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Southwestern Exploration Division 

May 14, 1976 

TO: F.T. Graybeal 

FROM: J. D. Sell 

Arizona Section - AIME 
Underground Section Meeting 
Magma Mine, Superior 
Pinal County, Arizona 

Attached are the two papers plus coaies of the two maps (plan and general 
section) distributed at the meeting. The prints are very poor reproductions 
and I have annotated the plan map of the 3500 level. 

The group I was with was led by Reginald L. Barnes, staff geologist since 
August of 1975. He has been with Magma several years. Also in the group 
were Jim Vroman (Cities Service), Bill Josey (Superior Oil), and Robert 
Crist (Asarco) and his guest Duane Webb (Ranch Broker). As the group was 
the smallest, we were all able to direct and hear questions and answers. 

Of specific interest is the "Mesozoic Conglomerate" (my Tertiary breccia). 
Reggie says the problem is not yet solved, but the present belief of Russ 
Webster (Chief Geologist at Magma Superior) is that this mass represents 
an infauited block of Mesozoic conglomerate which is some 2 miles N-S by 
3-4 miles E-W and bounded on all four sides by faulting. All fault 
bouidaries are near vertical where they have been seen (which is on|y in 
the area of productive mining as shown on the map, plus the earlier views 
on the 2550 level as l've expressed previously). To the far south, where 
they have been drilling from the surface, one hole intersected it below 
Whitetail, while a second hole only around 500 feet further south (i.e., 
apparently 500 feet south on the perpendicular projection) did not hit 
"Mesozoic Conglomerate i' but passed from Whitetail into Paleozoic carbonates. 
Reggie did not know if there was any stratigraphic offset between the 
Paleozoic north of the conglomerate versus those south of the conglomerate. 

As Webster feels the conglomerate is an infaulted block, he drilled a 
vertical hole 2000 feet deep from the lowest level of #9 Shaft, the 4100 
level, and bottomed in the "Mesozoic Conglomerate" at the 6100 level! In 
#9 Shaft, they passed directly from Whitetail Conglomerate into Mesozoic 
conglomerate at around the 2600 level, giving a vertical thickness for the 
Mesozoic Conglomerate in excess of 3500 feet. Webster believes the 
replacement-carbonate section is also infaulted with the block and hence 
mineralized below the "conglomerate". 

Magma does not know how far east it extends, and few drill holes have been 
drilled east of #9 Shaft (i.e., 4100 level). Reggie felt the "conglomerate" 
probably goes all the way to Devils Canyon. If this is a true feeling of 
the staff, then I'm sure they have little interest in Oak Flat, as it 
would be nearly entirely underlain by the Mesozoic Conglomerate. 
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The western boundary of the mass is essentially the NS5 West fault. 

Magma has drifted on the 3000 and 3200 levels and is preparing to drift 
on the 3400 and 3600 levels south of #9 Shaft over to the South Vein. 
This vein was found by diamond drilling. At present two stopes are in 
operation mining a 6-15 foot wide vein zone with two feet of massive 
chalcocite-bornite with stringer walls of calcite and quartz in crushed 
conglomerate wall rock. Very weak ground and they hope to mine it by a 
thin slot sublevel caving system. 

Note that their drawing of the strike of the South Vein, the porphyry dike, 
and the North boundary (vein) are all subparallel and near the general 
overall trend of the entire Magma Vein system further west. Also note 
that the SB (South Branch) Vein curves southeasterly and apparently 
terminates at the carbonate section-Mesozoic Conglomerate contact. As 
shown in the poor reproduction of Don Hammer's plan and section in the 
Sales-Graton Ore Deposits Volume, the South Branch Vein was the principal 
vein of the replacement beds from the 2550 level eastward and down to the 
3000 level (and hence to the 3500 level). 

Magma is presently preparing to drift north on 4100 level from #9 Shaft 
to retest the area of the Magma Vein. On the 2800-3400 levels, they did 
some stoping north of the Magma Vein, but it was spotty grade and very 
poor ground conditions on those levels and appeared to be passing downward 
into massive pyrite. 

They have defined reserves from Naco thru Martin down to the 4100 level 
(approximately due north of #9 Shaft). Eastward they have very limited 
drilling but have mineralization in the Naco and upper Escabrosa down to 
around the 4600 level. I strongly suspect that an east drift will be 
driven from the 4100 level drift going to the Magma Vein, to give access 
to additional drill stations eastward. (Roughly measured, the 4100 North 
drift should be in the vicinity of the Maroon Shale, the marker bed be- 
tween the Escabrosa and Naco, when it gets out of the Mesozoic Conglomerate. 
Reggie would not speculate on what unit they would be drifting along.) 

Webster, a number of years ago, expressed the view that the north boundary 
of the "conglomerate", going northeasterly, was terminating and.cutting out 
the replacement beds which were then trending easterly. Subsequent drilling 
and development have shown that the replacement bodies now have turned 
northeasterly parallel to the north boundary trend of the conglomerate. 

Reggie was strong in expressing that no ore values mineable are found 
within the Mesozoic Conglomerate other than the South Vein; i.e., no 
disseminated areas. Although he did say that the north boundary of the 
Mesozoic Conglomerate was often marked by high grade chalcocite-bornite 
as in a sheared vein, I could not clarify if such mineralization was 
always found adjacent or near where the replacement horizons intersected 
the boundary. He did say that, in-general, higher'zinc values and lower 
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copper  v a l u e s  a r e  found a t  depth  a long  t h i s  boundary  c o n t a c t .  (A zonal 
p a t t e r n  a l s o  found below the  Mart in  ho r i zon  f u r t h e r  to  the  wes t ;  i . e . ,  
z i n c  in a s h e a r e d  c rushed  zone o f  the  South Branch Vein s t r u c t u r e  p a s s in g  
upward i n t o  the  Mart in  Replacement  w i th  high g rade  b o r n i t e - c h a l c o c i t e  and 
e x t e n d i n g  upward above the hanging wall  s e c t i o n  o f  the  Mart in r ep l acemen t  
-unit.) 

They have on t r i a l  a hard rock Alp ine  AM-50 miner .  This  adap t ion  o f  the  
c o a l - f i e l d  machines cu t s  a 12 i x 14' opening  and in Magma's Z'soft '! ground 
( p y r i t e - h e m a t i t e  gangue wi th  l i t t l e  s i l i c a )  produced some 250 t o n s / s h i f t  
o r  t h r e e  t imes  the  b l a s t - m u c k  c y c l e .  John Cesar  (General  Mine Foreman) 
s t a t e d  t h a t  rock wi th  psi s t r e n g t h  o f  15-20 thousand can be cu t  wi th  t h i s  
machine.  Today they  had the  machine in a hard s i l i c a  p o r t i o n  and i t  was 
doing a r e s p e c t a b l e  job o f  c u t t i n g  the  f a c e .  A four-man crew is p r e s e n t l y  
running  the  sys tem (two machine o p e r a t o r s  and two mucking machine c l e a n - u p  
men). Al though a s t r o n g  w a t e r  sp r ay  was e j e c t e d  on to  the  c u t t e r s  and f a c e ,  
a l o t  o f  f i n e  dus t  was p roduced .  To combat t h i s  i t  was n e c e s s a r y  to  i n s t a l l  
a l a r g e  24" e xha us t  f l e x e i d  on the  wal l  o p p o s i t e  the  c o o l i n g  a i r  to the  
fac~. It was working very well. 

JDS:lb 
A r t s .  

• ~.j, 

.... "q James D. Se l l  
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

March 30, 1970 

MEMORANDUM 

TO: W.E. Saegart 

FROM: J. D. Sell 

SUMMARY AND RECOMMENDATION: 

Buried Intrusive Breccia 
Magma Copper Company 
Superior Division 
Pinal County, Arizona 

An intrusive breccia, somewhat mineralized, containing blocks of all 
known premineral rock types outcropping at Superior, has been recently 
extended and confirmed. This breccia is blind as it lies under the post- 
mineral dacite volcanic flows and no expression of this breccia is 
known on the surface. 

With the potential size, the mineralized character, and the fact 
that Magmals new No. 9 shaft should penetrate this breccia, it is 
recommended that a land status (claim) study be made of the Dacite 
Plateau, especially to the southeast, for possible ASARCO participation 
in exploitation of suggested mineralized porphyries° 

GENERAL: 

Figure l is a plan of the buried intrusive breccia as now con- 
firmed by recent exploration at Magma° Also shown are the lower 
Devonian replacement ore bodies and the new stacked (lower part of the 
Devonian through the lower part of the Pennsylvanian) replacement ore 
bodies. 

The information was secured during a recent tour of the new ore 
body area and discussions with Russell Webster, Chief Geologist at Magma. 
A cross-section showing the recently announced stacked ore body distri- 

"bution, as well as the suspected cover rock depth, is shown on Figure 2. 
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Webster, no doubt, has some feeling of the potential significance 
of this mineralized breccia and mentioned that Magma should check the 
replacement beds south of the breccia, but it is unknown as to the 
Magma land status, or of any others that may be interested in MagmaJs 
expansion. 

The breccia was first encountered ten years ago on the 2,800 Level 
when drifting out to pick up the small, southernmost, lower Devonian 
ore shoot. The drift was driven several hundred feet southward into 
the breccia before being terminated. Then a horizontal 2,000-foot hole 
was drilled due south, a 300 (?)-foot hole drilled vertically, and a 
horizontal 450 (?)-foot hole drilled southeasterly from the face of 
the drift -- and all terminated in this breccia material. 

A 0°35% copper assay was determined on the total core reject 
collected from all three drill holes. No further work or interest 
could be generated at this time. 

Several years later the breccia was also encountered on the 
3400 and/or 3600 levels being driven southward along the lower Devonian 
replacement ore horizon. Tn the past several years several holes from 
the 3400 and 3600 East Level drifts, used in drilling for the new 
stacked replacement horizons, have encountered the breccia. Several 
pieces of core are attached separately with this memo showing the 
breccia character. Note the pyrite-chalcopyrite in some of the frag- 
ments. The hole was drilled from the 3600 East level at the lO0 East 
position to check under the No. 9 Shaft position on this level. 

Mineralized veinlets are known to cut the breccia which is mostly 
a rock flour breccia with large blocks of all the premlneral rocks at 
Magma. Fragments of Precambrian Pinal Schist have been found next to 
fusilinid-bearing Pennsylvanian Naco Limestone which suggest strong 
mixing of fragments within the breccia. 

Drifts are presently being driven from No. 6 Shaft to No. 9 shaft 
area on the 3000, 3200, 3400, and 3600 Levels in preparation of con- 
tinued exploration and mining of the new stacked ore bodies. Only the 
3400 Level is extended sufficiently to be in breccia, and has now cut 
some 400 feet of breccia, but apparently Magma is not sampling this 
breccia although Webster is aware of its mineralized content. 

I believe there is a strong possib i l i ty  that a supergene chalcocite 
blanket w i l l  be found within the breccia under the cover of the post- 
mineral rocks. Present projections suggest that No. 9 Shaft w i l l  
enter the breccia immediately under the cover rocks which may be in 
excess of 2500 feet in the v ic in i ty  of No. 9 Shaft° 
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A land status (clai~ survey of the entire Dacite Plateau is 
recommended as a preview of areas available for staking. 

JDS/kvs 
Attachments 
cc: SIBowditch 

WLKurtz 
Route file copy JHC 

, ~ J .  D • , S e l l  
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~:¢~ 9 C h a p .  6 1  G e o l o g y  of  the M a g m a  M ine  Area ,  A r i zona  1297  

Ue of the Main fault. The Main ore body 
!:;~ been stoped continuously from near sur- 

~" :~ :~:c to the 4900 level, The "West ore body" 
iil ,:~ a smaller offset portion of the Magma vein 

,~-..,, was mined on the west side of the Main 
i i :z:At between the 2000 and 2800 levels. The 
) ~- Cenlral ore bodies" make up a zone of dis- 
: ::n~inuous ore shoots east of No. 3 shaft that, 
- ~ gross outline, phmge steeply westward 
- ::~ghly parallel to the rake of the Main ore 
": i ~, The Central ore bodies have been mined 

.~_,:,:ontinuously from the 1600 level to the 
:~ ,'~O3 level. 

The Magma vein occupies an east-striking 
:_u~!t zone that has been opened for more than 

". :0.000 feet along the strike. From the surface 
"~- ~ :,x:crop down to a westward-raking "axis of 

~:',ersal of dip" (Figure 4),  the vein dips about 
-5'N. Below this axis, the dip reverses and 

: , :,:nfinues downward to the deepest (4900) 
: ~ '¢~eI with an average south dip of about 78 °. 

~ ~?:rection and amount of net slip along the 
'q_*grna fault zone has not been determined, 

= 

m ~  

oE 

2 

A N V I I ~ 3 1  
\ 

owing to the difficulty of matching identical 
points on the opposite sides of the zone. The 
best match of geology on the north and south 
walls of the vein suggests that the net move- 
ment is normal (south side down) and is pre- 
dominantly down the present dip, with only 
a small component of right-lateral slip. A rota- 
tional movement is evident, as the vertical dis- 
placement increases from 350 feet near the 
Main fault to 450 feet toward the east end 
of the mine. 

The structural map (Figure 4) of the 2550 
level is a representative example of horizontal 
section through the vein and also shows 
branches of the vein and important offsets. 
Three principal sets of fractures have been 
recognized in the mine: 

(1) The earliest consists of the east-striking 
Magma vein fault and a persistent set of lesser 
shears that branch away at small angles toward 
the northwest and southeast. This is the set 
of fractures that has been most extensively 
mineralized. 
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.-an best be observed. Evidence for localization 
c£ ore shoots in the Central part of the Magma 
~ein by premineral transverse structure is 
:~undant. Major crossfaults, many of which 
52','e undergone postmineral movement, fie- 
c:;ently serve as bounding structures con- 
:i,,Ning the lateral extent of individual ore 
&oots. Lesser cross structures appear to have 
m?osed an added permeability upon portions 

of the vein-fault that are the locus of ore 
~!-,~ts. By inference then, this evidence may 
~.e extrapolated to the Main ore body, where 
~:~ch of the evidence for control by transverse 
<ructure has been obliterated. 

Complex vein splits and branch veins are 
structural characteristic of the zone of Cen- 

:~-.q ore bodies above the 4400 level. Increased 
,wrmeability of this portion of the vein, im- 
:osed through splits and branches, appears to 
a: a major factor in localization of mineral- 
zafion. 

These factors suggest that the principal con- 
2:ion that determined specific location of min- 
::al deposition in the Magma vein-fault is per- 
:.eability imposed by structure. Shearing 

across irregularities in strike and dip of the 
vein-fault created some of the permeable 
zones. The fractures associated with some of 
the transverse structures created additional per- 
meable zones, but other transverse structures 
imposed restrictive barriers to the lateral 
migration of ore fluids along the vein. The net 
effect of the permeable zones was to provide 
channelways along which the flow of ore fluids 
could concentrate. 

LIMESTONE-REPLACEMENT DEPOSIT The fa- 
vorability of the lower part of the Martin Lime- 
stone for replacement mineralization has been 
observed in many mines and prospects 
throughout southern Arizona. To a lesser ex- 
tent, specific favorability for replacement has 
also been shown by the lower and the upper 
beds of the Escabrosa Limestone in the Supe- 
rior area. It is not yet known why these beds 
are particularly subject to replacement, but 
they obviously were accessible to the ore fluids 
and susceptible to chemical attack, during hy- 
drothermal activity. 

Figure 7 shows a north-south section 
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Southwestern Exploration Division 

January 21, 1976 

TO: F.T. Graybeal 

FROM: J. D. Sell 

Magma Copper 
Superior Division 
Pinal County, Arizona 

I recently was chatting with an ex-Magma geologist and we discussed the 
"breccia" of No. 9 Shaft and the on-going drilling south of the Belmont. 
Some of this thoughts: 

l) Magma has now completed the drift south of No. 9 Shaft on the 3000 
level into the mineralized vein within the breccia mass. Coupled with 
multiple fan drill holes extending from around 2800 level to the 3200 
level with few penetrations to the 3600 level, they now believe: 

a) The mineralized structure is parallel to the breccia-limestone 
contact and hence strikes east-northeasterly. 

b) Yhe structure dips southerly at 75°-85 °, the same as the bx-lms 
contact. 

c) Porphyry is found irregularly along the structure and is similar 
to the porphyry at No. 6 Shaft and in the Magma vein. 

d) Since the porphyry cuts or fills the breccia, they believe the 
breccia is Cretaceous in age. (Note: I found a large boulder 
of the porphyry in the dump of material from the No. 9 Shaft 
being sunk in the breccia, suggesting part of the porphyry material 
is involved in the breccia development?) 

e) The structure is irregular as a shear zone and varies from 9 to 25 
feet in width and with copper grades from l-l/2 to plus 5%. (The 
original drill hole contained an intercept of 14% copper.) 

f) Reserves of around one million tons are suggested and trackless 
mining, cut, and fill are being suggested. 

2) Don Hammer has been doing some work on the breccia problem during his 
stay in New York. His thoughts are that the mass is a breccia pipe. 
(I agree.) 

3) The ex-geologist believes the mass to be a volcaniclastic unit, complete 
with bedded zones which dip 20-25 ° easterly, similar to the Cretaceous 
volcaniclastics of the Christmas area. 

4) Magma intends to extend their underground drilling to the south to 
find and test the southern boundary of the breccia mass. 
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5) As the replacement deposits of Magma apparently occuey the north wall 
zone of the breccia, Magma feels that similar deposits might occupy the 
south side. (A thought put out some 15 years ago.) 

6) The extensive drilling easterly from the Belmont area is primarily 
designed to test for replacement zones within the Mississippian and 
Devonian horizons, and most holes have apparently terminated after 
entering diabase. 

7) Apparently the drilling results are not encouraging from the mineral- 
ization viewpoint. 

8) The extensive geophysical work conducted by Newmont was designed to 
outline the extent of the breccia mass and hopefully detect massive replace- 
ments. Apparently the work was not encouraging. 

9) Magma has apparently NOT completed the payment for the Belmont-Pacific 
claims and Coochie Smith-~art owner) recently stated that if they paid 
up, then he just might retire. The ex-geologist thought that part of the 
rush drilling at Belmont might be in regard to holding the land. (Note: 
Two holes have been drilled just at the dacite front. One hole was 
completed back of the front and the second, further east, is now in 
progress on the B-P claim group.) Perhaps Asarco should reacquaint 
themselves with the situation in the event Newmont does not complete the 
Belmont-Pacific option. 

lO) A suggestion put out by D. F. Hammer and the Newmont group is that the 
breccia may be underlain by a more extensive porphyry mass with potential 
of mineralization within the porphyry, as well as possible disseminated 
mineralization extending into the breccia mass Ttself. As far as the 
ex-geologist knew, no drill holes have been placed below 3600 level, and 
these probably from the 3400 level drift. 

(See my memo to W. E. Saegart, dated March 30, 1970, entitled: "Buried 
Intrusive Breccia, Magma Copper Company, Superior Division" for early 
discussion of the breccia. Also, memo to W. L. Kurtz, November 23, 1971, 
on Magma Mine Area.) 

~James D. Sel~l 

JDS:Ib 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

November 23, 1971 

TO: 

FROM: 

• . .  . 

W. L. Kurtz 

J. D. Sell 
.3 

i 

. L ~  . J .  ! : '~ " - 

Magma Mine Area 
: Superior 

Pinal County, Arizona 

From a telephone conversation of 11/22/71 with Russ Webster and Ben Greene 
of Magma Copper, the following notes are submitted: 

I) They are interested in increasing the available water supply near 
Superior due to the expansion of mill capacity now in progress. Thus, they 
were inquiring into the water conditions of our A-4. I informed them that no 
water problem, either loss into the formation or dilution of drilling fluids 
from the formation, occurred in the drill hole after we cased the hole. 
Apparently, the water flow from No. 9 shaft has dropped considerably and is 
now very little addition to their source. 

2) Both acted surprised when asked how they liked the findings in A-4, and 
both said they'd like to know more. No real clue as to whether they do or 
do not know what was in the hole. (Could Don Kennedy have still another 
Magma source?) 

3) The shaf t  has connected in to  the 3000 level  d r i f t  (from No. 6 s h a f t ) ,  
which is about 500 fee t  above sea level  e l e v a t i o n .  Sinking has stopped to 
a l l ow  the i n s t a l l a t i o n  of  some c h i l l - w a t e r  l i n e s ,  e tc .  f o r  the mine areas. 

4) Webster said that the Whitetail-other "rock" contact was just above, as 
he remembered it, the 2550 leve]. This would place it around 950 feet above 
sea level or 3250 feet below the collar of No. 9 shaft. I had previously 
reported the information that they anticipated the contact at 2960 feet below 
the collar, based on a diamond drill intercept. (My monthly report for June, 
1971). 

5) I a lso inqu i red  as to what they had named the " r o c k "  and Webster said they 
s t i l l  d id not have a name. I asked i f  i t  would be poss ib le  to  tour  the 3000 
level and s h a f t  area and Webster thought i t  would be o f f  l i m i t s .  

6) Webster d ld say tha t  they now had two d r i l l  holes in the " m i n e r a l i z a t i o n "  
to the south of  the shaf t  but tha t  i t  was not as good as they had o r i g i n a l l y  
hoped and tha t  i t  appeared to be a shear zone in the '~rock" ( " b r e c c i a " ) .  He 
plans several  more holes but says he is not o p t i m i s t i c  in be l i ev lng  the 
minera l  izati~on is of  any consequence. 
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7) Native copper was found throughout the Whitetail in No. 9 shaft but 
Webster questioned the assays they have received on the samples submitted. 
I said, "Well, I'd think that the assay office might have 0.4% copper just 
floating around.", and he countered that most of the assays were not that high. 

8) Both Webster and Greene had not heard that Magma has payed the $800,000 for 
the Belmont-Grand Pacific mine area, and although Webster said he might not be 
the first to know he did doubt that Magma had payed it yet. 

9) I mentioned that  when and i f  they should need a j o i n t  venture  par tner  in 
any phase of the work around Magma, please keep us in mind. 

JDS:lad 

J J. D. Sell 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

May 5, 1969 

FILE MEMORANDUM 

Superior Division 
Magma Copper Company 
Superior (Pinal County), Arizona 

The Underground Division of the Arizona Section, AIME, held the Spring 
meeting at Superior on May 2, 1969. It was attended by J R Wojcik and 
J D Sell as well as others from the smelter and mining departments. 

The mornings activity was taken up with a tour of the presently mining 
limestone replacement deposit. Stopes and equipment being used in the trackless 
mlning-cemented sandfill areas were visited. These studies are in anticipation 
for mining the new "Escabrosa" reserves. The raise drill was also inspected 
as well as several of the 5 foot diameter holes which have been drilled. 
Following the underground tour the automated surface sand-fill plant was toured. 
Following lunch a technical session was presented with three papers read: 
l) Sand-fill by B. Johnson, 2) Load-and'carry machines by F. Flores, and 
3) The Security~raise-drill by J. Murry. Attached is the data sheet on the 
Sandplant--the only paper distr ibuted° 

In regard to the Superior Division, Magma Copper released the following 
statement (Notice to Stockholders, March 28, 1969, p. 38): 

"Extensive diamond drilling has developed additional 
replacement orebodies in beds lying stratigraphically 
above the areas presently being mined, and has increased 
the ore reserves to the highest tonnage in this mine's 
long history. As of December 31, 1968, total reserves at 
Superior were estimated at lO,100,O00 tons of ore averaging 
5.88% copper, before dilution." 

They further announced an expansion program to double the production rate 
from 1500 to 3,000 tons per day. A new shaft (No. 9) is to be put down from 
the Oak Flat area to a depth of 4,800 feet and will be connected with the mill 
by a new 9,100 foot haulage tunnel on the 500-foot level. The smelter is to 
be closed and all concentrates shipped by rail to the expanded San Manuel smelter. 
Completion date for all phases is 1972. 

The pioneer road into the new shaft area is completed and bids for the shaft 
(22-foot diameter) will be asked this week. The tunnel borer, with laser-beam 
guidance, for the haulage tunnel is scheduled for delivery in September and will 
drive a 12½-foot tunnel. The portal area is being prepared and the first 200 
feet will be driven by conventional means. 



. 
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Figure !, USGS 7½' quad., shows the approximate location of the 
proposed shaft and haulage tunnel as well as the general outline of the 
replacement ore-bodies mined to date. The new replacement tonnage given 
in the announcement is largely from deposits in the Escabrosa Limestone 
but commercial mineralization has been found in various parts of the 
Mescal, Martin, Escabrosa, and Naco Limestones. Most of the new reserves 
lie above and easterly from the 'Zold" Devonian beds as shown° The main 
sulfide Escabrosa ore-body apparently apexes about the 3000 level and 
above this the former mineralization has been destroyed by intense oxidation. 
Native copper and secondary chalcocite is found at the interface. (See 
various sections in the paper by Hammer and Peterson, 1968: Geology of the 
Magma Mine Area, Arizona, p-1282-1310 in Ore Deposits in the United States 
1933-I~67, volume 2, AIME). 

Table I lists the production from the Magma Mine (Superior), from 
Hammer's paper and annual reports, and indicates that the newly announced 
tonnage reserves, developed in the last three years, is equal to about two- 
third of the total tons mined to datel Mining within the vein systems 
essentially terminated in late 1963 and thus the later grade figures reflect 
those of the old Devonian replacement beds. Thus it would appear that the 
new reserves at 5.8~ copper are going to be somewhat higher than has been 
mined in the past (dependent: upon the amount of dilution). Therreserves are 
still open ended. 

Table I 

Tonnage and Production-Magma Copper Co., Superior. 

Ave. Grade 
Year Ore (tons) Copper(lbs ) Silver(oz) Gold(oz) Cu% Ag~ Au oz 

1911-1964 13,695,822 1,460,400,223 25,118,O86 435,716 5.69 1.93 O.03l 
1965 439,911 38,904,23] 408,366 12,748 4.65 O.99 0.031 
1966 431,913 39,262,051 466,334 12,802 4.70 1.13 o.g32 
1967 219,510 19,100,841 197,419 4,970 4.77 l.Ol 0.026 
1968 333,607 29,412,O00 347,119 7,262 4.4~ l.O~- 0.022* 

Grand Total 15,120,763 1,5~r7,O79,346 26,537,324 
*Calculated from tonnage-production f igu res .  

Figure 2, from Hammer and Peterson, shows the distribution of the old 
replacement outlines and a cross-section through the deposits. Note that the 
individual ore bodies are quite continuous down dip and the outlines generally 
follow the easterly trend of the major mineralized veins. 

D r i l l i n g  for  the new replacement horizons was essen t i a l l y  by very long 
drill holes fanned out from drill positions along the 3200 level east drift which 
terminated at E IO9 position or 3700 feet east of No. 6 shaft (see figure I). The 
limestones at this position still maintained their 30 degree eastward dip as is 
shown on Hammer's sections in the AIME volume. 
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Sand-fill is the major factor in being able to maintain production in 
the present mining areas (data presented at the meeting is included as 
Attachment A). Sand-fill placement since the start up in March 1963, 
through April 1969, was 650,000 tons of sand-fill. Present rate of production 
is ll,O00 tons of dry sand per month. 

The /~IME tou r  d id  not  inc lude  any ]~ook a t  the new reserve areas but 
a geo log i c  t ou r  o f  the Magma l imestone work ings f o r  ASARCO personnel  
can be set  up by c o n t a c t i n g  Mr. Russel l  Webster,  Ch ie f  Geo log i s t  a t  the 
Magma (Super io r )  D i v i s i o n .  A lso  a t tached  s e p a r a t e l y  is a copy o f  my 
thes~s on a p o r t i o n  o f  the Devonian replacement ore body. 

