" 308 .- Q201006300004

Scientific Notebook No. 620: Field Work and
Interpretatio Related ot the Study of Fractures
and Faults in the Poorly to Non-Welded
Bishop Tuff-Analog of the Paint Brush Tuff at
Yucca Mountain - C

Q%f’ﬁmm

CNWRA/SwRI



NOTEBOOK NO. (20

ISSUED TO

ON 20
DEPARTMENT

RETURNED 20

# S¥3

(onhawation o Sci. NYb # 515 andf
tssueel o %m‘hi& binwla@ﬁ@;a \be‘ oorswlfent

Kelﬁj < Bm:f’ow&__.

KKB = K{’,“& K&qkb,a, ())mo[bﬁ\
(1D = Qam%(_' L Dinwiddie

SCIENTIFIC NOTEBOOK COMPANY
2831 LAWRENCE AVENUE
STEVENSVILLE, MICHIGAN 49127
(800) 537-3028 - http://www.snco.com



Table of Contents

Page

'Pi‘u\'\JQCI Summany - Corhawation of Gelduwerle f\abww k, oncl

\nkrof\e Fetion w( f)ei(h( v the ghidy, o fradures and

QLD eq/v1/ o4

_J .
(CLLA.H?D 11 '{‘\f\L r\(L. Lj 1o ILGl)M/L'(I_Ld "?)ﬁlli.a,i) h‘uﬁ‘(ﬁ

\\L’X‘k (‘aﬂ(ﬁ;(:“-c“({ VJaH’\ C;,;n‘”li{:\b}nwm{ﬂf((_,

A Randy Feders
Kell e
Vel Dauvid Feceill

B «L\
b Doa baedno)

Dk Heermenc e

R‘Ox)%; /{//C' éﬂ'i.’n] ) S

o( C/\‘J\,UKH ‘lu M“-ﬁ?c‘c;‘f‘ S’im(f"]\gz,( ci,’can)LerrQ, (?./k‘[ '(T:'a‘wa\(_

chareedenistic < vUH/? v#?ée’.wab; it ‘7’65/3 dt- 1l wdc wf) scal.

((ors tv 2’5 )

Mebe that  <ome peges Wawe o second xecor teped g

’\'\\Q u\(“\f\d«Q KLIUVA . !\‘/().'u:.. c( \\L U\(tnnuilorui corve n+ «-( +LL

i, \uzk XA O c\uuu:;ut i the oues Lj.'ts KgTux |, whiich

Can lq.e/ peit bed lou s‘H\V radlen vecauwse buth Cepies

J
'leyﬂ,a,i,-\ LA ] ’”\., $£\e‘ﬁji\('tg Ilﬂ-&*\i‘-\")o'z—‘kna- ”\:'L CDCJ’LW.' AL (1%—

Y
J J _)

S nwaie. e cg.f&-‘()LL H’U‘J'\ ’H\t. t;{\%z A (‘033’3

T))is 'l‘g G ("Qr)‘h‘(u._aﬁvg'\ o[l C'l\}\&)ZH | 6(& ("'-\h(%(_ M“k‘?u’( # f)g§

SCIENTIFIC NOTEBOOK CO. (5‘ r l D‘”I'I/OL/




lIllll]TlIllll[T

QY

‘aw Aq pooysiapun B PIsSaUM

ajeq

Aq pojusau)

Vo *hdao Sriti e
E Kq papiooay SQI 9 \/ QA

aeq

a1

‘oN aBueyg o1l

59\03 w.-:&b:‘ '
- .A«FCU.AJL-&;\( ocl\C. / %&J%L. ______

{lf ac. *Moz?w g

«M,Q@ ‘-Jr(‘rha.? ,

M—Q\JISDL o

'-hc mas

Yb’»o\\ TS| -

W, —f‘f\&c vonmalt

Senen Y x
,,,,, GV {Sgﬂ\oom

o S@ﬂm (= 10x (Y\q;zf

chA‘ \.)Iamf N

{sernn cLd”

-~ \éw&co}m/o?p |

5 |

i &d iﬁf 303

_féj/@j/,
| Chai Ve mdz, el —

| FUNT 2D OF th'é';()e_v |
’%\smo d ? apscs Dbt >
- ccontline -doc ]

 CL papac . ]
i \77\ /)\f\_u@ ?ﬁc,\r\a,\\k core &\ t
l \mm\ps O
n ‘ CC,,-Q,,\,_‘ — e
L_* | Cc.ln ALl

ST M\Lrop‘hmr.e 5;,

“-%P(SLDGYQ U\}L‘\f\rnmo, _%CL Po:‘m. | ]
W) 1ot awche | C. Dnnu.).cicit_g |

Q. el tc.arerMOLm: |
gw uowu;& b\«&. we ‘ol ]
_wioke S(;M&d\mg 2
j: A L}L«\/u a\J
(ﬂ;‘*lﬁrv\ibc:(orm~m\ﬂeb3: _

(SR VNN, SINU SN SO 3 -
J 1o 1 i

I 1 1
- "oN abeq woiy

i

B

J\o -

a

/“\ L"Y\& |

e

e

i 4)9

o



v

| 507 i XQ@E; e f17fo5
. xbr—\oﬁ T%ZL—*

,(Ac,
@ccuc, WDDD

o5

= Wi |
,/&2./_9**% meoa,_LQ{h ,
- ae @ Y = KYY\O—?
%'Q\"T(DD-:T . Bi |
L .Yx masy .
£l of | - _ﬁ_H_L’t PJCS Ofg

‘5 ~ON-TS\ [
lﬁj'ifaumwuc
SeAan @ Mx mo_od,
Vs U . nemna e

«@"a q oA N

&n o (2 10x Mg 3

(5;./:!/) Istort w/wv\m

feac @ Ldog

w[ &\'ZZ,KQ_'\:DW
W@C%\_ N

i?

s
< /e

S
XQ{“{ O

—

\
| A
% nl
|

5¢'f

;f

H CL LD

a_ . OO R

vl

AL /136

SN ,7_9%@5{%
- CC. oMY lTna -

Chaik Ve Outdne — *f ]
Veleran fﬁ:& b ]
Bosu Lt >

o

- (L panec
%\ 0\’\4»@

maﬁeg — CCZ | _ecZZ
i i C_C—Q\"\,‘",,m_ A
s Y @etnedWag Lo e
Lacplo] b CeaMunnli by |
E s LrD/D‘b'\Ac.e Seprples fﬁw\‘(C Sr
" Base D o gwtling|

?._C/V\Q«L\]\LOJ:L S ﬁ>

7L st auvche | G Do ched e
adXKec evvianD Korven Po«\,oLM
u)ﬁﬁi_%mLﬁq_(s/&_m s ‘?6’ Z- i
RADI SR SNV S W r \oeld
L IV AL % Odfec - M2 Xeally
B Llibna Defecom envivo .|
T, mucvolocateo fia bm(‘:f
-~ B Dne chig Sredo ,,,Aj\;
[:;\4—/-@—’29-» res

d L g X ¢o -
Gx E
cT “"@{é\@
S Sw
NS RSN
i3 713 e
v g
=
3
L
o /13[o3 | %Qﬁermv% RECIES W

Yo A

e )

Az x.Q g

(sen
6
P

HCLC-@ -@J\CXQC

. %g P cen

2 03



zg)@ ]l

aleq

o)
Aq papioday

jO

t

NS
N 5 7%9d

Aq pajuaau)

aw

%Q)g]\\

a1eq

L

‘oN obed o}

— a e U @ (—/?Q’W\ao}
ET- AN -T2 -

h L‘bc mMasy
QL
\'\'\050\\(,
ac W\O/DM oM

BT-A-TS1 - |
o frac vwonrnacc
Se\ e @ Yo vy
- 2nd Lo mwcom
Ce N 4o (= 1O X vng

<§g/\£/) Skt wf Y Cvrd
%QCC E&C} d&)/yQ/\\QQﬂ.

w[ Ak KﬁLJrD“W\Q_/

Uy et
*Ha pien

Yot

mO\OB —= CC7T _ccZ
CC.Q\—‘(*m
Cc ol al
Cclheal b
T e shuce Se vnles f‘r‘fW\CCS
= Dased o patling {e/a Poe
@/ ISt avche™ C.Dvnwol de
q,g/(,o“( £ vvia~b COWTZ/)PMQLQ
S wecvld Uik we +o
w N Xe @LB(CJ‘\\C—N\ —’ -
T A% 3
Iiﬁuh\iDﬁaww

L a

-_—y

1L mievemcate ok
\ B DTG cug e, L

\%Q[Q%/Oé C e

\_/ L/L,L, )\\j J/‘\(\(\—Q_—hﬁ ‘
Mees

o) Ll & Defeom @ VT |

= —- 1 7 . 1 1 r 1 1 1 1 1 1 11 T T v 1T v 1Pt YT T rTT T T TTE ¥ m
51 1 Ao 1efi3le3 %
ci| ] LOWMe \CeBoto |17 02 FE Gre |3
b s Chaiklwe Tutl, ne — 1P
§ %/P\O?D /’Y%% ”—4 FrE vy 2ed &F It/efam‘f“f I
g_ i - L+ (‘OC/ /%@\J%L 5\)\v\w\s7?am9~5\~/\\b\f\/\ 4 —~
g @c\ - TNOO R E CC OA\Tne - cloC
- — 77 yoa 4 (L papac
- sevel Wesaien B g el cove &

- I SOV PSS N N— —
) | Il bl | 1

‘ON oog

ERIRNN

"ON 193lo.id




T e T st T SR e T T %, e A e i e DM S B8 i e TR S S L i s e
RS e e RREETRL BEE BRI m% SeAREr T T RIS S ) =

- s R N R e PR D TR

QT

‘aw AQq poojsIapun p passaulm

crerrrererrrrrrrrrrrrrrr T rT T

N
CLd wminzfod

caferfal

ajeqg

b olr3l03 - [&W/ 17-4. 2‘7[53 ron -t et /,;ﬂ%cl(% (a_/is/

* e vp LHam s S el « P, ]
M mm @ WM _ T vt e Cendov .ﬂ..i.%_c,‘.--.di_a.-.., o A // i
Star e, (s o .
e (e

X &u,f yoclea — ok

CViad
(WP o o - e C e L S {:'L*

(cbove. reurilien bdas lay CLD, 7/22)10) -

) ]
‘ON 9Begd woi4

i 1

Aq papiooay

avo 'Rdor ey

Aq pajuaau)

gole

ajeq

— Boes Stveld & e
o) (/S Gest Le 5T

‘ON abueg °J.l

yhiss %WW?&W

- Foems

Shirlee Gartio-

- CoTI lethea — 7

QLD \oliz]o3

~ email Go(‘t‘cs?udm w/

-

onwra
Corlett

1 | 1
Il J 1 )] 1 |
A NONOCT

golaly 18




Project No.

—? i e.\.b ujisjo3

btyra-sizps

Bl MU L . S #_,___

_iﬁw/z » | ,S/M g
tﬁj ]0 walw ﬁ
i _Box au,f; »/ac/q pc

|~ SorSitved ¢ Mkéi, ,_ 

- WSJ%(W 24

|~ o tved S s
Hed— Mf//f—_éw&pt -

eLD, u/:s/os

S

| T eema s:;,(m,e»a{:xw Gov el [
, mg\uzmuﬁb o5
| Cox Goder = 7gells

- Q\i.‘ ~'*\§\~\) . \3 - -
SRRV N
- : g
049 %

- RTORY
i g = §\§i\‘:’\) \\%
s = _ Ny
i R R ¢
B | 3 AN § ><-\”§ N
— b <) Q ﬁg ﬁ\ %\ ™
n SERL
B * \ ‘

A
B 7 | To Page No. J
Witnessed & Understood by me, Date Invented by Date

C/l_,b iDIIBIDB Recorded by \\( | %/03

BeAfec co \3\6‘ CAL D




QY

‘aw Aq poojsiapuf) ¥ passaulm

AR
—_0
L
o
(€Y
ol 3
‘S E
+:| 3
cale
No | 8
-l
By,
NS
e
r
o
- O
—~
- 8
W
O
()J

‘oN afied od

Si We amaleypnn CL poa.
Znker Data fron CA ~ e e ppdated axtt
Sievel Sa m,ou/ S’oor(adsmf

CLD 10| 3>

Lo o] 2yo>

cimoaled +roon C
pnto Lboo lc —

CLO iof13/on

_ B cpesion

e
. Dwnudndda 6

& ¥ Rl

\,L/Pa;fry\-j R - XZQ/J‘IQ,LA_) FQ.O/\_SLK' bw\OW\AH-eo(L
o - \7\/

_ E\PEW@/\*\S
> VW %\’c,c?/‘(»ﬂaizﬂ' s — \SM\SM
fop

1 &N

of e’ outlina. ; P
W \'\S\\‘\' w red ‘od S
vdeas Ko 4 oS &
Bishop 7 prpess o 2. submit>
ceoukling, . Lo

~ 12 Rgunes ol —~
asSumi. o outline
responsible - 1o
%?Jrhse, &
(ﬁ% 1-10)

9, 0 ¢ A
l\ii-‘\’v’\k(‘\k‘(

g .
{ ) x.‘;\-\._-ap"jr ?‘!‘P“"“ ool Se b

. oy .
R R t\ Flis 4y

J
4

» -
.
P )

e sy €

LDnusideli e OSSO hes o0 ';‘f’:. |- TG

beter plotos b Fig 143 < v
CAL. W/ b wre Lles(os OO Ao 3 e ngae bl
C Lo ofi3le3 Vheleo {roc \v{_,\-\’%ﬂ’r v

- i)(\ &Y ‘x . \4 - - e 3 ( fE

} CCoalry e

AR RS W SO

FONL CUN + A
2L, b

Y B A
> Cant hwee (i()(

i ‘{\ ey N

U R
| . ’ Y
3 . o 8

e

releoen
Tl -

e Mof&Pm
—deCb\-L?UsonaQ Cop o\ W Yot e 2

-
*
A ~

T LS
A hY

e e

L "x X \,'-\. Ay

v :'/“ o ;v':"'_,
S
\L:\X@":-.J.\L(; "f( oL

o re {557 oo™

T g

hy
]
—4*—43
o
4 4m
©
o
1 4z
]
11
- =
1] ]
4
11
4 4 A
4 4 A
|
I I
-
-
4 4 4
4 4 4
—
4 4 4
. 1
4 4
- -4

AT

‘ON NOOR

colatln ayoy

®

goiEin dun



Project No.________ i1

TIiTIL =

- eLo wsjes b

e Gl s

 Enker Data foon S

ot i i |

_ Sio yzlso;m,o;w‘ﬁﬁor@dskuf' ﬁ@.,b_:nu;\cl& el

e S il | ]

l_;_;.anm_-'m@.)c:_wu R

U qinsre arabigie

o CllgrSzdadsm

T IS A Vv it

o dddan P e
b&hgp),,_mmgsjgm Y

i -
e [ :

e,’u),»u.[‘ts‘ Ioé_ :
= gvg

S\ 2o
>\

(prfacfs
UM :
O(rS%d

0

n red <
G g

>
3}
@

szsoan Ci. .
ee outline

o

\/\kﬁ\n\‘\ SM* ‘
8

A
— Lo
dote_

of

Q>
> (W
plsios
CALC W) he ¥R
C Lo

- up

Llbon lc —
\,L/l’)cxjv\ﬁ

pnto
£

1She

CoDmnesidoli e poSE \ ob)

“nber Data Mm CAF /
betten

Sieve samply Spr

To Pag
|
!

1
|
|

Date

Witnessed & Understood by me, [Date Invented by

O/LD | 3| 02 S —

Recorded by
Befrec copy, CLD

R




ot 1. A 58 1. e B i
S e SR

AT e DR e T e R s A e e i SR o
i ¥ ST i T T R LR R R R e e

Qv

‘aw Aq poO}SIapun B PISSAUNM

o) ¢1)Ql

=)
o
o
D13
‘S1E
1K
&nc
-‘g'<
v
of
()
r
U
=]
-
=
)
—
o -
g 3
|
»
Q
o
b 4
Ad

.Phoh M C‘/Db(lfk. P‘-Cf'fu\"ﬁ/) ((m\:{\ WL)
B9 - 151 -
Li‘]"Y\oLDS(C, ?L\c’f‘osmle\‘{‘ow_ﬁ
- |4 p:‘LS * “e Y’ Eey”

BT —a%n - Tl —
——
Lrhaoe ’GOCMA
sy |
(@ e masy (IO.P,-(/D3

exr A4 -To) —
edrmeg (15 pes)

ST - Al 19
. L_.i‘\—’V\O'LO

'l

insa ' oo 4»},\7
1] [N C-
(u\«»’" . —

\93 .

