
G L D H O O 

L Q C A T I O N : KL.-^iiATH FALLS Af13, GKE 
T / R - S : 
HCL£ ^4AME: MZI- l lA 
DATE MEASURED: 10/23/36 

DEFTH. 
METERS 

250. O 
. ^ ^ ^ . ':' 
260. O 
265.0 
270. O 
275.0 
230.0 
2S5.0 
290. 0 
295.0 
300. 0 
305. 0 
310.0 
315.0 
320.0 

3.30. 0 
335.0 
340. 0 
345.0 
350. O 
355. O 
360.0 
365. 0 
370. O 
375.0 
330,0 
335. 0 
390.0 
395. 0 
400. 0 
405. 0 

7 
1 

DE.='TH 
FEET 
320. 2 
336 - 6 
353.0 
369.4 
a o 'O • 3 

902.2 
913.6 
935.0 
951.4 
967.3 
934.3 
1000 
1017 

1049.9 
1066.3 
10S2.7 
1099. 1 
1115.5 
1131.9 
1143.3 
1164.7 
1131. 1 
1197.5 
1213.9 
1230.3 
1246.7 
1263.1 
1279.5 
1295.9 
1312.3 
1323.7 

TEMFE 
DEG C 
76.100 
73.500 
73.900 
74.200 
74. 
75. 
77. 
SO. 
31. 
SI. 
81. 
82. 
84. 

ZU'J 
700 
700 
300 
400 
600 
100 
300 
200 

30.600 
31.100 
S3.400 
34.300 
80.600 
3-3. 600 
S3.600 
32.900 
84.900 
S3.300 
83.200 
36.400 
90.000 
97.300 
100.400 
102.000 
104.200 
105.600 
107.100 

:;ATURE 
DEB 
O O . 

173. 
174 
165 
165 
163 
171 
176 
173 
173 
177 

r 
93 
30 
02 
cr '• 
-JO 

54 

33 

130.14 
133.56 
177, 
177, 
132. 
134, 
177, 

03 
93 
12 
64 
03 

132.43 
132.43 
131.22 
134 
131 
181 
137 
194 
203 

215.60 
219.56 
222.03 

3 2 
9 4 
7 6 

0 0 
0 4 

GEGTHE.RMAL 
DEG c/:<n 

0 . 0 
4 3 0 . 0 

3 0 . 0 
' - 9 4 0 . 0 

2 0 . O 
2 3 0 . 0 
4(DO. 0 
5 2 0 . 0 
2 2 0 . 0 

4 0 . 0 
- 1 0 0 , . 0 

2 4 0 . 0 
3 3 0 ^ 0 

- 7 2 0 . 0 
1 0 0 . 0 
4 6 0 . 0 
2 3 0 . 0 

- 3 4 0 - . 0 
6 0 0 . 0 

O .̂ O 
-140" . 0 

4 0 0 . 0 
- 3 2 0 . 0 

- 2 0 . 0 
6 4 0 . 0 
7 2 0 . 0 

1 5 6 0 . 0 
5 2 0 . 0 
3 2 0 . 0 
4 4 0 . 0 
2 3 0 . 0 
3 0 0 . 0 

AD IENT 
DEG. F / l O O 

0 . O 
2 6 . 3 

4 . 4 
- 5 1 . 6 

1 . 1 
1 5 . 4 
2 2 . O 
2 3 . 5 
1 2 - 1 

- _ ^ ' = • wJ . ^ 

1 3 . 2 
2 0 . 9 

1 5 . 4 
- 4 6 . 1 

3 2 . 9 
0 . 0 

- 7 . 7 
2 2 . 0 

- 1 7 . 6 
- 1 . 1 
O O . 1 

3 9 . 5 
S o . 6 
2 3 . 5 
1 7 . 6 
2 4 . 1 
1 5 . 4 
1 6 . 5 

Data from Dave B l a c k w e l l ' s Computer Program. 
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-JL. 
1(0 
t 

ISO 
I 

ISO 
_J 

iro 
- JL_ 

190 
_l 

210 250 

.4_ 

1 0 0 -

2 0 0 -

300 ' 

400 -

t; 

300-

600 . 

