5,000 0,00 0,00 5,000 

0.00 0.00 6.000 0.00 0.00 6.000 
0.00 0.00 6.340 O.---O0--O..OD---7.D-O~ 
0°00 0,00 7,5~0 0,00 0,00 7,540 
OoO0 0.00 9°550 0.00 0°00 FO-/U!O 
0.00 0.00 0°000 0.00 0,00 0°000 

, , , i  . . . . .  

AT~H. AVE OF RATIOS = 
LOG AVE OF RATIOS = 
S T A N ~ , D D  D E V I A T I O N  = 
95 PERCENT I N T E R V A L  = 

5,460 
0,70545 
I,~54 
5,460 "+/- 0.66 

L O 

0 



5 T A ' I O N  SHAFT SH,\ 7 (DWP) DATE 12-23-70 RECORDER GEORGE BARNETT 

~NGTH = A 
"hIGHT = B 
' ~ATNESS RATIO = C 

A B C A B C A B C 

0,00 0,00 6,000 0,00 0,00 6,500 0,00 0 ,00 8,010 
0,00 0,00 8,550 0,00 0,00 8,670 0,00 0,00 9,300 
0,00 0,00 10,000 0,00 0,00 11,400 0 ,00  0,00 12,700 
0,00 0,00 !4,080 0,00 0,00 14,420 0,00 0,00 14,500 
0,00 0,00 15,000 0,00 0,00 16,080 0,00 0,00 17,800 
0,00 0,00 18,000 0,00 0,00 18,100 0,00 0,00 19,060 
0,00 0,00 20,000 0,00 0,00 21,350 0,00 0,00 23,100 
0,00 0,00 24,000 0,00 0,00 25,800 0,00 0,00 26,100 
0o00 0,00 27,I00 0,00 0,00 27o500 0,00 0,00 28,000 
0,00 0,00 29,200 O,O0 0,00 32,500 0,00 0,00 0,000 
0,00 0,00 0,000 0,00 0,00 0,000 0,00 0,00 0,000 

ARITH.  AVE OF RATIOS = 
LOG AVE O# RATIOS = 

1 7 , 6 8 3  
1 , 2 0 3 0 2  

STANDARD DEVIATION = 4 , 5 2 6  
95 PERCENT INTERVAL = 1 7 , 6 8 3  " + / -  1 , 6 ¢  

0 



mm 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

Apr i l  26, 1971 

TO: 

FROM : 

J. D° Sell 

G. S. Barnett 

Re • A REPORT ON THE INTERPRETATION OF 
LINEAMENTS AND STRUCTURE(S) FOR THE 
APACHE LEAF TUFF, "DACITE 'I, 
SUPERIOR EAST PROJECT 

ADDENDA B 

0 

0 

The study of structures within the main dacite mass from 
Superior to Sutton's Summit (west to east) and from Haunted Canyon to 
north of Ray (from north to south) was conducted in order to extend 
previously mapped structures and to map any structurels) that had not 
been recognized previously. Areas immediately adjacent to the dacite 
were studied to determine if any direct correlations might be made 
between structures exposed adjacent to the main mass and known or in- 
ferred structures within the dacite. In addition, the entire region 
or Globe-Superior District was studied to determine if a sequence or 
pattern of faulting on a dlstrict-wide or regional basis could be 
found. 

The controls and/or relative subsequent displacements as- 
sociated with structures in the dacite must of necessity rely upon an 
analysis of adjacent areas (especially) and regional studies as well. 
Also, models or hypotheses of formation for structure(s) from world- 
wide studies were compared to those in the dacite and pre-dacite rocks. 
The previously extant structure patterns are believed to be the single 
most important factor in ore searchand localization or in the recon- 
struction of a geological-structural history for an area. Therefore, 
I have searched widely for examples which I belleve are analogous to 
the structures found in and beneath the dacite. 

Within the main dacite mass and adjacent areas, color photo- 
graphs were used as an aid in the delimiting and plotting of all feat- 
ures which might be indicative of a fault trace or zone. The results 
of this study are shown as Attachment E (Attachment A is a map accom- 
panying my Summary report to Mr. W. E. Saegart, April 14, 1971). This 
data was mapped on a 1:24000 scale (7½' Quad.) base. The lineaments 
are represented by lines which were then color-coded according to their 
relative strength of expression and/or inferred importance. Red lines 
are those lineaments which were interpreted to be most directly related 
to major or important structures. These were often.expressed as saddles, 
continuous fractures, drainages, color changes, linear zones of small 
fractures, etc., etc. Purple was used for features that were not as 
strongly expressed as the first group, but judged according to the same 
criteria. Blue was used for the most inferential and/or least well 
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expressed lineaments which were nevertheless thought to be signifi- 
cant. Although the mixing of observation and inference was avoided as 
much as possible, there are numerous instances where designations are 
interpretive. The relative importance of a structure or structures may 
or may not be directly related to its strength of expression. There- 
fore, my map can only serve as a guide or framework into which the in- 
ferred structure and history of the dacite or subsurface may be refer- 
red. 

Within the main dacite mass, zonal variations, pumice frag- 
ments (ratio of length to width) and structure studies have been com- 
pleted by D. W. Peterson as part of his U.S.G.S. mapping in the Sup- 
erior 7½' Quadranqle and also as part of his doctoral thesis at Stan- 
ford University (1). Planar structures in the dacite were mapped by 
Peterson. These are thought by me to be relatively undistrubed flow- 
age planes which have sometimes been affected by later faulting with 
the apparent steepening of many dips. Initial dips within the dacite 
probably vary from zero in the central portions of the main mass to up 
to 45°+ on the margins (verified? by drilling in dacite southwest and 
west of Power's Gulch). Dips and strikes were found to vary widely in 
very short distances, but as gross characterizations, dip and strike 
symbols were found to be generally reliable. Dr. Peterson's published 
works represent the first extensive study of the "Dacite", and his map- 
ping is included, with modifications by me, as Attachment C submitted 
with Addenda A (Report on Pumice Ration, Dacite Depths, etc. to Mr. 
James D. Sell, April 20, 1971), and included for reference purposes 
with this report as are Attachemnts A and B. 

The readily observable relations as; strongly expressed 
faults, abru0t color changes, pumice fragment plattenlng, etc., have 
been adequately discussed in his dissertation and as part of his U.S.G.S. 
mapping. A generalized discussion and mapping by Peterson were also 
included as Appendix A in Addenda A. 

My own work indicates that numerous additional lineaments 
are present. These I interpreted to be fault sets and grouped into 
systems. Those faults mapped by me often had indeterminate displace- 
ments. No real order, sequence or relative significance was evident 
to me upon termination of my study. The reasons for this included the 
fact that faults displacing the same rock type or units and often ob- 
scured either by soil cover or by a very strongly developed joint set 
in the dacite, were extremely difficult to analyze, With this in mind, 
I conducted a study of structure(s) in the region to attempt to find 
a pattern or system of fracturing. Ultimately, this lead to a deter- 
mination of structural events which I believe are significant with re- 
spect to mineralization localization and a more correct understanding 
of its controls. 

@ 
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Table one represents my i n te rp re ta t i on  of d r i l l  hole logs fo r  
d r i l l  holes in the Dacite. These were used as an aid in determining 
s ign i f i cance of f au l t i ng  In the Dacite and also as an i nd i ca to r  of  pre-  
Daclte rock uni t  occurrences and/or depths. 

O 

DRILL ~!0LE 

No. i 

DEPTHS (in Ft. )  

o - 550 

550 -;1020 

1020 - 1785 

1785 - 2210 

2210 - 3040 

3040 - 4011.5 

4OII.5 

TABLE THREE 

DE S I G,~AT I ON 

(DCA-I) Haunted Canyon 

UNITS 

dac i te  

COMPANY 

Miami Copper/ 
Superior Oil 

THICKNESS (in Ft.) 

550' (tuff?) 

dirty white felsite (dacite tuff?) 470' 

Tev (Earl ier volcanics) 765' 

Andesite (Basaltic andesite?) 465' 

Whitetail Conglomerate 830' 
(volcanic fragments?) 

Whitetail Conglomerate 971.5 
(sedimentary clasts) 

TOTAL DEPTH 

No. 2 (DCA-2) Pinal Ranch North 

DEPTHS (in Ft . )  UNITS 

O - I095 

1095 - 1270 
dacite? ~ acite 

hyolite?(dacite tuff unit?) 

1270- 1471 (initial stopping point) Whitetail Conglomerate~ 

I 1471 - 1525 (+lO'?) Whitetail Conglomerate _~ 

1525 (+ I0'?) - 1772 

1471 

Pinal Schist, Schultze granite, 
and gneiss. O.O5-0.IO Cu 
TOTAL DEPTH (INITIALLY) 

Miami Copper/ 
Superior Oil 

THICKNESS (in Ft.) 

1095 ' 

175' 

255' - 265' 

O 1772 TOTAL DEPTH (FINAL) 
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DRILL HOLE 

No. 3 

DEPTHS (In Ft.) 

O - 1400 

1400 - 1415 

1415 - 1490 

1490 - 243O 

2430 - 3000 

3ooo 

DESI..C,~TION 

(DCA-3) Plnal Ranch South 

i -  - "  - |  - " 

COMPANY 

Miami Copperl 
Super ior  011 

dacite 

UNITS 

~ ac i te  

I v i t rophyre  1490' 

~ d a c i t e  t u f f  

basal t  or  basa l t i c  andesite 

THICKNESS (in Ft.) 

1400' 

] ,s 
K. 75' 

940' 

Whitetail Conglomerate 570' 

TOTAL DEPTH 

. 0  

DRILL HOLE 

DEPTHS (in Ft.) 

0-- 1025 

1025 - 1086 

1086 - 2939 

2939 - 3475 

3475 

DESG I h'AT I ON 

Devil's Canyon (I.C.C.C.) 

dacite 

UN ITS 

Itrophyre & tuff 

Whitetail Conglomerate 
(db, sch, md) 

Pinal Schist & Diabase 
(barren, unaltered, broken) 

TOTAL DEPTH 

COMPANY 

Inspiration Con- 
solidated Copper Co. 

THICKNESS (in Ft.) 

flO25 ' 

I086' ~,. 61' 

1853' 

536' 

0 

DRILL HOLE 

OF-IA 

DEPTHS (in Ft.) 

0 - 1635 

1635 - 1670 

1670 - 1790 

179o - 1995 

1995 - 2050 

DESIGNATION 

(Oak Flat  North) 

Dacl te 

UNITS 

I 
a c i t e  . 

itrophyre 

acite tuff 

1790' 

(Earlier volcanics?) 

Earl ie r  volcanics? 

V o l c a n l c ?  Conglomerate 

COMPANY 

Kerr-McGee 

THICKNESS (in Ft.) 

~ 635 ' 

35' 

120 ' 

2 0 5  ' 

55' 
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J. D. Sell 

(continued) 

DEPTHS (in Ft.) 

2050- 2150 

2150 

- 5 -  

UNITS 

basal t ic  andesite 

TOTAL DEPTH 

THICKNESS (in Ft.) 

I 0 0 '  

DRILL HOLE 

DC-1 

DES IGUAT ION 

(Devil's Canyon) 

COMPANY 

Kerr-McG ee 

0 

DEPTHS (in Ft.) 

0 - 1130 

1130 - 1160 

1160 - 1165 

1165 - 2303 

2303 

DRILL HOLE 

M-I 

DEPTHS (in Ft.) 

0 - 1800 

1800 - 1830 

1830 - ]890 

1890 - 1900 

1900 - 2402 

Dacite 

DES I G,HAT ION 

(M-I) 

Dacite 

UNITS 

fdac ite 

v i t r o p h y  re 

L t u f f  

Whitetai l  Conglomerate 

TOTAL DEPTH 

UNITS 

~ i  aci te 

i t rophy re 

~ t u f f  .. 

tuffaceous? conglomerate 

basalt ic andesite 

1165'  

THICKNESS (in Ft.) 

'i 130' 

30' 

5' 

1 38' 

COMPANY 

Cont inenta] 
Material s 

THICKNESS (in Ft.) 

~ 800' 
"1890 " )  " 30 ' 

I 

" I0' 

502 ' 

0 
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I found it convenient to group structures (faults) into 
erght systems. Although the structures studied were usually faults, 
there were additional structures; synclines, anticlines, blocks, dip, 
strikes, etc., which were utilized to determine the proper groupings 
into systems. An extensive review was also conducted of the liter- 
ature to attempt to determine the most accurate description or delim- 
itation for systems which might be present, as well as, their ages 
and/or significance. 

The systems chosen were: 

1) N 75 ° W + IO ° 

2) N 30 ° W + 15 ° 
m 

3) N - S  

4) N 30 ° E + IO ° 
M 

5) N 50 ° E + IO ° 

6) N 60 ° E 

7) N 70 ° E + lO ° 

8) E - W  

Although this can be interpreted as being little more than a 
listing including nearly the entire span of compass directions, depend- 
ing on orientation, I have concluded that this is usuable and neces- 
sary to characterize faults in the Globe-Superior Distric,t, especially 
with reference to the fault network in the dacite and subsurface. I 
formed these systems after their applicability was tested within the 
area and also by comparison to trend determinations in adjacent dis- 
tricts and world-wide. In particular, I relied heavily upon the works 
of P. C. Badgely, M. P. Billings, Moody and Hill, and E. D. Wilson in 
setting up these systems. 