(2pies) @ Hr ey

ASA L6 |84V
G- -Tol ~

‘\/.\‘hf\fﬂ»ob“') "F"M
)P*JC @ Y~ KV\Q?,
‘ BPCLO Qlema&/

— . binah -
FECRICTIN etz tall

da it i NS a\:—‘\ LOVWO A,YCT/‘ (?);
&1-9% -5l

» Tlatle red \guwn‘u_ cle
SugyEoT W gl lesg
Ub u.),o_/ctd"‘ 3 .

< Mo fermety T

. Sfi (@ “f % V"‘Qa,‘

| gt/ o

/S S

1

1 i 1
‘oN aBed woiy

L

“aR L VOSSO

hi :



Project No.
Bnonk Nn

5
cw, ll/l3/°3

2w u;mo; m Q/gf/»

o APho'{'Om C'/Déﬁa.f‘\ P Mu I_Cz,\;k MJILS

—

| E)T CLQ.,) Ts\ i B ,7 : — - ‘ AL .- 4 . yna° 1
;7 » Liyfnolegic ,?hoﬂsfa—‘fak—&ws L A‘;_;,:'_afp;w.re/ D% e S -

P £ J‘—l oS @ ,ﬂx ma - — ka2
L P IR Bl 0 P %/ : - i ﬁﬁ$5/‘i‘b~~a—
b‘\_ "l’b ’Yb\ N L AXD dzjea(.«ltz
- - Lhanios _ffp_m il Akwg SN QM@ N
! a Q..o» £ - ——
- @E{‘ém ‘5- U 49 e | L= ;m |
[ pr AN -Tel = | - "L"*“’““& PWNML&“Z
e K/(‘\’h&&m_&w = _Sx)s%t’/f\' W&o%ﬂx&.

N @‘:{QCWCMR( {\6‘P;CSB s dbw&_i_s-lwsgéy,,,.,,,

_ ke | el 7 Maub(vb%(/c\’he(ﬂg “ ’fb&

I 2] it teon// oty |
S R j . “;,,@?c;/’:,,, SRR SNSRI B

—

‘ PR Wy P f/ = -
A & N : ~_ Q -
§ S §x B & - Q
% -l 4 = ’ Vi
o Vg 37 pgj g
s 23 2Y R el
ey ~N & L v o 3 9 o St ; '
A > W, - Jo 9 : QﬂE | ] /){-\j’ ‘ E =4 N
O Q S ;Q " RS S Y ?ﬁ\ JC AJ—J N,
, T ¢ T 7/ sT ﬁ 2 —l s
%8 5T 53 BT T e
" RS ; P @ ot
; NN . B ‘ b B!
e O 0 El | ~
- N N
= "\‘” _g )L \ |\ (\}
2 S5 o gl iy O
|ToPageNo.
Witnessed & Understood by me, Date Invented by Date
QLD 1l (o3 Recorded by ““3/03

Qetter copy, eLd



3 n
5 ' m—— Y8
~i[ 1 QD wink3 ab oz 3
22 ] wuweT | Cebobfaups WS LA Ceb ¢ are |2
6 g { Bon Blen }—//\V\/ocpg 2607 / - 0/37/0 r 30
2 > MICofena LA — See e BT OYN L — 2.
§ ] %{‘PM S oie 0, colors J Pre mesate dir, { %’-
_§ 1 O fragmets (M e et ) m — 4 PIw@K(xr 1 4%
] \/\/\nduf—’\"\n.. M,%?«Q CG\D\/"MM\> P ’(\(ZLd\JJf WOM;. 1.
S g 1 Tt P)fﬁct‘ i AU SV (ot : {1 4]
— 5| 1 2lasts have, Sean oo & \Doss\\gl - \Opios L/_j/ X o6l Ul
L . Wl frvon ‘ SR y P
Qo Y artic Pov placke e The.
© - ‘ - Shear cf ¢ fyre, > \} P
» '("Q/Lc&o’bdw NN Sﬁbanjé —%{f\ +0CO~(J+\J(€, 4
e . o K%l//27/0 PR ackwv s & Catacl
o 8 g ) - : %W&V\OL(\D (d—QQM/-hk\ i
3:5 gl AT104ATol — - ~ 24 pro et O I
NYg | < 4 - | ’@(E—-‘-s\ — |
,‘8)’ : *mosaic 0+ frachae oD
> T §y§'ta/rn ' ' . &5 P\Nto el // to
? =/é420(/u_66% &L_/F}QDQ (_gv\a dvrech ol
X ma ~a |[Len e o Cen
U ﬂlwc;ﬁ?v; ) iasyanst M@%%\::mm
5 .'——‘j a crossSs).cle -
= 3 Clpois foteo @ -
————;:é S anso | Intals folder 1|9
z nclude o c pel {Is
' e {22 21 g Rl =
5‘\/:\:9( E’ZK Nih~ i‘

14

B v e

.




Project No.________
Book No._______

e

- D, uizjo3
el @fai o3

uéumgﬁe‘ , ,
e Blen bMopD’ZoUD |
- N\rcm{aM-l;\—s — See a
ot so e db colors. (.
(\4 frmsrw—w‘b‘s ~ M Y e
\,\,mdufw ser~ahve C’{)v]fbo-/m)
Aot P\Cdr A~ s SV &
i‘,&a\sh waé,:;ﬂ—ﬁ otadtec) & ?oss\\oly
O&LﬁVﬁ
*Zf_\Q/LC& RN W ”ardw”%’
o rem: i % (//;/

%w%%h

MuSl/L (A1

eLd, i#/13/o3\
ik ‘I;;/a ?)03

?chn\ ¢ i,

. A 4o L
- L . 2
‘ la

e l
i \fpéu\m é]\ﬁlwm)i\* %]
— T A C
-t o)
M&\Ad_&_@ (alorec o | |
= 8"{ p] °L‘t§d§&£—- B

‘Q{DDE’Y&\ et

@m%ﬂﬁﬁ:,

WM pl oo e mas
:E(adw 2 N0

T fnrr G @ — 1
,,f,QF1%_4§\%Z/ L g

|
B
P

u moseuc 0- qﬁcam(,m, T
o g R L |
V (MO&A_&‘{F; coQ . o leng darech ol
4/)(/7462 fa |Len e -~ b LT 1 et 2l |
I Anechin LY d/a% L Wﬁl_ﬁmﬁ%
_ _ — ajﬂ?55 siiele | : }
_ | | : 5\{34“—3 i{—oﬁ\?“:a @
________ ,,‘fv‘v, B : 4()\&% L
 cnde pealope® . %
ml_ax' {2
; ~ o g0 SN 5 T o9 T
§M STids EIe . SiLE
BT R S
SUBCI Y e ;\‘ \ghé
g U Qj | T s f%EW?
B §iz5 Eé géjis R
N 5 9% S o= B
(T 3 g yaTdoo Lo g oge IRl
AR YT s P oy T
j% Ewd%’*ﬁ?—% BN ‘% :
| 3 ¢ e 4 8 = =
SEr & e33O .
| 3 -3 T R i
R B A B A To Page No.
Witnessed & Understood by me, Date Invented by Date
C,\.,D -|D‘ n‘E;IO?; Recorded by \\l i},();))

Betrac copy, CLD



QY

‘aw Aq pooisiapun § PISSaUlIM

‘CQlilIO\

aleg

Aq papioday

CBdoo 2N

Aq pajuadau|

golgy|n] @7

a18Q

1 VW UWA' “b\ oLo \oi3led

13T \07)

BTI05To> —
N — Pho s ot ond ed

Vofqlu ™ Lav-\é A Ly

E~e
- e e {-DM/E 5ﬂ
yoa
- Sevse~kR, —F\ac.’*hma;aqic/\

1 UT\Ol =t ke e [257/0

- PFVJ & ‘fx M&oa/

a 751

Cvnc_’\'\)fz Y10 OM o

I"*l

‘oN oling 0}

Q@ [0 X W\ag

> 0/@7/,;{

oD fto [13/07

,—-——-»-
Uon e\ %6/3‘7
+ 74
CF oo+ / /
W/7/
L
(51/\0'7 o TS)

L'\Bp\ ey (@ "'\Lﬂma}a/ |

{ru&wz O MDA L T

D bot~ 7/ d L

"\—Dkoﬂé ot
WAL pr— L(xmaq(

BTV o 1a T
°25f1~> G o x ma},

([OV\) X
ook /Mﬂmf\

i i i
‘oN abed woil4

'y

O‘?I./,/.VV:‘}

c‘\

[T

Ullsi,n \ —




Project No.________
Book No 7

LrsTx- | e
\:__—54’1\0 oS galend LJ o

N [ ?.o{talu ,‘bw]_m.g /'Yb:&,\

‘;E - | ‘H\\Q el '('DMJE gﬂ

j*_,,_,, . PICA

e ﬁsz:{&m-—ez :F»a;‘, ’:rwooad;\ , (i . F o4
 @1\0L Fst \G@;j;—ﬁ/og 1 oty .

j:f [ VIR WOy U |- chrelmonactes
ol f"‘/:% a=nrrEs
T [ .P,.‘r,/: becﬁmo&a, o | el L,_ S - %

[ - S S T — e

" (T, P e

28 gl @ Yrrmase

r
N

I 1

L'\Bp\ w@ "'}ﬁma—’a/ o °ZS$" Sl @ Hx ma g

Q, (@mx W\agx 10 Vo/ x?u LR x\p/)uxﬁ
B ?\wb; .V\M/‘}eeg s %

e

|

\ | ;
N : i . . 2 ’
3 e Tt g ¢ =T o
é Y'O v [\ & S
3 Soa p X 5 <
A PO ? | ~ S a
= B S IR é/ Y0 %
s | et ? 3 Voo pTe
5 f E S 19
o .
g ol I o 1L
‘ B O - ~ e
2 Pi = ~- .
2 B I <0
T T T T T T T T L W T T T T T T T A T T T To Page No.
Witnessed & Understood by me, Date Invented by Date
CLD 10]13[03 | Recordeaty ol I \W]|13)od

Bettec copy ,



Q)

‘3w AQ POOISISPUN B PASSAUNIM

USW LS 3% @ G 27/02,
+ 7/ /06

BT oS- —

AN 2 mMona 1L
Cralee M opies @

aeq

<colgia

v o1 TS -
. }(ro.c}\a/ﬂ YNoDa ¢ e

. ;}‘P\\f/’ @qXMqY

Aq papioday
Kq pajuaau|

== ID"I c 199=—"

&rac M™esa s

A .\01 o C H)(T’V\Qa/

AV ' Bdao NP Q

NUPDATE —> 3 [7/6 KKO
“DhSma-Qﬂ«, &W‘v)

w/ Vﬂ(nﬁ_é’ﬁ\
.@6,-"5 \AJ\+L\
A‘H'Lco_ Dm,u“dd(\t)

aleq

fo/g’]\\

~r o, coordinatas PO

HHle w/ TP tvans
W o~ +\\AM/%C‘L

IV EGerS) 90@4*9 *
CLo \0(.3!03 Pl w{ n(cm

r’;—'on abueg 01]

CLo 1/12/65

e ¢ /80/05
BPP)LATIA) Dt € 7///03
LHOSTRPNEH (ENFEREXNE —
prPLPLY 7o —
AL D s (00 S el e o
T/ e e ‘

FrLe)? Hia)i —)
GHOST eARaD” Kkbﬁhcﬁnmk .dec

4,)“3"*’,_;, &/7)05 K
4 ‘! t\/L/"vr' (L/Q/? l\-? o ."W{ PN §
Ce sy A 3 i fe # 7/-/f4“ ",’LY _
L’Ul*l’l/\ (a_,r&fl«x A ,.,*/Lv'{u

. L..A.. I ‘ Oty (L RN do, y }_ﬁ.ﬁ‘ - I -
_" & \ . ’M\ / ’ x ‘ l S e N N } ‘(l
PR —— .
?f b.!‘ )o"‘f_, ( " {, R j ‘ )[ {_,(:
1'5 ’ b (( iy e 1 R '.:". !
(;r (\ ("'ti.( (f ( (C‘l /"
; v
i 1/; L ( e ((.’I
{ \UL VAR (1 4 o C.

7

\

i V(( 4 ‘.;'f// lw ““ Kl"!.i/‘ i,\;
CJ/ s

- N i 2. L. &
Nt e 10 by S mpest 1K w |

i

| SRUU VNS S L.

1

=




E

. ~Rachwe mona 1w

Sl M pies @ Himany

G efz7/02,
+Zmp5

a chwe ynesa ¢ eo

;}P\W@L{XMqY

.chrn < Wbo_n_u>

,,,ﬁ-).kifl*'\z CL‘}){YY\QX |

LLD

CLn, nlulos

T ST S
R
5, 87
| = e
| £ ‘\ ' N
3 B 23
2 —
{
/, ,Qigﬁ
% Ti | |
i O \
§ )
Witnessed & Unde mt‘ . by ;!:ft E Date

— =

Vo1 TS

i\b(t;%[og)

. )'(ra A2 v
SR RSN

_p

éhOS‘f o ‘r\> (Dh
Sl

RO LTI DuE
. ArPP LY 7b-

N i u)/L

VBuWRm

UPDATE > 4
%’W/v app g
- Conrts

2 A A DG

P A
_rcmcq( oo |

bHISTRANCH CIWFERE?LE -—E,v: )

L LAUD//% LQJE) L,Q(wwwm)m

GHOST@WKKbﬁhm‘H'Iml« aLoL ‘ |

"**“J%%uié

S0

8/7 02 KK%

,,J») A '\A[ (a\;(] % —_
rlc €. *#ﬁz:\fs
o(o(_(_f

m_ﬂor; Pcs tod
PEN D N

ttx:\;uuo/ N
oo A '*"{'y\q-

/ [ oS fzcma 0
ﬁ/r\d« (A 2ate]
/9:4:@@ QQQ

pestc fom

/E(g,,\) VM

(. 3,nw4r£¢l e

QMCA(/O

& A Pl' >

- /Era « VICLo
¥ oriGinally epply wi

BT 1077 ¢ 52—

wa»\a%H

ming

T
N
™~

os+@fu\ci/\;\
szamhlia ¢ 4%(;.

{

P

{3’
O S

\0 (13|03 f\u,

cum/&\

/\H/uc
)

1

g,

RSBITITTE R T e
et e

/ TP Evans n
o e Heom 3P 4 C\n"g) ole

é’.;’lLbe"Q‘f'—"‘:‘Lj— e S

=t Qovebv 7

ﬁ Y
s S & .-
i e (‘)‘ N
| T 3 0
l 3 ": o (
°J B
N = C -1}
=5
T e e »mmj.i - :“,::j
; Invented hy Date i-
| Rec ordm‘l hy . -
\\[l%/o l
Gettec copy , LD



‘aw Aq pOOISIapUN B PISS3UIIM

aeg

Tol]al

Aq papioday
Aq pajuaau|

\%AQ’D JWoD

aeq

cofer '1\ QY

"oN aBed oy |

|

14

P ————————— T T T T T T T T T T+ 1.1 1.1 1 71 1 1 1 i 1 i s‘
- T B
() i — aLo lo{t3,03 K'{E i —é
r Eed 217> g 3
4 e 11

R -."} T v g - iy
[Gvmem o W [0 7L T Al

GM S‘\u /S’A we W c. a7 e, OO AN AYY L .

LD e L . ,‘,f) — b( ):f’. formn Loy S '

Cmﬁn% '{D snKac B N LA SIL S B
CF Se e c(u..ﬂn_"‘.u-g , o ]
“h B L Capvr s tamNe 70 pio o -
"f\. ‘L«M - @\o:fﬂ, Wtr;ﬂef\ by CAD, 7/2% //o\l

B, 6 G Sze [Seve Ardysis —
S 7 (Sta/’d"‘, ‘;‘\7 e, analosis wsi ]
C’;‘Z&vsl et co

7 CF | grsi-dadac

OF1 obrszdw(?u

Ortate curmudahue Ve
plo™s

S
GarMwlat Vc.‘ wt Yo

i::a o creake
Q- €scw sanv[g,

LD t0)13/o3

349

el

NDOOK SBishep Gratinayst>] |
C¥ 31‘0.}-11 S2ONOUEIS > "-":3-7 i

[

B

- €0 (b

R

-’

‘u
MR



LD (1| _pe
47N -7/'7/03

Graon Siee /So we Toretoyn

C»\.A'\nu-l.. {0 a Lo

CF SieJ<€ d%'&b&
nAT
AW ~— -

BSM(:? 0r 5t avaloyiins
CG‘fcvsl R

7 ( F; ) 3{5}&[&3‘\.