^20 'F/IOO' 
MZI-lla 
TEyPERATURE GRADIEINIT 

7 0 0 -

U J 

« 
e 
o 
e 

eoo. 

9 0 0 -

1000-

« 

o 

1100-

(200 -

1300 

NOTE: SURVEYED BY AL WAIBEL 

COLUMBIA OEOSCIENCE 
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Depth Interval 

575'-579' 
579'-585' 
585'-589' 
589'-594' • 
594'-596' 
596'-604' 
60-4'-614' 
614'-624 • 
624'-634' 
634'-644' 
644'-654' 
654'-663' 
663'-673' 
673'-683' 
683'-693' 
693'-694' 
694 '-704' 
704'-714' 
714'-724' 
724'-734' 
734'-744' 
744'-754' 
754'-764' 
764'-772' 
772'-782' 
782'-792' 
792'-801' 
801*-811' 
811'-820* 
820'-830' 
830'-840' 
840'-850' 
850'-856' 
856'-861' 
861'-871' 
871'-873' 
873'-882' 
882'-892' 
892'-897' 
897'-907' 
907'-914' 
914*-924' 
924'-934' 
934'-944' 
944 '-954 • 
954'-964 ' 

Cut 

4 
6 
4 
5 
2 
8 
10 
10 
10 
10 
10 
9 
10 
10 
10 
1 

10 
10 
10 
10 
10 
10 
•10 
8 

10 
10 
9 
10 
9 

10 
10 
10 
6 
5 
10 
3 
9 
10 
5 

10 
7 

10 
10 
10 
10 
10 

MZI-llA. 
CORE RECOVERY 

Recovered 

4 
6 
4 
5 
2 
8 
10 
10 
10 
10 
10 
9 
10 
10 
10 
1 

10 
10 
10 
10 
10 
10 
10 
8 

10 
10 
9 
10 
9 

10 
10 
10 
6 
5 
10 
2 
9 

10 
5 
10 
7 

10 
10 
10 
10 
10 

% Recovered 

100% 

67% 
100% 



Deoth Interval 

964'-974 ' 
974'-984' 
984'-994' 
994 '-1004' 
1004*-1006' 
1006'-1014* 
1014'-1024' 
1024 '-1032' 
1032'-1042' 
1042'-1052' 
1052'-1058' 
1058'-1061' 
1061'-1069' 
1069'-1079' 
1079'-1084' 
1084'-1086' 
1086'-1096' 
1096'-1106' 
1106'-1108' 
1108'-1118' 
1118'-1128' 
1128'-1138' 
1138'-1147 
1147'-1150' 
1150'-1154' 
1154'-1162' 
1162'-1164 
1164'-1174' 
1174'-1184' 
1184'-1194' 
1194'-1204' 
1204'-1209 
1209'-1219' 
1219'-1225' 
1225'-1234' 
1234'-1244' 
1244'-1250' 
1250'-1259' 
1259'-1263' 
1263'-1268' 
1268'-1278' 
1278 '-1287• 
1287•-1297• 
1297'-1307 
1307'-1315" • I 
1315'-1324' 
1324'-1334' 
1334'-1344' 
1344'-1354' 

Cut 

10 
10 
10 
10 
2 
8 

10 
8 

10 
10 
6 
3 
8 

10 
5 
2 
10 
10 
2 
10 
10 
10 
9 
3 
4 
8 
2 
10 
10 

10 
10 . 
5 

10 
6 
9 
10 
6 
9 
4 
5 

10 
9 
10 
10 
8 
9 
10 
10 
10 

Recovered 

10 • 
10 
10 
10 
2 
8 

10 
8 

10 
10 
6 
3 
8 

10 
5 
2 

10 
10 
2 

10 
10 
10 
9 
3 
4 
8 
2 
10 
10 
10 
10 
5 

10 
6 
9 

10 
6 
9 
3 
4 

10 
9 

10 
10 
8 
9 
10 
10 
10 

% Recovered 

100% 

75% 
80% 

100% 

JLF:sr:42:12-19-86:6232/B2 



Hole MZI-llA 

Cuttings Review. 