.... James D. Se l l  

cc: JRWojcik 
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FILE HEMORANDUM 

AMERICAN SMELTING AND REFINING CC~PANY 
Tucson Arizona 

May I I ,  1971 

Whitetail Conglomerate 
Magma Copper Company 
Superior, Arizona 
Pinal County., Arizona 

On April 28, 1971, H. L. Crittendon, R. B. Cummings and myself toured a 
portion of Magma CopDer's new tunnel and inspected the dump material from 
their new No. 9 Shaft. 

The tunnel driven on the 50C-Level, or Mine Yard Level, is a circular o~en- 
ing and was cut by a tunnel borer with a diameter of 12-I/2 feet. Little 
trouble has been experienced in holding the tunnel open except in obvious 
fault areas where some sloughing is occurring, but relatively little in com- 
parison to the conventional drill-blast sequence in other tunnels where 
timbering is generally a necessary part of the tunnel work. The tunnel 
trends N70°E toward No. 6 Shaft and at that point, a "Y" is being established 
to connect with No. 6, while the main tunnel swings S60°E and connects with 
No. 9 Shaft. 

In the tunnel, a down faulted block of dacite is at the entrance followed by 
Bolsa Quartzite (Cambrian), Martin limestone (Devonian), Escabrosa limestone 
(Mississippian), Naco limestone (Pennsylvanian), Whitetail conglomerate 
(Oligocene), and Dacite (Miocene). The pre-Whitetail units dip 30 ° easterly. 

The top of the Escabrosa is marked by a 4C-foot (stratigraphlc) section of 
distinctive "maroon shale" very noticeable in the highway cuts near the 
Queen Creek bridge east of Superior. In the tunnel the base of the Naco was 
at 2250 feet while the top of the Naco Was at 4266 feet, giving a stratigraphic 
thickness of some ],000 feet. A surface section of ]O79 feet of Naco was 
measured by H. R. Wanless in 1949 (see Naco Stratigraphic File Memo dated 
May 6, 1971) " ' 

The contact of the Whitetail and Naco strikes about NI5°W and dips 30 ° east- 
ward while somewhat inside the Whitetail the bedding strikes N35°W and dips 
16-18°E showing the overall unconformable attitude of the Whitetail. The top 
of the Whitetail is at 4835 feet in the tunnel with a contact of dacite tuff 
and overlying vitrophyre. Thus, using a -30°dip for the base of the Whitetail 
and -17°dip for the top of the Whitetail, it would show approximately 160 feet 
thick where first encountered and increasing to 290 feet at the eastern contact. 
Approximately IOOO feet eastward, the Whitetail is reoorted to be 600 feet 
thick in No. 6 Shaft° Projected thickness in No, 9 Shaft is 1600-1700 feet. 
No. 9 Shaft intercepted the top of the Whitetail at 1875 feet below the collar 
and as of May 7, 197l, was at 2360 and still in Whitetail. 



FILE MEMORANDUM 
-- 2 - May 11, 1971 

Abundant clasts are found at various sections within the Whitetail and 
though the matrix character of the Whitetail in the tunnel changes from 
light colored to a darker color at the top in the tunnel section, no clasts 
of early volcanics were noted to suggest that part of the Whitetail belongs 
to the intra volcanic conglomerate. Native copper is found in various 
places in the tunnel area. The copper occurs as matrix filling as well as 
within clast such as diabase and Schist. At the No. 9 Shaft site, inspec- 
tion of the dump material of Whitetail from the 2300 foot level (and later 
from the 2360 foot level) showed clasts of schist, diabase, quartzite, 
limestone, and one large altered porphyry cobble. Native copper was found 
in schist, quartzite, and diabase. The porphyry is altered by clay and 
quartz-sericite and has pyritic casts with darker colors suggesting some 
copper limonites. 

JDS:van 

~JJ James D. Sell 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson A r i z o n a  

May 6, 1971 

FILE MEMORANDUM 

Stratigraphy 
Naco Limestone (Pennsyivanian) 
Superior, Pinal County, Arizona 

The attached detailed stratigraphic section of the Pennsylvanian 
Naco Limestone was measured by H. R. Wanless in the Queen Creek 
drainage at Superior, Arizona. 

As far as known, no other section of the Naco has been measured 
in this detail in the district. 

..... James D. S e l l  

JDS:van 
A t t .  
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AMERICAN SMELTING AND REFINIHG COHPANY 
Tucson Arizona 

October 9, 1970 

FILE HEMORANDUI4 : 

Subject: Superior Division 
Magma Copper Company 
S SEperior (Pinal County), Ariz:~ 

On October 8, 1970, while in the east claim area of our Dacite 
Group, I ran into Don Hammer, exploration geologist (San Manuel) 
and Rus Webster, chief geologist (Superior) who were "checking on 
the activity of ASARCO and the position of known drill holes" on 
the dacite plateau. 

To supplement my memo of March 30, 1970, I learned from Webster 
that their No. 9 shaft is presently down llO0 feet in Dacite 
(500 feet deeper than on March 24) and encountering abundant 
water and even more contractor-manpower problems. The new haulage 
tunnel is in 6800 feet and has "turned" the corner just south of 
their No. 6 shaft. This advance is 4800 feet since March 24. 
Later, a connection will be made to No. 6 shaft. 

It was reaffirmed that ASARCO would enjoy a tour of Magma's new 
workings and a date will be set shortly. Continued discussions 
will be held with Webster and Hammer to test joint-venture 
exploration thoughts. 

JDS:mw 
cc: W. E. Saegart 

[ lames D. Se l l  
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C H E S S  L A M B E R T O N .  P R E S I D E N T  

F R A N K L I N ,  PA. 

W .  E.  B A R R O W .  S E C R E T A R Y - T R E A S U R E R  

1 0 3 8  | V A N H O E  RD..  C L E V E L A N D .  O. 

U N I T E D  M A G M A  C O P P E R  C O M P A N Y  
M I N E S :  S U P E R I O R .  A R I Z O N A  
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Y/ALTAIr iUAIVEY \7~D 
GLOLO,~ l :~ T _ i :  b __ii;  11: ,~ =If G IN~R 

Z9 ~_<0Lb./AY 
i : _ . .  YO_if OI'2Y 

October 2grid, 1917o 

~20 ~'::m C-i~f~:D z : a u I ,  i~ C0i~2.21 ,'. COo, 

~ifOLf[l.:i, .'2 '~!iOf'LL. 

i sub;~!i~ ]tere.:ith a recount uoon the holdin.Ds of the 
Or~nd facifio Oo~:oer ~o., boise& ~oon r~ce~_o data and ,~Aal)s ft~rnished 
me, supplerlen~ii~4-~-Y ovn~ l~io<~ledf~e o f  the tract. 

HO~Ii[QS 

'31:.e co~_~-ioa-W's proDer~y consists of a rectanguzlar block 
of ~rotmd 9000' !o'~-g an& 3600' wide, covered by 35 mining claL, ms, 
about 700 acres, in 0ile i)ioneer district, 24~ miles south of 
S~&l;erior, ._ r izo : . :&.  The 3:e~Lrla~ il.ii, a,-o present the 2.2° (2~izona 
~o, storn), hea l"  21brOnCO. 

~00]_:01,[I000f:DITIOiIS • 

The e c o n o m i c  o o i ~ . d i t i o n s  a r e  a s  g o o d  a s  a t  m o s t  : ~ i z o n a  
m i n o s ,  t h e  o l i m a - o e  o e i i ~  o e ~ e r  t h a n  a~  t h e  n e a r o y  camp of i l a y .  
2he rail~va~ ~ ensures cheap supplies fro~J i~hoenix and the Salt Aiver 
Valley towns, 60 Lo 66 iililos t o  the west. 

LOCAd!ON. 

9'he Grand ~oifio ioro!tertY coveys a dista~:ce of 9000' 
along the vees~ern siose of the :~}aohe ilidge, on the main 1~ii~ieraiized 
belt of the dissrict and conLains the most favorable surf~'~ce 
conditions observed south of the "0o~n% of Sui~erior. 2his belt is now 
being actively ~Srospected for a dis~[{nce of si~ miles or more, from 
the vicinity of the Silver i/in<~ iline, once _arizona's ioreinier silver 
producer, on ~6he . Y o r t h  ~or a mile south of she O r a n d  zaoific holdings. 

GEO~0~Y. 

~i!e Grand ~acii'io tract shows prao%icall~ 7 the same 
geoio~ical and mii~eralogical conditions obse<'ve& at the i-agma mine, 
a n d  the sauoum_b o.r.& ch~.~'a',coer o f  the ore developed is ~s good as bnat 
o f  t h e  ! i a ~ a a  a~ uhe s a m e  s t a g e  o f  d e v o i o p m e n ~ .  

'She general g'eologic conditions are simple. ~[t ti-e base 
of the steel iiiOtU'Izo.ii% ridge tho, b walls in ~ile valley o n  ~ho east, 
~he i'oothills a-~'e formed maii~iy of i~'r~rusive ~i~o~:tse. _:[bore this 
rook boded ~a~artzites s~)pear capped by a series of ii~uos'oo:ce bedts 
of varying color tox-~ure an< t age. fll bhese boded roci,~s din eas~- 

• ~'-~;-~ degrees, ir~oo the mebarGain a~ bhe vsr['m~~-~g 
hardness of different beds e:tlloh~sizes the structure. Ohis _je~<ers~l 
condi~ions prevails s, lon<] ~b_e moun0c, in ~ron6 for several miles, 
both north s~md south of ,~tq)erioro l'hls simple foulding is broken 
by cross faults, some oi A~ioh are filled b y  i:oriohry. Dhe best 
]nio~,a~ f a ' ~ l t  i s  th [g~ o f  t h e  :,:a.Sma m i n e ,  a n d  t .he o r e  b o d i e s  o f  ti~_s.L 
~OIDel-%~ ~re oo:i~iYied "oo ells cros~ie:tll~. O~her crossia~lt~ occur 

various pisces aioiIG the n~oun0ain front, disl)iacinj the rool:s 
a n d  their o u D o r o ~ s  i;~c~:l:ed ~y siliaifioation and black ma~:~ganeso 
staining, out the :~andel vei~i of the :rand l&oific nixie is the ord.~ 
erie iYi whio~i ore II~A~ oeoli found in co:a:.ierci<:i m~ot~nos and t]i~zs ~'~:r 
the only oi~e in ,,'£~ich co~,ditions pomitiveiy warran~ she belief tl,_at 
a big oreoody of co~iPer Qre ~ill oe retold at or below tiie Tater 

level. 

VLII]S. 

~i~he pro-)erty s h e . r e  the o~tcrop of two cross veins, the 
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Landel, a~ t]:e north end of ~he tract ailci the iron Zidge at -~b_e 
~outi! eildo It also nd, s t]',o ou'0crop of "0he "Silver" veldt, wi:ich is 
believed do oo 0he ~o~chor.,,. e-r,Dcnsio~l oZ L.~. . Ao vein !o~::3" ,iorked[ 
n e a r  ,J]!o i]o, "..:~ ~6 ~]'O i ,o.~e . t i , - e r i 0 i '  : _ i ' i z o l t o .  : ~ r o i ) e r u j .  f ] - i s  vci::-± 
i s  ~t l : : : [ : : o r t . i t : : o d  ooL'Ldi-uu f c u l t ,  s l i p  o r  Z r a o : ; : [ k ' e ,  i : , e r s i s t e n t  f e z "  
LI'O~I~' llilos, , £a rkoJ -  ~'$~ icoic c<:lu_ :,IL%EIe:~SllOS@ 8%L~il[e& js~i)or 8,iI~ 
ooiiuiiero<[ Lo Lie LYe LlOL-'=Of ve<il of ~ko district. 2hc veil: is 
~lat, ~ii;s wit,i s i -c  uo,L£E.~J o_ t k :e  r o c k s  s~nc[ is E o t n l d  s o  o r  i : e s . r  

-bPo : r u ~ r t s i t e  l i . : e s c o x ~  c o ~ : t : ] c t .  

OILS OC'O Or_:?J.~E[[O2 • 

_~kO .±'t'.~kd _ aoi]:io ~i<ilo' S workiii~s ~e on ~ile 3~:~liO~el vein 
- -  g Z i s s ~ r e  Z r be  6 ~ w i d e  im  , 'o  u m ) e r  . , / o r k i i i L ] s .  ~iz5_s v e i R  s h e  zS 
t J o  s : - o o u s  cA" oz ' o ,  ........ e r i c . 1  oK ',,:..=io]-z-,.,~x3 k,OL o~.r l ' ie@~ o~'J.' du.l ' iR~z 

-~ '-' -~  cl t o  t K e  o . ' , ;  o ¢ i o ~  o,- le;~ro ~irzi:; , , h i o h  &~io v o i ~ l  ]zc~s b o o n  s i l o  ~ u o ~ z l . ~ e  o 
~ - - - - -  • - ioi-,~se s _~e o r e  o c c u z " s  i:: ionses oz~ cLc footwail; t i - e  a.lzg~-!:_:ei:t 0£  0.,.~e 

<iVeS 8Zz O::.S~OOl']-[, ' ro~ke UO oho u h o o t ,  :There8,~ b k o  v e i n  d i l s s  r" ;  3,.~_L5 
Si:c-O 3 dojreos do ore ~ , x s d h .  fl_'c -rei:': filling.' is a !oao--:ei ri:£ 
o::idized ols, ey ma.3eria!, lees, fly oalleL[ :joase, ,,%zici- is -crobcdJly 
an <~itorod pori'b-YrY? :_,:.oa~n i g c~:~nno-o oe i~osi-:ively iden-oifiod as 

SCLO]3. o 

D]IYLLOI::.:~}; 2 . 

kko doveiop:.~o_,r0 o:a -ci=e veii i is nob &eeo enough to tee.oh 
t h e  z o n e  o f  u i ? . s . i b e r e d  o r e °  2he  i ~ i 0 i a l  ~ ;o rk ,  o S  0no v e i n ,  a~ -6%-cii~ol 
160' long, &iscloseg. ~ ~.::t<il ore ouno£ nest 6Ro por bsl :~.,G o. shoos 
of siiioious, b r o , , p ,  j a ~ p e r y  t o o x i - ~ l <  o r e ,  carz'~;'iz::6" O D t o  g 0 ~  o o l ~ p e r o  
~h i ' 3  s h o o b  i s  8"  - 6 '  ; 1"6 i s  ~ lo r~ t i c '~L lc~  ms . s s  p i n o k i r ,  g s~-zO, w i ~ e z ~ i n s  
as it is followed up Do t h e  surface s.:%d dc:,-,m a winze ~o a seooz~d 

t:~nel 55' retries.fly lO,,Ter. 

The second tunnel, almost benesth the first tunnel is 
• o.'llo 2 8 0 '  a n d  0 h e  o,~e :,:as bee:~i ~ o l l o w e d  b e l o , ~  ~~ " "  l a v e ±  b y  50 ', 

,vith a drift run z~O' eas~ fro:~: bke oo~-0oni of the :.;inze, sho,~Ting 

tile OOlibllClLtluj ~ 0l£" tlze ore. 

£ third ~unnel, now 800' long sild driven s.s ~ s!sntinz 
crosse:t, to reach the vein 238' lower "~iuan j:-2 -o~u,_nel i-as not 

reached t h e  ±'issuz~e. 

The iron Ridse vein at <he sou-~h end of the ~:rol-erty ui'_ov;s 
f'cgLly as attrac-~ive surface ccn~:itior-s, msrZu a s~ror..-g i~,hlt 

-"- ~" : ~  e ' :  ulo~- 
fissure and is bix~er ~'~"~ t i l e  ,~oatdel vein. _.~ i s  as . 
prospected, cue is ;~edard-ecl as ,,iuito as vaiu~)le as .he ,,~'a-gel. 

i%{OO!:!C!S • 

Only uins, ll ore bodies were fcund in the :ia,~1aa mrtii s 
depth of ~i00' was seachea; anti it was not a ~ig .:.:ir~.e ~u-.~il the ore 
v;au cut o~ the 1,200' ievei, ilz view of uhe deep oxidstion and[ 
lescl,-in. S" oz: -i.e d r ~ ? : [  _uuific proper~y, i co;.:~ider i~ :u t - ,z ise  zo 
e:%' ,ec t  1 , s r g e  e r e  b o ~ i e s  u n t i l  u d e p t h  o f  6 0 0 '  o r  : u c r e  IH>.s o e e n  
r e a c h e d .  O r e  a c t u a l l o ,  e x i s ~ s  ~-0 h i o i - e r  levels ba~ fro:?-, ,,<0 ~ 
personnel i:iowied~e o±" 0zze e~r~ire district I e:qoect the m~in ore ~ 
s u p p l y  OZ t h e  ~ m ~ o l  v e i z z  be l i e  600 f t .  o r  r : o r e  b e l o w - 0 l : e  o ~ o c . ~ o ! : .  

- f:~ct tl,.at there is 
~ o  ooz~ti~!uitD' oZ - ~ e  voi:~ iu sjDS'~trect by bRe 
a horizontal displaoe~z~t o~ several hum~dred f e e t  aionc the veii~. 

i~COlZ.l<i]DAJiOf~S. 

i reco~mnen£ ti:at a fund o±' 0!00,000o00 be ;?rovide6. ior 

d e v e l o o m e n t o  Ti:o : o r e s e n ~  i o , ; e r  ~o~,.:~ei shou ld_  o,~ c c u r s e  .b°~ cont iz iuocl , .  O.b.e 
tO out bile S~.ilc.Ol vein and e::plo.~-a.bory drii"bs~ run cOOh ,.,,'aS'o on 

.. .,..: -, n ,~+..:~-; ~Y,8 C~volo-omer[L shoclld be 
"- ' -~o , ' se  co,,.::m~ ~9~7 ve~u_ : -~ , ' -~±  ..... .~'~: ..X "- ~-'%1'~ ti:e w i n z e  fro::: ~ } ~ @ n , * ~ p { * e ~ e z ,  r a o ~ 2  8:1 one  o,_e e n o c h ,  t o  co~.~,oc~ ': 

t 

i 

I 
I 
I 



t]_e ooIbtO~, oS the ZZiddle on ITo S tu~n~elo "hen bhis is doz',Ie, a 
vzinze or inclined uhai't sb_oul<~ oc sunk dO0' or more below the 

,,.2 tunnel 1Level, ±'oiio,:i~w one ore body, is possible vzith drifts 
at each one b_tu~dred i'oot i:~ &ei)~ho 

Your -:.reeez~ e~.,ui~:ne~,~ is quite &dequate for this work~ 
as the Leadville ~Ju~er-~read~<-~ujht hoist c~n be used i'or raises and 
sinking.' ~o de-o-~ of LLO' _~i~J_ the ~gO ou.±'to coiupressor, Y~eynen drill 
and.jacLd-~_e.zm~.o~'s are suffioien~ for -one .,turk c~Oiinedo 

~0_, ,o.,uu.~Io . . . .  

in conolu~iozi I ~m of bi~_e opinion that the !~roDerty h~s 
decided meri-~,shows co~l~i:~ior.s ~s ~ood and ouite simile.r -~o those 
oz" tAe =...c, gmc, :ui~.e a~ t h e  s~e s-~a2:e of developmen-~ and that the 
Gra~nd =~ci±ic is likel~ ~ ~o develop invo a large and profit~ole mine. 

(s~d) "Gaiter Harvey U e e d  

t 
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UALTER ~n~v . . . . .  

Oeolo~-ist~ & i[inin~,:_ Engineer 

N e w  York City. 

Phoenix, Ariz., 
.p~il 6tn, 1918o 

Superior, Ariz. 
~@ar S i  - ,o 

As a result of a recent examination of th,3 Company's 

property, i submit herewith a report-which is intended to sup- 

e_oodo my report of October, 1917. 

The property owned by the Company is situated in 

the Pioneer, or Superior }~:ining District, about 2-} miles south 

of the ter~inus of the narrow gagu~ Nagma railway at Superior, 
A . 

~r~zonao This railway connects with the Ar" Eas zzona tern of the 

Southern Pacific systems at ~ia~ma Junction near Florence,giving 

tall connec!~ion to the nearby Hayden Smelter and the the Sasco 

sm~l~er about one hundred miles to the west. 

~CO~O~,,~I,~ CO~DITIOI~ : 

The town of Superior, a settlement of about 

2~000 people is the local supply point and the aclivity at th~ 

Za~ma_ ~iine ensures an ad~'o "'~',~ ~ labor supply."~conomic~ conditions 

are as good as at any Arizona cs, mp and the automobil~ stago line 

and rail connection with Phoenix, 76 miles away insures relative- 

ly cheap food and mine supplies. 

HOLDINGS : 

The prcperty consists of a rectangular block of 

claims 9,000 feet long and 3,600 feet ~'¢ide comprising 35 con- 

tlg%~ous, full size mi~,-~o clalms, or about 700 acres in total 

area. The group is surrounded by the claims of the Daggs group 
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of the Consolidated Holding & Trust Co. on the North and West 

and the Ne~ York group on the South. 

ADJACENT ~II!NES: 
The n~arest workings are those made by the 

Calumez & Arizona Comps~ny, half a mile to the north, the Queen 

r~ ~ 500 fee~ to the zozth, the Lake Superior Creek ~opp~,r Co, 3, 

and Arizona mine (now worked by the ~agma) and the Magma Copper 

CO'S. property 5~500 feet in a straight line northwest; all 

on the same belt of upturned limest~neo 

The claims cover the highest slopes immediately 

beneath the towering cliffs of Apache Leap, the mountain scarp 

which extends several miles to the northward and south of the 

town of Superior and is only broken by the deep gorge of Queen 

Creek at the town. 

The general geology of the district is simple and easily 

understood. The great cliffs of Apache Leap mountain are the 

eroded edge of a great lav~ plain or plateau formed of dacite 

lave restin E on older rocks. These older rocks consist of a 

series of well bedded limestones of varyin~ cblors and ages, 

but forming consistent series resting on several fee~ of 

quartzsits, also b~dded, underlain by diabase. This diabase 

is an igneous rock which has not only upturned sedimentary 

limestones and quartzsite but has intruded between the beds 

as sheets and along fault breaks as dikes. It is occasionally 

sparsely mineralized itself but is older than the ore ~eposlts 

of the region. 

The bedded rocks all dip at steep angles eastward 

into or toward the mountain but the contln~ty of the beds 

is disturbed by bross breaks or fissuring along which adjust- 

ment of the rocks has taken place, causing more or less 
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d~pl~c~m~nt. There is also one great llne of sllpping, or ~i 

tne~ b~ddin~~ . ~ ~!anes_ of the limestone , LI! faulting parai!elled to 

notably the ~.o. & A vein ~hich occurs ne~r the quartzsite 

contact. The cross breaks show manganese and iron oxides and 

a~ ~}~.~ ~o-.~,'~ .... ~ ©ueen. Creek and Grand Pacific mines, carry copper 

oreo At ~..~, ~,~,~ mine a dike of acidic p~rphyry probably 

monzonite~ fills the cross fracture and the mineralization is 

unusu~lly generous° The best known cross fault is th&s 

i~agma vein. 

The lower slopes and foot hills show many detached 

blocks of qu~rtzsite ana limestone, but geological conditions 

are less regular and I believ~ less promising than those of 

the mineral belt in which all the known productive properties 

of the district are found, 

On the Grand Pacific ground there are several strong 

fissures f~ulting the rocks. One of these is seen with a throw 

of 500 feet or more on the No. 19 claim near the portal of No. 

3 tunnel and others show even at a distance, in the disturbed 

position of the limestone reefs or outcrops along the mountain 

front. 

At present, however, only five veins have been 

prospected on th~Grand Pacific ground and three of them have 

shown good ore. These ar~ the Sandal, Iron and Silver veins. 

ISANDAL VEIN: The Sandal Vein is now being worked and has 

i received the greatest amount of development work of any of the 
] 

veins, since it contains ~igh grade copper ore. It is a cross 

vein whose average course is north 60 @egrees E. with a dip 

the upper levels of 60 deg. to the north, it has a wid ~" 

2½ feet to ten feet and is a clean cut break across lim~ 

that di~ at angles of 20 to 40 d~,~r~s~ ~ into the mountain. 
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displ~cement. There is also one great line of slipplng, or ~ 

. i ~ faulting p&ra].lelled to the bedding olanes of th~ limestone , 

notably the L~So & A. vein which occurs ne~r the quartzsite 

cont:~ct. The cross bre~ks show manganese and iron oxides and 

at the ~:t ~ Oueen Creek and Grand Pacific mines, carry cooper 

ore At the ~' ......... ~~ o ~,~ . . . . . . . . . .  ni,~e a dike of acidic p~rphyry probaoly 

, ~ - ~ ~ fills ~ mcn~.on~t~, o_~ cross fracture and the mineralization is 

unusu~tlly gen~,~ou~. The best known cross fault is this 

i~agma vein. 

The lower slopes and foot hills show many detached 

blocks of ~ ~ ~u .... tzsite and limestone, but g~ological conditions 

are loss reg~11:~r and I ~li~ve less proml~ing than those of 

the mi~r.~l belt in ~hich all tn~ known productive properties 

of the district are found. 

On the Grand Pacific ground there are several strong 

fio~u~es f~ultin~ the rocks One of these is seen with a throw 

of 500 ~e~t= or more on the ~o... 19 claim near the oortal of No. 

3 tunnel and oth~rs show even at a distance, in the disturbed 

position of the limestone reefs or outcrops along the mountain 

front. 

At present, however, only five veins have been 

prospected on th~Grand Pacific ground and three of them have 

shown good ore. These are the Sandal, Iron and Silver veins. 

I SANDAL VEI~. The Sandal Vein is now being worked and has 

i received the Treatest amount of development work of any of the 

veins, since it contains high grade copper ore. It is a cross 

vcin whose average course is north 60 @egrees E. with a dip in 

the upper levels of 60 deg. to the north, it has a width of 

2½ feet to ten feet and is a clean cut break across limestones 

that dip at angles of 20 to 40 degrees into the mountain. 
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Their displs~cemont along the fissure is not known as yet nor 

has any porphyry intrusion been definitely identified as the 

clayey material thouTht to be porphyry is probably an altered 

sedime ....... ~ .... ro~. ~ne p_es~.nc~ of !~ay ore, ho~vever~ is of far 

l.,pc,.t~n~ than that of porpn.~ry." - 

T~o~ Sandal vein is oDen~d, by three tunnels, the upper- 

~iOSt V/h~i ~'~ ~ "'~ ~ discovery ~as made being called No. l; the 

second or }~o. 2 tunnel following the vein at a level }0 feet 

lo~e~ and the third or No. 3 tunnel 2}~ vertically below No. 2 

No. 1 tunnel is in ore from the portal to its face, a 

distance of Ii~'o The fissure being well defined "~vith clean 

out walls. The foot wall being a white clayey m~terlal locally 

termed porphyry° Two winzes, both on ore, connect with No. 2 

turnel. There is a small block of ore stopper out near the 

face of tunnel No. 1,but a block of or~ ll0' long, 1 - 5' thick 

and averaging 30 ' high, is 8.vailable for mining. 

Nee 2 tunnel parallells No. 1 and is also driven on 

the vein but the ore shoot appears to rake or pitch to the 

east since the ore streak is narrow cr spotty beneath No. 1 

tunnel until reaching ~ne winze that goes down on the vein 

below No. 3 tunnelo/I~ is evident, hey;ever, that much high 

gr.ade ore can be recovered from the block SO' long lying 

between the t~o uprs~ises that connect with the tunnel above. / 

The west ore shoot as observable in No. 2 tunnel, 

extends from the bottom of Noel winze(or raise to No.1 tunnel) 

east~vard a distance of 80 ' extending 45' easZ of the face of 

tunnel No.1 and 50' or so east of the Je~ett winze which will 

soon connect with No.3 tunnel. This ore shoot extends down the 

winze with a dip of 5 ~" dog. to a drift on the vein 43' below 
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No. 2 tunnel, and in the wlnze still deeper, maintaining its 

chara ~.~ and ore streak throught,~, thoug~h the thickness of ore 

varies fro~ a foot to five feet or soL/ A drift runs f©r 33 

feet east from ths J,~wett wlnze. The vein shows fault clay 

and p~bbiss ~,-~* ~in~ out the ore streak in places though ore 

occurs associated with ank9rite spar and black manganese, more 

or less continuously to the face. A sample cut at the face 

across a 12 inch ore band that rests on flaky white porphyry 

clay assays; silver .50 gold trace, value .43. Copper 11.98%. 