-\-\uﬁa X create

{A_,mﬂ\%\.oéh e

Yuﬁ"
wt e
,@r e&c SQWP €.

\

Project No.
Book No.

LD ui3fo3
ww;[ag

Grann Siw/SWé analyé'a«‘f
Conhnd @Y}&\\f GNN —
@‘S\"‘)P7 > @739;0‘ ﬂﬁ(\{S Sy
(,]"9A r ST analyss7EF] gpeszelak

areate comnadve %/s ‘&w(am
to dade e s Ut

9,,/(,( 5‘?\:‘15')-7 cS

CLo, 1 ([B]o% LD u(i3(e3

” a2 ¥ %) J g A .‘i;i

| AL ‘\&.;Y b ﬁ :’7 "g'g* .

| - P & /

| - 5 NS L v

| 7 3‘5 ’\ Y ‘Pi‘g’

| £ 23 3o ¢

| \ ER I T Y

) U\’J&“

r Ds | lTo Page No.___-J
0L elle3 1 copy , ol I g




A\

‘aw Aq poojsiapufn § passaulim

ajeq

Aq papiooay €O ‘9\ ]Q\

arp oo sapay

Aq pajusaauy

goler )M

aleq

‘oN aBeg o)

na Y T T T T ¥ T T r T

1 Upoere SPMPLE 1INV e ey 106

--, | | TS

t

B5HIP Sample iaventery 1 -0 dac

CLD tv/13/073

s 7/

Y
=

ramSize /5‘; dee Pyade jo<
 Begino o entm dade
N O, 7. |

-

a;_dﬁi_, N

wli3los

L

‘ON abed wouy

1.
I e
; —OM NQOGQ

- fajeiln ,AuD

Diden

A1Lil

.

~ge'al\p 330

[



Project No

,JD cw, uf1sley o o wb ufiysy S
Yee 7/\5 jos o - vebs 7/lo)0%
WPDPTE SIPLE 1NV e TorRy) L0b CramSite [Sreve Poadopn >
o lepatn .
(56\4@7 Sample ;(\\)w\fﬂfk/k{?"ofb .dac E){ojx wo T e e Ck&jﬁg_

( 7D \DC&fC&,7(tL_‘>L4/ CH o
%1 €€ c”l ot
 Le. () LAy~ T
815\\(\ Oca ,\3 %TM}LL@>
C/T’C _S%ﬁ )’VLLLqu =~
C+ OY s claiHea

aw, nfisloz CLY, i3/

|

Yu
CUPDETE ShonPLUE INVE

 Blepatn

BSHWO> ga_mpl.a,; AV W\&N‘\

T T T T T T T T T T T T T T T L T ¥ — & T 1 o l
To Page No.
Witnessed & Understood by me, Date Invented by Date
Q v \Ul \5\ 0 Recorded by o
L—’\- :} \\‘ i 5/ 03

Bettec oqb%) aLD



ATV

‘aw Aq poojsiapu ® passaulim

—~ O
o 2
— @ |
N -
g
(=) i
[ON]
2 =
]
21 =
8lse
91 =
bl
%o_
n_ﬂ.
ol & .
<
(=]
o
-
©
)
—v
)
Q
®
4
o

Wc\j) \Dhjoa

VO kﬁkl%?C/CTC/b?b UOWU ey —
SJV‘(QJC(,OW‘(VW\ p\\ohm'\c\/b\grﬁfk ?P(/: Lo |
BT enTs) - iy BT TS e
T clteegey s f 4 upde
. 8Q7|(A @% e ‘ @(—\Q\Q acfof\_/y =\ ko .
— )V 1n Acake ,G/(L e Z\ " \PQC/Q !N.NM 7
pectam v) s i A @t e 4
_ _ @ > ey i
e T - |

- UV\T\ADLQ SL/\

@ - Ao @ ey

BT P> T2 —>
T u«\mm)%, .

{P—\_\_ﬁ 'Jg*raqﬁr\r\o/)w;w
W - QS P;.B @quqb/

DTO-Tol 5 [ prowdic,

- O’\La o~ %(‘C*—C,

Ve i
K Oplm

C\L> \o/12 /03

»

L__s

ERINiE

V

"ON oog

LL

*ON J99loid




Q)

‘aw Aq poojsiapupn B passeuyim

ayeq

2ol

Aq papiooay
Aq patuaauj

-~ -

Gdoo wodwao Tioy

Y]

ca )i\\\\

‘oN abeg 0}

R BN Eaaa L T 1Tt r t r 1t AL Rt SN SN SN MRS SUAN AR RN R NS SRR RN SN SRERD RE R B B
A48T, Hots OLD wirs /Oy
Kocds 7/1:6/031 USWLG — - %‘L/&u_’.
) o . -7 8
Gra'ndi e / Sreane, Pk m‘)cvasﬁv\(;\wo) hcbm\(,va LSYA.Q\J 7/
' \D\CA\/NL
(1(}'\'\\.‘('\“.‘.&. .\\_\ ontor dadta. b Oyveate P\Y\D‘\nog P L\QL‘D\C 7(. Pk’—b
Comawnalabve ©/e (L/LQ 1 -(:(_.;;L—/
CF A aeve dade BT -C. — TS\
LE 4\\'-'\3‘ - UNolo S
\))\é)\u&)7 (‘U{L \&A&‘t F\Y\u v\\,wvc“}; . )8 Py 2; @ \{x md;
Oreeand- ® ?S‘“l‘\ bR TN ‘ | e~el ;
(/\Ck’t"’\ / /’\N\FI ")\r\o"'v Mo ae ¢ i/'\"@c/{\
KK 7/12; /o3 P
Geran Se / Sieve Anelysis
Contruw. o eate datn § erwhee &re | ao;rg\ —
Cumudatve. 7o Plofﬁ o DL NN e {em LT
CF2 sitve date -Rochne YV\OOot{L_\
. A
\Flepath (\ay‘rEé G Ce 1»\
Bishop? GaainSZ Anabysis > NaCTlec) Viecs— W)
/ C,FGSMOSZA(\GA,LSL‘S> ?%v\m\m\, P\m
OFZSPS%' dabp \ f\ga(-rca\ > iOK"“

Ruotiticg Earm
3z b“, eLd 72200 ?7’\"@\ (“OLTSD— -
| ‘ —\f-mc:W\(Q (@ A e PRI,
- 2 pre Of“‘;i) “mﬁﬂ"
> | B e v De-ermacher
C\> 1ofalen ~ oG . Cataclasis Sorde

'

1 4

"ON 9Bed woiy

3

i

7/

O - N

Y 1

- ga\n\n (G40




Project No
Book N TITI

A

QI 2 TR Ve N
L8

Cov N E

y b

by ey b ey e BN !
7 Lin 32 ety
7 ' * P

3
\
\ L.y

fas f}\ 4943
,\ )
(\._.(.\‘\'\\ AT
C
‘(ALL

L‘{;‘j \. /_)\)' Lo

=
.- 1 - )
L J <
- .
s } o
C PO B
a J b
— Nl |
| — S— . ’ i
T T T

Witnessed & Understood by me, ] Date | Invented by | Date

CL® |ofafo3, [Femomeeny ]

Mo e complete. copuy | \\\\3l°3
Lo




‘aw Aq pooisiapun B PasSIUNM

aleq

Aq papiooay QQ /€.|’O‘

oo I

T~

$.cloo >

Aq pajuaau|

: ;&TT‘C‘,‘\M@L )

T D foen =
\Mé)\okad \
\\pxw@ Yx MQ%

?aT C/\ﬁTS\——,

m O\JY“/\,\.C

cofe ]

ajeq

k R Y ?hb}o‘s@“ Y ?va\a_eK

| 4

- o703
IR ARy

LOWLADS —

BTHOTS —

UMNY]

— Sivatcp

L TS5 — |
0 pws@ U chg .

B Tws avy iy
[Aﬁ_,,y\j “-f’l'\a_ m‘erDDCc |

ihelucle l\k’h"{

fb\olq,op7 &mj}@? SCLMP(IZ._—

\Y\\l(zz«\m/a, 7. ——03;; doc .

| §1Va ¢

Aﬂ(‘

{1 \'b‘ \/

‘R’Du OWTLx

TeOM CC Ste

‘t\b)\w"‘

P — AOD
. lo 02 [l ol 31‘@

O£ S l+4n

CLD i Foy—poH—| |
vl —/28 1 A
7=

L
oN abeyq wouy

i

- \Fpvtn @ Y mao&a i

rgcga 11
CLP*(“%) ]

]




u,\\mbz,. | Kﬂ)

(BYC\ QC’LS\

E QIAA M"' %’p___ | * A A A bepids ok § Lid | Q.,':-
1 ; : ‘ ‘t. \' o .%' ¢

- B pze@Yemats | | OO0 SOl ke |

\_ ijmom@( 57
| \\o{\m@‘«(xrn_a%
R WA e

mwhji/\c 3

CLD 0f13] 0 [recorse ”/13/03 |

More C&Dr‘n,(yté;fc oo Dua,,

dLb A




Project No.
14 Book No.

micyrspichwad aalopin | Digpha t
MIAD plghocya sy - S
See also” X
BT 74151 — i\aook7%mo>mimém¢wx7m§£
- open fachure s filledw/bluedye  tFC
. éL»‘@Mcv] /Parfml(\/ welded 7 w/
Congpulad elagn )i laory
mMaAy
* blue d\’;L mp’)S PMW proe spoce
cSechons of sbide ~gmge ZonesS—
%M#nduﬁ)(é(m//.ﬁmaaﬁm 8/a/z/)41motfﬂ)<
cindrie 4 A scanwlar frachaves
- Sies of frachwts T araund epract
bondarien  dave (il i [evid
of MUt phase fluid fad

RN
Lk 8/6/03
&T 74T Z

- mosaics of open o hdirlina

¢ -
eV YJ;TWTS[SWWWM//

BT - ;

T fachwed plagioclase claat infille
ta;h::,im v Dt 1‘va!+erd\{:~ (sarivct))
- Miowhends —‘mdw( exhnck . - befrmed
spinrolvhen, aruvnd CGIS/‘A%C{CIA"’

. m\m{mu[*}- - sev| et caad
(v5>

. é’d{)L of clant - brolen by frac —exdend
indo madrix [l»\o(l‘l.a:ﬁo‘ﬂ- % clast
mwement - Defrmaho~)

CpRUWing of Graama st phase
cka dasir - =7 pracfwed
hewnciin j Surfacea ate Lwavy HTP2LTS L - ]
& yadl la ’ m.m%mc moacc
(‘ - frachwvies are oanplingot @bl famt+ oo L —
LSUmmar\{ 'émjubm’fl ’{(rﬁ.ucv\fbs W/[yt, - /ﬁu Y/ f).’Y)WrX— - S~
Deduiled b aics reans -hoieline {r {”I{t e~ Of clas T g/d'
o~ i N .
i‘;‘“ga‘{;;ﬁ‘ Pe W] sevl exterdingink ’ %&Z\% e >
¢ moteboole {unofficial) MasV x UL 1 rrr o fol/ o0 G bukelacied
et data will be prosnded [entered i 0 it format v/ Db tale. j; fihwe ghper. 0 y

T T T

' v V\l T T =T T T T T T T T T T T T T T T T =T a1 =0
T T T T l\ T T T T T T T T T T | T i T T = =& T & |
1 T I I I T T X T T T T T T T T T T T T T T ] T T | T T
T T T T T T T T T ‘\ T T T T T L L0 T | L b T S e B
T T T T T T T T T T T ‘l\f“’T"“"'T’ =0 = == T 1 T =1 == T
— T T T T T T T T T T T T T S
T T T T T T T T [ T T T T T
Ll T T T T T T T T T T T T ~— -1
T T ¥ T T T I I T T I T L == T
T T T T T T T T T T T —
I 1 T ¥ T T T T T T T T T ~T - R
T T 5 ) T T— ) T T T T T T T T T T T T T ol 0 e —

i}‘o Page No.

Date

n}ta}bf)

Witnessed & Understood by me,

QLD

Invented by

Recorded by , |

] Date I



Project No.

’

mw
w‘“
7 [ropagene,

Witnessed & Understood by me, Date Invented by

QL D \\ ‘ \3 I D?) Recorded by




Project No.
Book No.

ll’ﬁ"

)
“

I ‘
‘l

Page N

LY

Witnessed & Understood by me, Date Invented by

Q/LD \l,|5 05 Recorded by




QD
J?’ad% Br ANy S| ao?‘o‘N

| ﬂ Yl
ey shinchaad .C_\:’!'.f!L‘\.}.:\zL-iLQ vkl >

‘aw Aq poojsiepun ® pasSsaulim

\

\

\

DHeTeS = (ot - lP\hb i \f_)lu-‘@ \—\,;,_U..:H_‘

2 ! I i
Ce~vnCh oo Lroee ¢l C.C‘\Dw CN

O y - .
=8 Clamse maannpl Ltog to el 5=

(Vad Te s+t / CLQ"/-’jr.:f{‘.)?ﬁ PN N AN rj;j,([/z(;.

o, el = bisligy = e reshvuahess

e ML ve CI\ C\_Ti‘t‘i.._ \h_\LJLL_'
HEF
I
a| 3 OTICATS| —
Qo - it i N
ﬁ g g RN Ve O O‘WL el 'ﬁr“\’C‘LC.%wf A e | ',vv’:_/.)

e et e~k I T YNEA ¢ @ /,:\.77\/
g—% Sca e ount l/\a_ rel e Se o ;
§E (. e *““)«43..-] i ¢ cot |/ o

AT X) Praeal 8L
~-a ' ,- i - < !
L—g PGS\W A¢ (JU S VhC'Y\c-P_ﬂ-' 1
9 SE; = - CLW'\‘ v lay & e {’f—e(- (_0[ C (C\_S'i@ |
AN~ % \ . ¥ X -
§ % v \)\,U\\“\‘ . [ ™~ ’{W V‘TC,-(' (’,0{\\,'1‘\!@%\,7( :
=Y T oclonnedt vd NS of o |
_‘,’ \ . A ’ o RPN " ) Ve |
o v ve doyed Plled ~wodye
—~ “ . \\ 1
— 4 \IC\,'\\:\ N Aed {f*q ¢ o et
~ Z2OnIA o’E (_51») Q. S e e €
> ; B "
i Ot C"P,c_,u,_ ﬁ‘a( - ‘{—\Qfé’cq;(_r,\__‘;
g Clast> bave (oot ed oy colo
- -— L"—' ‘(’LC ;y\,\-:\/&‘ Q¢ N~ DOx L D"IS‘)D\,\}‘))?-J

Fvede Cende & N - L (,CL;L\{/)H,) 5 ;

EREREERERERRERRRRREREERRRE

% RREBEERRL
e/fym"\/ O&W; | (\)«D/P'«%idq‘sz»
175/ ;ﬁ\) - | | i & B /20/0% .

Enesel | |

’ D_]‘;JT—A e Jr\« e S K |- '(}',.—-\‘)

‘ (g( B (V;\s{,‘.xf)“%(/ e d ole —(: tled
| L)*/ [5) e cLﬂP*, :
} o\ e ‘@c\o < i N~ cj(q;L
. ~ G e Ao kQ»_l vyt

s k\ f\‘\ AN N

{+eoc ‘
IV i\).\( : ~{J/q/\3 ‘

TJC!\GL((L%

S ple oo
<0 r '1.'\_5;‘__ (.
= ‘ ‘\_\ &Crbﬂ- b -7 \(}y‘{l" f L} -)\\
<+ "("'i’“c'\ C oCﬁlSiL
QVTT*' | "o R——
— Catec ol by (- S

& \//!\\—‘ \A irvf\, ey c-*ﬁrp_e\
< —:)/

bers. =0 Siple [ E.;-fu‘v], (.
Ve 3{{3“* e D \\r_o e (o T C'{
e bl N bl e Ao e |
£ 2 e C L%xQ S A = L \ .
( ‘Y o e ">7\/ .3 oS VR < L\,a‘(» I
Coore A5 v e eaceo

!