The dacite mass does not lend itself readily to this type of 
classification, in that, post-dacite faulting apparently does not have 
comparable displacements as adjacent areas with rather complex settings. 
The dacite has not been faulted to the extent that adjacent areas, such 
as the Globe Valley or Superior Basin, have been. However, displace- 
ments on the order of 250+ feet have occurreG in the dacite along north- 
south trending faults. Evidence of low-angle faulting in the main dacite 
mass has not been found by me. Yet, thrusting is of great significance 
in the Globe District (on the Globe Hills and Globe Valley structural 
blocks), where Older Precambrian Madera Diorite overlies dacite and 
Whitetail Conglomerate. 

I am confident that the faulting pattern extant in pre-mineral 
rocks and the mechanisms for their formation are valid and utilizable to 
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interpret the pattern of faulting found in the dacite. Additionally, 
this analysis can be used to interpret the depths to pre-minera| rocks 
underneath the dacite. Although sufficient controls are not present to 
provide an "accurate" depth determination, the basement configuration 
can be at least approximated as was done in Attachment A (Report to 
W. E. Saegart, April 16, 1971). This analysis will be of greater value 
when additional controls (drill hole data) become a~ailable, as an aid 
in determining relative fault movements and their significance. 

The following is a general discussion of the control(s) and 
nature of each system, as understood by me. The systems have had a 
long history and some reorientation has surely occurred; there is also 
the great probability that at different times the stress orientations 
have been sufficiently different to cause a lower order (weaker or less 
well expressed) direction to become primary or very strong at a later 

date. 

The N75°W +lO ° system (those faults whose trend are in this 
range) is thought to--be a control for igneous activity and ultimately 
of mineralization. This is probably an en echelon system of fractures 
with generally left lateral slip. Rotational movements have caused 

this system to appear right lateral after erosion stripped tilted blocks 
on either side of the fault(s). This has been a continuously active 
zone which probably reached a high point in significance at peak tec- 
tonic periods. For convience, I will refer to these periods as the 
Larimide, Early mid-Tertiary, Late mld-Tertiary and Pasadenan. This 
system has been recognized to be of great significance in the Mineral 
Mr. area, Ray, Mineral Butte, Pinal Ranch Quadrangle, west of Superior 
and in the Powers Gulch-Carlota area. In the dacite, elements of this 
system include the Conley Springs fault and those faults to the north and 
south having this trend. This zone represents a predominantly slip- 
strike set which has deformed or controlled all rock units encountered 
as; in the Pinal Schist it is evident in foliation changes; in the dia- 
base the system acted as an available conduit; the Paleozo[cs are brec- 
clated, etc. The system in post-Larlmide, probably both mid-Tertiary 
and Pasadenan, time has served as a breaking or tearing system across 
which major displacements have occurred with greater dip-slip compon- 
ents evident, as: Cactus-Carlota Kelly Fault Zone, the Conley Fault, a 
fault north and west of Hutton Peak, etc. 

The N30°W +15 ° system is a major adjustment zone with rota- 
tional and/or translational displacements of blocks or units. This 
trend was tensional in nature in Larimide times with infilling of 
Schultze Granite and subsequent mineralization occurring in the Miami 
to Sutton's Summit area. This trend of hypogene - early mineralization 
can be expected to continue underneath the dacite. Mid-Tertiary fault- 
ing along this zone, as well as Larimide faulting, occurred as both 
major high-angle faulting and high-angle faulting along numerous smaller 
faults whose combined displacements are very large (on the order of lO00+ 
feet). The mid-Tertiary faulting in this system served as basin or up- 
lifted block terminations. This had a consequent control on Whitetail 
and/or Earlier Volcanic accumulations. 
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The very largest displacements on this zone have occurred in 
post-dacite, Pasadenan (10xlO u M,Y. to Recent) times. 

The N-S +15 ° (north-south) system is known to be the latest 
active fault syste~ and has a "step-fault" pattern in the dacite. This 
system is the most well expressed in the dacite and has been mapped in 
part by D. W. Peterson. These faults may be generally described as a 
series of step-faults across which the dacite and underlying units have 
been progressively down-dropped inward towards a low area or graben 
trending N-S in the vicinity of Devils Canyon This system has often 
had a major displacement propogated along either the N-30°W or N3OUE 
systems as is evidenced in what has been sometimes termed the Basin and 
Range trend (N30°W)t and in the district by local displacements on the 
Miami Fault. The southern part of the Concentrator Fault, the west 
branch of the Gold Gulch Fault (near Castle Dome, and the broader Pinto 
Creek Fault zone well expressed to the south in the Ray vicinity and 
north from the junction of Haunted Canyon and Pinto Creek are in this 
system. The major displacements now evident in this zone may well be 
not as significant as pre-dacite movements, this is evident from the 
controls of Whitetail deposition it has exerted and also by the weaker 
expression near the center of the dacite of this zone when compared to 
areas north or south. However, this system has effected what are loc- 
ally very important displacements and regionally even larger ones. 
Evidence for a pre and post-dacite age for this system is found in the 
north-south trend to tho dacite and Whitetail Conglomerate "syncline". 
The axis of this "syncline in Tertiary units" is thought to be along 
the trace of Devils Canyon. Asymmetry of this structure is indicated 
from calculated and drilled dacite depths. The dacite apparently is 
thicker on the west limb and gradually thins to the east and west from 
this axis. 

Over lO00 feet of Whitetail Conglomerate is exposed north of 
Ray; I138+ feet are indicated in drill hole DC-I; 1801+ feet of con- 
glomerate(s)? were intercepted in drill hole DCA-I. This accumulation 
of Whitetail Conglomerate and/or a Volcanic conglomerate (to the north) 
has been labeled by me as a Tertiary Trough in Attachment A. The N-S 
faulting has down-dropped dacite in the Ray vicinity and in areas ad- 
jacent to the main mass (west of Magma Mine). This system of faults 
have had lateral or strike-slip displacements in the Magma Mine area 
where they are left-lateral. From the Magma Mine area to the east 
these faults generally have the east side up~ this is evidenced also 
both by the Older Precambrian rocks exposed east of the dacite and by 
a gradual thinning of the dacite to the east of Devils Canyon. 

The N30°E +15 ° f a u l t  system has had recur ren t  movements along 
some segments up to v--ery recent t imes (West Branch of  the Gold Gulch 
Fau l t ,  near Miami on the Miami Fau l t ,  in the Powers Gu l ch -Gr i zz l y  Mnt. 
f a u l t e d  area, e t c . )  - but ,  the g rea tes t  displacement along t h i s  system 
apparen t l y  occurred previous to the ex t rus ion  of the main dac i te  mass 
w i t h  the consequent format ion of  a "b lock  t rough" .  This t rough p ro -  
bably t rends approx imate ly  N30°E and under l i es  the nor thwest  p o r t i o n  
of  the main dac i te  mass. This break is not we l l  expressed in the dac i te  
and the f a u l t i n g  is only  occas iona l l y  we l l  expressed in surrounding 
areas.  However, the dac i te  mass does show a "break  in topography or  
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or relief" with this trend from the Powers Gulch Area in the H&Jnted 
CanyonQuadrangl~ to the southwesterly turn in the Queen Creek drain- 
age. Drill hole data supports a block trough designation as evidenced 
by drill holes DCA-I, OF-IA and M-l. DCA-2 and OF-IA had intercepts of 
Earlier Volcanics immediately underlying the dacite. M-I, as logged 
by me, contained no rhyolitic or glassy fragments from the upper Earlier 
Volcanics. A basalt or basaltic andesite was encountered in these holes 
however, which I consider as subdividable from the Earlier Volcanics; 
either as a Lower Earlier Volcanic unit or as an independent rock for- 
mation. These three drill holes, the outcrop pattern for Earlier Vol- 
canic units (on the northwest side of the dacite) and a field examin- 
ation in the Haunted Canyon area, suggest that this may well be de- 
scribed as a block trough with the northeast corner of the trough or 
block downdropped relative to the other corners. A significant amount 
of tilting is evidenced by the dips of units within the Earlier Vol- 
canics as well as by the dips found in portions of the dacite mass. 
Significant (830? feet in DCA-I) amounts of a conglomerate, tentativel,y 
labeled as volcanic conalomerate to differentiate it from Whitetail 
Conglomerate (containing? volcanic Fragments) may have accumulated in 
this trough. 

The N30°W system has been largely overprinted or obscured by 
later N-S faulting, but Hugh Olmstead noted an important conduit afford- 
ed by this system (either along a portion of or parallel to the Miami 
Fault) for the strongest hypogene mineralization in the Miami-lnspira- 
tion ore bodies. 

The N50°E +lO ° system can be found to vary in strength and 
trend, however, it trends most often N45-55OE. This system includes 
the Sleeping Beauty fault zone and numerous others. It also is the 
trend for the linearly controlled intrusives in areas adjacent to the 
dacite such as the Manitou Granite, the Willow Springs Granodiorite 
and Lost Gulch Quartz Monzonite. I considered this trend to be strong 
and of sufficient importance to conduct an extensive analysis of pub- 
lished maps of the area and at least briefly describe those elements 
I felt were most important in this system• This analysis is included 
as Appendix F, this report (Appendices A-E were included with Addenda 
A report to J. D. Sell, April 20, 1971). 

The N60°E system may actually be considered as either a sub- 
system to the N50°E +lO ° or the the N7OOE +lOO systems The importance 
of this trend in the published descriptions of the Christmas, Ray, 
San Manuel, Copper Creek and other districts lead me to consider this 
as a separate system. This system of ~ractures has served as a con- 
duit for mineralizing fluids and as a locus for mineralization in areas 
adjacent to the dacite (Miami-lnspiration, Castle Dome, Copper Cities, 
Diamond H, Globe Veins) and in all probability should also serve as 
such beneath the dacite. The long axis of the Schultze Granite also 
has approximately this trend. To the northeast of the dacite the loc- 
alization of  t h e M i a m i - l n s p i r a t i o n ,  L ive Oak, Miami East and o t h e r  de- 
p o s i t s  around a nose or  lobe of  the Schu l tze  Gran i t e  may represen t  the 
I n t e r s e c t i o n  of  t h i s  long ax is  or  zone w i t h  the n o r t h e a s t  " c o r n e r "  o f  
a b lock ,  now represented by the Pinal Mounta ins .  The s o u t h w e s t e r l y  
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projection of this axis, which may also represent the "tear" or major 
break of a northwesterly trending Pinal Mountains Block (N30°W trend?), 
d-ould again encounter the northwest "corner"or structural setting under- 
neath dacite cover; and there, may also have allowed the formation of a 
lobe or nose in the Schultze Granite. From such considerations, plus 
the projection of the Silver King intrusive complex and Superior min- 
eralization trends, I have concluded that the highest probability for 
ore-grade mineralization occurring will be found at or near drill hole 
M-I or drill site CE-2. Possibilities for a larger deposit or group 
of deposits "wrapped" around a rather narrow nose or lobe in this vic- 
inity (substantially as indicated by J. D. Sell on his "Generalized 
Geologic Map for the Superior East Project", ASARCO map no. 2271) are 
excellent. The lobe(s) of the Schultze Granite will probably be sim- 
ilar to those encountered to the east northeast and as such, will pro- 
bably be smaller than the projected nose area shown on Sell's map. 
However, insufficient subsurface data is presently available to indi- 
cate exactly where this lobe or others will be located. 

The N70°E +I0 ° system is most important as a locus for Gran- 
ite Porphyry intrusions. The small difference in trend between this 
trend and the N60°E trend of strongest mineralization, or other conduits 
and/or sites for mineralization, is considered valid and of great sig- 
nificance. The small angle difference often found between major struc- 
tures and secondary-tertiary auxiliary strains is found both on the 
mega and micro scales. I do not have an adequate explanation for 
these angular relations (labeled "oblique trends" by me) between major 
and minor fracture systems. I believe, however, that this may be the 
result of reor, iented stresses and strains in the manner indicated by 
Moody and Hill (G.S.A. Bull, Vol. 67, pp. 1207-1246). 

The E-W system of faulting is not very strong in the dacite. 
It is the trend of the Magma Vein and numerous other veins and/or 
faults in the Superior area and has played an important part in the 
structural deformation of the region. This system is considered by me 
to be a "complementary" fracture direction, complementary to the N-S 
+15 ° system. It too probably represents a direction of "tensional 
7elease", i.e. of normal faulting. As with a11 these systems, deform- 
ation along them has taken place along previously extant faulting 
planes; as such, displacements are either taken up by numerous smaller 
faults and/or available faults in other systems (especially? N75°W +lO ° 
or N30°W +lO ° as high angle displacements, i.e. normal and less ofte~ 
reverse faulting). 

Only a slight reorientation of IO-15 ° would cause one to 
classify faults in this system, or any other, in another group. How- 
ever, this does not appear to have occurred except very locally. This 
reorientation is significant for structures of a Precambrian age but 
is not considered significant (except at the local scale) in the Lar- 
imide or Pasadenan. 

My recommendations for further work on and/or use of this data 
are included, in part, in Addenda A. The maps prepared (Attachments A, 
B, and C) are usable to give preliminary drill cost estimates and also 
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to select drill sites. I would suggest, if it has not already been done, 
that drill sites be selected on the "shallower" or up side of faulted 
units even if these do not immediately overlie the area of interest. In 
this manner, drilling monies will be spent less quickly and a large 
amount of economic-geological information will be made available. I 
would also suggest that the configuration chosen eventually give a 
grid pattern although not necessarily drilled in a set or predetermined 
sequence. A case in point is DCA-2 which was drilled near an area in- 
dicated by Peterson's mapping to have a thinner dacite cover. A "step" 
sequence of drilling may also serve to check those interpretations made 
to date without having to drill the deeper areas unless favorable in- 
dications (alteration, mineralization, etc.) point in that direction. 
Down hole I.P. and/or other geophysical methods should be run to rend- 
er additional data from single drill holes. 