T~,~ roof of the drift shows many limestone boulders 

and the ore is evidently a replacement of this rock. At ten 

feet above this 43 ' sub level the vein in the winze shows 

6½' of high grade ore against a smooth, well defined hanging 

wall, The country rock cut by the vein is llmestons on both 

walls and appears to dip at 40 deg. to the north, 

A second ore shoot has been cut in No. 2 tunnel 105' 

east of the Je~tt winzo, there being a barren stratch of 50' 

bet~veen the two ore shoots A raise of 20 'high ~ " • ~ailea to 

disclose ore in this part of the ledge. The second, ore 

eastern ore shoot has been developed for a length of only 40', 

the drift l~vln,=~ " ~ it and following a flat fault sllp to the 

southeast I T body • "his ore though broken by cross fractures 

is comoos~,~ ~ of hard high grade ore. One sample cut across 

5½' face by myself assays .~x~i~x~xx~x~xx~xx~2~x~ 

, x~Qx~2x~2~xx~x~z~x~x~x .~O silver value .34, 

trace gold 13.~6~ copper. 

A second sample cut across 30 inches of ore on the 

under side of the fault, about six feet east of the first 



- 6 - 

i assays .50 silvor ve~iue .43, .02 gold value .40 total .S 3 

Co~,~r~ .4 36.4~ ~ .~ 

.... _ ~.ao again cut the Y~zth~r ea3t ~ke drift turnin~ north ~ ~ 

-~ ~ ~ and of and much manganese, but has vein with st~e~.Ko scraps ore 

not y~t oi:ened up tb.e orebody indicated by. the faulted and 

dispia.ced ~ E ~'=' ~ 

rD~ ,~:e lowest or ~-,b. 3 tunnel 839' long, or ~.~i~h its 

br~nches, a. totle of 123~' of workings, cuts through Zhe 

silver vein, near ~h~ portal and connects ~vith an inclin¢ 

shaft on that vein ÷~ ~ =" ~nx~uen the workings develop no com~:~erclal 

ore. The tunnel follo'~s the bedding planes of the limestone 

and at a point 380 ' fro~:i the portal it crosses at an acute 

angle a fifteen vein, or mineralized fracture zone, dipping 

south at 45 ~ ~ - ~. which is ooposed to the did of the limestone 

beds. 

At 665' from the ports.1 vertically almost beneath the 

portal of No. 2 tunnel a wide vein is cut ~vhich seemingly 

corresponds with the <Candal v~in on dip and in course, though 

it shows no ore and differs some~vhat in minezalogic and ph~si- 

ca! cham~.cter. A north crosscut lO0' farther e~st out this 

m~nganese vein and a drift easterly explores it for 2~0' , but 

no ore whe~tever was found. If it be the Sandal vein, it is 

probable that the easterly pitch of the ore shoots cut in the 

tunnels abovo will carry the ore so far to the east that the 

No. 3 workings do not reach it. 

At present an upraise not on the vein is being driven 

from No. 3 tunnel at an angle of 59½ deg. to connect ~vith the 

bottom of the winze sunk on ~re, for 50' below No. 2 tunnel. 
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This ~linze ~ill determine ~vhether the vein flattens and does 

correspond to the manganese vein explored by ~o. 3 tunnel, or 

whether it changes its dip or reverses it. A crosscut driven 

llO' south fro~ Noo 3 tunnel should h~ve cut the vein had it 

straightened up, but does not extend far enough sou~h to get 

bene,~th tunnel i~o. 2. \ 

The r~ise connecting ~*"~.~ No. 2 with this lower level 

~vill serve as an or3 way and enable the mana~sment to stope out 

and ship the ore dsv~loped by tunnels No. 1 and 2 and the level 

belo~,v No. 2, for the w~,gon hauling road extends to the portal 

of ~unnel No. 3. 

THE IRON LEDGE OR ~IN: 

The Iron Ledge, or vein and the work- 

ings on it are in the middl~ of the group, whereas the Sandal 

v,~in and mine workings are situated in the extreme northern 

end of *~..v ~oo~rty. 

The vein has a strong red outcrop, re¢ogniz~ble a long 

way off, though it is soft and not resistant to erosion. It 

runs about N. 60 deg. E. and is opened by tunnels, cuts and 

pits s, cross four claims (I~o.4,19,15 and 21) s~ distance of 

nearly 2000 feet. The dip ~%ppears to be vertical, varying 

£x~ to 76 deg. and the true character of the vein is clearly 

shown by fault baeccia and clay. rne most extensive workings 

are on claim No. 4, where a tunnel 125 feet long with a 50' 

drift has been run into the hillside to catch the vein. Al- 

though good chrysooolla ore occurs in openings on the ledge 

higher ~p the slope. This tunnel has not cut any ore and I 

question ~hethsr it h~s as yet cut the ledge. 

The continuity of the ledge, its known mineralization 
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with copper and silver and its r~ady accessabil!ty make it 

an attractiv9 v~in for futur~ development. 

T~ SIL~R VEIN" 
T ke silver vein outcrops near the portal of 

No. 3 tunnel on t~ Sandal Yein. It is ~ strong bedded vein, 

characterized by abundant black manganese and iron, closely 

resembling in locus and habit the Lake Superior and Arizona 

V~in of the i,~a~a property and of the Queen Creek Copper Co. 

Tx workings. In a "Glory hole" on the vein, a few hundred feet 

from the coDp~s~'--~o'~ house, the vein runs north and south and 

dips 30 deg. east, but the general course seems to be more 

nearly N. 30 deg. E. and the dip to cut~ the bedding at a 

very slight angle. The outcrop is trac~able across th~ bare 

limeston~ slopes, almost to the Sandle fissure. While there is 

no doubt it is worthy of exploration, the cross fissure is mere 

attrac~iv~ and work on this vein should be deferred until the 

Sandle has bssn brought on a producing and profitable basis. 

PROGNOSIS: 
In view of th~ facts already stated and of th~ ore 

~bodies in the I consider the Sandal actually developed ~ine~ 

v~in a decidedly attractive property. 

Your claims cover its course for over 1500 fe~t north 

of the portal of No. 2 tunnel and for 2100 feet south, glvlng 

ample ext~nt for development work. 

While high grad~ ore has been actually developed in 

~he veins, its thorougl~ly oxidized condition on all the levels 

conforms to general experience in the district and I believe 

that your large and permanen~ ore bodies must be sought at or 

below water level, some 600 or 700' below the outcrop. In 

view of th~ similarity of conditions here with those observed 
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"~ , I believe an in the early development of the ~agr.,a mine, 

equally favorable outcome may be reasonable expected and I 

urgantly recommend ~he further development of the mine. 

CONCLUSIONS. 

Development work to date has been ~ntelligently and 

well done and the new work ~lanned by your management will 

soon give the data on which to plan future operations. If 

the orebodies pitch to the east, as it appears probable, the 

lower tunnel will have to be driven further to cut the ore 

shoot. 

In view of the very successful results so far achieved 

and of the favorable geological conditions I feel that the 

Crand Pacific is likely to develop into a large and profitable 

producing mine. 

(SIGNED) Walter Harvey Weed. 

Phoenix 
April lst,191S 

(coPY) 
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Cd:OLO C-Y. 

E=?Dendiisq in a curve from HP.yden~ Arizon;~,, to 

Su~'orior, Arizoma, is a mount~in ra,~.~:xo w<os~ formation con- 

sist~ parti-oH.IV of sedi'~omtaries. ~£he lo;,er one is quartzite 

of unT:no',vn thickness. On this qu-~rtz!to, resting,," conL'ormablv, 

is ~ series of li:2est,:ro of about 8CO feet vertical measure. 

In ol~cos tko full r2c~sure of limostous is left, s~t others 

~.,~,~e Iove:l!ed, lea,v ~ = only u~t ..... u~, fra~"monts. 

Wk :.re the, ho&v:7"- mcasuros of li~::s, st one rems2n sre found the 

min ss. Anion,% those inos m a y  be inonti(;nod l ho ChPJstms, s, Lon- 

don, Ariz¢.na, Oil'-& Canon Copper, H~y Lesd Com~0any, D . ' ; a ~  Col,,- 

per COm~8~,y. In ever.v case the occurr.e~:ce is similar. 

'fho sedi:rent~rics arc tilted c:Z various angles, are 

block faultod~ anc~ a, re cut by. intrusive d:/ko's o£ porphyry. 



T':;u ere bc~:rin,.~.-, a.~v;~,.:s ..... ::ro b:.~.s~_c, Te.c'"b~t~:.!y altered diorite, 

. ~ : o ! u t i o u s .  : . . . . . . . . . . .  

,~,s on --" - cu~'~rt=itc. T~'~is ,.<,~amcl we:~s easily ~ttaoked 

~..~J--.-<~, ' / h e  ! o ; . ; e 3  ~ ~ortion 1 7 7 J . n g  next to the r , ~ , ~  " ,~ 

. . . . . . . . . .  ~ -  first h.~,s en t h , ~  hir'i'.}est o-~ ..... ; " ' ~  zeal 

snows i .... ~ a.ud l~ ..... as zre&te, r _ .  h.e~ght_, ms reaoD_,ad a, nd fin~e,l!y 

i n  t h e  h i  ~,~,~-,--,.- i e v o ! s  o n l . V  ,-..-.~'~:e, ~, I . , -  " pe , . , t ohos , -  ~ n d  s t - ~ - ~ - ~ - ~ , ~  

f~,~d,. In other ~,::ords, %]fie gre=t oL"o bodies will "am found 

~I o~ +~- ~,.:e fault s a~,#I. ?,-,~ . . . .  
• , . . . . . . .  ~ . ~ . ~ . . s s t o n e ,  i : : : m e d i ~ t  e l y  

- . . .  ~.. t i q 6 . q . e  

ULU~L ..... ~ly hi~d~., in t~:_o ~=,e~ton~;~ and there 

is b~in,. ~ mined now quite ~ ~u~,-~+{+ -- e: . ~_ . . . . . . . . . .  .:~ of ore from ~ Zone 

which is usu,~l!y b~.~.~ ~-'~ ~ n , - ,  This spe~ks very highly for the 

prol~Grties ' futurity. 

Thsre arc t~:o main ore fractures on this ~:,ro~ert 

One runn~ no,..._~ .~,u~hoast~"~ ~ ~ across ci~,zms" Pacific Io,~" 19 and" 25. 

O n  Claim : r "  ,~ this fr~turo is crossed ~,t ~bout " ' - r:, grit an,~les 



. . . . . . . . . . . .  ~ . r  o n e  w : : o s c ~  c . . . .  r ; . . ~e  i s  : : , : u t } n . : o s t o r ! F .  Y h i s  l ~ t t e t  ~ 

~u~.,[t,,,~. ~: ............ ~ at ..... a'a~!.:s to tnzs msln fracture 

. . . . .  < . . . . .  .~: . . . . . . . . . . . . . . . . . . . . . . . . . .  . ' Z ! . ~ : s e  i r o n  o ~ o : ~ n ~ s  s ,  r e  t h e  i n -  

d i c ~ t i c ~ : s  o f  oz ' , ,9  s n d  s h c u ! d  ~ .... ~ , ' . ~  . . . . .  ~ ' ~  u p .  

~ +  t h i s  [ ~ o i n %  o~ s S r z ~ l : : c . / ~  o ±  0 ~ ~ ' , %  ' ~  e ~ e  o l ~ % , o [ c o - o : o d  o~.~ o - h e  o f  

the nm~ller faults. L]'d.~ w~s follc~;od DV tunnel ,~nd~," ~ v;inze. 

It w::,:s ~',~-~.~,~ t~.~._=,~ ore r.-...s fo!!ow_~ n~ ~." dc.v~n z~.~c" """ fa,ult c~"~.~vice a,t 

a~"m~+ 7S <' ~t__~r turu~ci was sta, rted ~qoout ~0 feet lo,;~or 

do~vn the mountain and t......o"~ ore ~<a:~n" ~o_!o~;od'~ t on its {"~'~ 

A : < z i n  it . . . . . .  d ~ n - n  -' ..~-'- :, . . . .  < . . . . . . . .  

tunnel v,q'~,ich ~-,~.~,,..~ foiiov;ed t,~e'~ or'c9 ~0 feet. ~'~o ore is ~ettlng::~ . 

_ ~ e ~ , z ~ m  an~ riol!,~r as depth is ~-c~he~. As this condition 

D .... ed. e ore ~ill ~n,,-~.',~ in - ~ , ~  

until the r : ,~ : ; in  ,~o,~.os_ticn "~ -- i is i%un0, in the limostones iz~medi~te- 

. . . . .  O~ e t ..... cu~.rtzit~ 

O 

7D ~ "f~f%'~" "~''~" ~f~ "~,','~4 

.............. na t,~.~o the ~;inss. in _~,,,]n,-,~,~ tunnel bo con- 

tinued down as rapid!3.~ as possible. 

...... ~ ........ cloze to the msin frsoture 

~hioh crosses Claims P&oific ID, 19. A ,good plasco is whore 

the ground is being prerc~red now~ a short distance ootove the 
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'- o f  

f < ~ o t  IIOI~L].qCI~i.~ 7 £.l~OZU i.?)@ ,T:'r;,iy, ~ Z~%V.],t .  k'i j.;~' S! iL~,f t  S. } IOLl l~  b e  

s u n k  u u t i l  b:;~,,;:~z~l , S f J ! a r t n i t s ,  s az~-.~ rc.~,ol-zo, i .  ]?rc,-~:: boi:,tcn~: station 

on si;aft a d.z'if't shoul<L be run ~.vhioh ';~'ill cut into the oountr7 

bein,~ no~;" ex!~!crcd by abovs ~ent.ioncc. winze. This drift from 

bottom of' shaft will entsr t~o more fractures be.fore roac~- 

inr< t~..e one now . . . . .  
"~ °c~nT l°rOSpeo'oed. And there is e v e r  7 re&son 

~,~ : ,o .~e ,  t h e y  "~,!I o,~rry ors. 

I heartily rs, cc:~::~end this property az~d expect: it to 

make a ~::ine of m,~4T.,nitude. 

(S i grim 9ure ~," 
from original. 
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Southwestern Exploration Division 

August 17, 1976 

TO: F.T. Graybeal 

FROM: J. D. Sell 

Magma Area 
Superior East ~I 
Pinal County, Arizona _~0~ 

~ • . 

On Sunday, August 15th, John Cesar (General Mine Foreman at Superior) ~ ~4 
and his wife stopped by to look at some of my specimens from Superior. ~.~.~ 
Several items were mentioned: . . " / ~ ' ; ~  . ~  "~ 

l )  Newmont's sur face d r i l l i n g  and geophysical work south o f  #9 Shaft  
have not been encouraging and will probably be terminated. ~ ~ , ~  

2) The drift north on 4100 level from #9 Shaft is now about 300 feet 
from the projection of the Main (Magma) Vein. As recalled, they mined ~j~ ~ 
a little along the Main Vein on up-dip, but the ore was very pyritic and ~ 
had spotty pods of copper mineralization. Ground support problems were ~ z)z~1fl" 
severe, as were ventilation factors. (Note: Based on some mineral #ev 
trends many years ago, I would think they have an excellent chance of )m,J-~ I~7 
hitting the top of a major ore body in replacement limestones adjacent A~t~~ 
to the Main Vein at the 4100-4200 level. See my memo dated March 30, ~ . p ~  
1970, file Aa-16A. i9.13, to W. E. Saegart and my memo dated May 14, 1976 
to you on the AIME meeting.) ~"~. 

3) They have released the Alpine Miner, a self-contained high-impact rock 
cutter, after some 8 months of trial work. They do feel it will be of 
use in the future but, unfortunately, all ground cut by the machine was 
in active mining areas and subjected to blasting-induced fractures Which 
may have reduced the cutting performance. They did reduce the cost of 
cutter tips (replaceable carbide tips) from $15.00/ton to $2.00/ton of 
rock cut. 

4) Super ior  has ordered a dozen or  so ice-coo led vests to be used in 
dead-head d r i f t s .  The vest has pockets to place packets o f  re f reezab le  
mater ia l  ( l i k e  "Scotch- ice ' . ' )  which then aid in keeping the torso 
temperature below 100 ° . (See U.S.B.M. "Report  o f  I nves t i ga t i ons  8139 - 
An i c e - c o o l i n g  garment f o r  mine-rescue teams.")  As the packets are 
removable and changeable, a l l  t ha t  is needed is a common f reezer  plus 
an extra sup~ly of packets. Each one lasts from 2 to 3 hours at very 
warm to hot mine temperatures. The vest is designed to be worn under 
mine-rescue equipment and apparently does not interfere with arm 
movements ,  e t c .  

r~x- 7P. f 

I did mention to Cesar tha t  i ' d  be c a l l i n g  f o r  a mine tour  a f t e r  they 
got i n to  the Main Vein and he said i t  could probably  be arranged.  John 
is VP o f  the P~inal Mountain subsect ion o f  AIME and l ' i l  be in contac t  
w i t h  him monthly ( they meet on Tuesday o f  the 3rd week o f  the month). 

D. Sel" 

J D S : l b  



October 27, 1976 

, 7  ¸ • . 

Mr. John Cesar ~ " "  
105 Ocat i l  lo 
Super io r ,  Ar izona 85273 

Dear John: 

I t  was a p leasure c h a t t i n g  w i t h  you the o t h e r n i g h t  and I w i l l  
undoubtedly see you i n  Kearney at  the next meeting on November 16th 
(Tuesday). 

Mr'. Fred Graybeal and mysel f  would apprec ia te  i t  very much to be able 
to  tour  underground w i t h  you on Wednesday, November 17th. i t  has been 
awh i l e : s i nce  Fred has been i n , t h e  replacement count ry  so w i l l  be 
i n te res ted  in the mining aspects w i t h  what geology we can glean on the 
way, •Perhaps Barnes could .catch up w i t h  us somewhere~so tha t  we don ' t  

I have not reshu f f l ed  the boxes yet  but do i n t e n d  to b r ing  a number o f  
the Magma boxes up to go through w i t h  Reggie. 

...... S ince re l y ,  

~D. Sel l  
{ t /  2762 W. Hol laday St. 

Tucson, Ar izona 85706 

JDS : ]b 
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Part 9 Chap. 61 Geology of  the Magma Mine Area, Arizona 

side of the Main fault. The Main ore body 
has been stoped continuously from near sur- 
face to the 4900 level. The "West ore body" 
is a smaller offset portion of the Magma vein 
that was mined on the west side of the Main 
fault between the 2000 and 2800 levels. The 
"Central ore bodies" make up a zone of dis- 
continuous ore shoots east of No. 3 shaft that, 
in gross outline, plunge steeply westward 
roughly parallel to the rake of the Main ore 
body. The Central ore bodies have been mined 
discontinuously from the 1600 level to the 

4800 level. 
The Magma vein occupies an east-striking 

fault zone that has been opened for more than 
10,000 feet along the strike. F rom the surface 
outcrop down to a westward-raking "axis of 
reversal of dip" (Figure  4) ,  the vein dips about 
65°N. Below this axis, the dip reverses and 
continues downward to the deepest (4900) 
level with an average south dip of about 78 ° • 
Direction and amount  of net slip along the 
Magma fault zone has not been determined, 

1297 

owing to the difficulty of matching identical 
points on the opposite sides of the zone, The 
best match of geology on the north and south 
walls of the vein suggests that the net move- 
ment is normal (south side down) and is pre- 
dominantly down the present dip, with only 
a small component of right-lateral slip. A rota- 
tional movement is evident, as the vertical dis- 
placement increases from 350 feet near the 
Main fault to 450 feet toward the east end 

of the mine. 
The structural map (Figure 4) of the 2550 

level is a representative example of horizontal 
section through the veto and also shows 
branches of the vein and important  offsets. 
Three principal sets of fractures have been 
recognized in the mine: 

(1) The earliest consists of the east-striking 
Magma vein fault and a persistent set of less6r 
shears that branch away at small angles toward 
the northwest and southeast. This is the set 
of fractures that has been most extensively 

mineralized. 
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FIG. 4. Structural Map o] the 2550 Level o[ the Magma Mine. The map shows the Magma vein, 
its major branches, significant subsidiary ]ractures, offsets by malor Jaults o] the north-striking 
set, and the Koerner vein. The outline o / the  east-dipping limestone-replacement ore bodies is pro- 
jeeted to'the diagram. The inset shows a structural map of part o/ the 3600 level o] the mine. 
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part 9 Chap. 61 Geology of the Magma Mine Arec~, Arizona 

can best be observed. Evidence for localization 
of ore shoots in the Central part  of the Magma 
vein by premineral  transverse structure is 
abundant. Major crossfaults, many of which 
have undergone postmineral movement, fre- 
quently serve as bounding structures con- 
trolling the lateral extent of individual ore 
shoots. Lesser cross structures appear to have 
imposed an added permeability upon portions 
of the vein-fault that are the locus of ore 
shoots. By in~erence then, this evidence may 
be extrapolated to the Main ore body, where 
much of the evidence for control by transverse 
structure has been obliterated. 

Complex vein splits and branch veins are 
a structural characteristic of  the zone of Cen- 
tral ore bodies above the 4400 level. Increased 
permeability ~f this portion of the vein, im- 
posed through splits and branches, appears to 
be a major factor in localization of mineral- 

ization. 
These factors suggest that the principal con- 

dition that determined specific location of min- 
eral deposition in the Magma vein-fault is per- 
meability imposed by structure. Shearing 
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across irregularities in strike and dip of the 
vein-fault created some of the permeable 
zones. The fractures associated with some of 
the transverse structures created additional per- 
meable zones, but other transverse structures 
imposed restrictive barriers to the lateral 
migration of ore fluids along the vein. The net 
effect of the permeable zones was to provide 
channelways along which the flow of ore fluids 
could concentrate. 

LIMESTONE-REPLACEMENT DEPOSIT The fa- 
vorability of the lower  part of the Martin Lime- 
stone for replacement mineralization has been 
observed in many mines and prospects 
throughout southern Arizona. To a lesser ex- 
tent, specific favorabi!ity f o r  replacement has 
also been shown by the lower and the upper 
beds of the Escabrosa Limestone in the Supe- 
rior area. It is not yet known why these beds 
are particularly subject to replacement, but 
they obviously were accessible to the ore fluids 
and susceptible to chemical attack during hy- 
drothermal activity. 

Figure 7 shows a north-south section 
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Exploration Department 
Southwestern United States Division 

March 3, 1977 

Mr. Oren L. Harris 
146 Neary Avenue 
Superior, AZ 85273 

Dear Mr. Harris: 

Your letter of February 17 has been received and it is good to hear 
that you've been busy on some claims south of Superior. 

I still get up in'your country now and again and hope to contact you 
around the middle of the month. 

Sincerely, 

James D. Sell 

JDS:Ib 

ASARCO Incorporated R O. Box 5747 Tucson,Az 85703 
1150 North 7th Avenue (602) 792-3010 
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THE GEOLOGY OF PICKETPOST MOUNTAIN, ~ t J ~  L 
NORTHEAST PINAL COUNTY, ARIZONA* 

DONALD W. PETERSON 
U. S. GEOLOGICAL SURVEY 
MENLO PARK, CALIFORNIA 

INTRODUCTION 

Picketpost Mountain is a prominent local landmark about 4 miles south- 
west of Superior, Pinal County, Arizona (Fig. I). It is a butte-shaped 
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FIGURE I. Index map. 

*Publication authorized by the Director, U. S. Geological Survey. 
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~1 (Flow) 
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FIGURE 2. P i cke tpos t  M o u n t a i n  v i e w e d  f r o m  e a s t - n o r t h e a s t  The  va l l ey  in  t he  m i d -  
f o r e g r o u n d  is occupied  by  T e r t i a r y  a n d  Q u a t e r n a r y  a l luv ia l  g rave ls ,  b e y o n d  w h i c h  
rhyo l i t e  l ava  flows a r o u n d  the  ba se  of t he  m o u n t a i n .  Tuff  beds  occupy the  l o w e r  lef t  
f lanks of t he  m o u n t a i n ;  these  a re  i n t r u d e d  by  a q u a r t z  l a t i t e  v e n t  occupy ing  the  cen t r a l  
slopes. T h e  m o u n t a i n  is capped  by  n e a r l y  h o r i z o n t a l  q u a r t z  l a t i t e  l ava  flows. Key  to 

symbols :  s o - - s c h i s t ;  r h  - -  rhyo l i t e ;  t u - - t u f f ;  b r - - b r e e c i a ;  q l - - q u a r t z  la t i te .  

mountain, nearly circular in outline, whose steep flanks rise abruptly to a 
fiat top (Figs. 2 and 3). The summit of the mountain at 4,375 feet is from 
1,500 to 2,000 feet higher than the surrounding area. 

The area shown in Figure 4 was mapped in 1955, and further investiga- 
tions were made in 1961. The area was studied chiefly to determine the 
relations between the volcanic rocks on Picketpost Mountain and the dacitic 
ash-flow sheet widely exposed in the Globe-Superior area. 

I would like to acknowledge stimulating discussions with Donald F. 
Hammer ol the Magma Copper Co., Superior, on the geological problems 
of this area. Donald C. Lamb of the University of Cincinnati, who has been 
studying the area to the south, has pointed out geologic relations important 
in developing some of the conclusions. 
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F i e u ~ E  3. P i e k e t p o s t  M o u n t a i n  v i e w e d  f r o m  t h e  n o r t h w e s t .  T h e  d a r k  s l o p e s  a t  t h e  b a s e  
o f  t h e  m o u n t a i n  a r e  P i n a l  S c h i s t  w h i c h  is  O v e r l a i n  b y  t h e  l i g h t - c o l o r e d  b e d s  o f  tu f f .  T h e  
d a r k e r  l a y e r s  w h o s e  b a s e  is  a b o u t  t w o - t h i r d s  of  t h e  w a y  to t h e  t o p  a r e  q u a r t z  l a t i t e  l a v a  
f lows .  R h y o l i t e  c a p s  a l o w  r i d g e  o n  t h e  lef t ,  a n d  a s m a l l  q u a r t z  l a t i t e  p l u g  is  v i s i b l e .  
K e y  to  s y m b o l s :  se - -  s c h i s t ;  t u  - -  t u f f ;  r h  - -  r h y o l i t e ;  b r  - -  b r e e e i a ;  q l  - -  q u a r t z  l a t i t e .  

GEOLOGIC SETTING OF PICKETPOST MOUNTAIN 

Picketpost Mountain stands at the southwest edge of fhe northwest- to 
west-trending valley of the Queen Creek drainage system. The hilly to 
mountainous terrain to the south and west is mostly underlain by the Pinal 
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Schist of early Precambrian age. Directly south of Picketpost Mountain is 
a mile-wide belt of vertical to steeply eastward-dipping sedimentary rocks 
of the Apache Group of Precambrian age. Both the schist and the sedi- 
mentary rocks have been intruded by diabase. The hills and mountains on 
the opposite side of the valley of Queen Creek, to the north and east, are 
underlain by rocks ranging in age from Precambrian to Tertiary. The Pre- 
cambrian and Paleozoic sedimentary rocks generally dip eastward, and 
are cut by a complex network of faults (Short and others, 1943; Peterson, 
D. W., 1962). Much of this area is covered by a widespread dacitic ash-flow 
sheet of mid-Tertiary age. The valley of Queen Creek near Picketpost 
Mountain is filled with alluvial gravels of Tertiary and Quaternary age. 