0-10 ft: 
75% Beige, variably devitrified, pumice. 
25% Subrounded to rounded mixed lithic igneous fragments. 
Tr. sub-mm fragments of feldspar, hornblende and pyroxene are present. 

10-20 ft. 
a/a. 

20-30 ft. 
100% L i g h t brown v o l c a n i c p e b b l e cong le romate . Matr ix c o n s i s t s of 
d e v i t r i f i e d p u m i c e , s and s i z e l i t h i c f r a g m e n t s , a n d f e l d s p a r , 
h o r n b l e n d e , and p y r o x e n e c r y s t a l f r a g m e n t s . The c o a r s e r f r a c t i o n 
c o n s i s t s of a n g u l a r t o subrounded v o l c a n i c l i t h i c f r a g m e n t s ( r h y o 
d a c i t e ? ) and r o u n d e d d e v i t r i f i e d pumice f r agment s . Note : Traces of 
dark r e d t o orange red in matr ix maybe c i n n a b a r o r h e m a t i t e . 

30-40 f t . 
a / a 

40-50 f t . 
100% Mixed v o l c a n i c f ragments , i n c l u d i n g a n g u l a r t o subrounded gray 
r h y o d a c i t e (?) and red t o orange-brown t u f f . 

50-60 f t . . 
90% Gray to dark gray, scoriaceous to dense, hypocrystalline basaltic 
andesite. The more dense fragments show loss of orignal texture due 
to metasomatic alteration. The pyroxene crystals are generally fresh 
with minor hematite alteration around the edges. 
10% Mixed tuffaceous fragments. 

60-70 ft. 
a/a with minor light colored clay alteration and black hydrous Fe 
oxide precipitation along occassional fracture surfaces. 

70-30 ft. Unwashed Sample 
This sample consists of abundant red and gray clay and sand size 
crystal and lithic fragments. Coarser pebble sized fragments consist 
of lava and pumice clasts. It is difficult to determine how much of 
the coarser fraction is slough from up hole or how much of the clay 
and sand fraction is recycled drilling fluid. 

80-90 ft. "Fine mud, driller couldn't catch sample." 
Predominantly reddish clay and silt, sand size crystal and lithic 
fragments, and pebble size mixed volcanic fragments. 

1- . Col umb i a 
Geosc ien; 



90-100 f t , 
2% Dark gray s c o r i a c e o u s b a s a l t i c a n d e s i t e . 
98% Red t o g r a y , s t r o n g l y h e m a t i t e s t a i n e d , l o c a l l y v e s i c u l a r 
a n d e s i t e . Maf ic m i n e r a l s a r e s t r o n g l y o x i d i z e d , wi th much of t h e 
o r i g n a l c r y s t a l morphology l o s t . The f e l d s p a r p h e n o c r y s t s a r e 
v a r i a b l y a l t e r e d t o c l a y and p o s s i b l y z e o l i t e , and a r e o f ten s t a i n e d 
red from secondary h e m a t i t e . 

100-110 f t . 
20% a / a . 
80% P o o r l y l i t h i f i e d and s t r o n g l y c l a y - a l t e r e d s c o r i a c e o u s t o 
tu f faceous fragments wi th eibundant secondary r e d d i s h h e m a t i t e . 

110-120 f t . 
a /a 

120-130 f t . 
a / a 

130-140 f t . 
a / a . No te : P o s s i b l e p i p e dope in sample . 