"ON )oog
*ON 193[0ad

et Slidho
« (3w>£/ G ~F}¢5—.>

X I

« 41550\ eovhier/ relse ( & Gtaclow +.

JLIL

Ll




Project No.

18 Book No. | L1, S — — —————— :
s &0/ - , KKE B2l /0%
2T D MicreShuchvanl avralapin(tond )
o ‘.‘\Jﬁ’o\/l\{\}(’.f %T\ IS %-L?Q:’d-‘r\,\/j 6Tl -~
* Disetetion [leprecs 4 FFe »"Classic” non-we ldect hafife -
C Rl BT 10T | AYfo (A e Post
Ve povS - (Laamblea
m,\fi[&?l | n@r\cwl\nonokmcﬂ Sands
- Zc YOS o ‘ [ “‘M[l\ o) V\u\{ ‘ffﬂ(;‘}"\.’(a
o e «(pf— v v— u’& E\/yy\}\ e clo-’;&} . PRM.(I‘('J’:?:L W\F\Mx
ol cqff B 4 {7/1 ulom\,-\.) '{mc’nm)a ontord, ‘h\n’ush QRAnN
; W%«Jﬁw ??gfvd»—’w/) L,\ 10 SO Canes S 'ul—(l\—
S~ '6/\3((/3\/ eddd, A«S /%/Fcuﬂ\ 0{' {Yd(, ﬂloﬂs ?rm‘-\ bo‘:v[ ot
Q(’VV\/T)CLC/,’h&r\— PTDL)LM vj/w« as {\K‘) \Iu./n OMA - A\'{Sb)\’n—'-J
{W%ﬁ& %Yﬂ.n /ClM+ 'h’\'r\ k&\'r\ P
e clas+ ,\\{~a,cl O@W , closed L’\I r(Pé‘ip\kF& waand,
o el Cede cpeafeec «hailine fac 2xtend atd el
E &c/leoL lg(/t/dl> ‘,/L/ (Q’_FQC_(CL.},) ﬁ\b m&Mﬁ
- Zzve s /b lof-‘ﬂ"L.z"FmQ, _ ‘el (en Suites a.é b\k.v\\.\},&-‘o
- _ l'am&f—‘fkch Yrav Arind oo
SThoel — | penvas YL
"\g’f o nom we (Qad Tl | * Some k‘v’(«( ) iwed W &OXQ][
&% e Vet mecedS ~ blie - =ofea of omoachas €
%;— du\e .{71[5 FWQ'SPM L P CDCWB& > \P‘QMAA)>
-~ * Non e femmad ( 2500 Ba Yy 'Chock—om s @ Y Whare bond/ fae
FL \f‘)/ {eco Aroctoren o Foox St [ dQWM%f?‘? f
i ‘NCLC,’ See oh',gc]/(‘@Prgc‘PJbQ =3 /; 1BV - *P‘c. |
—— ]
\ 10— 1T %

L \ ’ T S R T T T T T T | — o - - -
T S A T A AN G T =1 =1 T

T i R T T T T T T T
T T T T T I T T T
I T T ) T I I I T T T

T T T T T T T T T

T T T T T T T T ) T T

T s T T T T T T T T T

Date Invented by Date ’

W\ \2){05 Recorded by |

Witnessed & Understood by me,

Lo




Vv

P Project No.________
TITLE_ " Book No.___ 19
Kl 8zl /o3 Kep &z'z/o;,
& IS | micrw Shuctwal w(qSFsCCowl )

-yosaic 6—( Oper f(hc—
P»'sz p/. o/ ine 0(7/9
(PO'H ot This -F‘ac %
fld =) Hrr ggaim matey,
y4+':< Slad Ly L{wd/g-—
DB27
' Set aflao dMM()}ﬁm
BT ATS
M*C(OSB \-tallin" inh ,(.(,.‘, 4
entra |~ d w‘/ i~ frac st
sveest albove Py b e case

BTA2 TSl —
T eser BT TSI

*alre - \wacheny vA’ 1~ Clast

- Poss'rlylc Plas.‘odwyz_".

m bamdow 1y ad>e diarolved
iAo :Hlsu(u bemderea -
f(Prec-r O‘f M.-pi f— -F(‘a.c
SWisces — Ser  swiwria

Ao beundkonnrion mcth ¥
P Mot o yet nc ~ -GI\L7

Sampla frvm  stvat-column Site
(Litmeroev) “reTaud- 984
emphasis  fsampiES FOR
FOTENTIAL. POIPIT

- 3 XLS
Grave Canrs >a/a/{3 %%

» vy +,m ogrmin woMx  pwnide Yy

¢ la.\l )65\ &larn Shorda, 7 76
"ﬁas?m of §lassy pethiley

gragm -

'Olassy Mot \p{ S onre {{cd-(m;as/
-0‘}‘ Pum;u ~ tad?ca t. sone
dcsr&g o-{— Welda
"dasts of @t=d, pimice
Uthic o gmants (ramded |
6\75‘!74-*1.:4, in "\.,,-hr{\c
¢(tn‘-(n) aults W/.‘n M=z x(&
o+! ref o (mwdv» de
iPL&ﬁr coou\aé of 1'\4{'?0&\‘;‘)
'—flo-‘d/»‘:g-,.\\ Sm:M t&(-o\a & u’}(dbb
b eomvdec) [ RV )chfM.ﬁU.@_ls
Pogs;t\) - ?°$+J¢’>¢

T 4
T T T T T T T T T r— 1 T T T T T T T T P —p— —
T\ T T T T T T T i T T T 2 T T T T T T T T T T T M S o
T T T \\ T T T T T T T T T T T T T T T T T e T
T T T T T T \ T T T T T T T T T T T T T T T -t 3 T 1
T T T T 4 T T T— T \ T T T T T T T T T T P Ty —
T T 1/ T T T T T T T T o N T T T T T T T T T T T T T T
T T T T T T T | — T T 1 T I T UL T T T T T T T T 1 1 T
T T T T T T T T T T T T T | R | T T T T T T T T T T T T T ™9
T T T T T T T T T T T T T T = E T T T T T T T T T T F A NN B,
T T T T T T T T T T T T T T T T T T T T ] T T T T T T T T |
T T T T T T T T T T L] T T T T T T T T T T T
T S T P T T T T LD Iy T T T T T T T T T T T g |
T ™ T T T T T T T T T T T T = 1 T T T T s T =

ToPageNo.
Witnessed & Understood by me, Date Invented by Date

QL.D \‘( 24 f0'5 Recorded by




Project No.

Witnessed & Understood by me,

LLd




Project No.

m

Witnessed & Understood by me,' Invented by

Q/\-’D Recorded by




_

—

Project No.
Book No.

Witnessed & Understood by me,

*___




¥ T ¥ W

TLE_

cedd
forwosﬁ“ MicRShuchve

opan frae ok et
Prrrvtcgo O e [uhiete
'S Vi 8 )mrma"-‘c)

are mec ctact 1o a_

\/ keurhmfl‘s(
Yokt ec-ferol ov-l\)ui(

WOA_’-EW\ =

o-}ML“ %
.)crut ' 7
S -Q“:H- cra e
véwoL vaciable * l 4(«)
_S‘hf‘n' d—«-r’
Sovre cante 'Fw
Mw--' bg o ble Yo Frargmid

vie fa oNer

He&nws foitcme
i@ mwm)ccptc (ulw‘l

%wo\), MM

Project No.

_ BookNo.________ 23

e ————

el 8/.210 poy

e 915((6:0'}\) v
S 10 l(ﬁ"
groe O P b By

« c\anore poa')a(dzd'h‘ff'

e See 0“(‘79 “SAeJlkb lOM'—
fomtve ndieatve 4 NI 17?
4/0“ Jt—fcﬂ—v'\

¢ Naows aromcd fraetwre
QY ¢ S‘W Ihaxre -FMWCQ
W /\/\{‘f{&o\o.\"

A Varmdartes THereley
1AcClos, A %““""‘y"“‘O'('
veral o So et
Cwld explor— pProle—ce
o \or’fﬂc fmdwe ¢ for
--{-fac_+wu> s+l ‘)‘\‘7 uully
ACe c\)(fl\\\.lc\( ¢ tvavel

avord cymin borndan
=7 S ome frale Swv»vdool\—\/
mete ‘ove e~ & /o 'Av:‘“ clari
'7cc,rr~ 1/«-— &Q‘W\M
- Serma T‘{O,c £ 1Ay wA Yral

I 1 I I ! X -
T L L T T T B T i ; T -
T T T T T T T T T T T
T T T T | R T 5 7 T T
T T T T T T T T T 1t T %
Al T T T T T AR T 1 i T
T T T T T L T T T T L T
T T i3 T T T T ¥ i T |3 T

T T 4 I T T T i T T T T T T T I T T \‘l T T T
L e T T =T T T T T T T T T T T T TR \ T T g &
L T T T T T T T T T T B T T L T T T V\ T T
T T T T ) PR ) T T T T g | T T T T T T T T T

To Page No\

Witnessed & Understood by me, Date

Invented by

LY I\

13[0%

Recorded by




Project No.
Book No.______

b e O F A e ]
N
T~

o
-u ‘
[

Witnessed & Understood by me, Invented by

@/LD 3‘ 0 )| Recorded by




Project No.
'Book No.

Witnessed & Understood by me,

LD

Date

\\[ \‘5! 0}

Invented by

Recorded by




Project No.____
26 BookNo.___

Lo

Witnessed & Understood by me, Date

\

\3{03

Invented by

Recorded by




Project No._____

: Book No.___

I T T T T T T T T T T T L T L e T
T (LA T T T T T T T T T T T T T T T .. T T T T T T T T
~
I T T T T T T T T T T T T T T T T T .7 T T [ T T
\..\)"
~
T T T T T T T T T T T T T T T T e T T T T T \ T i
T i T T T T T L i T T T T T T T T T T T T T AT T . | T
i 1 T T T T T T 0  INSES—— = T i s T T ! /& T % T T
To Page No.
Witnessed & Understood by me, Date Invented by Date

LY

W[19] 03

Recorded by




471 &f24)0>

&7l oa B
CEEPRNEEROERIE
w;:rc opm{vacsw#'
eV e )
‘oSt i wall-Qty
+- h-!‘mcs -hm:
™ (
¢ g.mk ,

+n¢- WV”!N»\/
a f‘w,l-.,tq-\qy
;em Cindt m-(vu.
LAt Erg VMW
+Ful»: Pw‘m 7
A Coat claots
- frac S ta\/ fm

mein Syrs
%mwm ¢ +w+

Conechny fo’ +v
WY =" 5 2 layenry
ot minl / i

41 &,1‘1,63

SEALAY

« oSt intense clefermn
wlrn frac W)sm*"-h
Sart N

%MMyvﬁta}f S".Ilsm
neg -

B e o)
ere breceinted ¢
*‘12"“" m..-huuss(

p‘f 'es
.c(am nly«

v

-n’n&xlj[

Bred ©l

cadyunt st rx e
ol fladen o-{-(m
30‘00 pmine; 20°%% G TR

*‘(T'S'D‘Do rove: L Sontimies

CLD \\|\5{0’5 |7



Project No.
Book No.

PT84

T

Dtmafh one

(\Cp XLpY

Witnessed & Understood by me, Date Invented by Date

CLD W (‘5[03 Recorded by




30

Project No.

Book No.____ TITLE _ — i —

Whole-rock Sampling and Analysis Method

Bishop Tuff Sampling and Analysis Methods

T I r T T T T P T B e e

Prepared by:

Kelly Keighley Bradbury
Consulting Geologist
205 W 100 S

Smithfield, UT 84335
kellykb@cc.usu.edu

In-situ Sample Collection

Whole-rock Sampling

Thin-section samples and large blocks (for potential hydrologic tests) were collected in
one of four ways, depending on the degree of welding and/or deformation:

1.

Several slightly to moderately welded samples had enough cohesive strength
to be extracted directly from the outcrop using rock hammers and masonry
tools and were then wrapped in tissue paper and/or bubble wrap for
protection.

A few loose and/or non-welded deposits were gathered by creating semi-
circular depressions 3—6 cm deep at the top of a scraped outcrop surface,
and pouring a slow-acting epoxy resin into the depression. The resin was
allowed to seep into the tuff, and the hardened sample was collected the next
day. A negative pressure (cardboard surface) was sometimes applied to
scraped surfaces next to the depression.

Many non-welded samples were collected by chipping and prying rock from
the outcrop with small chisels or a rock hammer and were immediately
immersed in a fast-acting epoxy resin.

Some of the larger samples were collected by cutting blocks up to 40 cmon a
side with a portable saw, and lifting the sample out of the outcrop and placing
it on a wood or cardboard platform. The sample was then immediately
stabilized by pressing wood or cardboard coated with fast-acting foam
insulation against all sides of the sample and allowing the foam to compress
the sample slightly.

Deformed and/or fragile samples were collected in one of two ways. Some
samples could be carefully excavated from the outcrop by carving with a knife
or chisel, and stabilized with foam insulation (e.g. Great Stuff brand), or by
pouring epoxy resin into fractures and along fault surfaces. These samples or
peels were then cut out of the rock face, and stabilized by placing the sample
into a small plastic re-sealable bag. This bag was then set into spray-foam
insulation in an outer re-sealable bag. This provided lateral support for the
sample during transport but keeps the insulation material from penetrating the
sample.
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OLY
Grain-size sampling ,_H (o)
|||
Samples for grain-size analysis were collected in one of three ways:

1. Representative host-rock samples collected for depositional grain size data
were extracted from an outcrop window at least several meters from the fault
contact and outside of the fault damage zone. Samples were gathered from
a chosen outcrop point or depositional layer and then bagged from top to
bottom. Masonry tools or a circular drill bit were used to collect the samples
that were then placed into ziploc bags and labeled.

2. Grain-size samples collected along permeability survey lines were taken
starting with the outermost circumference of the air-permeability test-hole
site. Tools including small chisels, masonry trowels, and rock hammer picks
were used to delicately gather and push the sample material into ziploc bags.

3. Mineralized fault slip surfaces were collected by slowly peeling the surface or
coating of the fault and placing sheet into a ziploc bag. Fault gouge materials
were collected by first scraping away the exposed weathered surface of the
gouge to obtain a fresh sample face and then a rock hammer pick and trowel
were used to collect sample.

Guelph sampling

Samples were collected by first carving out a rectangle block with a rock hammer pick
into the outcrop face within the same lithologic unit as the corresponding Guelph test
site. A total of 6 measurements (2 in each dimension) in centimeters were taken for
each block. Samples are then wrapped airtight in plastic bags and then duct taped and
labeled.

XRD-sampling

A small amount of sample (enough to crush a representative portion of sample keeping
in mind we needed to fill at least 0.5 dram bottles for testing) was carefully extracted
from the outcrop and immediately bagged and labeled. For example, if a fault zone was
comprised of a mineralized slip surface, fault gouge, and filled-fractures and veins, each
sub-sample and the corresponding host-rock were bagged individually for testing.
Sketches of the sample/sub-sample locations and/or map locations were identified in a
notebook. Tools used to gather the samples include a knife, a rock hammer pick, and a
trowel. Any attached organic matter was carefully removed prior to bagging.

Laboratory Analysis Techniques
Grain-size and Sieve Analysis

The following USU Sedimentary Research Laboratory equipment was used for sieve
analyses:

1. OHAUS Brainwave™ B1500D scale calibrated each month using the OHAUS
Fractional Scale Weights kit to a £0.01 g average precision (measures total
weight in grams of each sample measured and the weight of sediment within

each screen interval).
2. Tyler Standard Screen Scale and U.S.A. Standard Testing Sieves. Screens
are composed of brass and stainless steel and measure particle diameter.

0D T, e ]
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The following grain-size scales were used: 4 mm (-2 phi; i.e. fine pebbles),  \
2 mm (-1 phi; i.e. very fine pebbles), 1 mm (0 phi; i.e. very coarse sand), !
0.5 mm (1 phi; i.e. coarse sand), 0.25 mm (2 phi; i.e. medium sand),

0.125 mm (3 phi; i.e. fine sand), 0.063 mm (4 phi; i.e. very fine sand) and

0.037 mm (4.75 phi; i.e. silt and clay size fraction).