Extending around the base of the mountain from the north to the south- 
east side are rhyolitic lava flows interlayered with pyroclastic beds. These 
volcanic rocks extend a considerable distance to the southeast and cover 
an area of several tens of square miles. Their age is uncertain but is 
probably either Tertiary or Quaternary. Picketpost Mountain is composed 
entirely of volcanic rocks, which include rhyolitic lava, water-laid and 
air-fall tuff, and both vent rocks and lava flows of quartz latite composition. 
The rocks at Picketpost Mountain are briefly described by Wilson and 
Roseveare (1945, p. 5-6). 

The origin of Picketpost Mountain and the relation of its rocks to the 
dacite exposed on Apache Leap (Fig. i) are subjects of considerable local 
interest. The observer notices, from a distance, that the rocks capping 
Picketpost bear a marked resemblance to the dacite on Apache Leap, and 
he also can readily project the basal contact across the several-mile interval. 
It is natural to speculate that Picketpost Mountain might be an erosional 
outlier of the dacite sheet. Short and others (1943, p. 45) regard the rocks 
on Picketpost as being part of the dacite series. 

Because of the questions on the relationship between the quartz latite 
capping Picketpost Mountain and the dacitic ash-flow sheet, considerable 
attention is devoted to the quartz latite unit and to speculation on its origin, 
but the prevolcanic rocks and the rhyolitic, tuffaceous, and basaltic rocks 
at the base and on the flanks of the mountain are only briefly discussed. 
It is concluded that the quartz latite has an entirely different origin from 
the dacitic ash-flow sheet. Furthermore, an examination of neighboring 
areas shows that the rocks on Picketpost are distinctly younger than the 
dacite. 

The geologic map (Fig. 4) shows that  the flat top of the mountain is 
composed of a quartz  latite lava flow that  overlies the bedded pyroclastic 
rocks. The lava flow extends from a vent  that  occupies much of the north-  
western flank of the mountain.  The cross sections (Fig. 5) are interpreta-  
tions of the s t ructure  of the mountain. 

• i 

i, 
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DESCRIPTION OF ROCK UNITS 

Prevolcanic Rocks 

The oldest rock of the area, the Pinal Schist, crops out along the western 
edge of the geologic map, and underlies the western flanks of the mountain 
(Figs. 3, 4). It is a fine-grained quartz-mica schist, with moderately to well- 
developed foliation. 

The schist is overlain, with nearly vertical contact, by the sedimentary 
rocks of the Apache Group. These rocks include the Pioneer Formation 
with the Scanlan Conglomerate Member at its base, and the Dripping 
Spring Quartzite with the Barnes Conglomerate Member at its base. The 
sedimentary strata strike north and dip steeply eastward, and some of the 
beds are vertical. Diabase of probable Precambrian age has intruded both 
the Apache Group and the Pinal Schist; the diabase and Apache Group 
rocks have been combined as a single map unit in Figure 4. Detailed descrip- 
tions of these formations are given by Ransome (1903, 1919), Short and 
others (1943), and in other reports on adjacent regions. 

Basalt 

Basalt crops out in several areas along Arnett  Creek north of Picket- 
post Mountain. Outcrops are subdued, the rock is generally massive, but 
locally shows partings along flow planes. The weathered basalt is medium 
to clark gray and commonly has a bluish cast; it is locally vesicular. The 
base of the basalt is not exposed, and the relationships and age relative 
to adjacent rocks have not been established with certainty. The basalt 
bodies, however, are interpreted here as lava flows that  were extruded 
before the eruption of the overlying tuff. 

On the fresh surfaces the rock is dark gray to greenish black; it grades 
to lighter shades of gray where altered. Megascopically it is a dense rock 
with a uniform aphanitic texture, and it completely lacks phenecrysts. 
The microscopic texture  is intergranular,  and the rock is composed of about 
55 per cent plagioclase (An~_7o), 30 per cent pyroxene, and 15 per cent 
opaque minerals. Equant grains of pyroxene and the opaque minerals are 
uniformly distributed through a felted mass of thin plagioclase laths. The 
plagioclase laths average 0.1 to 0.2 ram. long and have a maximum length 
of 0.5 ram.; the pyroxene and opaque grains average about 0.05 ram. in 
diameter, and reach a maximum diameter of about 0.1 ram. 

Tuff 

The steep-sided flanks of Picketpost Mountain are mainly composed of 
distinctly bedded, light-colored tuff (Fig. 3). Tuff also occupies part of the 
canyon cut by Arnet t  Creek north of Picketpost Mountain, and it crops out 
in several localities southeast of the mountain (Fig. 4). It continues beyond 
the area of Figure 4 and crops out over several square miles to the south 
and southeast, and scattered outcrops are also found to the north. 
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Be~ range from thin to thick, and crossbedding is locally common. The 
weather~ tuff tends to stand as steep cliffs, and outcrops are generally very 
pale shades of grayish yellow or brown, but on fresh surfaces the color 
generally ranges from pale grayish yellow to very light gray to nearly 
white. Lithology is highly varied and the rock ranges widely in composition 
and texture, but perhaps the most common type can be classed as vitric 
crystal tuff. Differing amounts of fine-grained crystals of plagioclase, quartz, 
and biotite, and scarce to abundant lithic fragments and pumice lumps are 
set in a fine-grained vitric matrix which shows slight to complete devitri- 
fication and alteration. 

The tuff unconformably overlies the Precambrian rocks at the western 
and southern base of the mountain, and conformably overlies the basalt in 
the canyon of Arnett Creek. The tuff in Arnett Creek and in Telegraph 
Canyon (Fig. 4) is overlain by rhyolite flows; in turn, the rhyolite is over- 
lain by additional tuff beds on the flanks of Picketpost Mountain. In the 
southeastern corner of the area, tuff is both underlain and overlain by 
rhyolite. Sections AA' and BB ' (Fig. 5) illustrate the interlayering of tuff 
with rhyolite. The tuff high on the flanks of the mountain is overlain by 
quartz latite. 

Rhyolite 
Rhyolitic lava flows cover much of the low-lying ground from the 

northern to the southeastern side of Picketpost Mountain (Figs. 2, 4), and 
similar flows are found in several localities within 5 or 10 miles of the moun- 
tain both to the north and south. The rock weathers to bold, craggy outcrops 
and generally forms very rough terrain. The weathered rock is light to 
dark gray, and locally may be stained various shades of brown. 

Flow structures are generally prominent, and they change at random 
from even and regular, through broad, swirling arcs, to t ightly contorted 
folds. Locally the flow structures become inconspicuous or disappear, and 
the rock assumes a massive appearance. Lithophysae, quartz- or opal-lined 
cavities, and other spheroidal structures are locally abundant.  

The rock varies from aphanitic to glassy, and phenocrysts are either 
absent or sparse. The aphanitic rock results from devitrification and altera- 
tion, and consists of microscopic crystallites of feldspars and silica minerals. 
Flow planes are defined by variations in degree and kind of crystallization. 
Completely crystallized rock grades into rock with alternating layers of 
crystallized and glassy material, and to entirely glassy rock. The glassy 
rock is generally characterized by moderately to well-developed perlitic 
structures. 

At several places along and beyond the eastern margin of Figure 4, the 
glassy perlitic rock has expansion properties that  meet commercial require- 
ments and is being mined as perlite from several pits. The commercial 
perlite is light gray to milky white. Strongly developed spheroidal perlitic 
structures, from a millimeter to several tens of centimeters in diameter, are 
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FIGURE 4. Geological map of  Picketpost Mountain and adjacent area. 
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successively superimposed one upon another• Randomly scattered through 
the rock, like plums in a pudding, are subspheroidal nodules of black 
obsidian, known technically as marekanites, or commonly as Apache tears. 
The main mass of perlite contains several per cent water~ whereas the 
nodules have a very low water content• The perlite is described by Wilson 
and Roseveare (1945, p. 5), Anderson and others (1956, p. 11), and Jaster 
(1956, p. 380), and the nature of the bonding of water in this perlite is 
discussed by Keller and Pickett (1954)• 

The rhyolite rests everywhere on tuff within the area of Figure 4. The 
interpretations of Figure 5 indicate that flows are interbedded with later 
tuff beds, as illustrated by sections AA' and BB'. The interpretation pre- 
sented here shows a hypothetical source vent of rhyolite partly cut by a 
younger vent of quartz latite. 

Breccia 

A body of volcanic breccia that stands in bold outcrops forms a tall 
pinnacle about a third of the way up the north flank of Picketpost Mountain. 
It is shown on the map of Figure 4, and is visible in both Figures 2 and 3. 
Several other irregular bodies of breccia crop out on the flanks of the moun- 
tain, but because of either their  small size or vague boundaries, they have 
not been separately mapped. 

The breccia is composed of angular  blocks and fragments of tuff and 
• I 

other lithic material  such as diabase, rhyohte,, and schist in a heterogeneous 
pyroclastic matrix. The breccia forms a steep dike (Fig. 6) that  has intruded 
along the contact between tuff and rhyol i te  and cuts across tuff beds at 
nearly right angles. 

Quartz Latite 

Quartz latite lava flows which form the flat-topped cap of Picketpost  
Mountain emerge from a steep-walled conical vent that  occupies the north- 
eastern flank (Figs. 4, 5). Quartz latite also forms a small plug near the 
northwestern base. The quartz latite crops out as cliffs and steep slopes 
and weathers to shades of reddish brown and grayish brown. 

The lava flows at the summit of the mountain (Fig. 7) are characterized 
by broadly undulating, closely spaced flow planes. The planes tend to lie 
close to horizontal, but the rather  random undulations result in gentle 
variable dips in every direction. The continuity and general regulari ty of 
the planes impart  a layered appearance to the rock. The flow planes com- 
monly weather to series of partings, whereas on fresh surfaces the planes 
are expressed by Color and density changes~ Thin, irregular, vuggy zones 
are common along the flow partings. Some of the layers exposed in the 
steep cliffs near the summit are cut by well-developed columnar joints. The 
columns stand nearly vertical as they are approximately at right angles to 
the flow planes, and most columns are between 11/2 and 3 feet in diameter. 
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FIGURE 6. Thin-bedded tuff, on left, intruded by dike of breccia. This conf~act is just 
east of the prominent breccia pinnacle on the north flank of Picketpost Mountain. 

The rock in the vent on the northeastern flank of the mountain is char- 
acterized by flow planes similar to those on the summit except that, instead 
of being fiat or gently dipping, they are broadly swirling and wildly con- 
torted, and their dips range from horizontal to vertical. The walls of the 
vent dip steeply inward, and the vent has the shape of an inverted cone 
(Fig. 5, sections AA' and BB'). 

A small plug of quartz latite crops out low on the northwestern flank 
of the mountain (Figs. 3, 4, and 5, sec. CC'). It is nearly circular in outline, 
and is about 200 feet in diameter. It intrudes both tuff and rhyolite, has 
steeply dipping to vertical walls, and shows well-developed flow layering 
parallel to the walls. 

The quartz latite is porphyritic, and its groundmass exhibits a wide 
variety of textures, ranging from glassy to aphanitic, and from flow-layered 
to breceiated. Regardless of the texture of the groundmass, however, the 
phenoerysts are nearly uniformly distributed throughout both the vent rock 
and the extrusive flow, and they comprise from 20 to 30 per cent of the rock. 
Most phenocrysts are euhedral or subhedral, but many quartz crystals and 
a few feldspar crystals have deeply embayed boundaries. Phenocrysts range 
from a fraction of a millimeter to about 4 ram. in diameter, and average 
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FIGURE 7. Nearly horizontal flow structures in the quartz latite show broad, gentle 
undulations, and are locally cut by well-developed columnar jOints. 

from I/2 to 1 ram. Modal analyses by point counting methods have been made 
of a few thin sections, and relative proportions of phenocrysts are shown in 
Table i. Throughout most of the rock the groundmass is free of broken 
fragments of phenocrysts. 

TABLE 1. MODES OF QUARTZ LATITE SPECIMENS 

( L o c a t i o n  of s p e c i m e n s  s h o w n  on  geologic  m a p )  

Specimen No . . . . . . . . . . . . . . . . .  1 2 3 

P h e n o c r y s t s  . . . . . . . . . . . . . . . . . .  25 27 30 

G r o u n d m a s s  . . . . . . . . . . . . . . . . .  75 73 70 

4 

27 

73 

Relative Proportions of Phenocryst  Minerals 

P l a g i o c l a s e  (An35-4o) . . . . . . . . .  55 
S a n i d i n e  . . . . . . . . . . . . . . . . . . . . .  6 
Q u a r t z  . . . . . . . . . . . . . . . . . . . . . . .  23 

B io t i t e  . . . . . . . . . . . . . . . . . . . . . .  13 
H o r n b l e n d e  . . . . . . . . . . . . . . . . . .  3 

O p a q u e  m i n e r a l s  . . . . . . . . . . . . .  t r  

Acces so r i e s  ( sphene ,  a p a t i t e ) . ,  t r  

51 66 61 
11 2 1 

25 12 16 
9 11 14 

3 7 7 
1 2 1 

t r  t r  t r  

i 
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Although plagioclase is the most abundant phenocryst mineral, the 
rock is classed as a quartz latite because, with only 20to 30 per cent pheno- 
crysts, appreciable quartz and some sanidine occur as phenocrysts. This 
suggests that the magma was saturated with these constituents at the time 
of solidification; hence the matrix is likely to be richest in potential silica 
and potassic minerals. 

Quartz latite with a black glassy groundmass, a vitrophyre, is confined 
to a single zone which is near the base of the lava flow and which continues 
around the border of the vent. The vitrophyre zone ranges from 3 to 20 
feet thick. Much of the vitrophyre, both at the base of the flow and along 
the walls of the vent, is a breccia composed of blocks and fragments of 
vitrophyre in a matrix of very similar material. The vitrophyre is locally 
randomly intermixed with irregular stringers of pyroclastic rock, some 
extending upward or inward from the adjacent tuff, and some disconnected 
from it. The glassy zone is generally separated from the bedded tuff by a 
few feet of somewhat porous aphanitic breccia. The vitrophyre is inter- 
preted as an autobreccia forming the chilled base of the flow and border 
of the vent. During emplacement, the chilled crust of lava was locally 
broken up by continuing movement, and blacks were incorporated in the 
still-fluid portions of the lava. Autobreccias are common at the base of 
silicic lava flows and at borders of vents. A zone of vitrophyre also encircles 
the small plug on the northwest side of the mountain. 

The aphanitic quartz latite, away from the chilled border zone, is typi- 
cally characterized by more or less regular, continuous flow structures 
(Fig. 7). On the fresh surface these are expressed by alternations in color 
which largely reflect variations in the degree of crystallinity of the ground- 
mass. On the fresh surface the groundmass alternates among various shades 
of gray. Microscopic examination shows that the darker gray rock is rela- 
tively less crystallized and is composed mostly of glass, whereas the lighter 
gray rock shows a greater degree of crystallization. Some rocks are com- 
pletely crystalline and the groundmass is a microcrystalline mass of low 
birefringence. In some the crystallization has progressed far enough to 
enable feldspars and silica minerals to be recognized. Some of the partly 
crystalline rocks contain tiny but well-defined spherulites with radial 
structure. 

In some places, within both the vent and the extrusive flow, the rather 
uniform texture is interrupted by an abrupt transition to distinctly pyro- 
clastic texture. The pyroclastic material ranges from tiny microscopic 
stringers to definite layers a few inches thick interbedded with the flow 
rocks. The pyroclastic texture is unmistakable, and even the groundmass of 
this material is full of minute fragments of broken phenocrysts and dust, 
imparting a clastic rather than a fluidal texture to the rock. 

The quartz latite lava flow rests nearly conformably on the underlying 
tuff. T h e  qua r t z  la t i te  ven t  i n t rudes  this  tuff, cu t t ing  across  beds  w i t h  a 
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sharply discordant contact. The adjacent tuff is generally little disturbed, 
but blocks, fragments, and particles of tuff have been torn loose and incor- 
porated in the brecciated quartz latite near the contact. 

ORIGIN OF THE QUARTZ LATITE 

In recent years, throughout the western United States, many bodies of 
silicic volcanic rock that in earlier times would have been designated as 
lava flows have been identified as ash flows (ignimbrite). Evidence perti- 
nent to proper identification may sometimes be difficult to recognize, and 
criteria are often gradational, so a careful study should be made before 
designating the origin of a silicic volcanic rock. Among the best discussions 
of criteria for recognizing ash flows are papers by Ross and Smith (1961) 
and Smith (1960a). 

An extensive sheet of silicic volcanic rock covers much of the area near 
Picketpost Mountain. Ransome (1903, p. 88-95) identified the rock as a 
dacite, and believed it to be a lava flow which rested on a basal tuff. Later 
studies have shown that the rock is an ash-flow sheet and that much of it 
is composed of welded tuff (Peterson, N. P., 1962; Peterson, D. W., 1961). 
Evidence supporting this conclusion includes the wide lateral extent of the 
sheet, zoning typical to ash-flow sheets based on both degree of welding 
and type of groundmass crystallization, relict deformed pyroclastic textures, 
and gradation into basal nonwelded tuff. 

Ransome's name of dacite was based on the predominance of plagio- 
elase and the presence of quartz phenocrysts in the rock. Chemically the 
rock is a quartz latite (Peterson, 1961, p. 8, iii), but because of firmly 
established usage both locally and in geologic literature, and because dacite 
correctly describes phenocryst mineralogy by megascopic and microscopic 
classification schemes, the name dacite has been retained for the rock. This 
illustrates the inconsistencies inherent in naming many volcanic rocks. 
Insofar as possible, a chemical scheme should be used because it reflects 
the composition of the entire rock rather than the fractional portion repre- 
sented by phenocrysts. Volcanic rock classification schemes, however, 
generally have sufficient flexibility to permit deviations due to rspecial 
circumstances. 

Picketpost Mountain is 4 to 5 miles west of Apache Leap, which is capped 
by hundreds of feet of the dacite. The quartz latite on Picketpost l~lountain 
lies at the same general elevation as the dacite on Apache Leap. The ques- 
tion of whether they belong to the same rock unit must be considered. 

From a distance the outcrops are similar, both in color and in weather- 
ing characteristics. In hand specimen the rocks are similar, but not identical. 
Both are readily recognized as silicic volcanic rocks, and they may be very 
close in color. Both are porphyritic, with a predominance of plagioclase 
phenocrysts and lesser amounts of quartz, sanidine, biotite, hornblende, 
and opaque minerals. Microscopic studies show thai the percentage of 
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phenocrysts in the dacite is appreciably higher, ranging from 35 to 45 per 
cent, where the quartz latite contains 20 to 30 per cent phenocrysts, but this 
criterion is not necessarily diagnostic. Much of the dacite contains a rela- 
tively higher proportion of plagioclase phenocrysts and a lower proportion 
of quartz phenocrysts than does the quartz latite, but phenocryst propor- 
tions of part of the dacite do overlap with those of the quartz latite. Pheno- 
crysts in the quartz latite tend to be unbroken, whereas those in the dacite 
commonly show broken faces. 

The following criteria have been used to reach the conclusion that the 
quartz latite is indeed a lava flow instead of an ash flow: 

(i) Flow structures in the quartz latite are continuous and regular 
(Fig. 7). Flowlike structures in ash flows, including the dacite, are lenticular 
and discontinuous. 

(2) Pyroclastic and vitroclastic textures, pumice fragments, shards, 
and eutaxitic structure are missing from the bulk of the quartz latite, and 
no relict textures can be distinguished. These textures are an important 
criterion in identifying the dacite as an ash-flow sheet. The pyroclastic 
bodies mentioned in the description of quartz latite lie in discrete layers 
and comprise but a small fraction of the rock; the adjacent nonpyroclastic 
layers contain no trace or sign of pyroclastic texture. 

(3) Zoning typical of ash flows is lacking. One of the principal criteria 
for recognition of ash flows is a zoning based on systematic downward 
increase in degree of welding of shards and pumice fragments (Smith, 
1960b) ; this is well displayed in the dacite, but because there are no appro- 
priate particles or fragments in the quartz latite, such zoning is completely 
lacking. Zoning by type of crystallization of the groundmass is also a char- 
acteristic of ash flows (Smith, 1960b) and is well developed in the dacite, 
but no evidence for this type of zoning has been observed in the quartz 
latite. Instead, strong differences are observed in the degree of crystalliza- 
tion of the groundmass between adjacent flow layers. 

(4) Broken fragments of phenocrysts are absent or rare in the ground- 
mass of most of the quartz latite. In rocks where broken crystal fragments 
are abundant, a violent eruption, such as an ash flow or pyroclastic explo- 
sion is.suggested. The dacite groundmass contains abundant broken crystal 
fragments. Their rarity in the quartz latite is consistent with a quieter, 
fluidal type of eruption, such as a lava flow. 

(5) The autobreccia at the base of the flow and around the walls of 
the vent is typical of many lava flows. Although the basal rocks of ash 
flows may contain abundant xenoliths, they do not characteristically con- 
tain autobrecciated zones. 

The above criteria are probably sufficient to establish that the quartz 
latite represents a lava flow issuing from a vent, but a few seemingly con- 
trary facts muzt be explained. 

The pyroclastic layers within the quartz latite perhaps can be most 
readily explained either as: (I) pieces of semiconsolidated wallrock or 
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underlying tuff torn off by the advancing lava and intimately intermixed 
during subsequent movement, or (2) as products of pyroclastic eruptions 
landing on and intermixing with still-fluid lava. Both of these mechanisms 
may have operated. 

The flow layering on the fiat-topped summit of the mountain is uniform 
instead of contorted, and it varies from horizontal to gently dipping without 
abrupt changes (Fig. 7). A lava flow as silicic as this rock would be expected 
to be viscous and to exhibit highly contorted flow structures. Another 
feature rarely observed in silicic lavas is polygonal columnar jointing (Fig. 
7). Such joints are common in basalt and andesite lava flows and in silicic 
ash flows, so if this rock is a lava flow, their presence is paradoxical. The 
columnar joints and the regular, uniform flow layering may well be related 
to the same basic cause. Two alternate possibilities are proposed here to 
explain how both features might develop in a silicic lava. 

One possibility is that the flow issued from the vent as an unusually 
thick mass that moved uniformly across a surface of low relief. The uniform 
movement and the lack of topographic irregularities resulted in gently 
undulating rather than highly contorted flow structures. A further result 
would be that during the cooling history isotherms were smooth and regular, 
and that major flow movement ceased before the principal hardening of 
the groundmass. These are conditions conducive to the formation of vertical 
columnar joints. 

Another possibility is that the lava had an abnormally low viscosity for 
a silicic rock. It may be that an unusually high content of volatiles lowered 
the viscosity to a degree permitting both uniform flow and a regular pattern 
of isotherms during the cooling. 

The criteria favoring a lava-flow origin for the quartz latite seem dis- 
tinctly stronger and more definite. The apparently contrary criteria are not 
as compelling, and they do have rational, though somewhat speculative, 
explanations. The evidence, therefore, distinctly favors the viewpoint that 
the quartz latite is a lava flow. The even flow layering, columnar joints, and 
pyroclastic layers suggest an unusual type of lava flow, however, and the 
rock should be an interesting subject for future studies. 

The age of the quartz latite relative to the dacite cannot be learned from 
evidence in the immediate area of Picketpost Mountain, for dacite does not 
crop out close by. However, the geologic relationships exposed in Walnut 
Canyon, about 8 miles south-southeast of Picketpost Mountain (Fig. I), 
suggest that the quartz latite on Picketpost Mountain erupted during an epi- 
sode of volcanic activity later than the dacite. These relationships, described 
below, were shown to me by D. C. Lamb. 

Dacite crops out over a broad area in Walnut Canyon and vicinity. In 
several localities it is overlain by tuff beds which crop out almost continu- 
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ously from Walnut Canyon to Picketpost Mountain and in scattered areas 
to the north. It is likely that the tuff on the flanks of Picketpost Mountain 
correlates with the tuff in Walnut Canyon and, if so, it is younger than the 
dacite. As the quartz latite both intrudes and overlies the tuff, it is younger 
than both the tuff and the dacite. 

GEOLOGIC HISTORY OF PICKETPOST MOUNTAIN 

During mid-Tertiary time, the Picketpost Mountain area was a land 
of moderate relief. Former geological events had tilted and faulted rocks 
from Precambrian to late Paleozoic in age, and all were exposed in various 
places at the surface. Stream-carried gravels were accumulating in local 
basins. During the Miocene Epoch, nearby volcanic activity was climaxed 
by eruptions of huge ash flows which covered the region with a dacite sheet 
from several hundred to some 2,000 feet in thickness. Practically a complete 
section of this sheet is presently exposed in Queen Creek Canyon a few 
miles to the east, yet no dacite crops out near Picketpost Mountain. The 
Picketpost area almost undoubtedly was covered by the dacite, though it 
may have been considerably thinner than in Queen Creek Canyon, and 
erosion removed this dacite before the subsequent volcanic activity. This 
suggests considerable uplift in the Picketpost area relative to the area a 
few miles east. 

A resumption of volcanic activity included basalt flows followed by 
the eruption of a moderate amount of tuff, some of which was deposited 
as air-fall beds and some of which was reworked by streams. The tuff was 
deposited over an area of several tens of square miles, including the site 
of the present Picketpost Mountain and neighboring areas both to the north 
and south. At the site of the mountain the tuff was deposited upon steeply 
dipping Precambrian rocks, whereas a few miles south it was deposited on 
dacite. This affirms that the period between the dacite emplacement and 
the tuff eruptions was one of considerable local uplift and erosion. Con- 
temporaneous with the tuff deposition, rhyolite flows were erupted and 
covered several square miles. Some may have issued from vents at the site 
of the present mountain, and these vents may also have supplied some of 
the tuff and breccia. Tuff eruptions continued after the rhyolite flows ceased. 

Ultimately one or more lava flows of quartz latite issued from a vent 
which cut through the recently deposited tuff and reached a diameter of 
about 3,000 feet. The flows advanced an unknown distance over the neigh- 
boring area. The vent probably stood as a moderately sloping topographic 
high point during the volcanic activity. After volcanism ceased, erosion 
began cutting at the margins of the quartz latite flow and has continued 
to the present time. A small remnant of the flow capping and protecting 
the softer tuff beds underneath forms the summit of the prominent moun- 
• rain of today. Erosion has exposed the upper part of the quartz latite vent 
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on the northeast flank of the mountain, and has cut through and removed 
much of the tuff and part of the rhyolite flows. The sections of Figures 5 
illustrate the degree of dissection. 

Between Picketpost Mountain and the Gila River (Fig. I) other vol- 
canic rock bodies intrude, are interbedded with, and overlie the tuff, indi- 
cating fairly widespread volcanic activity during the general period in 
which Picketpost Mountain formed (Lamb, D. C., oral communication, 
1960). 

Meanwhile, further regional tectonic activity reversed the previous 
relative movements, and the eastward block and its daeite sheet were 
raised to their present relatively high elevation. 

Much remains to be learned about the geology of Picketpost Mountain 
and the nearby areas. A detailed study of the tuff may reveal distinctions 
between different beds, different modes of eruption and deposition, and 
establish a stratigraphy. Further studies should reveal more definitely the 
relationships among the tuff, rhyolite, and breccia units. Detailed studies 
of the rhyolite flows may reveal information concerning the origin of perlite. 
The quartz latite possibly represents an unusual type of lava flow which 
further studies will help to understand. Additional problems include the 
nature of the complex deformation that occurred between the time that 
the dacite was emplaced and the time of the tuff and rhyolite eruptions, 
the structural framework that determined the location of the vent at Picket- 
post Mountain, and the type and extent of the deformation, erosion, and 
sedimentation following the eruption of the quartz latite lava flow. 
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Southwestern Exploration Division 

March 18, 1977 

TO: F.T. Graybeal 

FROM: J. D. Sell 

Superior Division 
Magma Copper Company 
Pinal County, Arizona 

Magma Copper early in March announced at a School Board meeting in Superior 
that their valuation figure was drastically cut and furthermore they had 
only six years of reserves. 