GSB:sh 
George S. Barnett 

O 

O 
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Note on Method 

0 

My delineation of all major zones begins in the upper- 
most portion of the map (North for North-South, NE for Northeast- 
erlies; I%/ for Northwesterlies). I began noting them from the 
west edge of the maps to the east. 

Because the area had p r e v i o u s l y  been mapped, I c o r r e l -  
ated my p h o t o - g e o l o g i c  study to  t h e i r  f a u l t  t r a c e s .  At t imes my 
f r a c t u r e - p l o t s  were not e x a c t l y  in Line w i th  those f a u l t s  p l o t t e d  
on the ground.  In these ins tances ,  I s u b s t i t u t e d  those mapped f o r  
my own. 

O 
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STRUCTURES AND THEIR IMPORTANCE - HAUNTED CANYON QUAD. 

M_ajor Structures and/or Their Indicat!on 

0 

The Kennedy fault must be considered the most prominent fault 
in the quadrangle. Along a major portion of this fault, all post-Ruin 
Granite and Diabase (younger than R.Gr.) units have been removed by up- 
lift and subsequent erosion. Younger Precambrian units are exposed to 
the southeast of this fault, with progressively younger units exposed 
to the southeast until one encounters the Pinal schist, and diabase in 
Power's Gulch. Therefore, the suggestion is that a southeastern limit to 
the Pinto Creek structural block must be located north and east of Power's 
Gulch. I would suggest that this boundary or boundaring structure is re- 
presented by the northwest contact of the Dacite and Earlier Volcanics 
and well expressed where Haunted Canyon turns from a southeasterly course 
to a northeasterly one; soon thereafter Haunted Canyon junctions with 
Pinto Creek. Pinto Creek probably represents a major zone of N-S fault- 
ing in the dacite plateau and along the eastern edge of the dacite. 
Devil's Canyon may well be a reflection of this N-S trend. 

(Pinal Mts. as center point to arcuate zone of mineralization of great- 
est significance?) 

To the NE in the vicinity of Horrell Creek the Kennedy fault 
is offset by a structure or structures trending approximately N 40 W. 
A N-S Horst block of pCds and pCm is exposed in Qtg in the NE portion 
of the quadrangle. 

0 
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NAME: 

DIRECTION: 

SIGNIFICANCE: 

AGE: 

SPECIAL NOTES: 

Kennedy Fault 

Northwest corner Haunted Canyon Quad. Forming boundary 
between Ruin Granite to the northwest and younger rocks 
to the southeast. 

The Kennedy Fault represents a major fault separating the 
Campaign Creek Block to the northwest from the Kennedy 
Ranch Block to the southeast. No Paleozoics are shown 
northwest of this fault. Nor are the major bodies of 
diabase shown to the southeast present. The abundant 
outcrops of R~C shown in the northeast portion of the 
block, across the Kennedy Fault, indicate a southwest- 
erly dip. However, the progressively younger formations 
exposed to the southeast indicate that the southeasterly 
dip of the formations and/or blocks is of much greater 
importance. 

Precambrian - only by comparison to parallel trends. 

Laramide None evident. 

Tertiary - The Kennedy Fault appears to cut the Haunted 
Canyon Caldera and displace earlier Volcanic units. This 
would place the age of the Kennedy Fault within the last 
20 MY, i.e., probably Quaternary rather than Tertiary. 
The fact that the Haunted Canyon Caldera limits turn into 
this fault, suggest that it was also pre-caldera, in part. 

@ 
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• NAME : 

DIRECTION: 

L OCAT I ON: 

SIGNIFICANCE: 

North East J K Mnt. N 1J0° 57'30" 

N-50 E 

Scanlon Tunnel to Barnes Tunnel. Horrel Ranch. West Pinto 
Creek to House Rock Spring, S.E. of Government Hill. 

Possible locus for db-rgr contact to N.E., Apache Group to S.E. 
No Paleozoics. Devore Wash probably parallel bo~mding structure. 
Cut off by West branch Gold Gulch Fault. Whitetail affected 
by N.E. trending faults along S.W. line from Horrei~ Ranch. 
Not an affector of dacite. 

AGE: 

SPECIAL NOTES: 

Pre-Cambrian - 

Tertiary 

db-rgr contact locus 

qmp-Tev contact; No Whitetail to S.W. of 
Kennedy Ranch Road; minor outcrops of Tw 
do occur to N.E. Whitetail faulted to 
E.N.E. Nothing readily apparent in Td or 
Tev? 

O 

O 



0 

NAME : 

DIRECTION: 

LOCAT I ON : 

SIGNIFICANCE: 

AGE: 

SPECIAL NOTES: 

Devore Wash 

N - 50E 

A major drainage in Granite Basin; multiple parallel faults 
to N.W.; Middle Haunted Canyon, S.E. of Ripper Spring. 

Forms db-sch contact and elongation; Forms S.E. edge Haunted 
Canyon Caldera; major parallel faults also in area, some 
homoclinal or monoclinal? flexturing in Tony Ranch area. 

P re- Camb r i an db - localization of sch-db contact 

Post-Pliocene = 20 M.Y. Post dacite faulting, forming So. 
boundary of Haunted Canyon Caldera. 

0 
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NAME: 

DIRECTION: 

LOCATION: 

SIGNIFICANCE: 

AGE: 

SPECIAL NOTES: 

Lower Haunted Canyon Zone. 

N 47°E (May be N49°-50°E) 

White Tank Sp.; Webster Mnt. (S.E.), Lower Haunted Canyon~ 
Laramide? Felsite of Silver King area. 

Forms repeating Paleozoic section N.E. of Ruin Basin. Partial 
control of Gerald Wash flowing into Ruin Basin. Controls (?) 
northern contact of Td and P~e-volcanic units, generally. Forms 
Lost Gulch qm-db and Pioneer contact. Probably N-Easter running 
into the west branch of Gold Gulch Fault. S.W. dp (between 
Pinto and Powers Gulch) controlled by it? Lower portion of 
Haunted Canyon localized by it? Td-Tev contact. Tev and 
Paleozoics contact. Felsite localizer, as well as some con- 
tacts of qd in Silver King area. Pod of qd, N.E. of main qd 
mass, also along it. 

Probably Pre-Cambrian as with parallel set. Some Laramide(?) 
activity as in felsite and qd locus, as well as Lost Gulch qm. 
Tertiary activity appears minimal although probably evidenced 
by N.E. fault trend into West Gold Gulch fault. 

r ~,q 
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- NAME: 

DIRECTION: 

LOCATION: 

SIGNIFICANCE: 

AGE: 

SPECIAL NOTES: 

Siphon and Myberg Basin Zone 

N-40E 

Siphon Basin to Myberg Basin, Continental Tunnel, Duquesne Spring, 
Grissly Mnt., Powers Gulch Pb-Zn veins and Sch-Tertiary Volcanics 
contact. Portions of Tev-Td contact. Middle part of Silver King 
Wash. 

S.E. terminus of Ruin Basin, locus for Ruin-Diabase contact; 
Silver Bell shaft. Martin-Escabrosa repeat of section. Not 
expressed in Td Flat Top Mr. Paleozoics S.W. side of Granite 
Basin show little evidence although complex faulting pattern 
probably represents it. Juniper Flat may show some evidence - 
canyon cutting. Escabrosa and Martin at Continental Tunnel. 
N.W. limit to Castle Dome ore body? Abundant faulting in Gold 
Gulch. Also abundant faulting N. N.E. of Grizzly Mt. Turning 
of Kelly Fault zone may be evidence of control also. Pb-Zn 
veins in sch and db parallel trend. May be slightly expressed 
in Tev-Td contact - northwest of section 15 and 16. Silver 
King mine and related intrusive are slightly east of zone (may 
be reflecting more N.E. intersections with zone). "Middle" 
portion of Silver King Wash seems localized by this zone. 

Pre-Cambrian - by comparison to o t h e r  p a r a l l e l  zones and 
rg r -db  c o n t a c t .  

Laramide c o n t r o l  may be exemp l i f i ed  by S i l v e r  B e l l ,  Con t i nen ta l  
and S i l v e r  King d e p o s i t s .  

0 
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NAME • 

DIRECTION: 

LOCAT I ON : 

S IGNI FICANCE : 

AGE: 

SPECIAL NOTES: 

Sleeping Beauty fault zone. 

N 52 ° E (O1mstead = N 55 ° E; N.P. Peterson = N 60 ° E) 

Sleeping Beauty fault, N. of Day Peaks, Manitou Hill?, Town of 
Superior. 

Locus for db-lgm contact. Termination of gp. Parallel structures 
west of Copper Cities mine. North of Day Peaks (Td) examplified 
by abundant faultino in Me-Dm-lam relations overturned bedding, 
etc. Trace appears jostled in Castle Dome Area but W.S.gd. lies 
along trace as well as PC M.gr. Swede Vein and Schultze Granite 
outcrops may reflect control of this zone. No obvious controls 
were expressed in Superior area. 

Pre-Cambrian Iocalizer of PC.M.gr. - sch contact 

Laramide - Igm-db contact Iocalizer; Igm and Willow Springs 
granite locus. 

Tertiary - Minor, fractures W of Copper Cities. 

@ 

@ 



0 

0 

NAME: 

DIRECTION: 

LOCATION: 

SIGNIFICANCE: 

AGE: 

SPECIAL NOTES: 

Jewel Hill - Money Metal zone 

N 45 ° E 

S.W. in section 31, N.E. of Sleeping Beauty Peak. 
Money Metal shaft, Jewel Hill, Carlota Mine, Kings Crown. 

N and E of Sleeping Beauty Peak~ forms repeating of Me section 
dp adjacent to zone WNW of Sleeping Beauty Peak. Money Metal 
shaft vein along it. Nothing readily apparent in Potato Patch 
area. gp in Jewel Hill area at intersection of E NE zone with 
N 45 E zone. gd in Castle Dome area also transverse to it. 
Sch-lgm contact localized along it. The Pinto Shaft, if shifted 
to the NW (rocks change from Paleozoic to Pre-Cambrian in Kelly 
Fault zone), would lie along this zone along With Carlota Mine. 
Numerous mapped faults in db. Black Bess shaft proper is also 
lying in this zone. The majority of the dacite plateau show 
little expression of this zone. Where the zone is projected to 
exit from under the plateau to the E NE of the Apex Mine, a 
NW trend is much more predominent. The terminus for these N~ 
as well as the repetition of dacite may reflect this trend. 

Pre-Cambrian - suggested by db - Apache Group contact. 

La ram i de dp N:NV/ of Sleeping Beauty Peak - Castle Dome 
ore body Carlota, Pinto and Black Bess shafts. 

Superior Deposit said to be localized in gentle syncline. 
Peterson also notes synclinal folding south of King's Crown. 
These synclines plunge to the east. Jewel Hill NE of Castle 
Dome show a definite synclinal structure with an indeter- 
minate plunge, trending N 50 ° E. The NW limb is bounded by 
db and consists of PC ps?, Dm, Me, Pn; Tw in center. The SE 
limb is also bounded by db and consists of PC~s, Din, Me, Pn 
with gp covered by Tw in center. 

0 
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NAME: 

DIRECTION: 

LOCATION: 

SIGNIFICANCE: 

AGE: 

Inspiration zone 

N 52 ° E 

N and NW of Moonshine Hill, Needle Mnt., N. Pinal Ranch, 

Queen Creek Mine. 

Defiance Vein, Vanadium. Relatively indistinct in Inspiration 
area. I suggest that later fracturing and movements obliterated 
most portions of the zone. I also suggest that the Inspiration 
"Block" must be shifted northwestward with possible some rot- 
ation to allow a more close relationship to become evident. 
Webster Gulch may reflect a control by this zone. In the 
Live Oak shaft area, the Barney Fault turns from a N-S course 
to a N.E. direction. Bronx Vein locus? The Tb, Sch-Tsg 
contact north of Pinal Ranch (a more fundamental N to N NE 
trend of the contact). The lower portion of Iron Canyon lies 
NW of this zone but does parallel it. The Queen Creek Mine has 
a series of overturned units in the Pn. 

Pre-Cambrian - Suggested on ly  by comparison to  p a r a l l e l  g ra in  
t raced p rev i ous l y .  

La ram i de - evidence weak, Bronx Vein System; Tb, Sch, and Sgr 
con tac ts .  More NEaster ly t rend to  f a u l t s  in the 
v i c i n i t y  of  Queen Creek Mine and south. 

T e r t i a r y  - Daci te is involved in some of  the f a u l t i n g  in the 
Barney f a u l t  area. 

0 
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NAME: 

DIRECTION: 

LOCATION: 

SIGNIFICANCE: 

AGE: 

SPECIAL NOTES: 

Miami Zone 

N 53 ° E 

South of Ramboz Peak, Town of Miami, Hutton Peak, Belmont Mine. 

Ramboz Peak is in the upper portion of the"Globe Hills" block 
as described by N.P. Peterson (13th N.MoG.S. 1962). I would 
suggest that the Globe Hills block be reated as a separate 
entity with regard to an analysis of structure, although a very 
close similarity of trend and occurrence is indicative of a 
possible common origin for fractures, I suspect shiftin~ has 
occurred along major slip-strike or oblique faults (striking 
N 30 ° W and Right- lateral?) North of Claypool - Miami pro- 
bably forms Bloody Tanks drainage. The Sch-sgr contact and 
Sch occurrences are probably relatable to this zone. In 
vicinity of Schultze Ranch, Sch again outcrops, Bloody Tanks 
wash also turns. The sch-sgr contact NE of Five Point Mnt. 
is probably also localized by this zone. The American Mine 
and veins North of tile Mercer adit also lie along this zone. 
It is also possible that the stream south of Hutton Peak is 
an expression of this zone, although the projection passes 
directly under Hutton Peak. A few streams on the Plateau seem 
to turn to parallel this zone although no major fracture 
patterns were recognized by me in my mapping. The north-easterly 
trending fractures in the Belmont Mine area. The Concentrator Fault 
takes a pronounced turn to the S.E. along this zone also. 