The specific steps of the Sieve Analysis Method employed on the Bishop Tuff grain-size
samples is outlined below (see also Blatt et al. 2nd edition, 1980):

1. clean equipment (brush screens with toothbrush to remove particles or

remove larger particles by hand then wash between samples)

dry sieves with blow-dryer if necessary to remove dust/particles

tare scale

weigh empty sample bag

tare scale again

weigh total sample with bag

empty sample into sieves

shake all sieves 5-10 min

tare sample bowl

10. place sample from each sieve size into bowl and weigh

11. enter weight of sample into spreadsheet

12. return sub-sample to sample bag

13. sieve fines for another 5 min (only for sieve sizes 3-8 phi due to abundance
of fine ash clinging to the screens after initial shaking)

14. weigh fines as described in steps 9—-12 above

CINOORLN

The data-entry format sheet constructed for the sieve samples is shown below and is
from the Excel spreadsheet file grszdatasheet.xls (Microsoft Excel 98 on personal
ibook).

sample |total weight| >4 mm | 2-4 mm | 1-2 mm | 0.5-1 mm| 0.25-0.5 mm | 0.125-0.25 mm |0.0625-0.125 mm|0.0037—-0.063 mm| measured
(9) (-2 phi) | (-1 phi) | (O phi) (1 phi) (2 phi) (3 phi) (4 phi) (>4 phi to 8 phi) total

From the paper copies, an electronic Excel file copy is created for further statistical
analysis and graphing of the data. The data may then also be imported into an Excel
Spreadsheet application called GRANPLOTS.xIs for statistical analysis and plotting the
sieve data (Balsillie, et al., 2002). Note: use of this last procedure is still pending.

Thin-section Blank Preparation

To prepare blanks for thin-section, samples were carefully opened (if wrapped) or
handled in such a way that a small free face of interest was exposed. Faces were
cleaned with a small steel pick or toothbrush to remove any excess dirt, foam, or paper.
Palhouse Petro Products, Pullman, WA (makers Petropoxy 154™ epoxy) recommends
baking very friable samples prior to epoxy impregnation for thin-section blanks.
Therefore, most samples were baked prior to epoxy for several hours at 100—110 °C . To
epoxy impregnate the hand samples, slow-acting thermally activated petrographic epoxy
(Petropoxy 154™ ) was mixed with curing agent using the recommended ratio of 5.0 ml
resin to 0.5 ml curing agent. Resin was poured into a plastic beaker to the 15 ml level
and then a plastic 1 cc syringe was used to fill 1.5 ml of curing agent to add to the epoxy.
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About 1/16 tsp. of powdered blue dye was added (allows qualitative porosity and \\\i“\

permeability estimates) the entire mixture is then stirred for 1 minute with a wooden
stirring rod. The mixture was then poured on a clean sample face. A high vacuum was
applied to the sample (3—10 vacuum cycles ranging from 1 to 4 hours depending on
sample size and permeability/porosity). Between each cycle the sampie was rotated to
a clean face and another dose of epoxy mixture is applied. Successive exposure and
vacuum cycles ensure that the entire sample is stabilized with an inert epoxy. The
sample was then heated to 125 °C for 8 hours to set the epoxy. Thin section bianks were
then cut from the impregnated samples with cuts no larger than 24x40 mm and

1-1.5 cm thick, and when necessary, the blanks or sample faces were re-epoxied.
Blanks are typically cut to this size per recommendations to receive maximum discount
on further slide preparations. Thin-section slabs were mailed to either Spectrum
Petrographics or to Burnham Petrographics for the final slide preparation.

Digital Photomicrographs and Analysis of Thin-sections

An Olympus BH-2 Petrographic Microscope was used to view the thin-section slabs.
Analysis of the slides was completed using 10x, 20x, or 40x magnification lenses.
Slides were reviewed in both normal and cross-polarized light (gypsum plate inserted).

Photomicrographs were taken with a Nikon COOLPIX 5000 Digital Camera attached to
the top of the petrographic microscope. Once the pictures are taken, the digital files are
downloaded onto the desktop with Nikon View 5 on an Apple G4 (Mac OS 9.2). Nikon
View 5 automatically saves the files as TIFFS. The TIFF files are then opened in Adobe
Photoshop 5.5 and saved as .PSD files onto a zip disk.

Terminology from Blenkinsop (2000), Davis (1984), Schulz and Evans (1998), and
Snoke et al. (1998) was used to describe the microstructures and deformation
mechanisms observed during petrographic analysis of the Bishop Tuff.

X-Ray Diffraction Technigues

Equipment used for X-ray diffraction analysis includes a water cooled Norelco X-Ray
Diffraction Unit #12045, Philips Electronic Instruments. This particular instrument is run
with a copper x-ray tube with K-alpha radiation set at 35KV and 15 mA, a crystal
monochrometer. Steps in X-ray sample prep:

1. Crush fingertip size (about 2.54 cm diameter) sample with mortar and pestie,
time varies per sample depending on degree of welding with longer crush
times associated with more welding; with a minimum of 5 minutes of crushing
for all samples.

2. Sieve crushed sample using a Tyler Standard Screen Scale testing sieve size
opening of 0.0049 inch or 115 meshes to the inch (U.S.A. Series equivalent
120).

3. Use small funnel to pour sample into 1-dram glass bottles and label.

4. Enter USU X-ray lab with sample(s) and immediately obtain dosimeter badge
and adjust to zero hairline with Dosimeter Charger model #909 by Dosimeter
Corp.

5. Turn on the cooling water supply.

6. Check that the kV knob and mA are fully counterclockwise and off prior to
start.
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Press the START button firmly. \\\\

© N

After about 20 seconds, push the "ON" button. After a click noise, the kV and
mA meters should register approximately 8—-10 kV and 5-6 mA, respectively.
9. Slowly advance the kV switch to 36 kV.

10. Slowly advance the mA switch to 15 mA (after this step the kV meter should
read 35 kV).

11. Turn on computer, the DIFFTECH XRD AUTOMATION black box, and the zip
drive.

12. Place powdered sample into aluminum rectangular sample plate, level and
pack sample.

13. To load or change samples: a) close the X-ray shutter tube by pushing the
small black button for window #2 on the shutter control box; b) remove
radiation protection cap; c) insert or change sample; d) replace radiation
protection cap; and e) open the X-ray shutter by pushing the small red button
for window #2 on the shutter control box.

14. On computer, click "Run_XRD" icon on the desktop. Confirm the goniometer
setting in the computer with the actual goniometer reading on the instrument,
type in the correct value and press "ok".

15. Type in the name for the file; define the starting and ending 260 values (4° and
62° were used); define the step interval and scan speed (0.05° and 2°/min
were used); click on start, wait for scan (30 minutes).

16. Repeat steps 12—15 for additional samples.

Data from X-ray Diffraction instrument is sent to a Caliber PC via DIFFTECH XRD
AUTOMATION Model 122. The program Visual XRD (licensed to USU) scans the data
and creates an ASCIl import data file (or .CPI file) that is then opened in an XRD
pattern-processing program (Jade 3.1, Materials Data Inc.). Jade 3.1 runs a first-pass of
the data with a search and match function. Once complete, the resulting signature data
is analyzed by user to find the mineral PDF signatures that match the data obtained from
scanning a particular sample. Note, the aluminum sampling plate produces an
anomalous signature from 38—-39 (20) degrees (i.e., the signature is not included in the
search and match picks). The plot of the picked mineral PDF's is saved as a TIFF or
JPEG file onto a zip disk, then transferred over to a personal ibook.

The X-ray instruments are calibrated once per semester by Pete Kolesar, Geology
Dept., USU. Calibration is completed using a silicon powder sample. Calibration
ensures correct alignment of the diffractometer and also inspects the intensities leaving
the X-ray tube. The silicon powder used in the USU laboratory is the North American
Philips Company X-Ray Standard Type No. 52131 Serial Number 57-213.
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CCHW 1MeanGrainSize.xls

. sample loci (cm)  mean avg grain size (mm)
0 0.2836
1 20 0.3136
40 - 0.4404
60 0.3152
80 0.3030
100 0.3357
1 120 0.3269
140 0.4079
160 0.3622
180 0.3897
| 200 0.4446
220 0.3404
240 0.2731
260 0.5659
280 0.3327
| 300 0.4724
305 0.3925
- 320 0.4779
340 0.4241
i 360 0.4364
| 380 0.3839
400 0.3359
& 420 0.3983
| 440 0.4176
460 0.3624
s 480 0.4828
500 0.3660
i 520 0.4369
L 540 0.3008
560 0.2872
580 0.3515
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sample loci (cm)

0
20
40
60
80

100
120
140
160
180
230
240
250
280
300
320
340
360
380
400
420
440
460
480
500
520
540

LD, oulot|ot

mean avg grain size (mm)

0.3788
0.3337
0.3148
0.4697
0.4333
0.4675

0.361
0.5056
0.3451
0.3605
0.4715
0.4455
0.4587
0.3192
0.3991
0.4351
0.3775
0.3009
0.4558
0.6676
0.4463
0.4007
0.3514
0.4094
0.3874
0.3695
0.3582
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0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80

2.30
2.40
2.50

2.70
2.80
2.90
3.00
3.10
3.20
3.30
3.40
3.50
3.60
3.70
3.80
3.90
4.00
4.10
4.20
4.30
4.40
4.50
4.60
4.70
4.80
4.90
5.00
5.10
5.20
5.30
5.40
5.50

k data
571.3588
234.6380
443.9178

2260.1810
443.2225
655.0715
246.6477
304.6191
551.8919
918.6257
689.5546
316.4401
296.0223
339.2876
212.7207
330.0576

2672.5506
668.8989
790.2000

878.6732
542.1534
671.3682

443.4036
711.0301
768.0630
1490.0596
450.8842924
429.4359
294.3267
540.0463
367.7506
208.0538
168.1708
583.8286
643.7817
704.1122
847.3822
606.4663
260.3586
331.7447
709.1969
333.5972
912.4170
538.0486
1131.8273
767.8197
309.2212
1135.8565
501.7099
413.8574
365.5432
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Notes on the IGPP-sponsored workshop: Fluid Flow and Transport through

Faulted Ignimbrites and other Porous Media
by Kelly Keighley Bradbury (kellykb@cc.usu.edu)

The geology, deformation mechanisms, and hydrologic properties of fractured porous media were
the major topics discussed at this fall meeting. Field observations and potential field strategies
for studying these types of rocks were reviewed utilizing outcrops of Bandelier Tuff at the
Bandelier National Monument, New Mexico.

Discussions and presentations from several scientists of various geologic disciplines were
insightful and helped aid in our understanding of faulted porous media. This information is
significant in that it may be applied toward our current study of the Bishop Tuff, Bishop, CA as
an analog to the Paintbrush Tuff, Yucca Mountain, Nevada. Relevant findings include the
following topics discussed below.

LITHOLOGIC CHARACTERISTICS OF POROUS MEDIA

Ignimbrites are typically heterogeneous with respect to a variety of petrophysical characteristics.
They comprise variable amounts of glass in the form of pumice, ash, phenocrysts, and lithic
fragments. The relative amounts of these different compositions within a particular deposit can
influence both mechanical and hydrologic characterisitics.

The mechanical stratigraphy of ignimbrites may be controlled by variations in degree of welding,
post-depositional crystallization, and alteration, and therefore may largely correspond to cocling
units identified by previous workers. Structurally, the transition of sonic waves through variably
welded ignimbrites may produce different damage zone elements which are a function of the
degree of weiding. In general these mechanical units correspond to hydrologic units.

The process of welding destroys some porosity and produces a pronounced horizontal anisotropy
in the rock. Crystallization of minerals from vapor trapped in pores and/or the devitrification of
glass in ash particles (determined through microscopic analysis) and pumice shards (pumice at
the outcrop scale apppears sugary in texture with little to no integrity) may occur shortly after
deposition (Stimac et al., 1996). These processes affect the overall mechanical and hydrologic
properties of the rock.

For example, a sequence of non-welded but crystallized ignimbrite within a formation may be
identified as a mechanical or hydrologic unit. The formation may be resistant to weathering and
form cliff exposures but detailed analysis may reveal the pumice fragements are not compacted
or elongated (characterisitcs of welded ignimbrite). Also, very fine glassy fragments are abundant
thorughout the pore space, fusing many shards together. Overall this will increase the
mechanical strength of the rock and decrease permeability within the matrix.

DEFORMATION OF POROUS MEDIA

Two end-member models are presented for mechanisms of failure in porous media (Laurel
Goodwin, pers.comm. 2003):

1. Low porosity sandstones fail by formation of fractures (loss of rock cohesion). The resultant
structures increase the overall permeability since previously there was a lack of pore
connectivity within the matrix because there was a high grain contact area. Increasing grain
contact area increases the strength of the rock.
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2. High porosity sandstones (low grain contact area, rock is weaker) fail by zones of cataclasis
and deformation bands (here there is very little loss of cohesion). The grain size and porosity
is reduced and therefore, permeability within these zones may be reduced.

The primary controls on mode of failure in porous media are the grain contact area and strength
which are directly related to degree of welding and crystallization and inversely proportional to
porosity.

In Ignmibrites, low porosity welded units form by transgranular fracture whereas high porosity,
glassy, non-welded units deform by cataclasis with shear deformation bands. Moderately high
porosity, non-welded units that have undergone devitrification or vapor-phase crystallization form
either shear bands or fractures, depending on local variations in the degree and nature of

crystallization.

Microscopic analysis allows distinction between phases of deformation such as cataclasis and
deformation band processes. Under magnification observations suggest with cataclasis there
tends to be discrete boundary of deformation whereas deformation bands have wavy, non-linear

boundaries.

Several cases of deformation band faults (defined by pore collapse, grain crushing, particulate
flow to cataclasis) have been observed in non-welded ignimbrites. Although typically these
features occur at the mm-cm scale they are important because they may affect the overall
hydrology of a particular fault zone at the m-scale.

Non-welded crystallized tuffs form both fractures and deformation band zones possibly due to:

1. Lateral variations in degree of crystallization — welding decreases as increase distance
from calderas

2. Lateral variations in mineralogy phases, magnitude of crystallization, and vapor phase
devitrification

3. Variations in regional and localized strain rates

Clay zones have been documented in several fault cores within porous media. The presence of a
clay rich fault core is significant because it will dominate the hydrologic behavior of a specific
fault. Geoffrey Rawling, pers.comm, 2003 observed alteration and variability of clays and
carbonates within fault zones in poorly consolidated sands. His work suggested the clay comes

from either:

1. Alteration of material in the fault zone due to water retention (e.g. hydrolosis of feldspars
creates opal). Water retention in the unsaturated zone would suggest preferential
fracture flow.

2. Infiltration from the surface. This also implies a preferential flow path. Characteristic
textures observed using microstructural SEM images would suggest deposition of these
clays

Most deformation wit_hin fault zones in porous media are consist of hetergeneous zones including
mixed zones (very _W|de range of K), damage zones with deformation bands, and possibly a
central cor¢.comprised of breccia and/or clay.

The Bandeler Tuff has a definable mechanical stratigraphy based on deformational features
related to digree of welding. The more welded units deform by fracturing whereas the less
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welded units typically deform with deformation banding. Increased grain contacts related to
cyrstallization will also allow fractures to propagate. At the Bandelier National Monument we
observed deformation band zones within the Bandelier Tuff that were hardened relative to the
surrounding host rock and stained with a reddish color but studies had shown there was no
geochemical signatures to suggest a different composition than the host rock. In thin section, iron
and tin oxides grow outward from the deformation band surface towards the slip surface
(indicating post -fluid deposition)

The following characteristics of the Bishop Tuff are included for comparison:
1. Brittle deformation features occur within non-welded deposits with > 30% porosity

2. Two types of faulting were identified: a) deformation band faults with narrow damage
zones and b) 1-30 cm thick fault cores comprised of clay gouge with distributed damage
zones from 1-8 m wide

3. Localized decrease in grain size/grain comminution occurs within the central fault core
gouge

4. Deformation at fracture tips appears to die out into a diffuse zone of small grain boundary
fractures

5. Localized mineralization occurs within fractures while open fractures are smooth, discrete
surfaces

6. Fracture apertures are much greater than pore apertures adjacent to the fracture surface
7. Deformation occurred at or near surface conditions under very small confining pressures

In general the faults within these deposits do not fit well to current conceptual hydrogeological
models for faults in brittle rocks (Caine et al., 1993) and have very little macroscopic fracturing.