140-150 f t . 
a /a ~ 

150-160 f t . • - . 
55% Brown t o r e d d e v i t r i f i e d b a s a l t i c t e p h r a . 
45% Red t o g ray s t r o n g l y hemat i t e and c l a y - a l t e r e d b a s a l t i c l i t h i c 
f ragments . 

160-170 f t . 
60% r e d t o g r a y s t r o n g l y h e m a t i t e - and c l a y - a l t e r e d b a s a l t i c l i t h i c 
f ragments . 
40% Brown to red devitrified basaltic tephra. 

170-180 ft. 
100% Red, locally gray, strongly hematite- and clay-altered basaltic 
lithic fragments. • 

130-190 ft. 
100% Red-brown to gray strongly hematite- and clay-altered basaltic 
lithic fragments. 

190-200 ft. 
a/a 

200-210 ft. 
100% Red t o d a r k g r a y , l o c a l l y l i g h t g r e e n - g r a y , s t r o n g l y c l a y 
a l t e r e d b a s a l t ( ? ) . R e d d i s h c o l o r i s due t o s e c o n d a r y h e m a t i t e 
s t a i n i n g . The green . co lor i s due to reduced F e - b e a r i n g secondary c l a y 
( s m e c t i t e ? ) . 

- 2- Co 1umb i a 
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210-220 ft. 
100% Light green-gray to dark green-gray clay altered dacite(?) with 
minor local red to orange hematite staining. Fresh sub-mm secondary 
pyrite crystals are common throughout the green-gray clay-altered 
rock. 

220-230 ft. 
100% L i g h t g r e e n - g r a y , l o c a l l y d a r k g r a y , s t r o n g l y c l a y - a l t e r e d 
d a c i t e ( ? ) . C l e a r t o m i l k y p r e c i p i t a t e d c r y p t o c r y s t a l l i n e s i l i c i a i s 
common t h r o u g h o u t t h e f r a g m e n t s . Sub-mm b l a c k m a g n e t i t e c r y s t a l s a r e 
p r e s e n t , p o s s i b l y a s a s u r v i v i n g r e l i c o f t h e h o s t r o c k . Sub-mm 
s e c o n d a r y p y r i t e i s i r r e g u l a r l y d i s t r i b u t e d t h r o u g h r o c k f r a c t u r e s , 
o c c a s i o n a l l y o c c u r r i n g a s m m - s i z e c l u s t e r s . M i n o r c l e a r t a b u l a r 

I • z e o l i t e c l u s t e r s a r e p r e s e n t i n o c c a s i o n a l v e s i c l e s a n d o p e n 
f r a c t u r e s . L o c a l l y f i n e - c r y s t a l l i n e v e i n s o f s e c o n d a r y c a l c i t e a r e 

'Ifi observed. 

r 

230-240 ft. . 
a/a 

240-250 ft. 
Similar to above, though the degree of clay alteration in the rock is 
decreasing. Relict hematite alteration has been preserved in many 
fragments which have subsequently undergone silicification. 'Secondary 
alteration of mafic minerals to pyrite is common. No secondary 
calcite is observed. 

250-260 ft. 
a/a 

260-270 ft. . 
a/a with rare traces of white acicular zeolite (natrolite series ?). 
A marked reduction in secondary si l icif ication is observed in this 
sample. 

270-280 ft. 
a/a with a continued decrease in the amount of silicif ication and 
secondary pyrite. No acicular zeolite observed. 

280-290 ft. 
40% Gray to very dark gray, locally red-gray dacite. 
60% Very light gray, locally red-gray, strongly altered dacite. 
Mafic minerals are occasionally altered to magnetite, though more 
commonly to hematite. Alteration of plagioclase to clay ranges from 
moderate to extreme, occasionally with only casts of plagioclase 
crystals surviving. The groundmass is altered to white clay, clear 
tabular zeolite and rare traces of secondary sub-mm pyrite.;, 

290-300 ft. 
a/a with a vary few soft light green-gray fragments. ,The texture and 
degree of alteration is characteristic of a strongly sheared or 
faulted rock. 