Pre-Cambrian - evidence lacking except by comparison to other 
trends. 

Laramide - probably localizer for Schultze-sch contact near 
Miami and to the S.W. Mercer Adit, American Mine, 
Belmont. 

Tertiary - Probably as underlying locus for Bloody Tanks Wash, 
Schultze Ranch Basin, Drainages on dacite plateau 
and turn in Concentrator Fault. 

The faulting - north of the Mercer Adit; in the vicinity 
of the American Mine; West of Hutton Peak; East of Devil's 
Canyon (GQ 818); in the Oak Flat area; in the Queen Creek 
Mine area and south to Belmont Canyon, may represent a series 
of en echelon faults with the east relatively,side up. 

O 
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NAME: 

DIRECTION: 

LOCATION: 

SIGNIFICANCE: 

AGE : 

Pinal Mountains and South 

N 55 ° E 

Southeast edge of Globe Hills Block (?), Pinal Mountains, 
Northwest corner Section 4, Mineral Creek, 6000' West- 
northwest of Hagen Rch. 

May form repetition of Td and Miss. Escabrosa south of Lea 
tunnels. Tgp southwest of Pinal Mountains probably lies 
long this zone. Numerous veins lie along this zone parallel 
to the Tgp occurrences. TheApache Group and diabase is 
also exposed southeast of this trend. 

Precambrian - by comparison to other trends and Pinal Schist 
fol iat ion (s). 

Larimide - T. Granite Porphyry 

Tertiary Gila Conglomerate drainage 

0 

SPECIAL NOTES: The Samse] ve in  and o ther  notheast  t r end ing  f r a c t u r e s  are 
very  much the predominant s t r u c t u r a l  t rends in the Pina] 
Mountains reg ion .  Drainages in the Pinal Sch is t  t rend 
in t h i s  d i r e c t i o n  as we l l  as f o l i a t i o n .  I t  is  a lso of note 
t ha t  poss i b l y  as much as 80% of the f o l i a t i o n s  d ip  to the 
nor thwest .  These N 45 ° - 55 ° t rends cont inue and seem to 
con t ro l  dra inage in the Gi la  Conglomerate a lso .  

0 



NAME: Jones Ranch - South Miami 

O DIRECTION: 

LOCATION: 

N 53 ° E 

Irene Fault area, Jones Ranch, S.E. of Alfred Springs, 
Pasquale Vein, N.E. corner section 19 T 2S, R 12 E. 

0 

SIGNIFICANCE : 

AGE: 

Zonal Control of most veins in Globe Hills block evident 
although this may be a shifted block. Irene Vein, Mineral 
Farms, New Dominion may be evidence of this zone. Poorly, 
if at all, expressed in Td of Globe Hills block or Qtg 
valley fill. May have formed contact for Solitude, Sch- 
Schultze Granite contacts. Pasquale Vein parallel to 
sub-parallel to this zone. Drainages across dacite plateau 
seem to follow this trend from Miami zone to the NW, to 
Jones Ranch - South Miami zone. Series of faults south 
of Pacific Canyon probab]y represent control by this zone. 
Penn. Naco is also outcropping well into dacite along this 
zone. 

Pre-Cambrian - evidence minor 

Laramide - locus for Irene vein? New Dominion, Solitude 
granite, Pasquale Vein, faulting on west side of dacite 
probably related to this period. 

Tertiary:- drainage control in plateau and Pn outcrops 
into dacite. 

0 
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NAME • 

DIRECTION: 

LOCATION: 

Ellis Vein - Black Rock Mine 

N 50 ° E 

4000' Southeast of Ellis-Henderson Ranches zone. 
Dominion Shaft, Ellis Vein, Red Rock Mine. 

Globe- 

0 

SIGN IF ICANCE: 

AGE: 

SPECIAL NOTES: 

Probably locus for Old Dominion workings and associated 
veins. Possible locus for northeast trend of Madera- 
Schist contact adjacent to Ellis vein. Tertiary granite- 
porphyry also probably localized by zone. Red Rock Mine 
and Cole and Goodwin Mines also lie on the projection 
of this zone. The lyons Canyon drainage also lies along 
this trend. The dacite does not exhibit any features 
suggesting a northeast break along this zone. However, 
to the southwest Tertiary Whitetail outcrops--dacite 
may be localized by this zone. 

Precambrian - pCmd - Pinal Schist outcrops. 

Laramide - Tertiary Granite Porphyry dikes localization. 
Vein system in Globe Hills Block. Veins of Black Rock 
and Red Rock Mines. 

Tertiary - None very apparent. 

0 
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NAME: 

DIRECTION: 

LOCATION: 

Ellis-Henderson Rch 

N 50 ° E 

William Shaft, Old Dominion, north of Ellis Rch., 
Northeast corner, Section II, T 2 D, R 13 E. 

SIGNIFICANCE: 

AGE: 

Possible relation to Old Dominion-Williams shaft, etc., 
Madera-Schist contact probably localized by this zone. 
Small squirt of Tgp near Henderson Rch. Veins southwest 
of Ellis Rch. probably localized by this zone as are Tgp 
dikes. Qtg. appears offset along this line and some v 
streams on the plateau seem to be localized along this 
zone. More Whitetail is exposed to the southwest. 

Precambrian - control of Madera-Schist contact. 

Laramide Old Dominion, Tgp, Williams Shaft. 

Tertiary - Secondary control of Whitetail and Gila 
outcrops. 

SPEC IAL :NOTES : 

0 

0 
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ATTACHMENT B 

EXPLANATION 

QUATERNARY 

E D B A ~ G,,° co.,one=re 
11 I TERTIARY 

I HI i l l /  ~ ~c. (2o my 
6oo0 ~ DC I I / l~°°°l ~ Eorher vok:onics (rhy~,htes, I otlteS, glot,es, vent units, etc)  

I I DCA-2 r~ Volconlc conglomerute (we(~thered eurfocelel or tuffoceous conglomerates) 

I , ~ . . . . .  [ ; "~- '~ .,,,go' o~t ot ~,c ~ ~ " -- ~ Bosolt or bosoltic andetllte (previously not dlfferentioted from Tev) 

" i . . . . . . .  " I "~ ~1 ~ '  ~i " Fr~' T ~ $ c h u l t z e  g r o n l t e  ( 6 3  n.y.) e n d  o t h e r  i n t r u e l v e e  (Tqmp, T q d }  

' i T w I ' L ' 2000' PALEOZOlC 

I L q - -  ~ - ~ -  / r C - 

. . . .  TKgr  ec I I TO A C C O M P A N Y ~ d i ~ / I ~ I  

I YOUNGER PRECAMBRIAN I DA rEDL~p~:t~ ]f~. Z~7 / 

'I * ' ill /!" --- -'I°nddb '+'- I°c°hon '~) °f hmlt i l l  blPIRI I ?i S "~' I L " "? / Ii I..B~'el I / I ~0 Level 

Apoche group 

Iocahon (~) of / / inferred Iocohone for mojor rock type changer 

~I E / D u Ca ' A' ~ i  ~''P Foulte 

MODIFIED AFTER JD. SELL, JUNE 1970 

TO A CCO M PA NY,~d~, ~ , t ' ~  7 

~o  IJvel 

(' 

NORTH. SOUTH SECTION 
(looking westl 

SUPERIOR EAST PROJECT 
Penal County, Arizona 

SCALE : I"= 2000' 

G . S . B ,  April, t9TI 

2 4 2 , 5  b 
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The general geology, s t r u c t u r e  and geo log ic  h i s t o r y  o f  the Giobe- 
Super ior  region have been descr ibed in numerous p u b l i c a t i o n s ,  however, 
a r e i n t e r p r e t a t i o n  of  some data,  r e l a t i n g  to the region,  and /o r  the 
o f f e r i n g  of  a few work ing hypotheses seems war ran ted .  I have s tud ied 
numerous geo log ic  fea tures  and repor ts  f o r  the area and be l ieve  tha t  
some data have been m i s i n t e r p r e t e d ;  a lso ,  I have c o l l e c t e d  s u f f i c i e n t  
data to compile a map at ] :250,000 scale f o r  the region (submit ted as 
Attachment F, t h i s  r e p o r t ) .  A r e c a p i t u l a t i o n  of  the geo log ic  h i s t o r y  
o f  the region is a necessary step in o rde r  to  prov ide a framework in to  
which s t r u c t u r e ,  tectonism and m i n e r a l i z a t i o n  may be r e l a t e d .  

I must preface my d iscuss ion o f  the regional  geology w i t h  the observa- 
t i o n  tha t  the i n t e r p r e t a t i o n ( s )  o f f e red  in many instances are sub ject  
to  the pre jud ices  and l i m i t e d  knowledge o f  the au thor .  Many i n t e r p r e -  
t a t i o n s  are t e n t a t i v e  and w i l l  be changed as more is known concerning 
the geology of  the reg ion.  Known geo log ic  fea tures  were observed and an 
at tempt has been made at p resent ing  not on ly  a p l a u s i b l e  exp lanat ion  
f o r  events and t h e i r  sequence, but a lso to present  what I cons ider  to  
be the best exp lana t ion  or  exp lana t ions .  These, would of  necess i t y ,  
c l a r i f y  r e l a t i o n s  now extant  in the reg ion .  

The o ldes t  rock u n i t  known in the region is the Pinal Sch is t .  The Pinal 
Sch is t  is a c t u a l l y  subd iv idab le  in to  a number of  sub-un i t s  (as by 
E. A. Schmidt in the Mineral  Mountain area, unpubl ished M.S° t h e s i s ,  Uni-  
v e r s i t y  of  Ar izona,  1966). These sub-un i t s  are now being mapped by the 
U.S,G.S. in an at tempt to  come up w i t h  a workable system. The Pinal Sch is t  
va r ies  w ide ly  in composit ion from very calcareous to q u a r t z - s e r i c l t i c  
or  r a re l y  of  near ly  pure qua r t z .  The sch is t  may be v a r i o u s l y  of  a l ime-  
stone, arkose or  r h y o l i t i c ,  q u a r t z i t e  d e r i v a t i o n ,  r e s p e c t i v e l y .  The Pinal 
Schist was intruded by the Madera Diorite (dated at ]730 M.Y. and/or 1540 
M.Y.) and possibly at this time by the Manitou Granite in Older Precambrian 
time. Tectonism previous to the intrusion or intrusions, which was pro- 
bably related to igneous processes, metamorphosed and folded the proto- 
Pinal Schist units into a series of northeasterly trending folds. This 
event has been referred to (most recently, by D. E. Lrvingston and 
P. E. Damon) as the Arizonan Revolution. Stress orientation was probably 
horizontal compression in a northwesterly or southeasterly line. 
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The intrusion of the Ruin Granite (Oracle Granite equivalent, both dated at 
1420 M.Y.) as a batholith in central Arizona is referred to as the Mazatzal 
Revolution. At least these two and probably a larger number of smaller 
orogenic and/or intrusive periods occurred in the Old Precambrian. 

In the Globe-Superior region, the contact between Pinal Schist and Ruin 
Granite is believed to be fairly linear and of fundamental significance in 
later intrusion and mineralization localization (N. P. Peterson, 1962). 
The Pinal Schist was faulted in a graben-like manner into a basement of 
Ruin Granite for the region from Miami-lnspiration to Ray. The trend of 
this graben, as determined by measuring the trend of the northern contact 
between Ruin Granite and Pinal Schist was approximately N70°E. This was 
determined for the area of schist and granite outcrops near the Superstition 
Mountains (in the west) to the schist-granite outcrops in the Copper Cities 
area. The southern contact is shown to be vertical to nearly so (in geology 
of the Porphyry Copper Deposits, Ray Mine, p. 181). The northern contact 
dips, where observed and as projected, generally as one would expect if the 
schist does in fact represent a graben with a distinct l inearity of east- 
northeasterly trend (NSO°E). This may have been followed by north-south 
compression (?) which caused major strike-slip faults, trending approxi- 
mately N30°W, to form. These faults were right lateral strike-slip faults 
which disrupted the continuity of the graben and similar structures pro- 
bably extant in other areas. Evidence for this is the assumed local re- 
orientation of segments of the schlst-granite contact to a more north- 
northeasterly trend (generally N45-55°E +IO °) i.e. as the Sleeping Beauty 
zone. It is my hypothes|s that this reorientation allowed a conjugate 
shear system to develop: also, that this event or occurrence established 
a fundamental pattern for strike-sllp displacement(s) in Younger Precam- 
brian time (Grand Canyon Disturbance) and later tectonic periods. One 
first order strike-slip direction was approximately N30°W and the primary 
or first-order "conjugate" strike-slip direction had a N45-55 ° ÷ IO°E di- 
rection (also an available slippage site because segments of th~ schist- 
granite contact now lay with this trend). Evidence has not been found by 
me to indicate whether or not this faulting occurred before or after de- 
position of the Apache Group. However, I am of the opinion that these fault 
systems also represented release directions subsequent to the formation 
of the "schist-graben" and, as such, also had a dip-slip component. 