HYDROGEOLOGY OF POROUS MEDIA

Several similarities exist between the deformation behavior of non-welded tuffs and
unconsolidated sands. The potential impact of faults on fluid flow and transport in ignimbrite
sequences depends on the nature of fault zone deformation and the present-day hydrologic
conditions (i.e. saturated or unsaturated).

Of particular interest is the potential hydrologic impacts deformation features in these deposits
may have within the vadose zone. In the vadose zone we are above the water table where air
and water fill the pore space and water is almost always wetting. The capillary forces become
important and finer grain material has a greater affinity for water. Therefore, gravity becomes
more important as well due to the large densities in the air within the pore spac (i.e. deformation
bands do influence fluid transport in the vadose zone).

Faults may act as conduits in vadose zone. Under dry conditions this is a narrow zone whereas
under wet conditions the fault may act as a catchment to flow since gravity pulls the water
downwards (John Sigda, pers.comm, 2003).

Multiphase flow is still poorly understood in the vadose zone. However, bulk hydrological
characteristics depend on and may be defined by (John Wilson, pers. comm., 2003):

1. Strong permeability contrasts of the fault zone and related host rock properties
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2. Rearrangement of lithologies influencing connections of high and low permeability

materials
3. Interactions and linkages amongst faults

4, Setting within the flow system

The consequences of barrier type features are seals, compartments, and permability anisotropy
whereas the consequences of conduit features are redistribution of fluids between lithologies,

leakages of fluids, and springs.

GEOLOGIC SETTING AND

STRATIGRAPHY

wmmwmummcamm

The Bishop Tuff Is d within
mmmwmﬂmmmmomumwhu
North-south striking normal faults mark active E-W extension of
northern Owens Valley.

The Bishop Tuff consists of a serles of airfall and ashflow twiffs
erupted 759,000 ysars ago from the Long Valley Caldera.
Sequence is comprised of a basal fallout tephra sequence and
variably welded Ignimbrites.

Based on outcrop observations and hydrologic tests the Bishop Tuff
sequence Is a sultable analog to the non-welded portions
of the Paintbrush Tuff at Yucca Mountain, NV (Fedors et al., 2001)

PAINTBRUSH TUFF BISHOPTUFF
Bishop, Gallfornia

odese
BS1013cmcis dameer
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CRUCIFIX/CROSSING FAULTS: SITE CHARACTERIZATION
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GEOLOGICAL CHARACTERIZATION OF DEFORMATIONAL FEATURES WITHIN THE BISHOP TUFF, BISHOF, CALIFORNIA |

by Kelly Keighley Bradbury and James P. Evans Utah State University Logan, UT
kellykb@cc.usu.edu and jpevans@cc.usu.edu

CmmermFmFMMAM
1.drag geometry and deformation of fault gouge appears simitar
to that of clay smear processes - beds dragged up to 1 m.

2.fault core Is heterogensous and Is filled with caicite, and/or coated
with clay, and/or consists of a comminuted gouge material with

footwall damage zone.
3. previous work by Fervill et al. (2000) suggests sequential slip deformation.
«mnmsmmumvommmmmmdnomww

5. mmnmmmum-smimwulmm
or coarser pumice-ich layers.
6. subsidiary fractures are open or have 1 mm-1 cm thick caicite and silica mineralization.

Cataclastic deformation In the

matrix. Fault zone lles belowa  §
large pumice grain at the top of
the upper image. Note lack of
intemnal deformation of the
pumice grain despite the large

abundant pumice clasts with an overall decrease in grain size
observed for the central fault core.

3.en echelon slip surfaces extend into hanging-wall from main fauit
and subsidiary surf;

Thin zone of cataclasite with
calcite along the surface.

and ] ition:
1. thick pumice rich unit (BT-37-01) shows ctnnsmhlc

glassy/amorphous signature
*“The work presented here Is based on a paper recently submitted to Vadose Zone Journal:

ignature within the host rock versus

a quartz-calcite rich fault zone (BT-38-01) from same rock type.

“DEFORMATION OF NON-WELDED BISHOP TUFF: PROCESSES AND IMPACT ON FLUID 2.analysis of a thinner ash-fich sequence shows the presence

FLOW IN THE UNSATURATED ZONE" by James P. Evans and Kelly K. Bradury.

of feldspar phenocrysts and glass, which becomes more
ordered quartz-feldspar-calcite in the fauit zone.
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December, 2003

Thin -section Inventory and analysis Summary Sheet
Kelly Keighley Bradbury

Geologic Consultant for CNWRA/SWRI

Bishop Project

11

nonwelded glassy unit - sample from the fault/coating surface with Q, Feld

attached pumice fragments in a poorly lithified volcaniclastic deposit ; thick
Bishop—HC BT-01-01 feox coating; fault strikes 10E/70NE

1a-?

1b?

Bishop—CC BT-03-01 Hanging wall tuff; thin section Q

Sample CaCog3;

BT-05-01 Phyllite
clays

intragranular fracture - fractures soley within grains are likely
related to initial eruption while secondary fractures cutting
between grains show evidence for quartz dissolution and
recrystallization after deposition; 1b possibly some contact
metamorphism related to faulting

Pumic clast bounded by open fracs; frac surf are irregular;
appears to be some rotahon of q xls

i At fault contact between lacustrine and ignimbrite sequence; 301° blue line
< it i indicates sample orientation; fault orientation: 002°/70°N;

Bishop—CF BT-51-01 Fractured ash—green ash 1;

||
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BT-53-01
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Aa pabiosau ' ' I

c e Fault zone= 195/74W (on hanging wall), 196/73W; (sketch of rake—Kelly's
o - o o notes p. 18) rake is 65°r 80°from south (65°rake is more commonly seen);

Yucca Mtn. YM-2-01

Bishop—BP BT-60-02 Faceat005%/84°;

Poorly welded tuff with 1-2 mm pumice fragments, with fractures 1-3 cm
Bishop—CF BT-62-02 apart; yellow thin pumice layer at the top; collected 9 m east of the biggest
fault at this site;

Bishop—CF BT-64-02 f(?;r:jlllt«::»eted from gray-green ash layer 2.5 m in hangingwall of the largest

Bishop-BP BT-66-02

Bishop—CF BT-69-02 Small fractured sample from top of white tuff;

e st
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Bishop—CC BT-74-02  Fault gouge immed?? foot wall in white, friable material

Bishop—CC BT-82-02 central fault gouge — TS1-ii to strike; TS2- +to strike

Bishop—CC BT-86-02  Faultcore gouge; 2 cm thick @ 13.7m;

Bishop—CC BT-88-02  ZOne between hanging wall fracture 1 (on cc2?);

Bishop—CF BT-90-02 Crucifix; 9.6m on scan; fault gouge;
Bishop—CF BT-02-02  Green bed CF lower/CF 2; ~10cm from Crucifix fault; lithologic sample;

-

Bishop—Strat BT-94-02 Strat column site (BT94-98); unit A;

Bishop—Strat  BT-96-02  UnitB/C

Bishop—Strat  BT-98-02

—- tC Cove site; S25W 7ONW fractur Al

Bishop—Strat  BT-A2-02

Bishop—Strat  BT-E
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Bishop—Strat BT-Cle-02 Hanging wall rock; N5W 83E

__ ransed 7 5 cn Way itom 2
ransect line75-85 ¢ WA

Bishop—CC BT-100-02 20cm south @ 270cm on transect CCHW1; in FeOx zone;

£
5

Ao

CC2 transect map; footwall of fault; .5m north from 65cm station on transect

Bishop—CC BT-102-02 cc2;

‘ON doog

Bishop—CF BT-104a- CF fault; fault core gouge; runs parallel to fault surfaces;

Bishop—CF BT-105-02 Fauitcore paraliel to previous two samples

BT-107a- Fault core; east most layer; TS1-l to strike; TS2-+to strike Q/Felds
g SRR XRD1 and XRD2 par

ERIRIT

o

Fault core; west most layer; TS1-l to strike; TS2-+to strike
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Sample # Total Weight (g) 4.00 475 5.00 %fines
cchwi-0 263  57.800 30.500 9.100 37.0342205
cchw1-20 186.9 15.7 22.3 13.2 27.3943285
cchwi1-40 302.9 19.5 2.9 2.3 8.15450644
cchw1-60 303.3 40.5 6.5 2.4 16.2875041
cchw1-80 272.4 66.2 19 5.3 33.2232012
cchw1-100 207.8 43.3 12 3.5 28.2964389
cchw1-120 221.8 45.7 8.9 1.4 25.2479711
cchw-140 212 191 6 1.1 12.3584906
cchw1-160 165.8 41.9 -9 2.2 32.026538
cchwi1-180 207.4 37.5 10.2 3.5 24.6865959
cchw1-200 268.6 36.4 8.3 2.4 17.5353686
chw1-220 190.8 39.4 5.8 1.5 24.475891
cchw1-240 337.8 36.7 6.3 2.2 13.3806986
cchwi1-260 214.7 28.6 9.5 5 20.0745226
cchw1-280 300 51.7 8.3 1.9 20.6333333
cchw1-300b 564.6 93 18.9 3.4 20.4215374
cchw1-300a 231 41.5 5.8 1.6 21.1688312
cchw1-320 691 55 6.4 1.4 9.08827786
cchw1-340 606.8 91.8 18 25 18.5069216
cchwi1-360 564.2 61.9 2.6 0.4 11.5030131
cchw1-380 493.3 67.7 10.9 09 16.1159538
cchwi1-400 355.4 66.6 11.3 2.1 22.5098481
cchw1-420 422.7 34 2.1 0.6 8.68228058
cchw1-440 584.4 32.3 2.3 0.1 5.93771389
cchw1-460 502.7 36.5 3.3 0.8 8.07638751
cchwi1-480 474.6 33.1 6.1 2.2 8.72313527
cchw1-500 465.9 82.7 9.7 1.9 20.2403949
cchwi1-520 426 49.6 10.3 1.7 14.4600939
cchw1-540 303.6 75.4 15.5 2.4 30.7312253
cchw1-560 173.5 319 12.4 2.8 27.1469741
cchw1-580 145 221 8 2.8 22.6896552
Sample # Total Weight (g) 4.00 4.75 5.00 %fines
cc3-0 322.6 49.5 7 2.1 18.1649101
cc3-20 288.7 574 13.6 3.1 25.6667821
cc3-40 281.9 72.8 21.6 2.1 34.2319972
cc3-60 365.4 76.2 171 3 26.3546798
cc3-80 371.9 55.5 15.8 3.5 20.1129336
cc3-100 311.1 30 5.2 22 12.0218579
cc3-120 351 75.8 18.3 3.8 27.8917379
cc3-140 404.9 457 5.6 0.8 12.8673747
cc3-160 258.8 58.6 8.4 0.6 26.1205564
cc3-180 249.3 79.7 4.4 0.8 34.055355
cc3-230 422.5 22 2.8 0.7 6.03550296
cc3-240 55.1 38.3 59 1 82.0326679
cc3-250 519.9 72.9 12.5 1.2 16.6570494
cc3-280 384.2 82.6 13.9 0.8 25.3253514
¢c3-300 586.8 729 8.9 1.1 14.2978868
cc3-320 408.4 52.8 10.3 1.2 15.7443683
cc3-340 378.7 67 14.4 1.4 21.8642725
cc3-360 320.8 78.9 16.1 1.4 30.0498753
cc3-380 3264 44.9 9.9 2.1 17.432598
cc3-400 571.5 21.3 2.2 0.2 4.14698163
cc3-420 367.9 26.6 3.5 0.8 8.39902147
cc3-440 515.2 731 10.7 0.8 16.4208075
cc3-460 580.1 76.3 14.3 1.9 15.9455266
cc3-480 596 66.8 12.4 2.5 13.7080537
¢cc3-500 676 101.4 13.8 1.9 17.3224852
cc3-520 488 92.6 21.2 3 23.9344262
cc3-540 528.3 97.4 20.1 3.1

Witnessed & unuerswou wy .

C LD

22.8279387
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SUMMARY CHARACTERISTICS FOR CRUCIFIX SITE SAMPLES
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Sample ID lithology/structure location Microanalysis summary X-Ray Minl Porosity
BT-34 white ash bed? cf fault - 40 cm into - Qtz, feldspars | .59
footwall from flt
BT-37 green bed? cf fault - 10 cm into - Qtz, feldspars, | .60
footwall from flt glassy
BT-39 green bed? cf fault - Qtz, feldspars, | .63
glassy
BT-41 fault surface/white ash cf fault - Qtz, feldspars | .57
BT-43 fault core cf fault - Qtz, feldspars, | .39
calcite
BT-44 fault core cf fault - footwall - Qtz, feldspars .49
BT-46 fault core cf fault - footwall - Qtz, feldspars .69
BT-47 fault core/green ash 1 cf fault - hanging-wall - Qtz, feldspars | .42
BT-50 fault core small FW fault Evans and Bradbury, 2004 Qtz, teldspars, | --
calcite
BT-51 green ash 1 footwall Evans and Bradbury, 2004 Qtz, feldspars | --
**above samples from
previous study with James P.
Evans and are located in
Figure 6 of Evans and
Bradbury (2004)
BT-62 bedded fallout tephra host 9 m east of crucifix fault -- --
rock
BT-63 bedded fallout tephra host [.5 m east of Crucifix fault Qtz, feldspars Sl
rock
BT-04 green ash fallout tephra host | 2.5 m west of Crucifix - .38

rock- hanging-wall

fault

8S
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BT-68

fault core

crucifix fault core - near
257 cm of fault perm tests
of 9/18/02

fine to medium grain; irregular (sylolitic
nature) hairline frac follow grain
boundaries connect to larger open frac;
cataclastic deformation; some frac with
cdlcite fill; also iron oxides; evidence of
healed frac; and recrystallization along
some grain contactss

BT-69 white ash layer host rock above survey areas but very fine to clay size groundmass with -- --
within similar white ash open frac
bed as CF1
BT-70 hanging-wall host rock - above line at -12 cm -- Qtz, feldspars .62
bedded fallout tephra location
BT-90 fault core smalll fw flt core 9.6 m poorly consolidated fine grains of Qtz, glass .61
upper; 9.7 lower survey pumice, quartz, and glass, blue dye fills
pore spaces; dissolution and redeposition
of qtz
BT-91 fault core small fw fIt core 9.6 m fine to medium grain poorly consolidated, | Qtz, feldspars | --
upper; 9.7 lower survey irregluar hairline fraccompaction to
dilation followed by dissolution and
recrystallization of qtz and/or
mineralization related to fluid flow along
frac; some frac filled with finer
goundmass indicating cataclasis
BT-92 green-gray fallout tephra-host | 10 cm east of crucifix fault | medium to coarse grained poorly Qtz --
rock on CF2 or lower transect consolidated with finer matrix; grain
boundary migration - recrystallization;
efromation lamallae in gtz xIs
BT-93 white-ash host rock about 5.2 mon CF! or very fine grain to clay size; glassy; pores | Qtz, glass --
upper transect - sample just | are interconnected as inidcated by spread
east of 5.15 m perm test of blue dye throughout
hole
BT-104A fault core gouge - lower -12 ¢m - fault core was compaction; cataclasis; dilation; clay to Qtz, glass .70

outcrop

taken from below the
survey lines

ash size zones of banding alternate with
fines; with open to filled fracs; migration
of blue dye dependent on zones and
fracturing




najujpo X

BT-105

fault core gouge- lower
outcrop

-12 cm - fault core was
taken from below the
survey line

clay to ash size; compaction and
cataclasis followed by dilation indicate at
least two phases of deformation along
microfaults; fluid properties vary along
these microfracs as blue dye penetrates
pods and zones then stops or follows open
frac;

Qtz, glass

BT-106

east wedge or crossing faults
fault surface and core

465-470 cm and 25 cm
above fault perm survey
CF2

fine to coarse grained; open pore space;
pirmarily dilation mechanism potl for
minor cataclasis prior; dark brown glassy
material found within some fracs -
possibly suevite related to the hydration
of glass during faulting

Qtz, feldspars
glass

.70

BT-107A

footwall side fault core -
upper outcrop

crucifix fault at 221 cm of
fault perm survey of
9/18/02

catalcastic deformation in frac surfaces;
open microfrac within fine grained to
ashy groundmass cut cataclastic bands of
deformation - again suggesting dilation
follows cataclastic phase of deformation

Qtz, feldspars

29

BT-107B

central fault core - upper
outcrop

crucifix fault at 205 cm of

fault perm survey of
9/18/02

heterogeneous gouge; complex
deformation - multi layering of gouge;
fracturing - dissolution, healing, filled to
open

Qtz, feldspars

29

BT-107C

hanging wall side fault core -
from dragged footwall bed -
upper outcrop

crucifix fault at 257 cm of

fault perm survey of
9/18/02

coarsest sample out of fault core suite
107, fine to medium grained; quartz ;
cataclastic deformation to dilation;
microstylolitic pattern again - see others -
with iron oxides - concentrated as a
result of removal of quarts ( EXPLORE
FURTHER).