-3- Columbia 
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300-310 ft. 
Similar to above with a general decrease in the degree of alteration. 
The mafic minerals continue to be strongly altered to hematite. 
Occasinal fracture surfaces contain a light coating of green clay and 
sub-mm pyrite crystals. 

310-320 ft. 
a/a with a slight increase in the white clay-zeolite alteration. A 
few light green-gray fragments have a texture suggesting proto
mylonite. 

320-330 ft. 
5% Very dark g ray f r e sh g l a s sy d a c i t e . 
85% Gray t o l i g h t g r e e n - g r a y , l o c a l l y r e d - g r a y , s t r o n g l y a l t e r e d 
d a c i t e . 
10% G r e e n - g r a y c a t a c l a s t i z e d d a c i t e w i t h many f r agmen t s having a 

• myloni te t o p r o t o m y l o n i t e t e x t u r e . 
Vein f i l l i n g q u a r t z and b o t r y o i d a l c r y p t o c r y s t a l l i n e s i l i c a a r e 
p r e s e n t i n some of t h e d a c i t e f r a g m e n t s . A few o f t h e d a c i t e 
f r a g m e n t s h a v e been i n d u r a t e d w i t h s i l i c a , o f t e n a s s o c i a t e d wi th 
secondary p r e c i p i p a t e d sub-mm p y r i t e c r y s t a l s . S e c o n d a r y z e o l i t e 
a l t e r a t i o n i s a s s o c i a t e d w i t h t h e more s t r o n g l y a l t e r e d and 
b r e c c i a t e d d a c i t e f ragments . 
T h i s s a m p l e c o n s i s t s of f r e s h g l a s s y s u b v o l c a n i c d a c i t e , 
c a t a c l a s t i z e d irock a s s o c i a t e d with subvo lcan ic e m p l a c e m e n t , c o n t a c t 
metamorphosed rock and hydro thermal ly a l t e r e d rock . 

330-340 ft, 
a/a 

340-350 ft. 
a/a with only rare traces.of fresh glass. 

350-360 ft. 
30% L i g h t g r e e n t o g r e e n - g r a y b r e c c i a t e d and sheared d a c i t e . The 
b r e c c i a t e d f r a g m e n t s c o n t a i n c r y p t o c r y s t a l l i n e s i l i c a and m i n o r 
p y r i t e . 
70% G r a y t o l i g h t g r a y a l t e r e d d a c i t e w i t h v a r i a b l e amoun t s of 
secondary h e m a t i t e . 
T r . dark g ray f r e s h g l a s s y d a c i t e . 

360-370 f t . 
a / a 

370-380 f t . 
a / a w i th a d e c r e a s e in b r e c c i a t e d fragments to 10%. 

380-390 f t . 
a / a 

390-400 f t . . 
80% Gray t o r e d - g r a y v a r i a b l y a l t e r e d g l a s s y d a c i t e wi th secondary 
g r een -g ray c l a y and p y r i t e along f r a c t u r e s u r f a c e s . 

- 4 - C o l u m b i a 
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390-400 f t . ( c o n t . ) 
20% L i g h t g r a y t o g r e e n - g r a y , s t r o n g l y s h e a r e d , b r e c c i a t e d and c l ay 
a l t e r e d d a c i t e wi th secondary sub-mm p y r i t e c r y s t a l s . 
Tr . orange o x i d i z e d myloni te f ragments . 

400-410 f t . 
a / a w i t h a m a r k e d i n c r e a s e i n s e c o n d a r y c l e a r t a b u l a r z e o l i t e 
o c c u r r i n g a long f r a c t u r e s u r f a c e s . 

410-420 f t . 
a/a with 5% orange oxidized mylonite. 