At a previous meeting and election the Board and citizens had approved a 
bond issue for a n.ew school. With the Magma announcement the Board has 
tabled the issue because of anticipated lack of revenue for repayment. 

Magma Superior presently mines 2,800 tons per day on a seven days per 
week schedule or around l million tons per year. 

Magma had announced a 10.2 million ton reserve as of Jan. l, 1971. 
Production from 1971 thru ]975 amounted to 3.2 million or approximately 
'~.2 million tons thru 1976. This would leave 6.0 million tons. 

But, their reserve was based to the 3900 level altho drilling had shown 
mineralization to the 4300 level. The bottom of No. 9 shaft corresponds 
to the 4100 level and they are presently in mineralized limestone beds 
north of the shaft after passing through the breccia mass. No hard facts 
are presently known by me as to the grade of the present 4100 level 
mineralization, altho the statement was made that a high-grade bornite- 
chalcocite "vein" was found on the breccia-limestone contact. 

Mr. Joe Murry, General Manager, quit as of March 15 and is now with 
United Nuclear at Grants, New Mexico. A Mr. Freen~an from San Manuel is 
over as the new General Manager. Freeman has been with Newmont at San 
Manuel for the past two years, with three years in the New York office, 
and an Englisl~ firm prior to that. 

d J  ' j r  ' 

~ James ~). Sel I 

JDS:lb 



Southwestern Exploration Division 

May 20, 1977 

TO: F.T. Graybeal 

FROM: J. D. Sell 

New Vein 
Magma Breccia Area 
Superior Division 
Pinal County., Arizona 

I have been able to confirm from several sources that Magma has 
recently encountered a new vein in the breccia area south of No. 9 
Shaft. 

The structure is located some 2000 feet south of No. 9 Shaft and is 
near vertical. No info was gleaned as to the strike and width of the 
structure. Two holes have presently penetrated the structure and 
indicate high-grade bornite-chalcocite as found in the "breccia vein" 
to the north and also at the north edge of the breccia mass (see sketch). 

Magma has drifted from No. 9 Shaft on the 3000 Level and is presently 
mining in the "breccia vein". I assume the drilling which encountered 
the new vein was from a 3000 Level breccia vein station. 

Also rumored is that Magma intends to bring in a geophysical company to 
probe the vein and to determine its dimensions. Apparently this will be 
by the "acoustical logging" method similar to the work done for Asarco 
in the Galena Nine in 1974(?). An ex-Asarco engineer from there who is 
now at I1agma is disturbed that they intend to make the probe without knowing 
the location of the drill holes; that is, the holes are unsurveyed° 

This discovery places more emphasis on the Oak Flat Withdrawal Area to 
t he  e a s t  o f  the  p r e s e n t  and known Magma d i s c o v e r i e s  and work ings .  

.-- f ,  

/ James D. Sel 1 

JDS:Ib 
A t t .  
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Southwestern Exploration Division 

April I, 1977 

FILE MEMO 

Magma Copper Company 
Suoerior East Project 

° Pina! count , Arizona. 

The new General Manager for the Superior Division of Magma Copper 

Company (Newmont) is" 

Charles G. Freeman 

formerly Assistant to the Vice President of Magma. Joined Newmont in 

1971, with mining experience in Africa, etc. Graduate of the Royal School 

Is presently moving to Superior with his of Mines, London, England. 

wife Jayne. 

JDS:Ib 

, ~ :7 

f /  James D. Sell 



8 ~  

~ 0  

200  ~ 

S S I 2 '  

S S 9  " 

3 

; o 

PLATE 2 .  

L 

• .... 

L__ . . . . .  . . . . . . . .  ~ . . . . . .  _ _  

4 5 6 7 8 9 10 15 20 

. . . . . . . . .  t . . . . . . .  

I 
I 
I L _ _ _ _ J  

. . . . . . . . . . . . . . . . . . . .  L . . . . . . . .  

5 O  I 0 0  

1,000 

800 

6 0 0  

4 0 0  

I 
.E 

I;3 

brOwn 

I 

E C 4  : . . . .  ": 

EC 3"  :: 

- - E C I  
2 3 4 5 6 

1' 

I 
I 

~ L" '_ _"__ 

" , \  

I I'" \ 

. . . . . . . . .  ] - -  J J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
! I 

I 

7 8 9 10 15 20 

C 

U'I 

123 
.Ls 

(1) 

0 

0 

~P 
£.) 
C 

0 

E 

0 

n 

~oo ....... i ............................ ] ....... 
. . . . . . . . . . . . . . . . . . .  . 

6 0 0  "-~" 

dKc 6 

4 O 0  

200  

0 

i 

. ... .~ I 
J K c b  " , ~ j 

i ,~ " % . !  
. Ik, G 4 t { " I 7 ~  " [ 

. . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . .  I - - - - - - - -  
_-= i 
- ' -  I C "= 

: L brown [ 

t-- - 

.il 

i,. L I 

• _ ....... J ....... ~_. ! .._ 

2 3 4 5 6 7 

T ...... 
............ 

I 

I ........ i i 

I 1 

.... i ...................... L .................................................. 

8 9 I0 I5 20 50 

2,000 

1,800 

1,600 

~ , 4 o o  

- - E D o 8 "  :' " " '  

EDa 7 

whl te 
= EDO6 - 

; II I • ! 

gray EDa 5 
I 

I 

white 
= EDo 3 --~----C .... 

g ] ~  EDo I 

! .... 

E D o 4 " '  

. . .~0o2; 

I 

2 3 

L I .  . . 

4 

I I 

. . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
' I , ' ;  

I 

t rt 
I 

5 6 7 8 9 I0 20  

I ,O00 

800 

6001- 

4 ~r) 

200  

-----r 
I 

J:: 

_-- 

I 
0 

tD~ 

.... ___+ 

0 

I 
0 ...... L ............. 

2 

DC 14 - 

I DC i3 

DC ~.i 
I [ ; I I ~  

3 4 

t t .., 

: i 

I 

. . . . . . . . .  I - - ~  . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-- 76 iI 2I; ILllllI ?: ........ 
- ~ 

D C 9  

. . . . . .  l . . . . . . .  L _ _ _ :  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 6 I Z 8 9 I 0 2 0 

. . . . . . . . . . .  j . . . . . . . . . . .  

I 
! 

- 7 " -  
I 

I 

I 

I 

I 

- " - -  ~-- - - -4 . . . . . . . . .  
i - [ 1 

I 

........ I i l ] T  
. . . . . . . . . . . .  I . _ _ L _  

40 5O I00 

~O 

,gb 

,> 
0 

..[b 
0 

r-. 

-5 

B 
E 
3 L 

< [  

2 , 0 9 0  

1,8. xD 

t , 6 ~ ) 0  

~ 9 o o  

1,200 

1,000 

80J 

6_OO 

4 O0 

200 

! 

I 

T 

I 

O 
~=, 

OFf . 

_J 

t- 

O 

i 

0.4 

SHe 

Z [ "[; I " I " 

SHa t2 • I : i 

SHa l l "  "- ~ } 

SHo tO. 

SHo 9 "  

--~.,. 

\ 

\ \ 

\, 

\ 

I 

..... --[--- --T 
J 

' I 

I , 
....................... I - T  -~ .. . . . . . . . . . . . . . . . . . . . . . . . . .  

;_i . . . . . . . . .  +__ _ 

~Ho 7 

06 08 2 3 

!SHe 

t. _. 

I 
[ 
I 

. . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . .  J ,  . . . .  

4 5 6 7 8 

! l c t ten ,ng  ratio of pumice f ragments :  

. . . . . . . . . . . .  [ . . . . .  

i 

i 
i 
i 

I I 

i . . . . . . . .  . . . . . . . . . .  

"* j . . . . . .  ;~ . . . . . . . . . .  

I 

. . . . . . . . . . . . . . . .  L . - ~ -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i 

.................... 4 ..... 1 . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 IO ~ 

rh,cKness 

I 

' I 
i 

0 .  I 

. . . . . . . . . .  L . . . .  

i 
! 

/ 

. . . . . .  l . . . . .  q . . . . .  
I 

. . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . . .  t . . . . .  

. . . . . .  

5(3 

. . . . . . . . .  

I 

1 I 

I 

I 

! 

I 
i 

I 
. . . . . .  4 . . . . .  - - -4  

i 

I 
. . . . . . . .  ~- . . . . . . . .  t ~  I 

! I i _ . _ J J  

I 0 0  

Plate 2 o R(.]ntlon between the £!attcnlng r&tio of p~mice fraffn~entg and the disteu~ce above 

the bas~. The averek~e flattening ratio is 8holm by a so_~Id l!ne, 95'/, confidence 

limits are shcr,~n ~y dashed lines, stud ihdlvldual fragments by dots 



1 8 0 0  

1600  

1 4 0 0  

1 2 0 0  

I 0 0 0  - 

J ~  

0 
I,,. 

" -  800- 

0 

.:. m 6 0 0 -  
0 

0 4 0 0 -  

o 

0 

0 2 0 0 -  ,.@.. 
i /1 t  

o 0 , !  

t , .  

~ > 

. . . .  2 0 0  

+.~ 

< , . / r  

,: ~ :~ '%. 

,, I --- ~ .' 

ST 
917 

\ 

3 

II 

0 

~9 

SH 
@15 , j~ I -- 

~ 4  

4 . . . .  1 

9 

\ 
\ 
\ 

\ 
! // 

QC 

t / 
d~s 

/ 
S,a 

// 

W M ,  

PCH 

4 . ,l ..... 

KC 
O E D 6  

\ 

\, 

JK 
6% 5 / 

EDo 

1' 
\ 
\ 

' 0 6  

PLATE 3. 

E D I O  

~KC If 

....... i~  
4 
( ~ ' -  

% ,  

EDa 

EOI2  

9ED,~ 

KC I0 

°~  7 9  

/ 

DC 
0 1 4  

\., 

\, 
X i 

~3~-,---0, 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! , 

I 
I 

O l O  

EC 

~ . . _ .  ! 

\ ,  
EC 

SS 

\t" 
i / 

~'lO 

7 

ST 

~ 4  

SH 

QC 

e.LSTI~J,I:3 _ I .~_d , ..... I .SH  I • 
2 6  2 2 2 4  2 5  

•/•9 / 
/ 

/ 

QC 

5 

5 

4 ~ ~ 0 1  

PCH 

i l,,, 1 
2 0  2.2 

| J 
L Q C 2 4  2.5 

i 
1 8  

L W M J - - I  
2 3  24. 2 5  

WM 

~2 

~ )  as 

L ~  
2 2  

, \  
',ok2 

JK 

3O 
20~_  

--~01 

GG 

' GG 

%, 
:i . . . . . . . . . . .  - ~ o ' ° J ,  ~ - -  

4,  
NG 

2 

z JK ~ L  . . . .  J 
2 4  2 5  1 8  

I 
2 0  

L 
2 2  

NG 
0 ~  

7~ 6 

. f 

K C ~  

l [ I ...... 
2 0  ~ 2.2 

/ 

/ 

. . . . . . .  / ~ - -  - , . ' : -  : ~ - - i E ) -  . . . .  " 

DO ~ ~  ~ I)(:3 4 ! 5 6 
2 

L K C J  J i 
2 4  2 ~  

i N G__L__J 
2 4  2 5  

t . . . . .  1.. . i ,_. ~ ~ G G  ~ J t _ _  l ~ A 
t 9  z o  p ~  ~ 4  2 5  ,.e 20 22 

i • ....... j I ....... LPCH J. . . . . . .  J 
2.0 1.2 2 4 2 

S p e c i f i c  g r a v i t y  

L . . . . . . .  I _ _ _ _ L  E C j --'IJ . . . . .  I 
2 I 2 2  2 4  2 6  

J---DC a---~J 
2 4 2.5 

L 
21 

l 
2.2 

\ 
% 
t I 

6 0 ~ 7  I . .. 

SS 

L ~ J S S  . J  
2.g 2..4 2_6 

~4 • LED° z.5 

P l a t e  3 . - -  R e l a t ; o r ,  of' s p ~ . c i f ~ c  g r a v i t y  to t h e  v e r t i c a l  d i s t a n c e  o f  t h e  s p e c i m e n  a b o v e  t h e  b a s e  o f  t h e  v i t r c o n y r e .  

-- ~800 

1 6 0 0  

1 4 0 0  

1 2 0 0  

1 0 0 0  

8 0 0  

6 0 0  

4 0 0  

- 2 0 0  

- 0  

- - 2 0 0  



" - ' .  ~ ' ~ :  % ' ~ . ~ , ~  - •G , " " " ' . r ~ ' > - ~  .:~ ,'~!..~ : '  '.;~.+~ ~ . ~ : ~ - ~ * . ,  : +~+.?-, , ~. :',," ~ "  ; . . ,  ~.. : . .% *" 
~ . . ' ~ , , ' . ~ , ? i : ~ e ~ . ~  "~ '  , ,  > '  . ~ ~ . " , ,  ' > ~ , " ~ , ' , ,  + . ~ . ~  ~ ~ ~ . -  . "  - '  . ~  :.,. . . "  ; " ' ,  , .  • " : , . ~ ' C  

~ 'i ,:" .~- ....... ' . . . . .  . ~ N  .t . <!. ~ . . . . . . . . .  . .. ..... , ::: .,; ..,...~,~,,~...,,,~._.:, .. ..... ... 

+. " , : ' "  . . : ' '  V " ~ " -~. ~ ' ' . "  ' , ' ?  : f1", ~ " " V ...... , , i  " ~ " 
' I I I ~ . .  I:: ' ~ I  " D ~ . [ : / ~  ~ ' I T I " ~  : I : ~  , ' . '  ,: I O ~ I I~ I i '  - -  I ~ I ' ' "  , ~ ] ~ ' .  C } " I 

. . : ,+  : !~.. .  r ' .  G.£O[~G:~-ti{.;/~ L 2 , t . ;  [ ~ ' , ' E ] ¥  ' 

, .~ • .. + . , , ~ , ; : ~ .  ~ ~ . . .  . ~ . : . - . .  : ~  
- ~ - . . : : : :  . . . . .  : , .; . " "  . . . .  ': '  '" ~ : , , , /~"L~: ! -~ . .  : "~'.'..,. . . . . . . . . . . . .  ~" : ' , ~ ' "  . ~  . . . . . . .  ~ ~ " : ' , ¢ ~ ' ~ . ~ : ' .  , i . ¢ .  :," . ' . :~'~:~..  . . . . .  ' ' " . - ~ : ; + .  

-..';. ,.,:.<.,... : • .:¢ ..... ;:.. ........ ..~:<.o ~.,,,. ....... . , .~: .~,...:;. • . • ~ ,  • , ~ v  .... ~ J" ¢1 + ,  " - 
• .. . . . .  ; , + .  < , . , ; ' : ~ ,  ; - .  ,.. , ;~ .  

\ ~  ~ ~ ~ . .  L> " ' ' ' " ' . . . .  <:  " :  ' ~  ' " "  " " " ~ + " ~ ' :  
I_ . .  " . - , , - ,  , } -  ., ¢ ~  " - ~ . ' : "  ~ . . . . .  : "  . "  " :  

' " ~ ' :  . . . . . .  . ! v l  '~ . : ' ["  ' ' } "  ~ - ; i [ ' :  A I " q M Y  . . . .  .... " " - + ~  . . . .  . .:-, . ,:~ : ,  

': ' : . ' )~" } :: ~ ; i  i . C [ ' ~ ' : ;  N [ " ~ t <  :'; .'. 

.,.~,~f., 

, . . ~ ,  

~-~: '. "++~'. " *  '+"~.-']i~~+'~ . .  ,: , . . . . . . . . .  - ; , + , w ,  , . - . , ' ~ , .  . . . . . .  * . . . . .  ...~" p - ' ~  ........ . %,. ".:".'+,.' ~. ;,,.... "+:r:;,' ,., , 
~m~m m 

..... " "' ' ';" . . . . . .  ,- L A T E 
" "  ~ " " ' ' ' D " 

, ~ ,  

,_'. L: ' ' r :  }.; I O '~  + "  : "  :-. , ,  C )  ,, A D , - ,  ,+C N ~._', l ~  F; 

.\;' ;:.. ~NA..J.)]NAL ( . ' , ~  

. . . .  }-ia [ [C + F L )  ? . . . . .  R A P ? { I t  ~ 

, ~ : ~ . ~ , - ~ - ~  ~ , ~ ,  - . , , - , , = ~ -  

' ~ "  . ' ~ , 2  ~ ' , ? ,  " ~ ~ "  ~ "  ' " 

i . .  ~ ' x ~  : ~ .  " ' .  - ' ! ' ; t .  

+ [  \ 

r 

• i . ' : . ' ~  ' ~ " ' ~ ; ~  " v ~ . . ~ r  ' '  " ' . - ,  - ~  " ~ "  " " " "= : ~ - " , , . . - . .  ~ :~ : - - :~ t "  ' "  " , . . . . . .  " .L"  '* ' - F ' * ~  r . - - ~  , ~ . . . . . . . .  ; . ~ _  - ' . . . . . .  % ~ "  . :  ~ " ] " -  ~ . . . . .  • . . . . . . .  \ ~  : \ / . . . .  ~ " ~ +  ' l t ; " x  + . . . . .  , l ~ - - " , z ~ ' - , ,  , . .  . - . , , * .  + , + . r v ,  " ~ w  ~ j . * ~ . ~ .  - , :  ~ • . . . . . . . .  . . ,  , . * ,  . , ~  . . . . .  r ,  . .  ~ - , , .  , ~ 

: : . . . .  # . ) ,  "..,' . . . . .  . s , :  .... ; . . . . . . . .  , :  . . . . .  ' .  , " - " ~ "  - :  . . . .  ' " ~ " " ' + '  ' . . . . .  : 7 ~  , . - f ,  - "  ': - _ 1  . . . .  : ) . .  , ,, . , # , .  x'~ " "  i / / ' ~ '  ~ " ' ' " : ) )  . 7 " :  ' : ' ' ) ' - '  . . . . . . . .  : " ' l  ~ - - ) ' - , t  Z ' "  
........ , .... . . , .  .... ..... ..- ...... , ...... .... : . . . .  - . . . . . .  ' ' ' .' ' - ' - . "  " -  . . . . .  m ---'- , . i  +, 

• .... . ~  . - . . ~  : . .  , . .  % :  + . - , . . ; . . - . . .  , ' , , . , , . /  .~,,,, . . . . .  ? . . . . .  ~,, . . . . . . . . .  ~ . ,  . , : .  . .  , , . . ~ ~ - . . ,  . ~ , , , / . ~  , . ,  h / ~ , .  . . . . . .  --.~ . , . . ~  .... , i .  " ~  : -  , , ,  , -  . , . . . . .  ; ~  . , ; - . ~  • : . _ _  , , ~,. o . :., . ~  , . _  _ . . , . . . . .  . _. , / .  . . , .  . . -  , .,, = , , _ - ." [ '  , ~ _ -  , . ~ , ~ ~ - ~  ' + "  . ~ . : .  \ , 
. . . . . . .  --~ -- t ' ~ ..... L ' ? ---¢.. ', ....... ., :> .-. r { t , , .-, • . ...... . • - ~ , ~.,,~ .> ~t , l.~J '. ; .-/' / / ~ ./-.~ / \ . -.- /~:.*,..~.~ -\ ,Y' " . ~ ~'~ -:-.--- • . 

"~ " " " 4"~" . <  ~ / ~  " ;  - ~ ' "  . " ,  ~ + ' ' ~ l * " ' ' " ' ' " " ~  " " + "  " ' T  / .  r - / x  ' . . " ~ ' e f ~  / * ~ . -  • , ' . "  ; • ~  ~ . " • - - - -  " - _ '  " "  . ' 

..:. , ; : . .~, .~ '  . . ~ - . ' . +  . . . .  . . , . , :  ..... . . .  , . . ! :  : , . / " ; C  ' ~ - ,  ' . '  r :  . . . . . . .  . .. ; . t  " / . : '  . ~ ' . ~ ,  . ~ - ~ '  \ " . ~ . +  . : J . . , L . + . . . L . i " . ' V  r j .  ; ....... - . + . : . _ \ . ' ~ - ,A .  z • ~ ' " , ) ~ ' ,  , - < ' . . - .  , ~ t  ~ ' . , ,  ~ ;/ ' . " , '  . .  ~ . ! -  
" - : . , . ?  . ~ " -  ' >  • . , ~  ' , ~+-' . . .  - - , -  L . . - , . . :%~ , . '  . " . . - . - -  ,, : ~ . . .  ~ • • / " • ~ ) , ; _:. . ~  • :~ / ~ '  , . ~ . ~ .  " : - " ~ . _ o j '  + ' ' -., " , " . ' ~  " J ' ~ " ' - ' .  , '  I. 

6 . . . .  ~ . . . .  " " ~ } ' ,  + ~ ' : ~  . . . .  . . £ '  t . ~ ' "  , ,  " " . . . .  ' l  ' .  . . . .  ~ ' , , . . . . .  t , ,  : .. , ' ~ "  . . . .  - ¢ - " - -  ~ : ' ,  - :  " - J ' ' " +  v ' ; ' " " " ' / '  ' ' " ~ , r -  - ~ ,  ' - . . . .  . .  } ~ .... 

' ' . . . .  l ~ + + :  ~ . , 5 -  . . . . . . .  . .  :,, ' ~  .~ , :  , ; - ~  ' ' i . . . . . .  , ' . . . .  , - ; , .  . . . . . .  " <  - O ~ " - " - - -  , ~ - ~ +  > *  o r - -  .~ t % : V Z  - . %  . - - " ~ ' .  ~ . . - " -  ' t ' ,.-+ . . . .  ,,.~ 
! • - ' - - ;  ":  ..... ~ + ' - ': • , , . J  : 2  ( .  + ' { /  ' ~ ' " ~ • ' . .~  " . . . .  : ' ' - ' " ' " . . . .  " " ~  " \  / ~ ' , ~ "  ' . ' ~  ' " . . . . . .  ~ . . . . .  I ~  , ~ " "  • - "  ' ' ,  + " - ~ T ' - : "  • '.' F . - . . * .  , - ~ , ;  . . . . . . . . . .  • . . . . .  ,. , . . . , . . . .  ~.~ .. . . . .  \ .. , . ,  • , _  .. : , , . , .  .. + .... ., ~.~ . .  . . . /  ~, - .  . . . . . .  . . . .  . . . . . .  .>, : :  - . i )  , , . , D r . .  . ~ : .. , ~ h ......... , : ,  + , . ,  , , .. , , . , . ,, . , , . ,  , ._.,.::\ ............ .., t-., .: J., ..... _. _-.. ,.. .... . . 

, , :~... \x~ -.! "~. ..... ' .:. Y " ' "~-"~" .' : / ' " .' - ' " ' -/ -- ' -, i ", ' -" I " " -." ....... -'~ - ~" - .-W .\ -\, -~ . , '.:,f~-'~'~- ~ . . ~ , ~  ,c.- " ~ " . . . .  / ..... ' ' ,  '. • / ' 3  
. ,  ~ - , , , , , , .  - "  • - . ~ " ~-+¢ ,_~ q [ . .  , . + - ,  ~ , ,  , ' z . . / ,  . • , ,  . . . . .  ", • .' • f -  " \ +, ~ . . . . . .  / ~ , . z / ' /  " ~ - - - - ' ~  . . .  - .  , - - - ~  . . .  - .  , ,  Z . ~ . . _  , . .  , \  | .~  , ~ . '  

. . . . ,  " ~"~. " : + • " - ' ~ . -  / " • ., ~,1 . ~ : ' !  / .  L -  ~ ~ l ; " i ~ , ~ ' . . ' r . ,  . . . . .  / ~ ,  .,.. . . . . .  " ? - , - . _ ~ m  , , ,  + ..' , r - - .  ~ ~ . .  • .  { ' - - + '  ,, 'r + , ~ ' _ . ~ 1 1 ~  " " ' .  " . b - . .  • , ' - . "  " - ' . - . 2  " ,  ' V " ~ " - , ~ - . . + - " ~  . " . . , . . . . .  

" ' ~  ~" ' :" ' ~ \ * + ~  . "- ~ - ' * "  ' -" ' I - '  ' / '  ~ , ~  , '  " ~ \ '~ " " " " " " ~ ' "  ) /  . .  > . . . .  . - ~ . j - -  .-.~ ~ . ~ "  " ~.I~ ..  J , ~ -  " . . ~ "  -,~ . ~ , : , ; .  ~ .... " ~ _  . . " -  " - - "  • • . '  - • , . •  % - ~ \ 

, . - " ' , . .  , " I  ~ ; . . . ,  . ' , . .  ~ . ; ' . - ~ " ,  i "  * ' . . . .  . . . - ' / * ~  . ~: j ' '  - . .  ~ '. : " , , - /  ,+ . . . . . . .  , , , , .  -~ . . . . .  "~' . - j  • " , . ~ ., < : .  - ; ; ~ -  . . . . .  • , . . . . .  . . . . . . .  - . ,, . . . . .  • , . , ,  • 

. ~ - -,\ .. ~-.-. - . + , -., -- Z . . . . . . . .  ..+ - , . . . . .  ~. 4 • . . . . .  )-" " ' . -, ' . . . . .  .. .... --,', -. ' , . . . . . . . . . . . . . . . . . .  I:, + - . , ~......~_. / ... ,,.. / . . . . . . . . . . .  '.;... . . ...... ,,, q" '4 
" " + " - -  - . . . . .  " ~ . . . . . . . . .  - - ~ - : "  . . . . . . . . . . . . .  ~ " ~ " - - " - '  . . . . . . . .  " . . . . . . . . . . . .  - ~ - - ~ -  . . . . .  ~ - - ' "  . . . . . . .  ' . . . .  " - - + - ' ,  . . . .  " + " ~  ~ . . . . . . . .  ' v "  r -  --- r .  . L . . . .  , ~ ,  ~ . . . . ,  

, .  ~ . , , , . .  . -  :. ; ~  . . . . -  . . . . . . .  ~ . _ , . , .  ; . . . .  ~, . . . . . .  ) .  . . . .  . . . . . . . .  . . . .  "~ . .~ .  . . . _ . .  ~ . . . .  . . . - . . ~ A : .  " . - -  . ' .~  - • ' \ . - "  . , /  . . . . .  : :  r , : , '  , • . ; : - - - . '  ) ~ ,  . -  • ~ - <  kt ~ . . .  . ' - + , , .  
• > " > ' . '  . - . , . ' ~ : : ~ , . + " . ~ . ~ : '  - : ,  L - ' : . ~ z . . : ~  . .~ . . . .  ~ - . . - L . :  .... . c- '  . ' . ~  " . . (  : <  , < ~ 1 "  " " ' : : - ;  i /  <', i ., . . . . .  ~ - .:; r ~ . _ ~  ~ x ~ ,  t ? - ' "  ~ / <  ( . V ' . , ~ .  T "  " r - . .  " " , " .  ~ - . " - ' . ' < . ' ~ .  + " . : , . ; . < :  I 1 , ' ~  ' . . . . . .  • , ,,,..< 

' ~ . - ~  . . . . .  _ '  " h . .. . . .~ ~ . . . . . .  , .  . . . .  , : . . -  ---. ~ . ~  r . ~ .  -..  . . . . . . .  . . . . . .  ~ .  . . . . .  ~ . ,  : . . . .  ~ .  . . .  ~ , . . >  . ~ , , 
. . . . .  - ~ . - - - , ,  , . . . . . . . .  ~ N ~ + . - , >  , . . . , .  . , . ,  ~ .  . . . . . .  ,, , ~ .  , , : ,  . .  . . . .  ) , ,,- : ~ -  ' , : -_  ; \  ... , %  _ X _ - , - . ~ - " + , . t !  : /  , > ~ , . , .  ~ : " ~ .  , , /  - , , -  - . . . . .  _ t ~ .  f . .  . W 

. . . .  " . . . . . . . . . .  / . . . . . . .  ~ ' . - . ~  : • • X / X  • " ~  ~ • ' ,  • .~ ' . . . . .  " < + .  ", • ." ' . . ~  :_ . . . .  • ~ , . . :  . . . .  . -  _ ~ "  . - . . . . . . . .  ,.. . . . . .  , , - , . '  : -  . . . . . . . . . . . . .  . , .  • . . . . . .  . • - -  . . . . . . . . . .  , . . . .  
., . . . . . . ,  _ ~. . . .  . . . .  - . : . . . ~  . . . . .  ~ , . .  ,. , . , ,  +,. ( ~ . .  : . . . .  ,, - . . . . . .  , ,  . . ,  , , . : -5  ~,~. , . . , , ~  ~ \.. . . . . .  '- ....... 3 - - - ' : " \ :  ..,- . . . . .  , . j ~ - , .  ~. . ", ~ <, , ¢ C - , + , . x .  - , 3 , .  \ . / ~ , ,  . ~ .  , . - ~ f - ~  . , . , + ~ . . : . ~ _ ~ . , .  