Seas encroached upon an essentially featureless peneplain allowed deposition 
of the Apache Group. The epeirogenic uplifts which may have occurred and/or 
fluctuations in sea level controlled the nature of these deposits. Some 
acid volcanism may have also occurred during this time period (Shride, 1960). 
Extrusion of basalt flows covered the Mescal Limestone in many areas. The 
Troy Quartzite was then deposited unconformably upon this sequence. It 
is of note that no Troy Quartzite has been mapped north of the Magma Mine 
in the Superior Quadrangle and so this may have been a high area at that time. 

The Grand Canyon Disturbance may be the time span during which the N30°W 
and complementary structures (N45-55 ° + lO°E trend) were formed, or re- 
activated strongly, with the accompanyi--ng intrusion of diabase (dated at 
]140 M.Y. in the Sierra Anchas). The diabase did not spread significantly 
in Pinal Schist or in the Ruin Granite. However, some rather small sill-like 
bodies do occur in the Pinal Schist. Large areas of the Ruin Granite were 
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not intruded by diabase; this fact is probably a reflection of the relative 
differences in competence between schist and granite. The "competence 
difference" between Ruin Granite and Pinal Schist, as well as other factors, 
can be considered as of great signiflcance in the later localization of ore 
deposits in the region: the large ore deposits found to date have been in 
the schist (south of the northern Ruin-Pinal contact and north of the southern 
contact near Ray). The diabase formed extensive sills and dikes only in the 
Apache Group and Troy Quartzite (Shride, 1960). 

Cambrian Bolsa Quartzite was deposited unconformably upon these units after 
an apparent lapse of 540 million years (assuming If40 M.Y, date correct for 
diabase and 600 M.Y. for beginning of Cambrian). This time span has no 
known or inferred history. It is of note that the Troy Quartzite and much of 
the P~ecambrian Basalt had been stripped and/or not deposited in the Magma 
Mine area previous to the deposition of the Bolsa Quartzite. 

Ordovician and Silurian units have not been mapped in this portion, nor 
in the greater part, of Arizona. 

The Devonian Martin Limestone was deposited upon a surface of moderate 
relief which consisted predominantly of Bolsa Quartzite in the Superior 
area, but it is also found on Troy Quartzite (as hills ?), diabase, etc. 
The hills which may have existed probably had an east-northeasterly trend, 
but this is indeterminate. Sedimentation was apparently fairly continuous 
throughout the Mississippian and Pennsylvanlan-Permian Periods. Little or 
no record of igneous activity and/or tectonism has been found for this time 
period in this area, or for that matter, in Arizona. 

No rock units have been identified as Mesozoic, therefore, the area may well 
have been a source for a major portion of the sedimentary rock units of this 
age found in other portions of the state. Uplift and erosion may have 
occurred at this time with no structural interpretation possible due to the 
absence of rock units. 

The advent of Larimide tectonism may be represented by the numerous dioritic 
to quartz-dioritic dikes and stocks found in the region. The controls for 
these intrusions appear to be fairly local structures; as contacts, minor 
faults, etc, The Silver King diorite and its multiple phases may have been 
intruded at this time. The southern contact of the intrusive with premineral 
rock units is rather linearly controlled be a west-northwesterly trending 
structure or structural zone. The Silver King intrusive complex has not 
been dated, but dioritic to quartz dioritic intrusives to the south have 
been dated as Larimide (S. C. Creasy, 1968 and Damon, 1970). 

I have reviewed those dates presently available for this region and believe 
that not only do the dates published to date support a more unified concept 
for the intrusive history of the area, but also that the differentiation 
sequence suggests this also. Table four lists rock units in the immediate 
area and adjacent districts with the published dates for these units. I 
interpreted this data to possibly signify a general differentiation sequence 
from dioritic to granitic rocks with a sequential change in dates also. Of 
particular interest are some of the apparently "anomalous" dates (such as the 
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Schultze 58 or 60 M.Y. vs. Granite Porphyry 62 M.Y.) which do not agree with 
observed field relations. I would suggest that these dates represent 
thermal events which have reset the "radiometric clocks" of minerals in 
relation to their retentivity as well as the intensity of the event. The 
dates indicate a high(?) occurrence of dioritic intrusives for the region 
approximately 70-69-68 million years ago. With granodioritic or quartz 
dioritic intrusives occurring at 68, 67 M.Y. The quartz monzonitic in- 
trusives have a nearer relation to the 64, 63, 60 million year dates, The 
58 million year date on Schultze may reflect the aforementioned thermal 
resetting by Granite Porphyry 62 M.Y. ago. Although some dates do not 
conform to this sequence (as the quartz diorite at Christmas and others), 
it is highly probable that this is due to l) the different intrusion-controls 
present in this or any other district, 2) differences in rock classification, 
and 3) the dating of a different phase or phases of an intrusive. With all 
these limitations, age dating plus good geology can be used very effectively 
in the localization of favorable exploration areas in the region. 

The Willow Springs Granodiorite (dated ll7 M.Y.) probably antedates the 
more intense Early Tertiary igneous activity. This intrusive and the later 
Lost Gulch Quartz Monzonite were emplaced apparently following the trend of 
northeasterly structures and the foliation in the Pinal Schist. These in- 
trusions probably followed high-angle faults which were parallel to the 
first-order faulting direction established in Precambrian time. The Sol- 
itude Granite (Sg) was possibly intruded at this time. 

The Lost Gulch Quartz Monzonite in particular, seems to have followed the 
Older Precambrian fault contact between Pinal Schist and Ruin Granite, now 
possibly represented by the Sleeping Beauty fault zone. This zone has 
probably been active as late as the Plio-Pleistocene Epochs at which time 
basaltic magmas may have found access to the surface through this zone 
(this rock unit had previously been mapped as diabase). Alternately this 
unit may indeed be diabase lying across the contact (as is the case at Ray). 

Doming may have been associated with the intrusions of the Lost Gulch 
Quartz Monzonite, the granodiorite of Gold Gulch (place in time uncertain) 
and Willow Springs Granodiorite. However, basic controls in space of these 
intrusives are linear. This is evidenced by their outcrops and from in- 
terpretations made by N. P. Peterson, as well as his U.S.G.S. mapping. 

The intrusion of the Schultze Granite has been considered to be linearly 
controlled (T. A. Clary, 1970). This intrusion is considered by me to have 
been allowed ingress along an approximately N60°E line, representing the 
major break to the northwest of the Pinal Nountains which acted as a block 
or buttress. 

Previously extant east-northeasterly structures continued to exert significant 
controls on intrusive centers and/or mineralization (such as the Granite 
Porphyry and to some extent the granodiorite of Gold Gulch) in the Lost 
Gulch Quartz Monzonite and also in the Castle Dome, Copper Cities, Globe 
and Superior ore bodies. The Miami-lnspiration ore bodies probably are 
more closely related to cupola-like effects of the Schultze Granite in- 
trusion. Major copper mineralization is thought to have a genetic association 
to Granite Porphyry (N. P. Peterson, 1962, p. 36). As such, the strong 
N7OOE trend to the Granite Porphyry intrusive(s) is of great importance. 



TABLE FOUR 

0 
LOCATION 

Globe-Miami 

ROCK UNIT NAME 

Willow Springs 
Granodiorite 

Lost Gulch Quartz 
Monzon i te 

Schul tze Granite 

Granite Porphyry 

COMPOSITION AND/OR 
DATABLE MINERALS 

DATE 
(MILLION yEARS) 

(border facies is a If7 
granite~ k.spar, musc.) 

quartz monzonitic 64 
(2 phases) 

quartz monzonite 58 
60 

quartz porphyry to 
quartz monzonite 

63 

Ray Granite Mnt. Porphyry quartz monzonite 63 

Troy Troy diorite dioritic 71 

0 
Christmas 

San Manuel 

Quartz d i o r i t e  porphyry/ 

A l te red  g r a n o d i o r i t e  

Same as r o c k , u n i t  name 62 

Same as rock unit name 67 

Copper Creek Copper Creek 
Granodiorite 

Same as rock unit name 
to dioritic 

68 

Tortilla Mnts. Sonora d i o r i t e  Same as rock u n i t  name 69 

Red H i l l s  
D i s t r i c t  

Hackberry diorite 

Grayback granodiorite 

Grayback dike system 

Same as rock u n i t  name 68. 

Same as rock u n i t  name 63 

5 fac ies, ,  d io .  to  63 
q t z .  mon. porphyry 

0 
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The en t i re  Larimide period of tectonism, and/or m ine ra l i za t i on  may be con- 
sidered as stemming from a regional epe i rogen i c - l i ke  u p l i f t  w i th  under- 
ly ing  pockets or magma chambers associated wi th  a la rger ,  heated source. 
Each in t rus ive  in th is  area may be a por t ion  or segment of  t h i s  chamber 
which " b l e d - o f f "  through ava i lab le  s t ruc tu ra l  conduits and rose to an 
equ i l ib r ium leve l .  These in t rus ions  can also be considered to have occurred 
in pulses which changed in composition and tex ture  and culminated in quar tz -  
r i ch ,  m inera l i z ing ,  f l u i d  releases which were deposited at very near the 
same levels at which the p re -m ine ra l i za t i on  in t rus ives  came to res t .  This 
genera] u p l i f t  was modif ied by the complex s t ruc tu ra l  se t t ings  encountered 
at these shal lower depths (as compared to the s impler ,  s t ronger s t ruc tu ra l  
elements that  are capable of penetrat ing to depths of several mi les)  of em- 
placement and m ine ra l i za t i on .  

The in t rus ion of the Wil low Springs Granod ior i te ,  Lost Gulch Quartz Monzonite, 
S i l ve r  King d i o r i t e  and g ranod io r i t e  of Gold Gulch probably i n - f i l l e d  the 
most readi ly  ava i lab le  s t ruc tu ra l  conduits,  as the Sleeping Beauty f a u l t  
zone and/or Ruin Granite - -  Pina] Schist contact ,  w i th  the consequence that  
the l a t e r  in t rus ion of the much larger  mass of Schu]tze Grani te fo l lowed 
the previously mentioned N60°E break. This break was probably a consequence 
of the continued d i f f e r e n t i a l  r ise of the general area and a nor thwester ly  
terminat ion of the Pinal Mountains block (which may have trended N30°W). 
A l l  rocks other than those Older Precambrian in age have been s t r ipped from 
a major i ty  of the northern por t ion  of the Pinal Mountains. A l t e r n a t e l y ,  
the"Schul tze Granite i n t rus i ve  may also have been loca l ized by the i n t e r -  
sect ion of the N 4 5 - 5 5 °  + |OOE f a u l t  system, (establ ished as such in Pre- 
cambrian times) elements of the conjugate N30 ° + lO °W f a u l t  system and a 
number of sub-para l le l  elements in the N75 ° + l~°W system which cut the 
region. Some of the s t rongest  hypogene m ine ra l i za t i on  is found to have the 
N30 o + lOoW or N/45-55 ° + lO°E d i r e c t i o n . .  However, the Grani te Porphyry 
general ly  has a N70°E t-~end. 

The s t ruc tu ra l  systems have surely been recurrent  in time and the unravel-  
ing of t h e i r  r e la t i ve  times of movement is extremely d i f f i c u l t  as wel l  
as tenuous. The re la t ions  now found can be explained on the basis of  ver -  
t i c a l - u p l i f t s  w i th  s t r i k e  s l i p  displacements secondary to d i p - s l i p  movements 
at the time of i n t rus i ve (s )  emplacement and/or subsequent m ine ra l i za t i on .  
The peak or maximum u p l i f t  area was probably to the south and east of the 
Schultze Granite intrusion (Pinal Mountains block). The Schultze Granite 
and associated mineralization are thought to have only recently been com- 
pletely exposed. Good evidence for this is found in the clast composition 
of the Gila Conglomerate east of the Miami Fault, which contains abundant 
Schultze fragments only in the uppermost purtion (Peterson, 1962). The 
Miami-lnspiration ore bodies are thought to have been exposed to secondary 
enrichment in Early or mid-Tertiary times. This was probably a consequence 
of faulting related to vulcanism to the west. That we are looking at only 
the very uppermost portion of the Schultze Granite, is also indicated by 
the many thin, shell-like schist remnants found covering the Schultze or 

isolated in the main mass. 

O 
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Radiating from the main "buttress" found by the Pinal Mountains block were 
a series of faults which had rotational movements along them. These faults 
followed or were modified by the previously extant fault systems. This type 
of displacement is attested to by the differential erosion and/or preservation 
of the numerous pre-mineral units in the blocks. Minor thrusting, grading 
into glides or gravity slides, occurred along the margins of the blocks 
(as the Castle Dome Block) which were affected by these displacements. 
Units were brecciated (especially Pinal Schist, as at Miami, Occldental's 
Miami East, Cactus-Carlota, etc.) and the Apache Group - Paleozoic sedimentary 
rocks were brecciated, at times on small scale, but also, on the scale of 
thousands of feet (as at Superior and south to Ray). The mega-brecciation 
present is indicative of the tremendous amount of faulting which occurred, 
but I consider that actual displacements were in most cases of minor extent 
except where a high area had an adjacent low into which material was sloughed 
off. The Larimide displacements consisted more of a local bending t shoving, 
plastic type, of displacement as intrusion-mineralization proceeded. 

Areas adjacent to the Pinal Mountains block and Schultze Granite, as the 
Globe Hills Block, Inspiration Block and the area between Superior and the 
Pinal Mountains, probably tilted towards the intrusion center and suffered 
some collapse to form rim or ringing synclines (which have been related to 
meteorite impact areas, salt domes, and doming by granitoid intrusives). 
Subsequently, drainages occupied these lows and also thrusting or gravity 
slides of a great displacement sloughed into and/or across them. The 
Superior area was tilted (previous to mineralization) at this time also. 