420-430 ft. 
a/a 

430-440 ft. • 
a/a with 20% orange oxidized mylonite. Note, all Fe appears to occur 
as hydrous Fe oxides in-orange fragments. 

440-450 ft. 
90% Gray f r e s h t o s l i g h t y a l t e r e d d a c i t e . Very l o c a l l i z e d r e d d i s h 
zones in t h e groundmass a re the r e s u l t of h e m a t i t e a l t e r a t i o n . Rare 
t r a c e s of s e c o n d a r y p y r i t e occur a long f r a c t u r e s u r f a c e s has formed 
subsquent t o t h e hematTte a l t e r a t i o n . 
5% L i g h t g r e e n t o l i g h t g r e e n - g r a y m y l o n i t e wi th secondary sub-mm 
p y r i t e and minor c l e a r Trabular z e o l i t e s . 
5% Orange hydrous Fe oxide bear ing m y l o n i t e . Hydrous o x i d a t i o n of Fe 
appears t o be t h e m o s t ' r e c e n t a l t e r a t i o n e v e n t . 

450-460 f t . 
a / a 

460-470 f t . 
a / a w i t h an i n c r e a s e i n t h e amount of c l e a r t a b u l a r z e o l i t e a long 
f r a c t u r e s u r f a c e s ; con t inued t r . of orange m y l o n i t e . 

470-480 f t . 
10% Orange mylonite, the result of Fe oxidation in the light green-
gray mylonite. 

f::;' 10% Light green-gray mylonite a/a. 
i— 80% Gray to dark gray variably altered dacite a/a. 

480-490 ft. 
a/a with only a trace of the orange oxidized mylonite. 

490-500 ft. . . - ' 
a / a w i t h o c c a s i o n a l - c a l c i t e c r y s t a l s o c c u r r i n g wi th c l e a r t a b u l a r 
z e o l i t e c r y s t a l s in f r a c t u r e s . 

- 5 - C o l u m b i . 
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500-510 ft. 
100% Gray to light red-gray hematite altered dacite with up to 5% of 
rock fragments showing the effect of shearing. Minor sub-mm crystals 
of pyrite occur along fracture surfaces and disseminated in the 
dacite, in part forming at the expense of hematite. Minor vein 
filling quartz and calcite are observed. 

510-520 ft. 
85% Gray to light gray clay and zeolite altered dacite with variable 
hematite alteration. Occasional sub-mm fractures are observed to be 
filled with calcite and zeolite. 
15% Light green-gray, rarely orange, protomylonite and brecciated 
dacite. Secondary fine grained pyrite is observed to be present in 
unoxidized cataclastic fragments. 

520-530 ft. 
a/a 

530-540 ft. 
60% Dacite a/a. 
30% Light gray to light green-gray protomylonite and fine breccia 
10% Orange oxidized protomylonite. 

540-550 ft. 
a / a w i t h 10% v e r y d a r k g r a y f r e s h g l a s s y d a c i t e and 1% o r a n g e 
o x i d i z e d p r o t o m y l o n i t e . 

550-560 f t . , 
60% Gray to light gray clay and zeolite altered dacite with variable 
amounts of hematite alteration. Occasional fractures are observed to 
be filled with calcite and zeolite. 
30% Light green-gray pyrite-bearing protomylonite and brecciated 
dacite with zeolite and calcite veining. 
10% Orange oxidize protomylonite. 

560-570 ft. 
Note: Many fragments are in excess of 2 cm; this sample may contain 
slough from up hole, 
95% Dark gray to gray altered dacite with local secondary hematite. 
White secondary clay and pyrite occur along occasional fracture 
surfaces, 
5% L i g h t g r e e n - g r a y , l o c a l l y o r a n g e , p r o t o m y l o n i t e and b r e c c i a t e d 
d a c i t e a / a , • 

End of Rotary D r i l l e d S e c t i o n . 
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