" , :  .... 4 : - - : - . ~  ~ -  - " . . : L + ~  , . . . .  ~, , "  " ~  " ' : ~ ,  L . . . .  3 > ' ' ,. '.; . . . .  ' . . . . .  , ~  . ' " - ' " - ~  " • - ~  , - . . ~ . ;  ) , .  ~ . , : ,  " ; , - - J '  . A ~ * ~ : ~  ] " , , " , V : .  , . - ,  ) '  ~ - . - ~ - "  . ' "  . . x < f , , I ~ , " - , .  - , " ~ T ~ ,  C ~ - - - ~  
. . ,. , - : ."  . : ~ .  . ~ . . - y ,  , . , .  - ~  . • . . . ~  • " ~ ,  t .  t % j ~ " . ,  ' . ~ - ' "  . . z . .  ~ . " '%  , " > .  • . . . . . .  . - , - : +L  " . - , , / , ' , - . ' , .  ~ ,, . , . , . i . . .  : ' - ~ - . ~ ,  X , ; ~ . "  . 

~ - ~ , - . . . +  . , . - ~  . . t , - . ,  <. ,  . ... ~.., \ . ; .  < .. ,+ , ,~ , ..... . . . .  4 - . .  . . . . . . . . . . . . .  . . .  ~ -  .> " ~  - . ,  . -  - -  " . r , 4 1 ~ X , " ~  - , , ~ ~ :~<e; 'X  -<. . . . . - ->, .  . . . .  .+. ~ . ,  r / . . . . . . , ~ . , .  
, " /  . . . . . . .  - . ' . + - ~  . . . .  ' ~  - ~ ' J  . . . . .  ; . - ~ - - '  " . . . ~  ' " , .  . . . . .  - - - . > . ~  ,' + , " ? ; . . . .  . ,J C ' - - - r - - ~  ~ - ~  . ~ . : - "  / ~ x  - • - ,  " " , , ~ . ~ > - ~ - ~ : ' - " ~ _ - ~ - ~  ~ . . . ~ t - - : . ~ ,  ~ . - ,  ' J ~ ' . _ ~ t ~  - / .  ' . . , ' b - . , - - / :  . . . . .  : ; : . - - ~ . , ~ T ~ - .  . . . .  X < . ~ . ,  

, • . - - < '  c - ~  ~ t " - - - . c  . : / " ' ~ : ~ , .  , . . . .  . .  , < . . . .  - 5  . . . .  " - - - -  . - % ~ ' - - ~ ' + .  : - ~ . ~ . ~  ~ - . . . .  . K , ' ~ ' ~ I ~  " - - . . - . 5  . . . .  . . .  . " .  ~ .  - -  + / • , ~  " ~ - - -  .~ . . . . . .  , - 
..' ' ~ .... ~ ' " ..' , , - .  ,-... ...... ,; . :r ' ~ ' " - > .~ , • .~' • I."~ ; ..,,,.. ,. • " . ,.. . . . .  \ v..: ..... ,-- ~.+"+- " - - - - ~ ' ~ o ' , ,  ~ ...... -~/ "<<::"~-~. ~.c ....... L/ .... ,..: - __ ~r~'.'.~;;" --- .+ .- 

• " ' * ' " " '  - - .  ' ~  ~ ,  ~ .  - ' -  ~ ' ' ' ~ ' + "  ~ ' " ' " ~  " "\ , ' " % " ' ; " -  - ~ " : ' - . , 4 - ~  " ~ . ~ . -  . - _ - . - ~  . . % . .  _ ; . .  . ~ . . . - * -  ~ . . ~  _ ' , 1 _  . . . .  ~ , • ~ . - 

. ' . ,  r ~ t  . . . . . .  t .  . .'. . r  : . ' -  f : . . . . .  . . - "  ~ .  - , . . . .  - . . . - - - ~ . - ,  ' , , - . - ' ~ . ~  . ' . . ,  < , ' . . . . - - -  . . . .  . ' - - . " . + . .  \ . ~ ; - ~ - ¢ ~ -  " -. %,  , ' - .  . . . . .  L ~ . - ~  , ' ~  \ :  . . . . . . .  ~ . - .  ..-.-. f~ . ~  ! ~  " 
. . . . .  .... ~. z ' ~ ¢  ~ .. .... l, + ,  . ~ ~)v ,~ - , ~ : .. • .. .... . ~ ~ - ~ . .  , .... ~, . . . .  . . / _ . ~ ,-, : , { .......... ~. . . . . . . . . . .  ~-\ .... .,~? , .. ....... . . . . .  ~, , 

L . , ' . j . . ~  , , , . -  ' v . )  / , . , ~  - ~ -  ' . . .  ' , '  ~ - " ' , ~ ' ~ "  ~ - ; '  - -  - - ~ X _  " A  . '~ , , ~ z . ,  
• , • i .  : " -  . . I .' . . . . . . . . . . . .  "~ . ' " . . . .  " " . . . .  - . . . . . . . . . .  -~  : T ~  . . . .  ~ '  - -  ~ ' ' -  . . . .  . . . . .  ] ~ , . . . . . . . . . . . . . .  r . . . . . . . . . . . . . . . . . .  ,- - "-~_ x . x. ... / , . . . . . . . . . .  J I .~ • ,~, . . . . . . . .  >.-, > .,'. , . ~ .... ,,-. -,.. ,. + . . . . . .  :.,,. _ . . . .  , .~. , ~ - ~ - . . , ~ " ~ : , ,  >' ~... ..... _.. '+..-.... .~ , . ~ . ,~ ~ .  -.. . . . .  "1, . .  _.. , 

, C - ' ~  \ .  . ,..~' ~ , " ' . . ' -  : ' >,  . :, ~ , . . . .  ' _ . - - - / . .  ' ~ - ~ \  . . . - L . . / . ~ . '  x . - ' -  . ~ . ~ - ~ - + - ~ .  .. f ' ~ ,  , v x . _  . . . ~ . . . . ~  , r  ._ _ . ,  f -  . - ~  _..---, } ~ ~ . . .  ' - r " ' . : <  
, ~ " - +  " ' .  , , , 4 ,  , "+ ' . . . .  . . . . .  . . . . . .  - : . : , • ' .  , - - .  " ~ -  ' , ~ . . ~ ' ~  '., - ' - ~ .  ~ - - ~ - - ; i ~  • . . . .  ~ - ~  " " ' ~ -~ ,  ' ' ~ " - - [ + ' ~  ' '~ ~ • ' t  t . . . . . .  ~ - - " :  - Y L I . "  " ~ L m  

. . . .  ,, , - d  . . . . .  . . . . .  ' " - ~ . ~ ' . .  ' ~ " , .  • / ' ~ ' - ' ~  ~ \  ~ - - . " - "  " " .  ' " ~ . " "  ~ .  - -  ~ - - 'L ,~3  ~ • , " . . . . . . . . .  ~ ~ , .  / .  ' + - ~ - " - - .  \ - 1 - . 4  _ ; v ~ /  ; T 
" ~ : ! ,  ' , '  , . " ' " • " , " ~  . \ / ,  " - ~ '  . ~ _ ~  ~ ~ m l .  - "  - ~  " ~ ' ~  . . . . . .  ~ + ;  ~ - - "  " " ; : , I ~ -  t } ,  . t l ~  , /  \ . ~  ~ " ' "  " ~ I " l  f ' V ' /  ~ " 

: : . < • . . . . . . . .  : : . N  "~ '~ • : . ,' . . . . . .  ..) .......... -.J . . . . . . . .  " ' ~  ; ,. x . ' . -  . , . . . . . .  , . . - ,  ,, ; . ,  . \ .  . . . .  / • . . . ~  ~ m . ~ -  ' . - ' ~  < : ~ " "  : .  ', . . . . . .  : ,  " ~  _ . . < 4 " . ' i ' ~ ' - : - . * , ,  / ~- ~ :  ' . ~  ~ - -  , . /  , - " ~  / ~ ' 1  . . . . , ~ . t  + 
• : • ~ :  ~ ; ~ • ,:~ ~ . . . .  . . .Z¢ . . . .  : .  " +' " , - " " - .  " " - ' - .F  ~ ~ .  . . ~ ' ? - : ' : ~  7 " - - ; -  " " " ~ 7 - ~ 7 ~ " ~ :  " }  ~ t ~ -  - _ y " / ~,,t~jT 

,..X ;..~,,~ • . , • . . , r • . ..... , ~, -, . . . . .  • " . . . . .  --, - ',.~ ~\ . ,+ , .... -- ~ I ~. • - . . . . .  ~ . . . . . .  ; . . . . .  , . . . . .  , . , , ,  . . . . .  . . . . . . .  . . . _ - ; .  ,.4,, - . . .  ~ . . . , . .  ~ , . . _ ~  . - ' x  ~ -.- . , ,. . .... - . ,  . . . . . . .  , _,,, , . . .  . . . . . . . . . . .  .,, ,: ..... . • \ x - b  ..... ....... . _... / _ , 

' t • . . " ,  , ~ - , -  .,: ; .  .<, r ' . . '  ~J - l .  ~ - "  ' ;  " - .  ' , " + , , . , - - "  / > / L  ~ / L  X . : _ . - . - ~ - ~ - - ~  - . . .  i X  . . . . . . .  ~ " - - .  ~ " ~ " : \ - . )  ~ k \ ~  ' t ' ~ . ; ' .  " ' . l J ~ ,  ~ C . / r , , ~ /  - - -  

... > ., .( ,-:. . . . ~ . . -  .:.: ..... ~ ..... .. x ... ., ~ ..... tt,~-.X,~,+.;,-~-"'z~.__.----~/ ~'~,~ • - " ~  ----'--~_'~\'A, ,',)~ ~ ,._--" .,'. ; .,' • ~,+~.~--+ x.'rd+._ 
• . ,  { . . . . . . . .  • " " 5 "  ' , . - j , . . ,  . . . . .  \ . " . ~  . . . . .  ~ £ u  / . ' " " . . . .  " -  ~ ~ ' ~  "~  ~ t " , . . . . . .  " ~ - ~  

, -' ', ", ..... ( .-"~: ,+ , .......... : " , -" ~ . . . .  ~'- ~_ ' , ~ , ,, • '.~.' :-- . ~, ",-. r ....... . .... ,'.'-- ~ ,, P' ,Td,~. ) 1, ~ : ~ W' L- 

,...; .... ..... .,, .... ..... ........ .,., ........ . ...... , ...... ..... .... , .,,., ..:, ,:+. ........ ..... . ....... ,., .... ,_, . . . . . .  , ..... o_ 
• , ' ] '  . . :  . . . . . . .  , -  . ' \ v  ,,', . ' . . . . . .  ' " ~ " " " ~ . . . . .  +'" • " . . . . . .  . ~ ' - -  It~ " " - .  " ' X  . . . .  + O g  / ~ - ] ~ ¢ - r ~ ' -  z. ~ ' ~  '~ ' " P ~ ' ~ / / '  " ~  I - ¢ ~ , 2 ~ E  

• - -  , ~  ,. . . . .  - " , - ' _ _ - , ~ "  " . " -  • . . . . . . .  - .  ' .  ' , ,~ ' .-: ~ ( - ~ (  ~ " x . . . ~ - - "  ~ .~ . .  ~ . / '  ' " / ' t .  " - " '  . . . .  , . \ - ; "  i ' +" - ~ " . w _ . "  • , . , . - - - - -  ~ ' P "  t ~  ~ ~ ~ %lw 
' ~  ~ ,- ' -  ; ~ ,i ,~' : % :  " ' , . "  • " " / " . . . .  , " ' ~ . .  1 ~ < C  . "  , / " ,  , . / .  , " . _  + ' -  / • " ,  . - " " ~ - - - ' - - ~  " + ~ 7  , ~ + * ~ ' - ~ "  " " ~ 

, ,  ~ . , • \ " + . ,  . J - , ~ . -  , , . .  • .~ \ ~ " ~ , . ,, ~ , . -  ~ .  . .  • • , . . ~  - f  - ,  . _ . - -  - . ~ ,  . , , ~ - . . . ~  ~ .  ,, - - ~ , ¥  , - -  

, _ ?. ~,,..~ :., -~ ; • <,,3'-. . ' ..... , ',~" ' ' " . -.. . . . . . . . . .  , ' . ~  " ~ ~ - ~  .'~ ...... .-J.~.~ . . . .  z---'.,,-,,~..-- "6 ~..~: .~.., ~..-__" .~.. ...... i ,.-" _-...-. '~ 1.--=,' ' 2  J/. 
. . . 1 . .  , v , , , ~  . . . . .  . ,  ,. . . . . .  . ,  ,' . . . . . .  .: ~ - ' ; " '  ~ \ - "  > IP~  "~  Td 'b '~  \ ~ '  , ~ r ~  ~ z . -  . . . . .  ~ .  _ . . - , - -  • . . ~  ,¢ ,  , , T~ r~  - : , . .  / . . . - - - - - . : . - : .  / _o  . . . .  , . e_ - . - ~  . ¢ .  I t ,  
,; ,. ,: ( .. .. o,,_ , ,~...: • ;..,- ; .... . , . .. ". ' . . . .  , ~ - - - . - ~ - + . - ~ ' ~ x ' - - ~ ' ~  \ .. , ~og \ " .'-, ¢-i- 1 . _  . ,~'...~r ~' -- ~ ..~" "~ , :' +..tE--~t.$. - z '  

' .  ; ' \ , " ' " , : ~ , "  ~ ~ J " - ! " " ' " ' ' ' ; " ~ -  ~ ~ ' - -  . . . . . . . .  I G ~  " ~ ' = ~ - ~  t /  + n ,  t ' "  . . . . . .  _ - - "  • , ' ~  . f  

. >  ' ' ~ ,  ' ' , .  ' / - " .. " ' + ~ • " - ,  • . ' " '  : . . < ~ • • , ,  ~ " ~  - ":" ~ '  * ~ " ,  Z ~ - J  . .. : .. . . . . . .  , . -  . . . .  . . . . . . .  , . +.,. ., .,.._-. _ .. .. 

,:. - ' : . ' . . .  ~'-. . ' ~ . : . . -  • . . . . .  . " ~ ~ ' ,  • - ' V "  _ . ~  . . .  . ~ - - .  - . . . . . .  , ~ . ~  - ~ . . : 2 . . . . ~ - ~ : . - :  ~ ,.. ~ . J  . . , / ,  : : - ;  : , :  
. . . .  ~ ~ - ' > . . . . . .  , ' " • " !  - - - .  ~ - ~  T ' T . ~  " , ; / % •  ~ i ~  . . . . .  - ' ' ~  "~  " ~ .  ~ * * -  \ '  " ; ~ +  : ' . -  + _. . / T . .  ~ . e V  . i ,  I , 

' '. . ~ . .  ". . . . .  '" , ' . • . . . . . .  " " ~ % ' %  ~, ' } , , " ~ r .  " T " .  ". -" - - .  " .  x ~* . . . .  , . . . . . . ~ . .  ' ,L.  r l  . . . . . .  - , " . . . . . .  : I - ;  
. -  . ~ " -  . %  . . . .  , . . . .  " . . . . . . . . . .  " : " .- : : ~ • . : ,. / ~. ~ ' . ~  ." V > % . - > \  / -  " , - - , ,  ~ " ..... ' - ~ +  " - - - - - > .  ,+ - ' .  : - .  ) . ~ ' : (  . - ~ . .  T . ~ .  . . .  ,~, ' , _ - " - ~ e :  

,\ " ! ..... • ~. . . " < : " " ~ " :'" ' . . . . .  " , ~ ' /~" -~-..- "-- ~ - .... "',- -- ~'-',S"":~' -t._ - p / ,, ", ~ ): . -:~ !, 
. ,: , . ,,,... +. ,, . . . .  .. .,.. ,z "/,;i .. , . . . . .  

, " . - ' . .  ) ;  " ' ' . .  ' .,, , . . . . .  - " , .  ~ .', " ¢ ' S , - ~ ; ' ; ' , ' ' : i - "  • -.. / ~ - x  - ~ .  ~ . / ~  , . I  .-- ~' . . . .  ,~ " /~._-  ~... ,~ *- .-- .  .... , , ,  , 3  . i ~  . ,  ] -~ , T ~ : . .  
: ~W / .' '~ ' " ' ' . . . .  ' ;" ' " "- , . - i . . . . . .  ~ -, ['~ " %  ~' . '{ . ,.~ .... ~,: ~"-.1 X /'.~-.':- ...... .--.""...l , . ". ~x. ~ ,.." • • ~ . " ~ - - , _ ~ - - . J  / ".4 ' . _ _ ~ . - -  

• , • • ~ ' , ,' , - ' ". . " - -  ' , . . . . .  ~ .  " • x " ~ .  ~ ' ~ "  . 1 ' 1  / " " " -  ' . "  . : c ' ' -  • O r 1  / " • , .,~ . • .... . .. ~ ~ . . . .  . , . . . . . ,. y \ . . . ~ . ' _ .  ~ - - . . . . +  _ _  , ~ . ~ ,  . . . . .  . / .  - . .  . . . .  , . . . .  ~ / , _ c , ~ [ 4  • _ . _ ~ - ~ . . . . ' C ~ - ~ ; ~  - 

: - ,  .... . ~ . . . . . . . .  : . . . . .  . ., , , , - " .  • - ,  , ,> , , < . ~ ~ _  .,:", ~ ~ . . ~ X  . . . - ~ - + - -  ~ . ~ -  . ~ . , . . . . . -  . . . ,  / . r  .... ~ ~ ~ - : - ,  .-! ,:..:. ~ T  
' ~  ~ ' : " " ' : .  - '  "+  . . _  ' - - " ~ -  " - " . . . .  " . . . . .  , ":: - • " . . . .  ~ , ' :  ' ; L ,  . . . . . .  " ~ x . "  ~ "  . - / ' % ~ ' ; A - ~ . "  . ; r - . . - . .  < _ .  ,, , • / f [  ' . : ,> . .... - v ~  - - ~ ? ' . . ; . ~ . . ~ _ - - ~ _  , .  ~ . . . .  
- . ,  . ~ °  . r  / ~ . -  - 1  - , " ' - '  " ' "  ' • ' • " +  ' - ,  " . . . .  " - . : "  . . ~ . .  " \ Z ~ .  ; "  "~" : ' . .  I - . ' - ~ " , ~ "  ~ , ' y -  . _ ~  ' , _ f *  • : " - 5 ,  , : , x ~  o / , / "  . . ~ ' - - ~ - - . . # / -  ~ : ~ - . ' - - .  " ',+~ v , - -  ; 

q - .  . ~ "  ,, • ~ " . , . .  . . . . .  . . . . . . .  ,' :- .-.. - ~ ' ' i , x , , ~  ~ , ~ - , : V ~ -  , ,  ~ P ~ "  ,~ - ":-( ' '  J , .  " .~"  L . &  / .  , ' - .  ~ . ; + ' . . . . . .  . . - - - . ,  c . . .  ~ - ? ~ ' ~ / . ~ . - "  ~ . . - \  ' . ~  ' - 

• . . . . .  X ', . . : . . . . . . . .  ,' ~..; . . . .  , : .  , ' . - "  , , : ' ~  " "  .... , ~ / - - -  ' , ~ ~ ' x ;  . - J - "  ' x ~ - - ~ .  o ~ - ' , '  ~ ' , ,  . , ~ ' / , , . . - r f . - K - . - ~  A : ~ : _ - _  ' .  V ~ : ' ~  ; 
• " } " ~ " , _ ' - .  ~ - ~  ~ ' -  " " , ) .< • - . . . .  '~  • ~ ' " , .  ' - ~ T ' ~ ' ~  ~ ' . ' ~  + e  . , £  - + ~ . > . "  . - ~ • 

" "  ~ " .  # i ~ . ,  - ~ . . :~, ' /  " .  " . . . .  ,> .4 . . . .  ". ,- , . , . - .+-¢~ . - . ~  ,~ ~ • . . . . . . . .  + , "  ~ . _ , .  : . ~  X • " -  - . . . . . . . . . . . . . .  ~ ,* " : . . . . . . . . . . .  ' + - - ~ +  " " - " + ;  " "  • - % ~  ~ " - . . . . . .  . - -  ' Z " 

. ..... . :-., ............ : ..... : . . . . . . . .  . ..... --.. ..... , ..... ,: .... : ~.~-, ~ - .;y~:;~< . -. ~ 7:.~,'. >.- , , - ~ _ - ~ + . ~  * ~ : ~ /  .... . 
• " "  c ' • : :" . . . .  :~ ~ . ' + . - - . . , .  ' ,  ~* ' .  ~ . /  - - .  . "  " .~ ' S .+* " -  ) . _ ~ . J . - +  • ~ ' ~ - "  ' i - ' ." 

• - ,: .... . - "  . . . . . . . . . .  . . . . .  "~ ,. :.. -t~u.'t". .X Lr:. ', . . . .  £~.- ~ . . . . . . . . . . . .  , . . . . . . . . . .  .: . . . . . .  - ; t' " ,  ; - - 

- ' " " " < " ~ " " - " " - ? " " ~  " ~  ~ . . . . .  ~ ~ .  ~J~  . . . .  ,. i ~ \  '> ; , ~ , ~  " . ~ " ( ~ l ~  -" / '  ' . "  . "  ' • . "  - . . .  ~ ~ 
- ' : . . . . . .  , . . . . . .  o ~  .. ' . . . . .  .- i • ~ . ~ , ,  : t -  , ~ - - ~ - - ~  ~ ~ , .  ~ ~ ",, z . ,  . . '  r .~ ' ~ . . . .  ~ . . . .  ~ . -  / . ,  ~ . . . . . ~ - . .  . . . .  _ ~  

' '  ~ " ' ": , ' " %  ' " i "  ~ . . . . .  • X + ' ~  A -  " v ,  ,", % } . ~ i ', \ . "..,r " L ,  , . I A ' -  " J , ~ , . ~ j , . - , . . / i . ' ~ ' ~ , . f  " ~ , ~ . .  . . w  , j - ,~ .  - + . 
" '  " > + '  " ; -  " " q . . . .  ., - ' , ~ " , ' - - - ~ "  ~ ". , " \ ' i \ , . ,  ~ ~, Z ~ ;  ' " , /  \ .~  , - .  " ' .' I " - - ~  "~_~;'i.. ~ . ~ '  " ' ' " r ~ - '  ,' . , . - . - V '  . . . . . . . . .  

" < ~  ": % -  ' ' : - i  ' ~  . . . .  ' ' ~ - / ~  " ' - . , . .  ~ . -  " ~  , ~ ~ ' - .  ) / ~ I ~ - " . . . . .  } " . ,  • \ " , 1 : " ~  - /  . - < . .  ' ~ ,  = - , .  ' ' ' \ " " ' T d w '  / 
r -  ' , x . " . . . . . .  , • ' " - ,  . . . . . .  . . . .  : /  t \ ~. ~, . . .  ~ ,  ".- , . . . . .  \ . . . . . .  
.-,., ..... . . . . .  .... . .,. . .. / , " ,  ":-.,_'. ", . . . .  , ' ' ..... ., " .- . . . . .  .' /,.. 

. ' 3  .~. k' • . . . . : . . .  ~ " . . , ' <  . . ,4 . . . .  "_.... t :.  . , ~ , . ~ . ~ , ~ :  : . . , , , .  ,,o< ... X ~  ' ~ ~ , ' .  "- '  ' . ~  . . . . .  . \  . '  " n ,  - ' , -  " . . . . . . . . . . . . .  : \  .. 

• ; ;  , ,  . : . .  ~ ,  ' : . ~  ' " .'~-. , . . ' .  , . . . . ) ,  "" ' ' ,, " . . . J " "  C ~  ' " , ' ' -  Y ~ . . . . . .  - ~ ~ L  \ '  .-" . ? -  i :  ' -. - . _ , ¢ ' :  . . ~ . . . . . . .  • ~,, / X  
• . ;  ,; " .  . ..,-. ' , , ' - . . .  ' • • . ~ ~ " - ,  , / ~ 9  7 +',~ z _  . . ~ ~ . ' ~ "  " ~ - - ~ . E . .  - ~ .  -~ . . ¢  V I . ,  " .~ " ' _ .  : _ . : , /  " ,, . \ . .  / ,-" 

,, . ~ .  " " ~  - ~  - . . , . ,  , ~ ~ - ~ . ,  - ~ F u  ~ i  ~ - .  " ' , '  U _ ) 1 ¢  " f  X " .  " - - I ~ , . - , , .  " . X ~  _ ~  " " i  . . . .  " " . .~ ,  , -  <. / . } A  " ~ ~ ~ " ' ~ '  ~I ~ " ' ' " : ' '  " " --I ' i -- ¢ . ~ ) " ; L "  ' ~ , . ; v  , % ~ " , - ~ ,  ' ~  " - D  ( + - ~ "  . ~ " ~ | ~ " " _ ' ~ . _ _ _ I  ~ -z " , . -> . . "  I ~ *  

. . A . . . >  , .  ~ ~ -  • . -  . ~ ' " . . "  - ~ ~ "  , . ' ,  . , ~ ~ ' / % -  ' . ~  , t ~ - - ' ~ - ~  ' ~l. . . . . .  • . '  . -  " . . . . . . - .  / ,  
.. . . . .  - ,, .... ~ , W" '~,. " ... . . . . . . .  .. , \ .... / , .- . ./ . ...- - ,... , 
,, . ",! ,. , .,., ,. , ., :-'..-' " '\ ,, . / "  - -; ' .... / / i  .. 
, ,  t ;' " ~- ': J '  - - -  i' *' / .. \ __~"., ~ " \. ' ~  '.'~ ' ~  -+., , l.,.@ 

" ~  ( "  \ ,> \ I ~> . / - , ~  . . . .  ,, .- - : ~ . ' , C  ~ i ~ ' I ' ~ . 4  / ..... 

? 

: , . ~ .  : ,  . ~ : J ; l r  . ~ . ~ , : p '  : ~ , T  , . : , ~ `  ~ .  E X P L A N A  T I ON " 

h',, . . 

, . . . . . . . .  . ~ , ~ .  

P o t ~ - v O l c o n i c  r o c k s  ~ F , + ,  

" ~ L ; + ~  " "~: \ P r t n ¢ , p o l l ;  6 i , o  c m q r l o m e r e f e  0 ¢  

. o,,,,.+. ° / ,  

Z ( j '  t 

\ ' , '  ~ " ' V ~ .  -~. - . . . . . .  , ' , I ( ' #  

, e  

l k " - , . . _ _ _ _ .  .-< • / ,. , " - - +  ~ . . . .  . , . , .  .. t ,~. \ , , ~ .  b , ~  - . . . . . .  . , ~ " ~ t  ~ . . - "  
• - ' ~ ' ~  . / / , . . ~ 2 ~  , - -  , . " . I / ,  " '~ ~ ~ : i ,  ' i ~ "  . ' _L' ~ ~ 

.. r \  " ' - - - .  . . ,"  ~ * . 1 ~  . x , -  . " -~ / . J , .  ' . . . .  ' , : + '  V / .  ', ~ - ~  

/ , :  ..,. . " ~  . /  : , . . . .  ' : : . . . . .  :" . \ ' ~  ) i ~ ; < . . . : ~  4 ,< i ' , '  . d ~ ,  ~ ' >  . . . . .  