Qtz, feldspars

29

WHEN ONLY DISTANCES ARE LISTED THESE SAMPLES ARE REFERENCED TO HOLE LOCATIONS AS IDENTIFIED

ON R. MCGINNIS MAP SENT TO ME ON 10/23/04 - CFMOSAIC.PDF
Other distances are referenced to survey lines for Cf1 and €f2 completed in September 2002 by C. Dinwiddie

For CF1 or upper white ash bed - Mean average grain size: 0.12 mm
For CF2 or lower green gray fallout tephra bed - Mean average grain size: 0.25 mm

Median: 0.0815 Max: 0.03128 Min: 0.0.0499
Median: 0.2265 Max: 0.5926 Min: 0.1701



Electronic Notebook — Notes October 2005-April 2006
Kelly Keighley Bradbury
April 14, 2006

October - December 2005:

e Print R. McGinnis Figures and locate postion of thin-section samples from
Crucifix site on large PDF file mosaic. Samples located include BT62, BT67,
BT68, BT69, BT90, BT91, BT93, BT104a, BT105, BT106, BT107a, b, c. Using
photographic mosaic contained within files supplied by R. McGinnis:
CFmosaic.pdf; Crucifix.pdf

e Data to review and code out possibly?? Will want to create appendices which
should include grain size data, porosity data, microstructural and mineralogical
thin section analysis, X-Ray diffraction data, and 10 cm bin fracture data —
compile this data and compare to R. McGinnis data for final Crucifix journal
article. Ideal to somehow include data with symbols on the large photomosaic
created by R. McGinnis for this site (to be contained within a summary figure for
paper) — maybe use box, circles in different colors/patterns. As combine this
might be able to incorporate in cfsurveyoutline.ai file (field mapping of site) and
include portions of photomosaic which are appropriate.

e GSA - attendance at relevant research related talks/abstracts/posters includes
Evans (2005); Shipton (2005); Vrolijk (2005); Bense (2005); Rawling et al.
(2005); Wilson et al. (2005); Vaniman et al. (2005); Sternlof et al. (2005); Caine
(2005); McGinnis et al. (2005).

e Internet search on poorly consolidated sediments, volcanic deposits, glass
mountain rhyolite. Literature review/internet search pertaining to
cfmanuscript.doc — Lee and Kim, JSG v27 (2005) p. 2099-2112; also -
http://earthweb.ess.washington.edu/cowan; www.msm.cam.ac.uk/phase-
trans/abtracts/recrystallise.erain.size html; www.msm.cam.ac.uk/phase-
trans/2005/Zener/index.html; http:/erp-web.er.usgs.gov/reports/annsum/
vol41/pt/g0004/20004.htm

e Review sample inventory and characteristics for cf site: cfsamples.doc

e Continue importing text and rearranging within master document for writing
purposes in newcfmanuscript.doc

e Read reviewer responses from CC paper obtained from Vadose Zone Journal.
Conference call with Cynthia Dinwiddie, David Ferrill, and Randy Fedors wrt to
Chalk Cove final paper revisions for submittal to Vadose Zone Journal. Complete
paper revisions.

January 2006:

e BT photomicrograph update at USU. Photographs contained within
kkbmicrophoto folder.
¢ Add notes within newcfmanuscript.doc

CA | o4 oy
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February 2006:

e Lit search and review — download articles from internet from Journal of Structural
Geology and Vadose Zone Journal.

March 2006:

¢ Point count analysis on thin section slides: cfpointcounts.xls

e Review perm data supplied by C. Dinwiddie: CF1.SmartPerm and Fracture
Data.xls and CF2.SmartPerm and Fracture Data.xls (see SN 639)

e Grain size analysis continued: BT71to80grszanalysis.xls; cfwholerkgrsz.xls;
CF1.Mean.xls; CF2.CFlMean.xls; cfl.wtfines.xls; cf2.wtfines.xls

e Google Earth Bishop area: crucifix.jpg; bishop.jpg

e Review fracture intensity data: crfi.xls

April 2006:

e Continue data analysis for CF paper: CFKvsGRSZ.xls; cf1grsizedata.xls; Cf k
data and outcrop.tiff (see Dinwiddie SN 639); integrated data.xls (see Dinwiddie
SN 639); cfl.cfugrszdata.xls; cf2.cflgrszdata.xls; cf2.wtfines.xls; cf1.wtfines.xls

e Input standard deviation and skewness data for test hole sites ~ CFKvsGRSZ.xls

e Writing thoughts/ideas within cf paper: kkbCFINTRO.doc; newcfmanuscript.doc;
kkboutline.doc -

e Litreview of Glass et al. (2005); Flint et al. (2006); Wong et al. (2001); Wolf et
al. (2003); Shipton and Cowie (2003); www.odp.tam.edw/ - values and definitions
for volcaniclastic sands; see also Fisher and Schmincke (1984) — values for ash
<2mm; silty to fine sands range very coarse sand is 1 mm to very fine sand is
<125pum to silt is <62um. Boggs (1992) — review section on volcaniclastic
deposits

e Teleconference call with C.Dinwiddie, R.McGinnis, and D. Ferrill 4/6/06.

e Teleconference call with C.Dinwiddie, R.McGinnis, and D. Ferrill 4/13/06.
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Reconciliation of Location Names:
Data collected at the Crossing Faults/Crucifix Site
Scientific Notebook Entry
April 24, 2006 g
Grain Size and Fracture Intensity data and Thin Section samples were associated with
numeric identifiers along transects CF1 and CF2 by Bradbury and Heermance.
Permeability and Fracture Density data were associated with numeric identifiers along |
transects CF1 and CF2 (Dinwiddie, Bannon, and McGinnis). At some locations, the
identifiers were slightly different because of the different technical staff reading off the
distance of a specific location along a measuring tape in a different way. On this day,
April 24, 2006, McGinnis, Bradbury, and Dinwiddie met to reconcile the differing location
names based upon observations from the highly detailed outcrop photomosaics that are
available in the McGinnis et al. paper. The following two tables summarize the location R
reconciliation:
CF1 .
Bradbury and Heermance Dinwiddie, Bannon, McGinnis Reconciled Location Name
(cm) (m) (m)
(/) 585 Gw:gl[g'/ab 5.90 5.90
0 “S¥4B= (LD . 5//0/0k 6.76 6.76 ]
800 8.03 8.03
950 9.48 9.48
967 9.61 9.61 E
972 9.71 9.71
1025 10.23 10.23
CF2 ]
Bradbury and Heermance Dinwiddie, Bannon, McGinnis Reconciled Location Name
(cm) (m) (m) 1
109 1.08 1.08
870 8.75 8.70
1025 10.30 10.25
= T — 3 | vy —
= T o T T ]
=== L - i T E— =T T T T ] T T T
To Page No._
¢ & Understood by me, ?ﬂ‘&ele‘.‘- Invented by Date
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- Reconciliation of Location Names: —
. Data collected at the Crossing Faults/Crucifix Site
Scientific Notebook Entry .
May 3, 2006
. Grain Size and Fracture Intensity data and Thin Section samples were associated with

I numeric identifiers along transects CF1 and CF2 by Bradbury and Heermance.

' Permeability and Fracture Density data were associated with numeric identifiers along
transects CF1 and CF2 (Dinwiddie, Bannon, and McGinnis). At some locations, the
identifiers were slightly different because of the different technical staff reading off the
distance of a specific location along a measuring tape in a different way (and tapes were
draped on three different site visits). On May 2, 2006, McGinnis, Bradbury, Ferrill, and
Dinwiddie met to reconcile additional differing location names (beyond those identified
on April 24, 2006) based upon observations from the highly detailed outcrop
photomosaics that are available in the McGinnis et al. paper, and also on sample
collection data, structural maps, and photographs under the control of K. Bradbury. A
few identifiers on the highly detailed outcrop mosaics of McGinnis et al. were also found
to need reconciliation with the data of Bradbury and Dinwiddie, given these additional
sources of information. The following two tables summarize the location reconciliation:

. | T — | -

CF1
Bradbury & Dinwiddie & - . . T
Heermar):ce Bannon rzflg(;‘.;r;rgls s;;l). Reconciled 2_no1;:at|on Name
(cm) - (m) ’ |
165 1.75 1.75 1.65 .
no data 1.70 1.70 1.60
% 0 0.00 no data 0.00
s CF2
Bradbury and Dinwiddie and P . .
Heermgnce Bannon l(\flg(li;r;r;lls s:] la;l) Reconciled :.nc:;:atlon Name
A (cm) (m) :
I no data no data 0 0
152* 1.50 no data 1.50
168 1.68 1.50 1.62
195* no data 1.68 1.95 .
*In Bradbury’s notebook, sometimes the CF1 designation was written as cfu for upper “
bed, and CF2 was written as cfl for Jower bed. This led to a transcription error where cfl A
for lower bed was recognized incorrectly to mean cf1. This issue led to the grain size
sample for location CF2.152 (Bradbury’s original location name) being put inadvertently
in lists of data for CF1. This issue also partially led to the grain size sample for location ]
CF2.195 being put inadvertently in the CF1 lists as being CF1.155. Going back to the
L original sample collection sheets helped us to identify and here-correct this mislabeling
issue.
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Scientific Notebook Entry

May 10, 2006

Grain Size and Fracture Intensity data and Thin Section samples were associated with
numeric identifiers along transects CF1 and CF2 by Bradbury and Heermance.
Permeability and Fracture Density data were associated with numeric identifiers along
transects CF1 and CF2 (Dinwiddie, Bannon, and McGinnis). At some locations, the
identifiers were slightly different because of the different technical staff reading off the
distance of a specific location along a measuring tape in a different way (and tapes were
draped on three different site visits). On May 10, 2006, McGinnis, Bradbury, and
Dinwiddie met to reconcile additional differing location names (beyond those identified
on April 24 and May 2, 2006) based upon observations from the highly detailed outcrop
photomosaics that are available in the McGinnis et al. paper, and also on sample
collection data under the control of K. Bradbury. The following two tables summarize the
location reconciliation:

CF1
‘ 52?3?2122/0@ Dlg:;%d(ﬁ & McGinnis et al. Reconciled Location Name
‘ (cm) (m) (ID label, only) (m)
‘ 923 9.25 9.25 9.23
CF2
Bézg?;gnigd Dmév :ﬁlgnand McGinnis et al. Reconciled Location Name
(cm) (m) (1D label, only) (m)
| 490 no data 4.85 4.85
| 625 6.21 6.27 6.25
: 825 8.24 8.24 8.24
CLD, o5l
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Figure 3.1-4. Context Image of Borrow Pit Excavation and Small Fault (Inset) Located at Test Pit 3 (Photographs Courtesy
L of Randall W. Fedors). See Figure 4 of Evans and Bradbury (2004) for Site Area Map.
>
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Figure 3.1-3. Horton Creek Fault: (A) Faulted Pumice-fall Deposits. North-East Trending
Fault Offsets Bedded Pumice Fall Deposits. Throw Measured Along fault is 18 m [59 ft].
(B) Fault is Marked by Iron-oxide Staining, Curvilinear Fractures, and Fine Grain Matrix.
Thin-sections lllustrate Brittle Deformation Mechanisms Such as Cataclasis and
Microfractures Within the Nonwelded Fall Deposits Adjacent the Fault. Iron-Oxides
Suggest a Preferential Flow Pathway Through this Irregular and Anastomosing
Micro-Fracture System.
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Calcite Mineralized Mixodigons Calcite Mineralized

Slip Surface Central Fault Core Gouge Slip Surface

Figure 3.1-10. Western Bounding Fault at the Crucifix Site. (A) Beds of Reworked Volcaniclastic Deposits are Entrained

Within the Fault Zone, Producing a Multi-Layered Fault Core. The Average Thickness of the Fault Core is ~20 cm [~8 in].

The Fault Core is Bounded by 1-3 mm [0.04—-0.12-in]-Thick Slip Surfaces Coated with White Calcite. (B) A Thin-section
Sample from the Eastern Edge of the Fault Core Consists of a Complex Assemblage of Fine-Grained Clays, Quartz, and
Iron Oxides. Open Hairline Fractures Extend Both Parallel and Oblique to the Fault Core Layers.
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e Sample locations for CF1

e Sample locations for CF2

SRS

e e UV
T ——— s
e e

Bed CF1

BT-93.
o [

et TN e e S T

BT-68 [ABT-69 /sﬂ ia—— "\
BT.700 G0 ._.._‘_‘__:'A‘Vﬁ"’ - ,’/l'“ = o \ Bty e
/ - )
/}I e ““m\!’ A% e iy BT91]

BT-105 Ci

R

L.

Average Bedding = 282°/24° S bl
@ Crucifix Fault — 165°/63° SW (7 m throw; 20 cm thick core)
® fault - 346°/65° NE (20 cm throw)
® 353°/86° NE (2 cm throw)
@ fautt — 335°/71° NE (4 cm throw)
o porosity data @ fault - 345°/79° E (10 cm throw)
0 50 cm [ thin-section data @ west crossing fault — 353°/77° NE (27 cm throw; 12~cm-thick core, max)
B — fault ® cast crossing fault — 180°/58° SW (77 cm throw)
No Vertical Exaggeration — minor fault @ fault - 016°/78° E (10 cm throw; 10-cm-thick core, max)

Figure 3.1-9. Crucifix Site Exposure: Western Bounding Fault and 10.5 m of Outcrop to the East. (A) Photomosaic with
Grain Size and Permeability Locations Identified (After McGinnis, et al., 2005). (B) Simplified Geologic Map Emphasizing
Two Beds Studied in Detail and Lithologic Data Collected along Eight of the Primary Fault Systems. Throughgoing Faults

are Labeled A — H and Their Features are Briefly Described. [Note 1 inch = 2.54 centimeters]
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Quartz and glass are the primary constituents all outcrop samples from the Crucifix Site, with
minor amounts of feldspars and lithic fragments (predominately pumice). Results from
microscopic and X-Ray Diffraction analyses suggest a minor amount of the glass is beginning
to alter to clay within the host rocks, while calcite coatings and infillings are commonly found
along fracture surfaces. Alteration or devitrication of glass to form silica, cristobolite, trydimite,
and trace amounts of zeolites occurs within the fault zone of the western bounding fault and
related subsidiary faults. Development of clays and discontinous iron-oxide fillings and
weathering of feldspars to fine-grained clays and sericite was also observed within samples
from the intensely fractured regions or along the faults. This type of alteration suggests the
migration of water may occur during various stages of sequential tectonic movement along the
fault. The presence of glass within ash-rich layers or lenses may contribute to the brittle
deformation style observed at the Crucifix Site. Similar to the behavior of fly ash as a concrete
additive (Muhunthan et al., 2004; Copeland, 2003), the abundant volcanic ash within these
reworked deposits may have behaved as a lubricant when hydrated, meaning less energy
would have been required to deform material within these fault zones. As tectonic movement
subsided and water left the system, the volcanic ash may have chemically reacted with caicium
and oxides to produce a less permeable and more cohesive material.