It is important to recognize that Larimide, (Late Cretaceous-Early Tertiary), 
Mid-Tertiary and/or Pasadenan events, represent a continuum of structural 
activity. The deformation(s) are not everywhere contemporaneous and so, 
neither are rock units formed during these times. However, we catagorize 
these events according to peaks represented by structures, rock types or 
compositions, age dates, etc. This is a convenience which may or may not 
agree with the geological facts. This concept is of particular importance 
when applied to an understanding of the post-mineral units found in the 
Globe-Superior region and surrounding areas. 

Previous to the Mid-Tertiary peak in vulcanism, probably directly related 
to the impending events, block faulting occurred (as "tensional release" 
of the Larimide uplift(s)" which lead to the formation of basins and ranges 
probably very similar to those now present in the region. The "up" blocks 
were actively stripped with the eroded materials forming rather coarse de- 
posits of Whitetail Conglomerate or equivalents in small deep basins, 
canyons and/or covering broad areas. The ~!hitetail Conglomerate is locally 
dated (Ray area) at 34 M.Y. (personal communication, J. D. Sell, 1970). 
That the Superior area (Magma Mine, etc) had been tilting previous to Mid- 
Tertiary events and continued to do so is evidenced by recent studies of the 
mineralization in the mine (Peterson and Hammer, 1968) and also by the 
presence of a slight angular unconformity in this area and a greater angular 
unconformity present in the Haunted Canyon area. The major drainages for 
the area were probably approximately north-south (in the Pinal Mountains 
and Mineral Mountain Blocks). It is possible that the Whitetail Conglom- 
erate has not been distinguished from a later conglomeritic unit which may 
be more closely a correlate of the Earlier Volcanics. This distinction 
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represents the difference between the "true" Whitetail Conglomerate and a 
conglomerate which slightly antedates the deposition Of Earlier Volcanic 
units (by their rapid erosion into basins) as well as possibly occurring 
throughout the volcanic pile. The distinction is important not only for 
a proper understanding of the geologic history for local areas but also 
because there may well be sites in which both conglomerates are present 
underneath the dacite and as such, have added or will add considerable depth 
to drill holes in these areas (as DCA-I). 

Mid-Tertiary events can be broken into two main events based upon rock types 
present, the earlier basaltic to rh,tolitic vulcanism and later dacite ash- 
flow. This (probably Late Oligocene to m/d-Miocene) volcanic activity 
progressively migrated eastward from the Goldfield Mountains, through the 
Superstition Mountains area to the Haunted Canyon area (personal communica- 
tion, Michael Sheridan to James D. Sell, 1970). The relation in time of 
the east-southeasterly migrating volcanic center to north-south faulting in 
the Mineral Mountain Quadrangle and areas south-southwest and/or west of 
Superior is uncertain. However, it is significant that the Haunted Canyon 
Caldera (as delineated by D. W. Peterson, 1961) is found at the intersection 
of this north-south trend and the projected east-southeasterly migrating 
volcanic centers. 

The Earlier Volcanics have not been dated in the immediate area However, 
dates of 25,000,000 years and younger have been obtained for similar units, 
to the west, in the Superstition Mountains complex. Mineralization may be 
related to Mid-Tertiary events and now represented by the St. Anthony Mine 
(near San Manuel), Reymert and Mineral Mountain deposits, etc. The 20 M.Y. 
date for the dacite or Aoache Leap tuff, places an upper limit as to the age 
of Earlier volcanic unit's. Approximately in the Late Oligocene Epoch a 
quartz latitic to latitic, tuffaceous volcanic unit was deposited in the 
Haunted Canyon Area. This immediately oVerlay Whitetail Conglomerate or 
other pre-volcanic rocks in the area. This was followed by a period during 
which a basaltic appearing unit(s) was extruded. This unit has been termed 
a basaltic andesite by me to reconcile drill-hole logging which has variously 
described this unit as a basalt or andesite: this unit reaches a total of 
nearly 1,000 feet in one of the drill holes, DCA-3, which penetrated the 
main dacite mass. Evidence for pre- and post-basaltic andesite relief and/or 
accompanying tectonism is given by the widely variant thicknesses of the 
andesite and its absence in many places. The basaltic andesite(s) are 
cupriferous, the copper occurring as oxides lining silicified fractures, 
which may be exotic or locally derived from accessory copper minerals (see 
file memo to J. D. Sel], dated 4-I-71). The basaltic andesite(s) were 
followed by a complex of volcanic glasses and/or rhyolitic to latitic flows. 
The area south of Haunted Canyon and west of Power4s Gulch has been interpreted 
by me as site for one or more vents and related dike systems, probably 
representative of a caldera. Subsequently, the Earlier Volcanics in this 
area were tilted to the east. This is suggested by their present dips and 
manner of outcrop. There are also indications that there is an angular un- 
conformity between Earlier Volcanics and the overlying dacite, in that their 
flowage planes do not coincide and their measured dips deviate from one 
another by as much as forty degrees. It is my opinion that the Earlier 
Volcanics dip consistantly southeasterly under the dacite to form a structural 
block trough trending approximately N30°E. The total depth of post-mineral 
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units in this trough is known to exceed 4011 feet (drill hole DCA-I). This 
trough may have been filled not only by Whitetail Conglomerate (with pre- 
mineral clasts) but also by volcanic debris derived from a northwesterly 
source. 

Dacitic domes (?), plugs and vents are numerous in the Haunted Canyon area 
and these probably contributed to the abundance of structural activity 
in the Miocene Epoch. That numerous vents were the source for the dacite 
sheet Ts inferred by its tremendously large volume (approximately 150 
cubic miles as per D. W. Peterson, 1968). Although difficult to invision 
in a short time period, it is evident that a major portion of the dacite 
was extruded closely enough in time, to form essentially one cooling unit. 
However, there are numerous areas where the dacite has various zones or 
units repeated. The dacite filled those basins and/or topographic lows 
available and is now preserved in some of these same Iows. Chief among 
these "preservation" sites are the Spine Syncline in the Copper Butte 
area, a syncline near the Rockingstraw Mountain area, and the "syncline" 
north of Ray and extendirg nearly to Haunted Canyon. It is of note that 
the eastern edge of the dacite is ~nomalous in that it rises as a scarp 
over the Power's Gulch area. This is probably due to north-south block 
faulting, with the major north-south fault well within the main dacite mass. 

Pasadenan events have consisted essentially as a Continuation of the Basin 
and Range-type faulting with the tilting of both raised and down-dropped 
blocks. These displacements are considered by me to have followed previously 
established faulting planes and are now important guides to the structural 
setting in previous orogenic periods, A re-occurrence of faulting along 
N30°W and N30°E lines with later north-south displacements has faulted 
wedges of dacite and/or Gila Conglomerate up to very recent times. The 
recency of some of this faulting is indicated by the "perched" remnants 
of Gila Conglomerate found on the main Schultze Granite mass and also by 
the Miami fault, etc. Major thrusting probably occurred in the Pliocene 
possibly related in time to the extrusion of basalts throughout the region 
whichwhich are often intercalated with Gila Conglomerate. The largest thrust 
recognized to date is in the Globe Hills and Globe Valley blocks where 
Madera Diorite overlies Whitetail Conglomerate and dacite as well as other 
units. The Cactus-Carlota breccia-mass, dacite and Whitetail Conglomerate, 
etc., was probably faulted into place at this time and cut by later dip- 
slip movements on the Kelly Fault. There is also a major north-south fault 
occurring as the western boundary to the Mineral Mountain quartz monzonite 
which has Gila Conglomerate equivalents(?) deposited as fans(?) against the 
fault breccia. 

Notes with application to the regional geology and work sheets used in this 
study are submitted as Appendix G, this report. 

GSB:sh 
G. S. Barnett 
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TABLE !. K,/Ar Dates of  Intrusive Rocks in Arizona and New Mexico I 

. , , < e  1 

Locality 

t Mineral Park 
3 Bagdad 
• Copper Basin 
7 Walker 

Big Bug Creek 

8 Aio 
9 Globe-Miami 

I 1 Ray 
12 Christmas 
14 San Manuel 
15 Copper Creek 
t6 Silver Bell 

17 KiLt Peak 
18 Pima district 

19 Esperanza 

20 Santa Rita Mtns 
21 Patagonia Mtns 
22 Johnson Camp 
23 Cochise Stronghold 
24 Gleeson 

Tombstone Hills 
25 Bisbee (Warren district) 

36 Sofford 
28 Dos Cabezas Mtns 
~9 Santa Rita (Chino) 

Bingham+ Utah 
Ely, Nevada 

Rock Age Reference 

Quartz monzonite 72 m.y. (56) 
Quartz monzonlte 71 m.y. (56) 
Granodiorite 64 m.y. {35) 
Granodiorite 64 m.y. (46) 
Granodiorite 70 m.y. (51) 
Quartz-orthoclase pegmatite 63 m.y. (56) 
Lost Gulch Quartz Monzonite 64 m.y. (55) 
Schultze Granite 60 m.y. (55) 
Granite porphyry 62 m.y. (55) 
Border facies of Willow Spring Granodiorite 117 m.y. (55) 

Granite Mountain Porphyry 63 m.y. (39) 
Quartz diorite porphyry 62 m.y. (39) 
Altered granodlorite porphyry 67 m.y. (55) 
Copper Greek Granodlorite 68 m.y. (39) 
Alaskite 65 m.y. (52) 
Quartz monzonite 67 m.y. (52) 
Mineralized quartz monzonite 66 m.y. (52) 
Mineralized quartz monzonite 63 m.y. (52) 
Granite 27 m.y. (44) 
Granodlorite 60 m.y. (39) 
Quartz monzoMte porphyry 56 m.y. (39) 
Phlogopite-serlcite rock 63 m.y. (56) 
Muscovlte-quartz velnlet 61 m.y. (56) 
Granodlorite 68 m.y. (56) 
Quartz diorite 64 m.y. (56) 
Texas Canyon Quartz Monzonite 50 m.y. (49) 
Stronghold Granite 22 m.y. (44) 
Gleeson Quartz Monzonite 178 m.y. 155) 

Schlef,~elln Granodlorlte 72 m.y. (39) 
Juniper Flat Granite 163 m.y. (39) 
Rb./Sr 176 and 178 m.y. (39) 

San Juan and/.one Star stocks 58 m.y. (74) 
Granadlorlte 29 m.y. (49) 
Granodiorite porphyr 63 m.y. (33) 
Biotite-augite monzonite porphyry 45 m.y.: (53) 
Monzanite i 22 m.y. 2 (62) 

l Includes Ely, Nevada, and Bingham, Utah. 
t Average of 2 determinations. 

,,):kings. This deposit is now being stripped 
' ~ open-pit mining  by Tile A n a c o n d a  
( , 'mpany. 

Radiometrie dat ing has demonstra ted that 
Arizona, three plutons are of middle  Ter-  

: , ' y  age (Fig. 2 ) ,  and D a m o n  and Mauger  
~',. p. 100) have shown that many  volcanic 

"..k~ ate closely associated in time and space. 
Itxir  histogram has a very high peak at the 
c-',cogene-Neogene boundary .  

Ihe uplift, erosion, and sedimentat ion dur- 
;'.g the Cenozoic is of importance to the 

porphyry  copper problem because,  in some de- 
posits, the economic  value is the result of sec- 
ondary  enr ichment  by chalcocite replacing pri- 
mary  chalcopyri te  and pyrite. In some deposits, 
such as Castle Dome  (20)  and Copper  Cities 
(40, p. 95) in the G lobe -M iam i  district, this 
enr ichment  is related to the present  erosion 
surface. However,  in this same district, Ran-  
some (3, p. 176) has shown that  much of 
the supcrgcne enr ichment  is older  and devel- 
oped prior to the accumula t ion  of dacitic pyro- 
clastic rocks overlying the Whitetai l  Conglom-  

. + ~  
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Dating of the 3fesozoic and early Cenozoic geologic 
-vents in southeastern Arizona is severely hampered 
~,.v the scarcity of fossiliferous sedimentary rocks of 
these ages and by the isolation of indivicfuat moun- 
:ain ranges. Isotopic age determinations, therefore, 
m'ovide definite ages to replace permissive time inter- 
~als and aid in the correlation of geologic events from 
~,ne range to another. 

The K-At  and Rb-Sr ages of biotites from some 
intrusive and extrusive rocks in southeastern Arizona 
are listed in table 120.1, and the location of the rocks 
sampled is shown on figure 120.1. Potassium was 
determined by flame photometer using lithium as an 
internal standard. Argon was extracted from the 
specimens using the technique described by Lipson 
(1958). Argon was analyzed with a Reynolds-type 

T.~BL~. 120.1 .--Analytical data and isotopic ages of biotites from Arizona 

K-At age determinations 

_ _  .! [ r, ercent) i / 

Juniper  F l a t  Grani te  2 . . . . . . . .  [ Nor thern  -Mule Mountains ,  I 5 49 

s • Warren district .  " 

! ! i i i i i i  i In t rus ive  rhyol i te  . . . . . . . . . . . .  ' T o m b s t o n e  distr ict  . . . . . . . . . .  / 7  44 
Schieffelin Granodior i te  . . . . . .  / . . . . .  do . . . . . . . . . . . . . . . . . . . . .  I 3. 33 
Equigranular  granodiori te  . . . .  i Pima distr ict  . . . . . . . . . . . . . . . .  I 7. 28 
Quartz  monzonite  porphyry_  _j . . . . .  do . . . . . . . . . . . . . . . . . . . . .  ] 5. 98 
Rhyol i te  tuff . . . . . . . . . . .  "--~---I . . . . .  do . . . . . . . . . . . . . . . . . . . . .  7. 16 
Andesi te  dikes . . . . . . . . . . . . . .  I . . . . .  do . . . . . . . . . . . . . . . . . . . . . .  3. 87 
Lost  Gulcil Quartz Monzonite_ I Globe-Miami  dis t r ic t  . . . . . . . . .  i 7. 24 
Schultze Grani te  do 

r .  . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . .  7 .  32 
~. xtrophvre (daclte ash flow)_-i . . . . .  do . . . . . . . . . .  . . . . . . . . . . .  I 5. 67 
Gran! te  ~ Ioun ta in  Porphyry__l  Mineral  Crcek district  ! 6 8t3 
~,oUar~:r aior , te  !~orph~-ry=. . . . . .  I Banner dis t r ic t  . . . . . . . . . . . . . .  [ 6. 46 

pp t~reen granoaiorice . . . .  ] Bunker t t i l l  d is t r ic t  . . . . . . . . . .  ] 6. 27 

I':~"- X I0-: *Ar~X10-n 
(moles per g) (moles per g) 

1. 71 171.0 

2, 32 87. 0 
1.04 44. 6 
2. 27 81.0 
1.87 61.5 
2. 23 74. 7 
1.21 16. 9 
2, 26 83. 6 
2. 28 77. 7 
I. 77 20. 4 
2. 14 79.6  
2. 02 73. 
1, 9 6  78. 8 

Ar~°/K ~° Age (m. y.) 