,, ~ ~ . ?  : \ . . . . . . . .  ; "  . . . .  • ' ' • " . _  ~ . . . ~ i ~  . " ~ . . . . . . .  . ' , - . . . .  ~ ' ' 1 / ,  ,: . . . .  • ! f J .  ? , , . -  / . - ' ~ ' , { ; " "  ,+~  ~ - " ,  - ,  

' ~ ' "  - .  " , . , ~  I " . T d w  : ' / ~ ' . .  ' : '  " ,  T d w  - ' .  , ~  ¢ '~ ' 
. '  ,.' ~ v ~ . v  • .' - . . . . . .  _ ~  ' . ~ " A • . ' ~ .  ~ ~ ,. . . . . . . . . . . .  , . . . .  ' . , i  I . 

, , '  J J "  / %  '. :: " " . . . .  ~ . . ' ~ '  - ' . . . . . .  ; '  ~ : , • : ," - 5 '  " - : "  ~ ' , " ; , '  3 \  " • .... ~ • ., ' , 1  • , t  . . . . .  . , 

. ,  . . . .  / , ~ - ' \ ,  . ) • . . . . . .  ,: : .  . . .  J . ~ " ' 1 .  " , _ .  ~... .  . , - t ' ? - . .___-  . . . .  " - ( ' ':. _. ' , . - - . '  .... . "  ~-  " " ' ~ : / ' (  ~ " ; "  :-( ~, I : '+ ' / "  ,' ) / ~ f / : ~ : / , ,  / 1 , ' i  " 

. .  _ ;  / / . .  " . .  . ' , ' .  v ; : ; ( . .  ,.. • . .  - \ " ~ '  t "  . . . . .  . . , .  / • ~. ~ , ~ % " ~ ,  = _  . '  ." ' + • ,  . . _  ~ ~ '~<~  : . ,  t l  ( + ' , ~ .  ~ . " , , ~ . , ~ .  ., : ~ '  , ' ' ~ - . /  ~. " 

" ' " 2 7  , ; " x  " " '  . . . . .  • • , , ,  ~ ,  X , % . . . . .  ' / .  , , & ,  , " ~ ~ 2 1 ~  , . . . . . .  , ' / ;  ~- ~ - - ~ - ~ - ~ - ~  I \ ' ~  ' ' m ? :  ..... " i , .  . /  ~ " ' ?  ~ 6  y ' f f ,  l / , ~ , ~  J l  ' , 

," ," -. 1 , . • ,,~ ,.. , ,. .,. . ~ i i'- . . . .  -~ xJ ".-~. / ...... .. -, • 'L~" ~m_:_.... t ,' 1 / \, ,, ,. 1 /."+..~'1. "~ '" ' ,, , .# .. 

• .' .... ' , .:' - . . . .  . ..WT",N.-- - . - .- '~' ~ .- . . .~' ~'~o ---,~--z, .'-T--'--"--~" \2\ "" . . . .  .... ~ ~ . . . .  ...... ~ ' ~ :  ~" .... "') .... ;--;:~~-" . . . .  '~ , 'V ' - ~. l " ~ / ~  .... '~ '-~-: / .:" , 1',' ~;. ,., 
. , > ( ( <1 I" , ~ = I i " ~ I L, 

Y , .... .~ , / ." , " ---- ' ; ~ - . [ / .< '-- ' "~t i ' . -:; ' ...... '--~--,,--_---~ - ~  / '" ' r.' '~ " \ + ' ~; : ,' 111 "'~ . ~  i / ~ ? / ! ~ .~ ,' 
+" ~ " k ,  ' ~  .... , ~ • ~ ' , . , \  . "  ' , ' ' ~ I , | • ., , ~ , / . . . ~  , / . . . ~ - - . _ ~ _  ; , : , r ,  / ' > ' Y  ' .  F ': + ~ l  ~ / I , ' , ~ /  , , . .  . ' :  " ~ +  " 
~' , ( r ' . .  L ,  ; ~  . . . .  ' , *  , J ' 6 "  ~ , \ '%  ' . / l " ' ' ~ ; ' ~ " t '  i . . . . . . . .  ~ • ~ / "  ~ ~ " - t  - , ~  " X .  " .  , ' ~ ' / / i ' - h  1 ~ : / . "  ~ ~. 

' ,  } , ~ , , ' "  , ' +~ t  . -  . , " '~. .  ~ .  . ' "  , " " % "  ~ , k " ~ ' / ~  , " <' ' ~ 1 ~ )  " - ~ - ~ f / - " ~ - ~  L / " . L C !  . ~ - ~ . " ~ - * ~ : - °  / ~ ' ~ - - - - - -  ' , "  . • .2 ~ • ' \  , / . - -  ~ • ', " - -  " , ~ - "  • , ' 

. , - ,  > . .  • • , ~ -  , ~ " " ~ • • \ " ~  "~ • ' , "  , ~ _ ~ * ¢ ~ . /  ..... / . -  z ~ -  - • ' " ' " • • ~ t ' .  . , ,  , .  f " - - - - ~ _  . ¢  " r ~  1.  \ / - ' ,  ' ~ l ~ | ~ ' ~  . ~ % ,  ~ A ','J "" -. , ' ' . '  

. . . . . . . . . .  t /  . . . . . . . . .  , . . . . . . . . . . . . . . . . .  x . . . . . . . . . . . . . . .  ~ - - ~ ;  . . . .  - ~ ' ~  * " ~ , .  . . . .  ~, • . '  . . . . . . . . . .  T < + : + : . ~ " * : ~ ; ~ < ; :  . . . .  ~ , .  ' , .  ! . / . . . . . . .  e ~  • - -,  ; ~ .  ~ i  ~ - ~ ~  . . . .  ~. - ~ "  ' ~ .  , ' ~  ' ; -  i . :  t t . "  r~  - .  
• - :, , • ", ~ , '  .. - I p ~  ~ t + ~ ' .  ' , " : . . ~  " ~ . . d  ~ " " ~ t~ I ± • ¥ "~ ' I . /  ~ I ~ . . l  / , ' ~ " ~ . ~ . _ _ .  . ] . / ~ . . . . ,  " I . ~ \  r , ~ -  - / 

- • . . . . .  • . . . .  . x -  . , '  . + ~  t l  ~ • ,. . . . . . . .  ~ : - .  . . . .  , .  . . I . . ,  _ ~ " . .  , + . ~ a ~ , .  . . . . .  . .  , ' , , ' : -  / ~ . , • . t -; : / . ' .  . . . .  J "  ", \ ~ " - z ' . - + _ .  _ _ . . " . ~  L .  - 4  .-" " ~ . . . .  "." ' • " . , . "  ) ,  ~ , .  

• . . . . . . . . .  . \ , ...... . , ' % ~ ' ~  [ ' . ; :  ; , ~  ." ~ , . " . / ' P r " ~ L " ~ . .  - ~ f "  .: . . . .  -.: " . ~  I / ' ~_ z " l . i /  4 . .  
.' . . " ,. . " ~  ',. ....,.,~7...b..,.l ." ' - \ " " ' :  f"tt )'I" ' ~.-= : . / ~ w .- " . . . .  ' / " .~, t. 'J:" \ ;  , /Ix/,,-"~-----~": ~ r -.. , , -  > .., , 

• ~- ...... + : • . \ .  , ~ z ~ . ' : ~ "  " , , 4  . ' " • > - ~  ' X . "  + ~ s  " ,  ~ . ' x "  . : . - . , .  z ~  ! ", 0 , . . . . . .  / . / "  ~. ~ ,  ~-., , . ' I ,  w / - . ' - ' /  1 - " t " - - - - - - . - _ .  . . L . ; "  ' , .... " .. 
. . . .  " X \ - ~ _ . ~  ~ ,  + ~. " . ~ . ~  ~ • , - -  , ' y x " , .  ' ', ~ + l  . " " "~ ' ~ ",.. . '  / ( V . - ~ i / f i , ~ - - . . . - 2 ~ . t  , 

,. ' , . ' " " . t - . . : " ' ,  " ~ " . .  . * * . . . , . . ~ ~ ; ;  " ~ ' ", ' " " "~ , '  ~ , '  " r  ' - "  • \ . : . . ~ , . ' ~  ~ * " ' ~  ) ~ t  9 T " < : /  ' ,  / . " ." " , " 

.°, OT ,- .',:\- J,:'~.ZW~q'' ,# - , ~Td~ , -" ~" ~'" ' I ~ 1 ~  " >'- : ~  _: ~'....;\ n,'_~ I~ . o - . . ~ ~  ) .... 

- ' . '  . " '  . : • ^ . _ T . :  T " " . ~ "  .. _ " " "-~" , :"  : . J  ' . . ,  , . . . . .  - . / ,- " - . - - ~ -  . . . .  , . r  x -  / ~ ' / " V +  ~ 7 ,.' _ " ' - ' ~ .  ~ ~ V "  - r - - ' ~  i '  i ' t ~ * '  ~ , - - " - , ~ - '  
• . "  , . ,  . : . -  _ : , . - - -  . " ,  , I ,  / , - .  . .  - . . . v .  , , / >  , . , - '  . -  " 

.., .-- . ,'.,. %.~''~Z'~'-.,...~.-~.t.,:~-'~ ' , I- ' . L .;,y. ~; *:r..'. \ ., ,t , ... ~--' ; ..... _x~ ", -I. .~- : (/-'-c" ~ V,- ( ,.~ ' ,:'. v ,,. 

+ . - ~  . . . . . . .  + . . . . .  • • " ~  " , ' - ~ . " ~ . 4 '  ~ ~ ~ . . . .  -, , . , . . . , ~ , * ~  ~ -  . . . . . . . . .  ~. t . . . . . .  , ,, . . . . .  , , , ¢ : .  . ~  
+•. 34 .... ,+--. • - ., --•r. .... : ~ "-i,~. ~,'" I ~',<--." Sr ~ . t ........ ~ .: " " &.' • / ~. " " ~"~ ' ~ ' \ )  ~. '( ~'~ t ~ . . . . . . . .  J.+ 36 

, -~ / " ~ , . . . . .  , " ~ ¢  i .  . . -  " ~ , ~ l  ,~ ? • ' .~c~ . . . .  , ' . I ' " " ' / . . . .  " - ~ ° . ~  ~ " . " , '  .... 7 ( ' " '  - " 

• " ." ' ]' ~ . . . . . . .  ~,~.~-::-' ' " " - , .  . . . .  I ! " )\ + ' / " .'Z;~,: ' ,, " - '" < ~ I " / • • L. " .. • " " r > ~' ' ("?+/, , : 
• , ' • ~' , - * , ~ ~ .~.~ . t . ,  ~. " \- ~' . ' , ' , . " , I • , , • , r ,. + • . . . .  ' , I " , ¢ 

~ .  . . . .  ~. " , : . - ~  ' ~ ; " '. " ~ , - ' , - " -  • , • " " - 4  - - , " . "  : ,: ' ' • ~ " ' ~ . '  - . , . . . .  , _ . . . .  , . . -  . . : . . , - - - - , ~ . . , :  .~ , - .  .... \ .  ~ ,  -. . .  ' I ? . . ~  - : . /  ' . , . .  ~. ., ,. 
+ ; : ~ - + -  r " " '. : !  ' ' ; .  ~ . . . .  . ~ ~ - " ¢ ~ ~ , " ~ , . '  " -  "~ ~ , - ~ " ~ . . . . .  

• ' . . :  ,.- ' . 8 " '  • . .  - " . ,  : t : ,  ~ : ~ , .  ' ' • - ' "  " !  ~ m " 4 " ~ l ~ x  ~ ' +  • J ~ "  l l . '  ' ~ J ' ~  ~ -  ~ / " " I ) ~  ( ' ' 
• ~ , " "  - - :  /~ '~  " ; , ~ . ; C  < "  + ,~; : " ' :  . ' ~_ : :  " :  : " * - ; ' ,  " "  . ' ,  .... " . . . .  ~ "/ ~ , ' .., ~ . ,  ; : - 7  ~ ~ g w  ., . , . ,  , ~ / • 

' . .- ' • ; " .' , ' i l r ~ . . ,  : ~ , - - a ,  - . ' . : . ~ / ' , ~ Z :  ~'~ ." : , , ; ~ Y ~ I ~ - ' :  ~ * *  ~ , j  , \ : : - . , , .  + , ,  . /  ' 1 " ' . ,  ., ,. , ,' . - ~ / ' ,  ~ ~ • 

, . } . . . .  , • , - . . . . .  : ~ . , ,  . / .e  , , . , - . ,  , a .~ : .  , ~ . ' ~ ~ J i ' . , .  I -~ .... i , \ ,  . . I . /  • "., I . . . . . . .  . .,.., . . . . .  • , . _  , . . . . .  / . :  . 
~ - , - , - , ~ . _ . a . _ _ . . . ~ , . ~ ; _ + , . _ . , _ , . . _ ~ _ ~ _  . . . . .  ~ . . . . .  " ~  ~ i "  . . . . . .  ~ : - T i , " ~ i t ~ ' ~ : - - - a ~ ' ~ "  ~ , . ' ~ . . . / ~ q ~ . + ~ r ~ " Z .  . . . .  ~. .~ . . . . . . . . .  : . . . . . .  , - , . - ~ 1 ~ .  . . . . . . .  / '  ' , -  . . . . . . . .  . -~ . . . . . . . . . . . . . . . . .  + - - - 4  - - - ~ - "  . . . .  ~ '  . . . . .  v . . . . . . . . . .  ~ - . r , ' _ *  _ j ~ t . _ + " , _  _ . ,  " ~ . ~  . d X - ~ "  . . . . ~  J:tJ,~,~P . . _ . I , , ' ,  ~_j!.~..  / ~ . . . . . . .  ~ . , 2 J , .  

• ~: " , , ...j.., .. . . . ~  ...... .~:;~..!;:.:...WL.~, ;f" ,. • ' " .1 *., : " .~ .. ' " I / , ~."'" . _ , . _, " •., ..1" . .... . 

. . . .  . .  ' " • • - ,  ,, . . L : , ~  . : ; ~ , - :  • . . . .  < .  1 .  ~ ,  . \ ~  ~ , : ,  • ' , . . . . .  I . /  ' t ' > t -  . ; - , - - ~  ' , ' . ~ ,~,  , .  ,,, , - ¢ 
% ". ' " " ' L - ,~  ' " " ' " . . " >  " " , " ¢ ' ~ , * ,  " 4 -  " ' " • 

" , ' - . . ~  ~ . ~ " . . . , . ,  ,: , - ,"  . . . : . , . 4 , . ' . , ' , r  ' ' . " : . . . l '  . ~,,. . . ' f  : .  * , ! ,  - ' • ' ; . . . .  , • ~,~ -~ l .  ' ' 
• ' - ' , "  - . : "  : • " - '  ~ , + , _ i :  ~ : / , . . . : ~, " . ;  . ~ ~ ( ,. / 

' . - "  '. . , , . .  _ - "  . .  ." -- ' : ..... ,, :, " " p ,  • ' '> / - ~ ;  h _  ; . • D , ' ' ,~,'.. ' ' , , ' ~  - , " ' .. .... ,. . '  - ' ) ~ , . . . ; ! ~  • . . ,  : , , .-.. - . .  , . . . .  . , , . / •  ~ - . . , .  , o - ~ ¢  ~ , \ • ~ ,  , ~ + ~ . / . 

" " ~ ' ' / " - " " .  . . . .  ~ / . . . . .  ( • - " IX " , " -  . ' "  * , '  , t ' I : ' ~ J ~ -  " r ~ .  . . . .  . X ~ f  - .  . . . .  ~ , ) / 

" " " / "  ......... / '  ' i,:-:.. ::- f', . . . . .  " " ' 

- . " • . \ -  . . . . . . .  ~ . . . .  . ' : t . x ~ " ~ " " ' t " ~ - * "  " " / . . . .  , . • . . . . . . . . . . . .  / /  . . / . . . . . . . . . . .  + / 

• . . . .  . .  , : - .  ~ . . .  . , .  , • .... .. _ T ~ .  . , /  " ~ ' "  " : ; : ~ :  ' - " "  v' ' - "~ ' -  ~ + "~ . . . . .  ' / ' - -  ;<"  " ' 

,~ - + :  ,:. _ ~ ! . ; .  . " ~ . . : , :  " . ; ' . . ~  , ' /  . '. , .  , - \ ' , 7. . / . ~ =  . I , , " r ~ j ~ . - . . ,  , ' ~  ' : ~  , ' : - ' t ,  "5 , , P  • " : , f f  , ' - ' .  . /  ~ ' ~  / '  
• ~ '+  :~ "~  - . "  ~ " . . ~ ' .  . • , , - • " . , "  , ' " ' . ,  " " ', - ?  • " ' ,  " ' , , .  : : ', - . _ . . ~ .~ -  ': " , . +  " ~ , "  ,' - "~  L ~ , "~ ,  - , " 

. " ~  .... ',~ . .,. . ' ~. - ....: " , .... . ~ < * ~ /I""" ' ~ '.-.-.-.~A~ • ' , -, ,~+., ~ .~ . ". ' • ' ~- • " '-, ' 

_ ~ ~ . . . . .  . 3 :..:~. . . ~  / <  ' - Y . L .  . : - .  : "  . . . .  " , \ ; . . - "  . " ~  T ~ - \ : - ' . ' : . " , _  ~:_~ : .  ...... , .. ~ ; ~  ~ t ~  " : * ~ - " , , . . .  • , ..-.- ,~ ' . :  " ' • . . . , '  - .  
- - " ~ ' ~  x ~ + ,  ~ , .. ' , "  ~ "  " .  ~ . /  . • " ~ -  . . "  " ~: \ "  f ~ } t -  " \ . @ , . ~ _ x  , ~ , . , x ~ * " r ; ,  / , ~  . ; . . '  , I - . x - " -  ~ '  .- . , . ,~,,  . ; ~ , .  "~ " ,.. " .., , , t ~ / -  ' S  

. ~, - " . . . .  ', . . . .  . . . .  ~ .  / " - , ~ , - . . / r  ~ s  + . . ~ _ ~ -  ~ \ ' ~ J .  . " . . . . . .  T : -  " ; . £  - - - x  • ~ . / , . " "  f v , ,  

• "., " , . '  " ', / '  ," . * ' ' " "" ' /  " T J g /  ; . * "  , ' - - - ~ : ' , ' : X 4 ~ . "  i " " ,  I/ " -: " " - .  ' Y " > , ' .  ' . .  ~; . ' : !  ! ( 
" ' . . . . . . .  ' " 1 : ~ . .  " " " ~ '  - / " - ' /  ' ' " \ " "  " " L "  " " " : :  . . . .  ' , " ' ' " 

• . ~  . . . . .  ~ i £ ' . 
;', ~,: " ~, -~+ . .... ~, ~ / ~ .' . , \ \ - .. ., ,..... ... : • , t ,- 

, . . . .  , - "  \ ~ ' . ' " - - . ; K } ' - ~  : , , • , • x . . - . . ,  . . . .  . , -  . . . . . . . . .  . .  . : 
' " .  , • ~ - .  '. . . . -  / : ~ - 7 . . . _ ~ .  . .  ', - ~  ¢~ . . . . . .  . ( ~ , . d  

...~ /": . " .... • ? ~  " . . . . .  "~ X .... . .... ~.. ' " ' .. ' ~" ..... . i: --- • .' y f, ~ : ". • ', ,,. 
I I ? ~ . . . . . . . . . . . . . . . . . .  I I " I 1 • ~ '  . . . .  : . . . . . . . . .  " . . . .  ' " " ' ' . . . .  ~ '  ' " J " T d  ' , . Z t  

/ . , :: . . . .  . ...... . . . . .  . ,. . 
• _ _ _  + .... , . . . . . . . . .  , 

• ' . - ,  . . . .  I • " ~ ' -  7 '  - - " "  ' i . . . . .  , z 0  . . . .  . _ ..~ :,~ ~ . ~  . . . .  . -, 
• • '. . . . .  ~ • ' -. ~ , - ~ ~ . .  < I t ~  , . I . "  

! . , -  , . .  ~ ~ ' , , . + - . . .  / : / , ,  - . , ~  ~ ,  . .  , .,,.. ~ ' . ) , 

x ' ' t . . . .  ~ . r " "V • " ' ,  < • ' " , : : i ,  " ~ - "  , " . ; -  ; ' t 

,' " ' t .  ~ ' ~ ~ .  ' "  , ~ - ~ ' ~ ' ~  . . . .  , . - .  - ' . ' ~  . - ' + /  / 

. -, ~ , . . . } ~ .~ • ~ . ..,~ , .,~ • . , , . . < . '  . ..... ., 

• ~ " . +  1 . , .  , , " "  . . . . . .  ~ "  ' , ' ' - .  ~ ~ -  ' , ' ,~ j ~ / -  ' ' 

" } " " " ' ' ~ " ' 3  " " ' ' : -  ~ \ ' :  ' " ' ~ "  ' ( '  " -  " ' "  . . . .  t t  " / " ; '  ~ " " '  " '  

f . . . .  " , ~- . ~ "  . ' , .  T d - -  : ..- t . , . - ; ~ . : "  ~ . . . . .  . "  " .~ . j " ~ , ;  : . . . . _  

' . _ , .'- , ~ . , , , :  - , . . . .  , : .  . . "  , • . . .  , , .  . . . .  ~ ; , .~,  . , , q  ? : -  /.:.-,-~ : • . . 

. . . .  \ " , . . , "  " ' , , ' . . _  " '  . " ~  : . .  ~, . ! , , d .  - " ", . - - / ' :  ~.'~ L '  

. " ~ ' ' , ~ . ~ ~ , F ~ t .  I " : ' ,  " / ' .  . . . .  ~ , , : . ,  , ~ . / -  ; ' ,  , , ~  . ~ . ,  , _ .  

_ , ", ' • . , ". ; '- .. • ....... . ." f.'t'" ' • ' ........ ~' ,"/ \ ./'. ,'.~., ( '- /. ~ . C ', ,.:~,:~" ," , ~ .,' 

+" , , ~  ~ , " . -' " . . ' / " r " " _ .  - ~  • ' . , - - . ~  • ~ • • " ' ' ' ; "  
,. \ . .- t .t , . ..... . . .  . . . . . .  , . . . .  . , . . . .  - <  ., ., • ,; - . .  , ~  • .~  • 

• , . . . .  • " " ' , _ . "  ," : ' ~ . . + , + + . . '  _ " .. " " T, • (~ .' , / '  ' / . [ , ' 

\ • ~ , " " -' " " , .... -:.'" ~ J  ." ~ , '  : r ~.' • ' : '- }\. ". /' 3 ': ..... ' ' "( 'h ' ". " 
\ ~ . . . . .  , ~ , , ~ . . . . .  • . ~, • .~4~ ~4.~ ' ,-~ . . . . .  

.. .. \ , : . . . .  ,..-.~ I !, '" v'. / .'.+z ...... -- ,. -" , ,- .... - .~, , ..... , ,~.~ .. Td :" x t /~ : ~ ',-' , , . '; ..... r/ ' .... , ' " 

\ ,'+ .I, " , ., ! ,t [ J " / "  "'~- , ,. , _ \  , . ; .... e ~ ," '" ; -~:"'\ ~" ' : .... t "~ -: ' -: 

• -\ : . . . .  ' ~ ' . i :. L=.b~-" ." . ',: .....-1 .... ~ ' ; .... " " . . " / //. .' .: ."., . i " g'.' :" . -+~, . 
• t .- ~V / ' / / " \ .1~ '-. ~ v  , - ~i ' ~" ........ , / .-,-~' + " +~ '~ , , ,  J , , 'x 

" , . /  - ~ " " ~ ' +  ~ J ' / .  ' ....... + ,  / : -. ~ / ~ 4  : " /  " , ' ~ " } , 4 + "  ~ ~ - - ,  , r . - ' - '  ~ " ~ "7  " , , ,  ~ .  - . : - . - r ' . . .  - ~ , , , 

• . t . . . . .  x. • ,,~+ / ~¢ . , ,, . . . .  ., . , /.~,~ .... ~ \ / • ; ~ . ~,-....,..;..~. ; . . . . . . . . . .  ~. . - < , f. , 

. .x . . . .  , . . . . . . .  , ' ,, . • I J  " " r ' ~ ~ '  :- \ ....... ~' " - • ' . . . . . . . . . . . . . . .  . . .  ., , / ~ ~ . _ ,  , , . .  ,. . ~ "~ , ,, , . . . . .  , . . . . . .  . ~ . . ~ ,  ....... ,o,, . . . .  .. _..~,., ,. 
" ' - ' . '  • * ~ - ' ,  • C " ~ . : . • + . + '  ~ , ' ~  ~ "  / ~ -  ~ ~ " ,  " . -  ' " , , ,  + x ~  - ' ¢ " ~"  > ' .  " ~ - - ~ . ~ 2 ' ~ j ~  _ /  • ! ' . ? ~  ' ' /  ' .  ~ • . " -  

' -:" .~ . . . .  " / % . . . .  . .~ . ,  , ~_ ,~ . - -  . / { ~ : . ,  . .  . ~ ,,, / ,  , , , , . . w .  . . . . . . .  ~ , . . . ~ - ' - ,  _ - ~ . ~ . ~ ; . ~  ' : ' . .  ' " - ~ L :  :-~. 
+ / . ., ~ " . • " . . "  . .  # ~ . ~ / ,  , " ~ , + .. r ,  . ~  . .  i - .  ~ "  • t,._. . i " " ' " ' - -  ~ - . . . ' ~  ' ' 4 ~  , ' ~ - ' - ~ - . - . . . ' ~  - : " %  .. . ~ + . ;  . . . .  ' . .  ~ i 
~ " :  .-, . "  ~ 7 . . ,  ; ,  • , . . . .  ~ .  - - " . . . . . ~ - -  ; ~ - ' , ' ~ ,  ' ~ ~ ~ - t  ~ - .  . .  ,, , / • . . ~ ? ~ "  . . ¢ "  ~ - ; . ~ *q :  . / ) ~ + :  " :  " ' .  ~ . . . .  ~. 

. . . . .  " f " v  / ' :' . . . .  / -  " " / ~ '  " . . . .  " '  / I ~  ' x " /  . . . .  ~ V  "~ ...... " ' J ~  " / ) ,  , . .  : - '  .., t. 
~ ,  ' " . .  " "  • ~" / " - ~ _ . .  " /  L . ~  ~ 2- ' /a : \ " f - -  <" ' " ~ i .  P - . - ~ .  " ~ ' ~ . - -  ' . . J r  >(  ~ , , " ' , " . - .  

. , = , -  . . . .  ~ = I J = . , ' . . . . . .  = 1 : ' " ' ~ :  ~ / / ~ " ? =  =.= = . ,~=:= r ' ~ =  . "  . ; ,' / = ', r . .  ~ ~ "  ~ ' -  , =~ =, =, " '  , ~ '  ~ = , , : . ,  
• - -  ~'~ # " , , .  ~ - - - - -  ~ - -  • t ' - "  ~ ~ "  ' - ~ \  " - ~ . . . . .  ' . . . . .  ~ L - , ~  ~ ~ " 

% _ t ,  ; .: . : 4  A ' . '  " . . J  ~ / , "  t z '  ._, < ::  ' ', . ' . ~  ~,. .  "L /"  ~ - . . . .  '--.. " . . . . . . . . .  ~ ,  '.,;, " ~.  " ' ' ~+"~, ". ( ,  
- \. ,."'t -' . . . . . .  .-.'~'\~+ , f - , .  . - ,  ' .: : ' " " .- .... Y.. " - " -  "-",--, ' -+ ~.: " -! + ..:~,. . ' ~.:{ 

\ \Tdbl " " " f " - - ' - 4 ~ -  / " " ~ ' ~  ; ' " : ' o y t  - - , '  . . . . . . .  . - - ~  '~ l; ' .~ ' . 1  ~ ' ~ . . l t ' ~  ..... C ' . • t 
• - , .- f - ~  . . . .  ~ • . +~pr,,~" + .  / . '  . >  .' , ~ , % , . ~  ~ ~ ' ..7 -' ' ,  \ . w ~ t .  '.}. ' - : -  , t  .* 

I , , "  ~ . . . .  ~ ' . ~ / "  ~ / T d / "  ' ~ ' , '  ' "= iT ; *  ' > ~ . - . ~ ' :  , " ;  : " t : '  ~ " > + ~ ' ,  . - . a  , , , ':> ~ .  