Centimeter- and sub-centimeter-scale displacement faults at the Crucifix Site contain distinct
slip surfaces, sometimes marked by white calcite or silica mineralization, but have no
discernible core or damage zone [i.e., similar to Class A faults observed at Yucca Mountain
(c.f., Gray, et al., 2005)]. Decimeter-scale displacement faults at the Crucifix Site have distinct
slip surfaces, but unlike smaller faults, they have a small fault core and damage zone.
Cataclasis and post-depositional mineralization are observed along the fracture planes of some
of these faults [i.e., similar to Class C faults observed at Yucca Mountain (c.f., Gray, et al.,
2005)]. Meter-scale displacement faults at the Crucifix Site have a measurable central fault
core, a distinct damage zone, and an undeformed protolith (Caine, et al., 1996; Evans and
Bradbury, 2004, McGinnis, et al., 2005) [i.e., similar to Class D faults observed at Yucca
Mountain (c.f., Gray, et al., 2005)]. The fault core of the western bounding fault has discrete,
bounding slip surfaces marked by mineralization and transitioning to layers of ash and sand to
mixed-grain sizes with the central-most portion of the core composed of a very fine-grained
comminuted material and clay gouge.
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Table 3.1-2. Bishop, California, Field Sites and Rock Properties

Site Designation
(Lithology)

Horton Creek
(Pumice Fall)

Borrow Pit
(Non- to Partially Welded Tuff)

Chalk Cove
(Non- to Partially Welded Tuff
Offsets Pumice Fall)

Crucifix Site
{Reworked Tuffaceous Rock)

(pvifTo)
Tpy honwelded;

Tpy honwelded;

Tpbt4 Unit B Tpbt3 Unit B
Comparable PTn Units* Tpbt3 Units A, C-D Tpbt4 Unit A Tpbt4 Unit A prt2 Unit D
Tpbt2 Units A-C Tpbt3 Unit E Tpbt3 Unit E P
Tpp Tpp
Normal Fault Damage Zone Between Normal Fault Normal Fault

Structural Setting

18 m [60 ft] Offset

Two Bounding Faults

6-8 m [20-26 ft] Offset

4.38 m' [14 f{] Offset

Porosity 0.43100.65 0.60 0.20t0 0.60 0.29 10 0.69
Bulk Density (g/lcm?) 0.88t01.42 1.0 0.98 to 1.60 0.7510 1.50
Fracture Intensity (fr/m) No Data 1to 15 7 to 50 <70
Intrinsic Permeability (m?) 9 x 107 6 x 107 "1 1% 10738 3x 107"
*Moyer, et al. (1996)
McGinnis, et al. (2005)
TFedors, et al. (2001, 2002)
SDinwiddie, et al. (2006)
*Dinwiddie, et al. (in preparation)
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Table 3.1-1. PTn Rock Properties—Comparable Units From Moyer, et al. (1996)

PTn Unit Lithologic Characteristics Porosity* Bul(kgll::;enr:ss)lty K (m?) 3
Tiva Canyon Tuff (Tpcpv1) Non- to moderately welded, vitric 0.13t00.55 | 1.02t01.94 1x10°"
Pre-Tiva Canyon Bedded Tuff Non-welded pumice-fall to pyroclastic flow; 90 to 95
(Tpbt4) percent light-gray pumice clasts; < 5.4 m thick for all 0.31t00.56 | 0.99t0 1.52 1x10°"
subunits -

Yucca Mountain Tuff (Tpy) Non- to moderately welded 0.04 t0 0.45 1.391t01.78 3x 107 -

Pre-Yucca Mountain Tuff bedded tuff | Weathered pyroclastic to pyroclastic fall, ash-fall,
(Tpbt3) pumlce-fall, and locally reworkeq depos@; light brown to 0.12 to 0.53 11110 2.16 1 %101
light gray, 40 to 85 percent pumice clasts; moderately to

poorly sorted. < 52.5 m thick for all subunits 1

Pah Canyon Tuff (Tpp) Non- to moderately welded 0.40 to 0.61 0.88 to 1.34 1x10°" i

Pre-Pah Canyon Tuff bedded tuff Pumice-fall to locally reworked deposits; < 15.8 m thick for

(Tpbt2) all subunits 0.03t0 0.60 0.90t0 2.38 5x 107"

*Moyer et al. (1996), ranges as given in Table 3
*Moyer, et al. (1996), Table 2
TGeometric Mean of Model Parameter k for Tpy
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Mineralized Mixed Zone

Slip Surface

Mineralized

Central Fault Core Gouge Slip Surface

Fig. 5. (a) Crucifix Fault, A, as shown in Figure 4b. Sample collection locations for three thin sections and permeability as measured in
three drill holes are indicated. (b) Fault zone properties change both vertically and horizontally within the main fault core, producing a
multilayered fault core. Beds of reworked volcaniclastics are entrained within the mixed outer zones of the Crucifix Fault core, whereas
clay gouge occurs within the central zone. The outer millimeter-thick bounding slip surfaces of the fault are mineralized by calcite,
suggesting fluid flow interactions along the fault [after Fig. 7 of Evans and Bradbury (2004)].
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Fig. 9. Photomicrographs illustrating host rock composition. (a) Sample BT-93 from Bed CF1 (see Figure 4b for location). Dark-
colored material near a fracture surface likely results from iron-oxide or clay alteration. Blue dye infiltrates into the matrix from
the wall of a hairline fracture surface. (b) Sample BT-62 from Bed CF2. A dark-brown coating around several grains indicates
alteration and formation of clay rims. Alteration of glass within a flattened pumice clast or fiamma (F) also suggests the initial
stages of clay formation (alt). Microfracturing (Fr), such as that near the fiamma boundary, is commonly observed in this material.
This microfracture is partially filled with dark-brown clay and iron oxides alternating with silica.
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Fig. 10. Photomicrographs of fault labeled H in Figure 4b. (a) Sample BT-91 was collected from the contact of the 1-cm-thick fault
surface and Bed CF2. Crystal fragments and glass shards are supported by a fine-grained matrix of glass and clay. A zone of fine-grained
clay surrounds the outer walls of open hairline fracture surfaces (Fr). These microfeatures represent a mixed zone of deformation,
including cataclasis and dilation, associated with faulting. The worm-like texture labeled K is vermicular kaolinite. The well-developed
vermicular texture suggests the clay is an authigenic pore-filling cement that formed in situ, likely a result of diagenesis. (b) Sample
BT-90 exhibits an amorphous silicic glassy fragment (G) with overgrowth textures, as indicated by an arrow that points to the original
grain boundary. P = pumice clast; Fr = fracture and dilation band. Porous zones indicated by blue dye.

*ON abe¢
1
i
1
1
-
4L4
1
1
|
]

45&.
L0
R
1:§
i T
Y
5
%
<
\
S

3Ll
[

3
&3

o
o
x> 9
= 2
© o
~
a



Project No.
76

Book No.___

From Page No.

1 mm

T 1T -

T T T \ T T T o T T

O R

Fig. 11. Sample BT-106 was collected adjacent to .
the east wedge fault at ~4.7 m as shown in Figure u

N
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4b. A curvilinear fracture is filled with iron-oxides,
clay, and glass altering to zeolite. Grains from wall AL R A
boundaries are entrained within the fracture, suggest- —— 77 7T T T T T T 1
ing deformation by cataclastic mechanisms. Blue —— 7T
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Fig. 12. Crucifix Fault core thin sections. (a) Sample BT-104a was collected from the
east-most layer inside the Crucifix Fault core (as shown in Figure 4b). Abrasion, mixing,
and dragging of adjacent beds, which is observed at the outcrop scale, results in abundant
crystal and glass fragments seen in thin section. (b) Anastomosing fracture patterns in
Sample BT-104. Partial fracture filling is evident in the blue dye pattern. (c) Sample
BT-105 was collected perpendicular to fault strike on west edge of Crucifix Fault. A halo
of light-colored convoluted clay and glassy ash surround an intra-core microfracture
which is then surrounded by another halo of micrometer-thick bleached material. The
interior of the microfracture does not absorb blue dye, unlike the surrounding clay layer.
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Fig. 13. Crucifix Fault deformation microstructures illustrate layered heterogeneity with varying textural and lithological characteristics. (a) Sample
BT-107a was collected from the west portion of gouge as shown in Figures 4b and 5a. Perlitic fracturing is observed in a glassy fragment. Open
microfractures transmit blue dye, while adjacent filled fractures do not. A brownish matrix of clay, volcanic ash, and glass is observed and crystal
fragments are abundant througout this section. (b) Sample BT-107b was collected from the central fault core gouge zone (Figures 4b and 5a). This
gouge is characterized by a layered and locally convoluted, fine-grained clay and ash having multiple fractures filled with silica and bounded by

layers of clay—shown in alternating light and dark colors. Iron-oxide rich clays are present in the upper microfracture and in an altered glassy e
fragment. The presence of blue dye locally in the upper half of the photograph does not extend below the fracture oblique to the sections. (¢) Sample
BT-107c. View is in cross polarized light with the gypsum plate inserted. A deformed feldspar clast with sericitic alteration is surrounded by a zone

of fine-grained cataclasis that is characterized by rotated grains and microfractures, pumice and glass fragments, quartz clast, and fine-grained clay.

= e ———————

Ao\ &




an

B
s
<

$
s
"« Sample locations for CF1

: - » Sample locations for CF2

44 BT-107
BT-68 JAET-69
BT-700 X 1 \
BT-91]
BT-105 L
BT-90(]
Average Bedding = 282°/24° S H
@ Crucifix Fault — 165°/63° SW (7 m throw; 20 cm thick core)
J /\ @ fault — 346°/65° NE (20 cm throw)
J @® 353°/86° NE (2 cm throw)
. @ fault - 335%71° NE (4 cm throw)
: ® porosity data @ fault — 345°/79° E (10 cm throw)
0 50 cm 0 thin-section data @ west crossing fault — 353°/77° NE (27 cm throw; 12-cm-thick core, max)
b —— fault ® east crossing fault — 180°/58° SW (77 cm throw)
No Vertical Exaggeration —___ minor fault @ fault — 016°/78° E (10 cm throw; 10-cm-thick core, max)

Figure 4. Crucifix Fault and 10.5 m of footwall block to the east. (a) Photomosaic (after McGinnis et al., in revision) with grain size and perme-
ability sample locations identified. (b) Simplified geologic map emphasizing Beds CF1 and CF2 and lithologic data collected along eight primary
fault systems. Through-going faults are labeled A — H.
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cf site

porosity data .
samples highlighted in yellow were used for averages reported in table 2
all samples were used for fault core to give range of average found

water vol Y

sample total mass bag mass sample mass disp y sample constituents n
BT34 488 2.7 46.1 45 1.02 25 0.590 cf fit
BT37 SR M R 3.2 707 g0 A 25 0.596 cf fit
BT39 30.9 3.4 ) 275 30 0.92 2.5 0.633 cf fit
BT41 24.3 2.6 21.7 20 1.09 25 0.566 cf1 proxy
BT46 26.0 2.4 23.6 30 08 25 0.685 cf fit
BT47 82.2 3.0 792 55 1.44 2'5 0.424 cf2 gr ash
BT63 63.7 2.6 61.1 50 1.22 25 0.511 cf2 fw
BT64 64.0 23 61.7 40 1.54 25 0.383 cf hw
BT70 31.3 28T 28.6 30 0.95 2.5 0.619 cf2 proxy
BT106 36.2 25 33.7 45 0.75 255 0.700 cf1-wedge

calculation
n = 1 - (specific gravity of sample/specific gravity of constituents)
constituents taken at 2.5 g/cc - which may be too high for these sediments but standard in calculations

average for bed cf1 average for bed cf2
BT41 1.085 0.566(BT47 1.44 0.424 0.76-1.77 29-70%
BT106 0.748 0.700(BT63 1.22 0.511 density n
0.917 0.633(BT70 0.95 0.619
density n 1.21 0.518
density n

Evans and Bradbury (2004)
Evans and Bradbury (2004)
Evans and Bradbury (2004)
Dinwiddie et al. (west of BT-70)

Evans and Bradbury (2004)
Dinwiddie et al.

Dinwiddie et al.
Evans and Bradbury (2004)
Dinwiddie et al.

| 8bed woi4

08

"ON )00g

IILIL

*ON }09lo4d



th
TITLE

Project No.

Book No.______

81

Recorded by

1 1 I 1 i |} I ;8 1 1 I T 1] 1 I I i T T T T T T
From Page No.
S T T . | Fme | 1 T T T T I T L T T I 1 I i 1l T T T T T
A T T i 1 ¥ L3 T 1 X T T T L = T T T T I T 1 o T ] =il T T
) T i T T T T T T T T T T T T T T 3 R T T T T L ] T == T T
S T T It \ T T T Y T o T — T T T T ) e T
N A A\ o\ VAT Nok booll
1 1 T I 1 ) L T T T Ll [ T 2 T I T T T y LI T v np | T ¥
1 I 1 e 1 (l I ;A( 1 T 1 T 1 T T I T 1 T 1 1 T T 1 1 T I )
Bl . 3 ! § 1 1 T qg T l‘ T T T T 1 T T T i i 1 1 1 L3 1 1 || T I )
T L T T T T T T 1 1 T T T £ 1 1 T T 1 1 1 1 ) 1 ] L T 1
N\
i) 1 I el T \ 1 1 T T 1 T T T T T T T 1 I 1 ] .0 T 1 1 I I
b 1 I ==l T T \ 1 1 T T T I‘ T 1 T T T 1 1 1 T G L 1 ) | ] 1
A RY

i 1 T T T 1 & \ | T 1 T c’ ‘ 6‘( 810\0[ T T 1 1 T 1 1 T 1 1 [ &
i i 1 il E 1 T T l\l £ T T T T ) T T T 1 T I 1 il ] 1 L 1 1
A= i} T T 14 &= W T \ ! L T T T T i T T 1 T ! LD T T ] i o T ¥
T I | T T 1 T T I \ T T T ! i I I L I L I 1 1 LS i 1 1
T T T 1 T T T T T 1 \ T 1 ik T 1 I 1 I I 1 T I ! 1 1 | 1
T ¢ I T T T T ) T y \ I 1 T 1 T T T 3 1 3 1 i T T T = = T 1
T T I = T T T i T T T \ 1 T = T I T I I T I T T 1 T v T
i T 1 ki T I T I T I 1 T \I T T T I 1 I i i T | 1 T T T
T T T i T 1 T 1 T T T 1} \ T {] I T i 1 I 1 T I 1 T 1 ) I
T I il I T I I T I I I T T \ | T I 1l I I T | T I 1 L 1 T
g I T 1 T 1 18 T 1 T ) T T I \I /| T 1 1 1 1 T T 1 I I 1 i
1 1 1 1 ] I T 1 T T 1 3 1 T \ I I T I 1 1 1 i i 1 —ol 1 T
) T L] L i § L T T T T i 3 T I T \17 T 1 T I 1 L T T I T 1 ]
| T T T T T T T 1 T  § 1 T [ T T \l [ T T [ T v { T i ¥
T T I T T 1 T T T T 1 1 I T T 1 \ T L] T T 1 T T ] ] 1 1
1 1 1 = & T I T T T 1 T d T T T I T \ g2 L ] 1 T 1 ) I ) |
I I I T 1 1 T 1 T T I 1 I T L I l\l T I I T 1 1 1 I I
T T T T T T T T T T T T T ) T T I T \ 1 i3 I 1 1 1 T I I
r T | ==k T T T I T T 1 T I T =l T 1 ¥ I \ 1 1 T 1 1 T 1 |
T 1 1 T T ) T T I T T i T 1 1 1 I I 1 l\ I Ui 1 I 1 I T I
1 1 1 G N T I i} L § 1 T L I 1 1 1 I 1 T 1 &l \ 1 L] 1 1 3 1 T
I 1) 1 I T T T T  } ] T T T T s T T T I T ) \I 1 I | i T I
1 I T T I T T I 1 T I T T T i 7 T 1 I T | T L] 1 I L | ] 1
! T T T T . T T T T T T T 1 T T I T 1 8 1 1 1 T Ll T =g ] T

| N\

] 1 ] 1 T T T T T T T 1 T T T 1 T T T 1 1 1 l\ 1 T T 1 T

L

" I LI 1 T T T | [} T T T 1 T 1 T s T ] T T T T T T T

; 7 To Page No.

’H_Wltnessed & Understood by me, Date Invented by Date




ADDITIONAL INFORMATION FOR SCIENTIFIC NOTEBOOK NO. 620

Document Date:

09/17/2004

Availability: Southwest Research Institute®
Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road
San Antonio, Texas 78228

Contact: Southwest Research Institute®

Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road

San Antonio, TX 78228-5166

Attn.: Director of Administration

210.522.5054

Data Sensitivity:

O Sensitive
O Sensitive - Copyright

HW“Non-Sensitive”
0“Non-Sensitive - Copyright”

Date Generated:

04/17/2006

Operating System:
(including version
number)

Windows

Application Used:
(including version
number)

Media Type:
(CDs, 3%, 51/4
disks, etc.)

1CD

File Types:
(.exe, .bat, .zip, etc.)

xls, jps, .db, doc, Word

Remarks:
(computer runs,
etc.)

Notebook supplemental material