0.01 163 

00375 63 
00429 72 
00357 60 
00329 56 
00335 57 
0014 24 
0O37 62 
00341 58 
00115 20 
00372 63 
00366 62 
00.102 68 

Rb-Sr age determinat ions  

Location ]RbS? (POmi N°rmal Sr (ppm) i sDT/Rb*t Age (m" y') 
__  Rock 

" " "  . . . .  I Jun iper  F l a t  Grani te  2 . . . . . . . .  ] Warren dis t r ic t  t 384 
} . . . . .  do 2 . . . . . . . . . . . . . . . . . . . .  /. d ^ - . . . . . . . . . . . .  -!  388 

Frank Wal thal l  analyst .  
2 Same sample  used for R b - S r  and K - A r  age determinat ions .  

22. 2 
21 .3  

*Sr~7 (ppm) I 

0.994 0. 00259 
1 . 0 1 7 ]  .00262 

176 
178 

• Radiogenic. 
¢:a,y constants :  
K ~  M=0.58 . IX 10-,0 yr-~, k~=4.72X 10-,o y r - ' ;  K '0=  1.22X 10- '  g K '0 per g K. 
~u~ : k = l .  47X 10-n yr-Z; Rba7=0.283 g Rb~7 per g Rb. 

O D 1  
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I?IGm~E 120.1.--Index map of Arizona showing location of ig- 
neous rocks sampled for the isotopic age determinat ions  
listed in table 120.1. 

mass spectrometer by the geochronology group of the 
University of California. Berkeley. Rubidium and 
strontium were determined by isotope dilution tech- 
niques described by Goldich and others (1961, p. 8-35). 
The analytical determination of potassium and the 
mass spectrometric measurements of Ar. Rb, and Sr 
a re  accurate to abou~ o percent. The probable error of 
an individual mineral age is about ___4 percent. 

Most of the intrusive rocks are related spatially 
either to ore deposits or to structures. Thes~ dates are 
a st.art toward establishing the age of mineralization 
of the porphyry copper and other deposits. In  the 
following, the ages of the igneous rock will be dis- 
cussed briefly in relation to the ore deposits of four 
general areas, each including one or more mining dis- 
tricts. 

WAI~,I~EN" ( B I S B E E )  Alq'D TOFIBSTONE D I S T R I C T S  

Three intrusive rocks from the Warren and Tomb- 
stone districts were dated: The Juniper  Flat  Granite 
from the nor(hem end of the Mule 3[omltains, intru- 
sive rhyolite from south of Tombstone, and the Schief- 
felin Granodiorite from Tombstone. Gilluly (1956, 
p. 55) determined the age of the Juniper  Flat Granite 

to be post-lYnnsyh-.,nian (Ilorquilla Limestone) a;id 
pro-Lower Cretaceous (Bisbee Group).  IIe also as- 
signed a tentative Tertiary "lgc to the intrusive rhyo- 
lite south of Tombstone on indirect geologic evidc~ee 
(Gilhfly, 1956, D. 106) and correlated it with the 
granite porphy~ 3, mapped by Ransome (1904) in the 
Warren district. The similarity in chemical eompo. 
sition of the intrusive rhyolite and the granite por- 
phyl3" supports this correlation: both have an unusu- 
ally high K20 content. This correlation could not 
be tested by isotopic dating, however, for we were not 
able to obtain granite porphyry with fresh biotite. 

Ransome (1904, p. 84=) thought that the granite por- 
phyry, the Juniper Flat  Granite, and the Sacramento 
Porphyry (which is the host for dissenfinated copper 
ore at Bisbee) were comagmatic. Because the Juniper 
Flat  Granite and the granite porphyry apparently had 
supplied pebbles to the basal conglomerate of the 
Bisbee Group of Early Cretaceous age, he assigned 
the entire rock suite and the ore deposits to the pre- 
Lower Cretaceous. Others, however, such as Tennev 
(1935, p. 29,5-297), believed that the Sacramento Por- 
phyry and the spatially related ore deposits at Bisbee 
are Late Cretaceous or early Tertiary (Laramide). 

The isotopic dating of the Juniper  Flat  Granite and 
the intrusive rhyolite do not establish the age of the 
Bisbee ore deposits. However, they do support Gil- 
luly's conclusions tha t  both Cenozoic and Mesozoic 
granitic rocks occur in the Bisbee area, that the ap- 
parent time interval between them is about 100 m.v. 
(million years), and that  the deposits at Bisbee proi> 
ably are related in time to only one of these. 

Bain (1952), using the Pb-~0T/pb co6 ratio of urani- 
nite from veins in the Bisbee district, suggested that 
the age of the Bisbee ore is 85 to 112 m.y. The radio- 
genie components of  lead in the uraninites were small. 
however, and isotopic analyses of lead in the sample: 
were not internally consistent. Under  such condi- 
tions an unequivocal age determination is most dif- 
ficult. Our data neither confirm nor contradict Bain's 
determine tions. 

The Schieffelin Granodiorite is the rock unit most 
closely related in time and space to tlle ore deposfi~ 
at Tombstone (Gilluly, 1956, p. 160). The geolo,_,i,' 
age of the Schieffelin Granodiorite is post-Bronco Vol- 
canics, which rests on the eroded surface of the 
Bisbee Group (Gilluly, 1956, p. 87). The isotopic :t,..',' 
seems compatible with the position of the Schieffelin 
Granodiorite in the geologic sequence, and, as a work- 
ing hypothesis, 79~ m.y. can be used as themaximum 
age of the ore deposits at Tombstone. 

The Schieffelin Granodiorite is younger than thr~st 
faults in the Tombstone IIills. The age of the Schit'f 
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,,.lin Iherefore eslablishes a minimum age Of 7 ° m.y. 
for the thrusts. 

PIM.A DISTRICT 

] ~  ages were determined for four igneous rocks 
!ram tile Pima district: equi~ranular vrairodiorite, 
,,|.rrlz nmnzonite porl)lkw'y, rhyolite tuff. and andesite 

I 

,likes. These rocks and their general relqtions to each 
,~',hcr, to the ore deposils, and to the struct,ures in the 
~n'a have been described bv Cooper (1960, p. 7:2, 74, 
:,;..rod 89). 

After a major orogeny that formed highly complex 
:,,~rthwest-trending fault  and fold structures in sedi- 
wental T arrd volcanic rocks of Cretaceous(.~) age, the 
~m,odiorite and quartz monzonite porphy W were 
mlt'aded. Although the geologic evidence is not un- 
,luivoeal, Cooper ~1.~60, p. 74) thought the grano- 
diorite was older, but he gave no impression of a sig- 
~.ifieant time break between the two intrusives. 
l~q~er's views are supported by the K-Xr  ages of the 
t:'o rocks. According to Cooper (1960, p. 63) the 
qaartz nmnzonite porphyry is spatially associated with 
ore deposits in the Pima district, and possibly is 
renetically related to them. This possible genetic 
relation, however, is indirect because the porphy W it- 
,df is the host for  the disseminated copper ore. The 
K-hr age of ve W slightly mineralized porphyry,  56 
=:t.y., establishes a maximnm age for the ore. 

, ~ l ' d i n g  to Cooper (1960), the Helmet Fanglo- 
a : e , ~ i s  younger than the ore deposits, and is cut 
~,r a large thrust (San Xavier  thrust)  which also is 
)m|!|ger than the ore deposits. Both the San Xavier  
thrust and the t lehnet  Fanglomerate are transeeted 
.':v a narrow zone of andesite dikes. The K-Ar  age 
,,f the andesite dikes establishes a minimum age for 
the thrusting and ore deposition. 

The K-Ai" dates give some information on the ap- 
fmvnt ages of structural events in the Pima district. 
ltere, thrusts and folds are older than 60 m.y., the age 
"film granodiorite, whereas in tile Tombstone district, 
:.hrusts are older than 7 ° m.y., the age of the Sehief- 
blin Granodidrite. A Late Cretaceous-early Tert iary 
~."ri~! o f d e f o r m a t i o n  that includes thrusting long 
• ,as been postulated for southeastern Arizona, and 
:.%.¢,e apparent dates help to define it. In addition, 
t',,oper (1960) recognized the San Xavier  thrust in 
:% l'ima district as bein~ a distinctly younger and 
• :dq~endent structure. Tile age of the andesite dikes 
:t m.y.) established a significant voun~er age limit 

-%r this thrust. Unfortunately, a ~'eliai~le older age 
',:it was not obtained. The "rhyolite tuff, wlfich is 

L, ler than the Helmet Fanglomerate, was dated with 
~" hope that it, along with the andesite dikes, would 

0 

br.lcket tire I[elme{ F.mglomerate and San Xavier  
fault within a sm:dl lime siren. The K - A t  age of tim 
rhyolile tuft' is virtually tile same as that  of the 
quartz monzonite porphyry,  thus the time interval be- 
tween lhe : lppa ren t  nl:lXilUUlll and  llrillilntllU ages  for 
the ]lehnet Fanglomerate and tile San Xavier  thrust 
is ;;o IU.V., a f]gltl'e lUrlch larger t han  we anticipated. 
The si|uilaritv of  the K-Ar  ages of the quartz mon- 
zonite porphyry and rhyolite tuff. however, raises the 
lWoblem of a possible genetic relation between the two. 

The K-Xr  ages of the four rocks in the Pima dis- 
trier ~u .... est the followin,, sequence of ex-ents: 

1. Defornmtion intensely folded and faulted the 
volcanic and sedimentary rocks over 60 m.y. ago. 

2. The quartz monzonite porphyry  was mineralized 
no earlier thau 56 m.y. ago. 

3. The deposition of the I-Iehnet Fanglomerate and 
the movement along the San Xavier  thrust occurred 
less than 56 to 57 m.y. ag0 (the K-Ar  ages of the 
quartz monzonite porphyry  and the rhyolite tuff), and 
more than 24 m.y. ago (the K-Xr  ages of  the andesite 
dikes). 

GLOBE-I~IIAI~I DISTRICT 

The Lost Gulch Quartz Monzonite and the Schultze 
Granite from the Globe-Miami district were dated by 
the K-Ar  method. The Lost Gulch Quartz 5[onzonite 
is the host rock for  the Castle Dome and Copper Cities 
disseminated copper deposits. Locally the Schultze 
Granite is also miner'dized. 

The Lost Gulch Quartz 5[onzonite is known to be 
post-Paleozoic, but there are no ~fesozoic rocks in 
the area by which its age relative to that  era can be 
determined. It. is cut by granite porphyry  that seems 
to be genetically related to the Schultze Granite, and 
on this basis the Schultze Granite was thought by 
Peterson (1954) to be younger. Peterson (1954) 
thought the extensive eopper mineralization in the 
Globe-Miami district closely followed the intrusion of 
the Schultze Granite and granite porphyry  and was 
the culminating event in the long period of ig'neous 
activity, The close spatial relation of the Lost Gulch 
Quartz Monzonite and Schultze Granite supports the 
close isotopic ages and, indirectly therefore, the gen- 
eral time of tile igneous activity in the Globe-Miami 
distriet~ [Tntil further  information on the age of the 
deposits is available, a tentative maximum age of  58 
m.v. for' the disseminated copper deposits seems rea- 
sonable. 

In the Globe-Miami district, a large ash-flow deposit 
of post-mineraliz.ttion dacite accumulated on a well- 
developed erosion surface. IIere and there as much 
as several hundred feet of conglomerate (Whitetail  
Conglomerate) separates tile daeite from the under- 
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lying rocks. The K-Ar '~ge of /he vitrol)hyre at: the 
base of lhe dacite is 20 m,y. This age for the "cover 
rocks" is a miniimnn for /lie COl)p0r mineralization 

.in ihe (~h)l)e-.Miami district. Secomlarv enrichment in 
the Miami-lnsl)iralion ore 1)odv is related 1o topog- 
raphy t h a t  a l l l e d a t e s  the Whitetail ( ~ o n g l o m e r a t e  

(Ransolne, 1919, p. 173-174), which suggests that the 
ore is consideral)lv older than tim dacite. 

!%IINERAL CREEK. BANNE:R. AND BUNKER IIILL 

DISTRICTS 

The Granite 3hmmain Porphw-¢ from Ray (Min- 
eral Creek district), the quartz diol'ite t)orph3"ry from 
Christmas (Banner district),  and the granodiorite 
from Copper Creek (Bunker Hill district) were dated 
1)3" the K-Ar method. These three districts are sepa- 
rated by about 40 airline miles, Christmas being 
roughly 15 aMine miles soutlleast of Ray, and Col)per 
Creek roughly o5 airline miles southeast, of  Christmas 
( f ig .  120.1). 

At  Ray, tim Granite 3[ountain Porphyry  forms part  
of  the disseminated copper deposit. At Christmas, 
1)yr°metasomatic COl)per deposits formed along the 
intrusive contacts of the quartz diorite porphyry and 
certain carbonate beds in tile Paleozoic seetion, and 
at. Copper Creek, the granodiorite is the host rock 
for perhaps o5 to 50 breccia pipes, many of which are 
mineralized. 

The Granite 3fountain Porphyry  cuts only the Pre- 
cambrian Pinal Schist, so that its age relative to 
yomager rocks is indeterminate. Both the quartz 
diorite porphyry at Christmas and the granodiorite 
at Copper Creek intrude andesitic volcanic rocks. Ac- 
cording to Frank Simons (written communication, 
1962), the andesites intruded by the granodiorite ap- 
l)ear to overlie unconformably a sequence of conglo- 
merate and shale that lie has correlated tentatively 
with the Pinkard Formation of Late Cretaceous age. 
Itohnes (1.960) dates the end of the Cretaceous at 
70__+~ m.y. Tim isotopic ages of the quartz diorite 
porphyry at Christmas and the granodiorite at Cop- 
per, Creek do not conflict with their ages as deter- 
mined by their relation to other rocks, some of which 
have been dated by fossils, and until fur ther  infor- 
mation is available 69 and 68 m.v. are reasonable as- 
sumptions for the maximum a~e of the ore deposits 
at Christmas and Copper Creek respectively. 

The K-Ar age of 63 m.v. for the Gr'tnite Mountain 
Porphyry  is close to that of the quartz diorite p o f  
phyry at Christmas. the Sehultzc Granite, and the 
Lost Gulch Quartz Monzonite. Ransome's (1919, p. 
67) geologic studies indicated "t close genetic relation 
between the quartzose granitic rocks in the Globe- 
Miami, Ray, and Christmas areas. A close genetic 

TAIlI .E 1 2 0 . 2 . - - A p p a r e n l  m a x i m t t m  a n d ' m t ' t t i m u m  af/c o f  , re  dr. 
points in six ml'ttitl[! d is t r ic ts  ill A r i z o n a ,  based on I~- . I r  age 
of  biolih's in assocmh.d  in t rus ive  rocks 

Mining district 

To t t l i ) s t  oI le  . . . . .  
P i m a  . . . . . . . . . .  

G l t ) b e - M i a m i  _ _ _ 
M i n e r a l  ( ' r e e k _ _  

B u n k e r  l l i l l  . . . . .  

B:~ tmcr. 

A v e r a g e  . . . . . . . .  
M e a n  . . . . . . . . .  
R a n g e  . . . . . . . .  

i - 
J .Maxinmm .M itfi.m 

Rock /age {m|l ion, ttze ~ uillam 
[ Years) I ycar.~l 
! 

I Schief fe l in  G r ' m o d i o r i t e  l 7 ° 
Quartzl)hyry .mOnzOnite l)or- i' 56 I - 24 

58 [ 2{; 
63 . . . . . . . .  

S c h u l t z e  G r a n i t e  . . . . . . . .  I 
G r a n i t e  . 'Mountain  P e r -  [ 

p h y r y .  
G r a n o d i o r i t e  a t  C o p p e r  

Cree k. 
Q u a r t z  d io r i t e  l : o r p h y r y  

at Christmas. 

68 

62 

i . . . . . . . .  

63 
62--63 

16 

relation implies a close time relation. On this basis, 
the K-Ar age of the Granite Mountain Porpllyrx: is 
coml)atible with Ransonae's geologic interpretations. 

The apparent maximmn and miniature age of ore 
deposits in tile six mining districts based on the K-At 
age of biotites in the associated intrusive igneous rocks 
("porphyries") arc  summarized in table t20.2. The 
significance that one attrilmtes to the ages in the table 
depends on the extent to which one accepts a close 
time and genetic relation between tile "porphyries" 
and the ore. In writ ing about the deposits at Ray and 
3[iami 43 years ago, Ransome (1919, p. 166) h]cidlv 
stated the position of those of us who accept a clo,~ 
tie, but not a direct one: 

I l a d  no p r e v i o u s  s t u d y  been  m a d e  o f  t h e  c o p p e r  depos i t s  of 
t h e  w e s t e r n  U n i t e d  S t a t e s  a n d  w e r e  o b s e r v a t i o n  r e s t r i c t ed  t,, 
one  on ly  o f  t h e  t w o  d i s t r i c t s  h e r e  d e s c r i b e d ,  t h e  observe," 
m i g h t  wel l  i n q u i r e  w h e t h e r  t h e  a s s o c i a t i o n  o f  t h e  o r e s  with 
g r : m i t i c  o r  m o n z o n i t i c  p o r p h y r y  is m e r e l y  a c c i d e n t a l  o r  is an 
i l l u s t r a t i o n  o f  c a u s e  a n d  effect .  T h e  p r e s e n t  s t a t e  o f  o u r  in. 
f o r n m t i o n ,  h o w e v e r ,  l e a v e s  l i t t l e  r oom fo r  t h i s  doub t .  Not 
on ly  a t  Ri ly  a n d  M i a m i  b u t  a t  C l i f t on .  Bist)ee. a n d  Ajo in 
A r i z o n a .  a t  E l y  in N e v a d a ,  a t  S a n t a  R i t a  in N e w  Mexico .  an,! 
a t  B i n z h a m  in U t a h ,  n o t  to  m e n t i o n  o c c u r r e n c e s  o u t s i d e  ,,f 
t h i s  c o u n t r y ,  c o p p e r  o r e s  z e n e r a l ] y  s i m i l a r  to t h o s e  o f  Ray 
a n d  ~ i i l t l l l i  a r e  c l o s e l y  a s s o c i a t e d  w i t h  m o n z o n i t e  p o r p h y r y  

or  w i t h  p o r p h y r y  i l l t e r m e d i a t e  in c h a r a c t e r  l )e tween nlolzTJ) 
title p o r p h y r y  a n d  g r a n i t e  po rp i i y ry .  In  s o m e  o f  t i iese di-- 
t r i c t s  t i le e v i d e n c e  for  a n  e s s e n t i a l  g e n e t i c  r e l a H o n s h i p  IN- 
t w e e n  ore  a n d  I )o rphyry  is p l ' t in  : in o t h e r s  it  is m o r e  or It*, 
e q u i v o c a l  to i m y o n e  wire p e r m i t s  h i m s e l f  to r ea l i ze  t h a t  son, '  
oreN, eVell o r e s  o f  eoppeI ' ,  m a y  o("Clll" in  l o c a l i t i e s  w h o r e  |htq'e 

is n o t h i n g  to StlZgest a n y  c o n n e c t i o n  betweerL t h e m  and  i;- 
n e o u s  a c t i v i t y .  T a k e n  co l l ec t ive ly ,  howeve r ,  t h e  d i s somina t  ~i 
coppe r  d e p o s i t s  o f  t h e  .uotltilwestel.tl Uni te( l  S t a t e s  p r e s e n t  c,a: 
v i n e i n g  e v i d e n c e  t h a t  t h e  m o n z o n i t i e  p o r p h y r i e s ,  by wil ieh th.9 

a r e  i n v a r i a b l y  lleOt~llll~alliPd, h a d  . , ;omething to do wi th  th ,qr 
ori 'din. 

I t  is no t  to be  s u p p o s ,  M, h o w e v e r ,  t h a t  t h e  n o w  vis ib le  part" 
o f  t h e s e  bodies  o f  p o r p h y r y  c o n t r i b u t e d  in a n y  a c t i v e  way t,, 

J 
! 

i. 

i 
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::,, deposition. They,  lik,~ the neighl,oring schist,  h a w  them- 
,,ltes be~,ll :lllol'ed by ihe ol'e-Iieill'ing solutions, flllII, Ivl lero 
,:[orllbly sitllllt('tl, hllYe Ill,lql ¢']lIIIl~ed ill{O i~l'otnr(~ .hlst .'IS the 
.his[ wil.q ellilllgotl Illldel' sinlihtr ('il't'lllllsillll(,es, Their sig- 
: l ~ e e  lies in their teslilno 13" to the l)l'ob.llde presence of 
r 1 ~ l a r g e r  lll;I.~ses of s imilar i~neous IllatPri:ll below ~lny 
~l,tlis l ikely lo be reached in mininu. ~md it Is from these 
/~:pl" l l l ld de t ,per  nlllS..go.-z, which ILI/1S't haYo t a k e n  fal'  lollger 

., solidify atl(I fool than th(, hodio.~ now exposed by Ii:| |ural 
,.~,sioII lltl¢l ill tilt, l l l ines .  Ihltt- n tos [  o f  t h e  olteFg 3- a n d  at least 
t part of the nlaterials Wel'C derived to form the protore. 

Following Ransome's beliefs, the data presented 
,,re su~est., that the ran,~e~ in a~e. of the ore deposits 
:, essentially the ran,2"e in K-Xr age of the "por- 
?hyries," that is. 56 to 7 ° m.~-. On the I[olmes (1960) 
.ime scale, the Cretaceous period ended 7 0 ± o  m.y. ago 
;~d the ]eocene 40 m.v. ago. [ 's ing these terminal 
dates, the ore deposits are early Tel"tiary, and the 
:ange in time of 16 m.v. seems small to us. We find 
~msiderable support in the data for the concept of u 
l;uamide period of  mineralization in southeastern 
.Irizona. 
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0 FIGURE 21- CORRELATION OF PRECAMBRI~ FORMATIONS IN CENTRAL. ARIZONA 

D. E. LIVINGSTON, 1969 

AGE 
MILLIONS OF 
YEARS 

I , lO0- 

1 , 2 0 0 -  

1 ,300  - 

NORTHERN MAZATZAL 
MOUNTAINS 

WILSON, 1939a 
SILVER. 1964 & 1967 
GASTIL, 1958 

1,400-- 

MAZATZAL OLt&RTZITE 
MAVERICK SHALE 
OF.ADMAN QUARTZITE 

UNCONFORMITY- 
(OVERLIES RED ROCK 

1,500 RHYOLITE} 

1 , 6 0 0 -  

1,700 

1 , 8 0 0 -  

LFePO GRANITE NEAR 
1,650 SUNFLOWER 

(INTRUDES ALDEI 
SERIES) 

DIAMOND BUTTE SOUTHERN MAZATZAL 
QUADRANGLE I MOUNTAINS 

I SALT RIVER AREA 
GASTILs 1958 WILSON. i939o 
SILVER, 1967 SILVER, 1968 

THIS REPORT 

DIABASE 

TROY QUARTZITE 

APACHE GROUP APACHE GROUP 
UNCONFORMITY-- UNCONFORMITY~ 

GRANITE AND . . . . . . . . . . . . . . . .  
NTRUSIVE RHYOLITE 

)XBOW MNTN. RHYOLITE 
HAIGLER FORMATION 

BOARD CABIN FORMATION 
HOUDEN FORMATION 

UNCONFORMITY-- 

I 

%Pb RED ROCK RHYOLITI I.~@Pb FLYING W FORMAT~h 
I,TtS -- re.dr -- 1,715 

ALDER SERIES I ALDER FORMATION 
- -  fault -- I -- fault -- 

YAEGER GREENSTONE PRE-ALDER ROCK 

Rb-S¢ \ 
,. 

SOUTHERN MAZATZAL 
MOUNTAINS 

FOUR PEAKS AREA 

WILSON, 1939a 

THIS REPORT 

SIERRA ANCHA 

SHRIDE, 1967 
DAMON, ET AL rgG2 
SILVER, 1960 & 1963 
THIS REPORT 

WHITE LEDGES 

THIS REPORT 

~'140 IOIABASE 

u;mb I 
1,2oOj/ 

TROY QUARTZITE 

APACHE GROUP 
----UNCONFORMITY-- 

HIS, ,.~ 

GRANITES 
(intrude 
MAZATZAL 
QUARTZITE) K~Ar RUIN GRANITE 

1,420 
MAZATZAL QUARTZITE 
MAVERICK SHALE 

DIABASE 

TROY QUARTZITE 

APACHE GROUP 
~UNCONFORMITY 

PI NAL MOUNTAINS 

RANSOME, 1903 & 1919 
THIS REPORT 

DIABASE 

TROY QUARTZITE 

APACHE GROUP 
--UNCONFORMITY-- 

K~Ar (METAMORPHISIV 
I,::Y~OOF PINAL SCHIST] 

Rb'Sr 
K~r RUIN GRANITE 
1,4.20 

HESS CANYON GROUP 
.~UNCONFORMITY-- 

R~Sr REDMOND FORMATION 

Rb!Sr MADERA DIORITE 

I I 
ISOTOPIC AGE DETERMINATION, METHOD AND ERROR LIMITS AS INDICATED 

PINAL SCHIST 

J 
R~Sr MADERA DIORITE? 
I,~30 

PLNAL SCHIST'? 

TORTILLA MOUNTAIN5 

RANSOME, 1919 
SCHMIDT, t967 
SILVER, 1967 
THIS REPORT 

DIABASE 

TROY QUARTZITE 

APACHE GROUP 
UNCONFORMITY-- 

I RUIN GRANITE 

R:~Sr (METAMORPHIS~ 
~,500 OF RHYOLITE) 

i,~4o | 
[RHYOLITE 

I ~ FLOW iN 
I (  PINAL SCHIS 

¢!i 
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