, .  . . . .  - .  i , : - , . ,  h , ~ .  - :  . . . .  . , , ' ~ - - -+~"  - -  - . - - ; . <  . . . . . . .  . , , + . . ~ /  : . . . . . . . . . . . . . . . . . .  ' . . .  ~ " . . . .  - . . . . . . . . .  r ~ -  . . . . . . .  - P , - m %  - ~  - .  4 , - " , -  ; , ~ , . - , , - : ~ ; - , . - , - - - ~ : . : . , . , ' . ~  . .  . . ~  . . . . .  + - : . ~ . ~ - ~  

i . . .  

e " > + '  x. 

. -  . .  

..... : , : ~ .... . .... " ~ > l  
• r ~ . , , .  

" , : ! ( ~ : ~ ' ~ . ' ~ + ~ . ; "  ~ ~  " G e o l o g y  b y  O , W ,  P e t e r l o n ,  1 9 5 e - 6 0 .  ! :  ~ " .  

• , .  , ,  

% 

i " 

; ? . :  
,, e ~ ,  

, + .~,+. /~.  < 

e 

~ ' ~ ,  ..,~ 

• ~,- !!' 

? 
% 

L 

P l a t e  4 . - - P a r t i a l  g e o l o g i c  m o p  o f  t h e  

1 4  ° 

S u l ~ l r i o r  q u a d ( o n g i e ,  A r i z o n a ,  P r e - ' v o l c o m c  and 

S C A L E  1 . 2 4 , 0 0 0  

0 I M I L E  

~ ' - ' - - ~ . _ _ 7 :  ~.'---:~-~L-":.' ~ : '  ~ - - - - - - - , J L  =-- .,- ~,-~.~ - + _ _ . . _ ~  " - - - - : - - - - : : : ~ .  - . : . . ~ , - ~  

i O 0 0  0 I O 0 0  6 0 0 0  5 0 0 0  7 0 0 0  F E E T  

I . 5  0 I K I L O M E T E R  

C o n t o u r  i n t e f v o l  4 0  f e e t  

D a t u m  ; s  m e a n  s e a  l e v e e  

p o s t - v o l c a n i c  r o c k s  g e n e r a l i z e d ;  d a c t t i c  a s h  f l o w s  p o r t l y  d i v i d e d  i n t o  z o n e s .  

¢ ,  

/ 

. . : ' , : ~ . ,  . '  , ; . >  . . . . .  ~ , + '  ; , ,  , , . , .  _ . . . .  ~ . . , .  

' 4 P d  , ~  . . . . . .  , . . ,  ~ - - " +  ~ : " .,t.. . , , . , .  , ;  ,. : 

" v  

T d  

T d a  

T d w  

T d g  

T ~ b  

O a c i t i c  a s h  f l o w s  

T d b -  b a s a l  t u f f ,  v;trophyre a n d  

b r o w n  z o n e ;  T d g -  Q r g y  z o n e ;  T d w -  

w h i t e  z o n e ;  T d o - a i r - f o i l  t u f f ;  

T d -  u n d i v i d e d  

Tev 

E a r l i e r  v o l c a n i c  r o c k s  

M o i t l y  r h y o l i t e  a n d  o b l l d i a n  

f l o w s ,  t u f t s ,  a n d  t u f f  b r e c c l o l  

, P r e - v o l c o n i c  r o c k s  

M o t o m o r p h i c ,  s e d i m e o t o r y ,  

a n d  i g n e o u s  r o c k s  

i 
~ + . 

< 

W 
I , -  

: : , ,  

"+i 
x a c  

L d  

o -  

C o n t a c t  

D o l h e d  w h e r e  o p p r o x l m g t e l y  

l o c a t e d  

F a u l t ,  s h o w i n q  d i l l )  

D o | l i n d  w h ~ e  e i ~ o x i m a t e l y  

l o c a t e d  

* . ' - 2  

' t . .  

.,, '>., 
N u m b e r  o f  f e e t  o f  v e r t i c a l  

s e p a r a t i o n  o n  f a u l t .  , S y m b o l  

o n  d o w n t h r o w n  s i d e  

S t r i k e  a n d  d i p  o f  p t o n o r  

s t r u c t u r e  i n  v o l c a n i c  

r o c k s  

e 

H o r i z o n t a l  p l a n a r  s t r u c t u r e  

A v e r a g e  f l a t t e n i n g  r a t i o  o f  

p u m i c e  f r a g m e n t s  o n  o p p o s i t e  

s i d e s  o f  f a u l t  

k' 

t 

& 

m 

.t 

; • / :  . 

L ~  

L ,  ~ .7~ ~ 

• f j " 

V 

, : >  

.+ b .  

L. 

- :x  ~ " 

,E 

~,- ,'i:~ i~:: ~,  



| 

~, - c_-*~ fP49:~%~ f :: .... . ......... . . . . .  " " " (.. C.i 

. ~ 4  

. . . . . . . . . . .  - ~ - 7 ~ - - - ~ 7 ~  - ~ -  . . . . .  - - : . "  . . . .  ~ "  7 ) -  . . . . . . . . .  ? . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ p .  a--" 

:,'9 " 7 ,f ~ " " < ,  " ~"- - ~:r~,...~ ,, 

' .  7. . ¢ J - , I ~ 

.... " ~ Z ~ ' . u _ ~ - _ ~ &  ] [ _ ~ ¢ ) ~ _ ~ A i ~ _  ~ .  <~-'4 .C~'.~_~_ d/~$Z__x_. .~_ __. 4 . . . ~ . , . _ ~ Z L . ~ . . ,  _~ . .  ~ _ ~ ~  . . . . . . . . . . . . . . . . . . . . .  
• .) . "  U _ A  / I .  ~ ~ "  ..-~/z "q 

. . . . . . . . . .  . . . .  -_,~=,~ _~_~,. ~.-_~< __ s ~ , _ .  = d . . < % ~ , ~  ................ ._.. ..................... 

.......................... ~--~<..~~-y.-~:~u---d /.--~-d~-4:.z~:~x~<.~-~ .~z~..<~-Q~:.~;~..-~::~e~ ................ 
) 

" ~ - -  . I ~ -  ,,, . l - ~ , . _  . . . .  ~ ' ~  . . . . . . . . . .  . ,7 : : ; , -7 . / :  4 . . . . . . . . . . . . .  @ ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - ~ -  , ' ~  . . . . .  

/. :?/ ~I . / / i  • 

. . . . . . . . . . . . . . . . . . . . .  7 + . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - z i  . . . . . .  "~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ _  , . 9  ,~ . , . # / ~  / 9  . . . .  " ~ /  .,..6~.¢_<~" "" 7 "~ - - I : J~ '__  ~ ' " .~_ .~ : "  
. . . . .  ~ ~  . . . .  ; - , '  ~ F  ~ < "  " "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

; . . . . . .  . ~ -  - ~ - 7 - - , ~ - - ~ - -  ~ . -> .k , -o~  - z -  . . . . .  ~ : - ~ - - ~ . , 7 - ~ - - :  . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 - -  . . . . . . .  : 
......... _#_-_ . .Y_"~ ~ ~ s _  X~E, __:. {"~,: ...... ~ ~ - - - . ~  , - - ~  ',d ".:-- ~ - - .  ~ ~=~- .  .-<~ < ~ ~_c .~ ' <~__ 

~$< ~ "< " ..W . . . .  .s >, n" I _.'s - - I ~  ,~ - 

+ .4/:. - -~ w - - " -  . . . . . . . . . . . . . . . . . . . . .  k /  . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J - - ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . - : - ~ -  . . . . . . . . .  .-:: . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . .  : _ .  

................ , . . . . . . .  , . ~ _  ~ = ~ _ _ . _ ~ _ ' . . ~ , ~ ' . ~ . ~ . ~ . - . d _ . : _ < . ~ _ ~ . ' , , _ _ ~ _ . . _ ~ _ _ ~ ~ x , , , . . . . .  ~ , ~ . . . . ,  ................... ~. 

-~ ~.+--./- h.c.2~ ',,-4.zQ4~..~ ...... " .... <%?-' ~ -,~.--~" ,t,~--" ....... c~-~ -~ -,--~xd-.L.-',..x.~ .~ ~---+" .~?~:'-.-~4-,.-/~---~.L~/- ~ 
. . . . . . .  (~!.-_-'_-~_ . . . . .  ~ _ ~  . . . . . . . . . .  ~ - ' ~ J _ . - 2 . - - ~ - ~ ; ~  . . . . . . . .  -~ . . . . . . .  ~ . . . . . . . . . .  -~-~ . . . . . . . . . . . . . . . . . . . . . . .  : ~  . . . . .  ~ ' 7  . . . . .  ~ . . . . . . .  -~ . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ d  ........... 7 ; . . . . . . . . . . . . . . .  ; . . . . . .  . ; - . 7 7 - - - - - =  . . . . . .  % , c - : - - ~ - - ] 7 ~ -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 7  . . . . . . . . . . . . . . . . . . . . .  7~D~, -~ ........ 
: , "~' " ~'..; # -" '~ "I- ~, '--:.Z~< . " ~ ~ ., //-" :; ...... 

-~i- ~- ---+ .,# " '~ ' - '? , R  ->Y . . . .  } -  • ,--2. '~ / . _  ~ : ' - -  ~ , G . " - .  # 

:"2 . . . . . . .  , " . . 4 ,  ~ / :; - ;  . ..,. . -  
._ _ _ _ _ _ _ . _ _ .  ....... ,.....,., ................................ .> .......................................... < ..................... ........ , ............................. ,,. ........................ 

____.. _ . _ .  _ _ _  

' , 4 ' "  i ;, " 7 "  .~ "t.- ~ r d ~ - ' <  , - ' ~  " ¢ ' t  < Z ' ~ '  " ' ' ~ ' ~  " ..:.w , .  " " . - -  " 
- -  . . . . . . .  2#  x . . . . . . . . . . . . . . . . . .  ~ ¢ -9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,  ,i ................................. ,,~ ..................................... >,. . . . . . . . . . . .  ~, ...................... ~, ........................................ ~ ¢  .¢ ,~,.., . . . .  ; ; t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . _ ., . ×.~, - '7  

........... ~_, ,~ ...... ~,_~/.__~ ~ ~ ' ~ _ _ , ~ . o _ - . % ~ 4 ~ ; . _ _ ~ _ ,  _~ j , :~ . . .__  ...... . ~ < ; ~ . ; ~ , > _ . _ ~ ~  • . . ......_.~; . . . . . .  

I . . , ~ _ , ~ .  . . , ~__ ~ . ~  -,- 
................................ ~..~#~.,..(-:"~i~,~,.,_~ . . . . . . . . . . . . .  c ~ _ , ~ & ~ , ~ . . . .  _n. . , . .~:~c~. . . . . . , -_~.  _ + . . . ~ , ~ . _ _ ~ , d , ~ -  ~ : . . _ ~ ; ~ P  ....................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Z 2 ~ . . _  

....... _.~..~.,0 

i 
I 

1 ! 

7 0,. . c ~,, ..-, '4 R ~ / , --" ~ , 

/ -#,,'--, i ) t  --~ . # / ?  . / - Y  . . . .  ~-- / l  ..1 " , . _ n  . o  # 

~';,/ cs-.-'w-~.o . - .> '~  ~ . ¢ 0 - _ -  .Z~.,,t¢.~. M /U.4c::.',.,~,p ~4.-.c<,sk-.-:~,,-~<,,,cz._.,...?-. 6 , J  <.':.' o . Q , . . < ~ ) ,  . / & ~ . . ~ -  

• I . • I-' ~ .  "'" .4 - ~" " " "~~ .... ~£ .................. ..~. -<~-..~._ "&,~ ..-.~.~14 ~7~.~ . ..../; ~¢- ...~<~-O-.;3L<<.~.~,. .... 4. 7. ~d~-.-4~,<:,~ J.~ ...................................... ........ 

i 



.4..:4 

/ . , . , cJ ) . x~ " 

• ,', _ , , i t "  . , ' )  , .~_~_~ ~__.~__~!_z~-,,~ ._-@..~.;,~.-_4A_,~@_~ _/~.S- , ,_~ ~ _  ~ @ ~  41,_. 

. . . . . .  . c ~  . / /  < - - ,  " . q .  , "  _ ~.-~~h-=~-~̀ .~̀ ~-..d~-.K2'7-~-~../~.~4'.-<~-~--~.~-~-~.x~.--..̀ ~~ . . . . . . . .  

I f "q " # " " ¢  

~_ J- ,_~ y _~.s.,,., w _ 4  ; ~ . _  .U,_...~. , . ~ . A . . < . ~ _ _ _ ~ Y _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

" ',: " " ~ ,-~ - '~ "9. . . . .  ~ " " ¢ " 

n• . ~ - 9, ~ -'h;( 7 ..... :'~' ~ " " _ i_~ ~4 _~¢~_~'_,, _-._.~ ~ ~,_~,,_ ~~-~,_._._~~n ...................... 

" " - - F h "  :-" ~ .... ~ , ~ , _ _ _ . ~ s ~ _ ~ _ ~  . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  "J ~ l "  

:____8/__,K . . . .  

_~__._~__~_ 

. . . . . .  ~ .__Z .... 

i / .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.~_...s.. ._~.___ . , ~ , ~ , _ ~ . . / ~ , _  . ~..~._.~ ........ ~ ~ :  ~+. .~_z u z )_. ...................................... 
...~ " . -  " -+ < "  " . - f . .  , - ~ : 3  ~ ,,r, . 'e  . / - 9 " J , ~  • "~ ......... ~,.__~_._.. . ~_~~ ._~ , , . _d~__ , . . _o ; . . _d~ , . : _ l .  j . _ . . , ~ , ~ . . . _ . ~ _ ~ _ ; ~ Z ~ ~ . , . ~ ,  ...... 

__ .~.d~. ; . : _ ~ ~  .... f. ..~_4, ".<. ..~ 4'<,~ h__~.,,. ._._ 4~4,.... _ ~ , 3 ~ ~ :  _ ~ 4 ~  .<<_.~.  ....~ < _ ~ ~ , .  ~ ....... 

YTi  il; 

........ 7 ........ : ..... 5 .......... : ..................... 7 ............ ; ..... _;--7 .................................................... -. ~ ................ :--.; .......... ~7 ............. 

..<.s f Z . 4 ~ / . . - < . . . ~  ... ~ i~+~.<.  ~ , ~ , <  . .  ..................................................................................... ; .................................. 



o ~  

. . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . .  

z -  ~ , S  " ,".' .<_ J P 1-- 
. . . . . .  ~ 4 - - - - . ~ - - - t  . . . . . . . . . . . . . . . . . . . . . .  m . . . . . . . . . . . . . . . . . . . . . . .  - ~ -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . .  " 7  . . . . . . . .  ~ . . . . . . . . .  , - i  . . . . . . .  ~ 

. . . . . . . . . . . . . . . . . . . .  t + ' Z ~ ~ _ < _ , _ X ~ - .  ~ ~ o , _  __ ,..-_,E___.~__~.__": .............................................. - _  

- - - - : - ' -  ........ ~ , - : - -  . . . . . .  7 U 7 - - - -  ....................... 7;[;777,;<-_[.7-7~Zf_- ~ - ~ - s ' . ~  + 

L____ . . . . .  1 . . . . . .  1 ~ ~ _ _ % _ 4  ~ ~ ~ _ . ~ _ z ~  . . . . . . . . . . . . . . . . . . . . . . . .  " .~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- -  - ~  . . . . .  I - - - ~ -  . . . . . . . . . . . . . . . . . . . . . .  ~ - - - - , - - - -  . . . . . . . . . . . . . . . . .  ;~--: . . . . . . . . . . . . . . . . . . . .  

- - - -  . . . . . .  . - -  ~ . . . . . . . . .  z ~ . -  . . . . . . .  ~ . . . . . . . . . .  ~ "  . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ - ~  . . . . . . . . . . . . . . .  - " - - ~ - T ~ - 7 . i - - - 7  . . . .  

- - ~ - " .~ .~' 7 - ' ]  / - ~ " y  " - "  " ' - ,  t~ 
_ . 1  . . . . . .  J ~ . , . , . , _ _ _ ~ . _ _ - _ ~ . < ~ > , _ + ~ u ~ ! . _ ~ ~ . ~ 4 ~ _ :  .......... b ~ ~ _ _ ~ _ ~ . ~ , . ~ , < = ~ , ~ _ ~  ........... 

1 , ~ - ~  ~ _ _ ; ,  . . , ~ _  . . ,  < - .  ~ . . ,  , .  . 

__ -~ ~.--" "- , . 4 '  <'~ . ~ • .." .~ . . , - I  / ' 7  ~ 

I / /  .,v--~- ,~_ f -  c.,' , , f  d .  / ' ~  / • 1~" ~ ~"  i /  I 

~.,./___~_~+,__ ~..-_~___<~4_, . - s - - ~ , - J z 4  .................................................... ~ < ~ ~  ................ 

• . 2  " ,  . . . . , .  . , f )  , -  " 

.................................. ~ < ~ ~ - _  .................. . , 4 7 . , ~ _ ~ ~ .  _ . i . . ~ - ~ _ ~ - . - ; ; - ~  ~ . , _ ; 2 ~ : . < _ _ . _ ~ _ ~ _ _ ~ 4 ~ . . - _ . ~ < . _ , ~  . . . . . . . . . . . . .  

........ 7Z;;  l S S  ...... [ , ; ; ; I 7 ' ; ; , D  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  d - ; .  ----. . . . . . . . . . . . . . . . . . . . . . . .  - ~ - , . ]  " , - " < "  B " ~ _  . 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . i  6 4 "  , ~ ~ .-s . , - - - , - - "  . ' ~ ,  

............................................ ........................ ~ 7 ~ d ~ 7 _ ~ ~ ~ ! ~ ,  ~ ~ i ~ ~  .... -_ : . . .  . . . . . . . . . . . . . . . . . . . .  ~x.~' ..... -...~ -. ~.~,.._. .- ...: ................ 7~.. :"-': 7, ....... -',.:!*.-:" ::. .... ; 

• ~ "<I., 



____i~-~ ,_~.~_ .... 

_ , J o . _ l ~ ' _  

. . . .  l~__od~, _7__ 

___L~Z,,3_ 

JO .Z____,_D-_.! ~ ,_<L= 

r .  

-) / o _ ~ . 3  ........ ............ _~_:J__ 

_ . _ _ ~ - -  
_.__z_.~W_,_6L 

......... ~d:.~_ 

i 

!__..,_..xo_~2,_o.. _g,.o_. 
i i 
i . . . . . . . . . . . . . . . . . . . .  ! . . . . . . . . . . . . . . . . . . .  

L ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

' / / 0 , o _ ~ ; o . .  

I 
i . . . . . . . . . . . . . . . . . . . . . . . . .  
I' 

i 

4--:I 

d • .7' / ,  . " " ~ , ~ , - . .  , '  . ~ ~ . / +  . ~ . _ __/._ <>_._ __/D~~J_._..<d-.__...Jm o +_Q<... . . ,L_~-~ .__ _,,z::-.. _ ~ _ . ~ ~ ~  • ' " . . . .  , - . , . ,  - - - = _ 2  

" i 
__~_',_m_..U>~-..~_-.~__-~ ~.+_-.P__._~+ .... < ' ~ ~  

- -  S .......... d ~ u ~ . ~ . 4 . ~  

i 

..... 7. ................... r : ....................................... 2"T. ............................................ ~ ........ ~ ............... ~ ................. 

~I- ~-~/ ......................... .-~ ............... .. ......... ~ ................................................................ 

........ ~_.~=~7__~.~ ..... +.._~~__: ................................................................................. _ ................. 

................. s ~-_ .... c~_<~~_G.~.<~>_~:6~:)_@.~IL_~~_ ~ _ ~ _ - : - - - ~  ........... - ..... ~ .......... --~ .......... :5 ................. -:T-".:.._~_ .~__. .................. _~..,.~_~.~)) ........................ m?__~_~_~_,.~_-~;,,_:~ 

......... ~ ~_ ~ ~" 

_.___ ~__~_~:~._z~J~~_~.~.z ~ _ _ ~ ~  ........................................ : ....... 

__ _ ,9.,,. _~ ~., ,... -- -~-: ............... ~ ..... ; ..... .-]-.~ ...................... 

. . . .  -~ .......... ~---: ................................................ 7 - ?  ......... : ................. -7- -T~--- 

_ _ / . . ~ ~ :  Ss__~_~:~_~_._~:/~_ ~~y~>_:m:_ .......................................................... 

. ~ ..... : . . . .  ]--~ ..... :~:-:- ......................... ~- .......... : ........... L ............... : ................ ~ ..... - ~,~~__~,_~_z~ >~~_~<~_<_~__.~.~:~_~._~,~L ..... 
......... ~ ............................................................................................................................................ 

............ ~,~ ~. . ...................................... ~__. ~ ?/~_ __~l~.. . ~ . ~,~ .................................................................. 

• / 

i f  . " /  ,, ,')' " " "  9 I - / " , • / j  

, ~ " , / - . = ~  . . . .  

' .  + ; "i . . . . . . .  : . . . . . . . . . .  , j ' - ] ;  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ' <  . . . . . . . . . . . . . . . . . . . . . .  L . .  " . . . . . . . . .  

, 1 " ~  

. ; ' t  



0 

.......... I / ~ - - ~ : - ~ -  : < ~ - - - < - , ~ ' : : ~ , - ~  ~ - ~ - ~ ~ " ,  

.................... ~ / _ ~ . _ . : _ _ . ~ : , _ - < _ : . . . . : _ _ _ . . ~ : . : _ . ~ < ~ _ _ z ~ - ~  . . . .  ~ - - , - . . . - : ~  ....... ~ - . / - . :  .......................... ~ . . . . . . . . . . .  

_ - - - ; - _ 7 _ ~ - L L  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  ~ : ~ ~ . / . _ . ' _ . ~ , . _ _ _ _ < : ~ _ .  ~ . : ~ _ . ~ . : _ .  : ~ ~ ; ~  ............................................... 

. . . . . . . . . . . . . . .  t ........... ~ < _ ~ ~ _ . . _ , ~ : _ ~ ~ _ : . . _ : _ , . ~ _ _ . ~ ~ ~ . - < . _ . . :  . . . . . . . . . . . . . . . . .  .: .................................... 

. . . . .  : ×  . . . . . . . .  7 - :  . . . . . . . .  ~ . . . . . .  : . . . . . .  : - ' g - - ' -  . . . . . . . . . . . . . . . . .  ? 7 -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :- . . . . . . .  ~z_/,_~_ .~_ ' -_ /_ .  _ . . ~ _ ~ _ , . ~ _ ~ ~ _ _ ~ ~ , _ _ ~ ~ ~ ~  . . . . . . . . . . .  _: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ . . . . . . . . . . . . . . . . . . . . .  t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ;  . . . . . . . . . . . . . . . .  :~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . ~  • - .  --. : -  i - - ' - ; . ,  , -4 .~ ~ • . -  ~ ,?  -_. . ._a_ .  " ~ . ,  ~ p " ....... : ~ ~. .c. .._l..~,._~-=. ~ _ _ . _ ~ , ~ _ _ , . _ _ _ ~ _ ~ . ,  ......... _ ~ _ , ~ _ . ~ : ~ _ ~ . . _ . ~ ~ , : _ _ ~ - . . ~ . _ _ , . :  ........... 
. . . . . . . . . . . . .  - I  ............. 1 ~ . :  .......... ~ :A._.i ................. ~-_c~ _ _ j ~  ......... ~ _  _ ~ ~ . _ _  _:_..z .......... ~__1_.,, .  ................ / _  ........... 

t 1 
;/ ) ., ~, ,I , p>p -- ~ , / 

. . . . . . . . . . . . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . .  Y - S  . . . . . .  : ~ . 

• t ................ t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i . . . . . . . . . . . . . . . . . . . . . . . .  

I 

] . . . . . . . . . . . . . . . . . . . . .  

f 

. . . . . .  : ..- :~- : . , 

~ x . L _ : ~ . . . . ,  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - : - . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• / - *  + ,  l i  ~ .t  
-/..l..C~y .-'~c~ c - : :4c "w-~:. CS.':'--: 

............ /JG..<-.> t . / ,  o _  I 
1 



. . . . . . . .  ~:~i_<_-- +:_~_~:.~__.~iw~,_<,.<,_. 

. . . .  _ J  . . . . . . .  / : J ~ _ , , _ . _ ~ - ~ . , . _ . ~ . ~ , ~ . . ~ ~ . ~ : _ . l ~ : . , , _ ' _ d ~ < . ~ . _ _ . ~ < ~ ~ . . o ~ . . ~ b ~  .... 

. . . . . . . . . . . . .  , . . . . . . . . . . . . .  : 7  , - . . , o  , , :  . - .  .,. - ' :  . . . . . . . . . . . . . . . .  ; - 7  . . . .  "+7 - ; :  . . . . . . . . .  

/ " 1  ~ : I ~'= / I g '  

. . . . . . . . . . . . . . . . . . . . . . . . .  I . : ~ - . ~ - - : ~ ~ - - < : ~ - - ~ . . - , - ~ ~ - , -  ................. ~ : . . . : ~ - L _  X ~ < _ ~ _ _ ~ : _ , : _  . . , ~  ............. 
~ 7 £  ~ ~ z ' +  . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . .  " .  

I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - ,  . . . . . . .  , -  . . . . .  ~ . : ;  . . . . . . . .  - ; -  . . . .  - - ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  l . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~-  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ $  . . . . . . . . .  : :  . . . . . . . . . . . . . .  0 '  . . . . . . . . . . .  : . . . . . . .  ," . . . . . . . . . . .  - _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  _ ] .  Lo_= ,._ <~_. -__@ : ~ . _ . ~  ,_ ,_~_....,.~_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 4 , , . . . _ J  ..... ~ ~ _ . : /  ~~ . -__~: . , . . . . . ._  ....... ~ ~  ~ :<..,;O..._.i.:_~:..,,_ , .................. 
I "1 x:" t ,-:~,L.. /G I~. "~ . -~  .fT~," , - ,  i . . . . .  FI  7. ~j. ~ 

_ .  : . , . . < _ ~ } ~ _ : ~ ' _ : ~  . . . . . .  

. I7  ~ f ' )  " l~ i . /9  " T ~  IJ 

. . . .  . : _ _ u ~ # _  
,9 ) . . . .  9 " 

. . ~ : ~ , _ . : . _  ....................................................................................................................................................................... 

i 

, 4 J ,  : " ,6 . < ' : :  : - "  V : "  . ,, 'J 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " . . . . . . . . . . . . . . .  "# . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 "  . . . . . . . . .  , , :  ~ . . . . . . . . . . . . . . . .  J +, o ' ~  " 7 ~  . . . . . .  .~ ~ . . . . . . . . . . . . . . .  : " ]  

I . . . . . . . . . . . . . .  



.,.., . .,~ .. ~._, , <.~ Z'<,_.,.,~ .,~__ .~_~_._~,_.._~ .................... 
• l . r ~  - "9 (~ '_ .  in ML _ ~  ~ ,s.> 

. . . . . . . . . . . . . . . . . . . . . . .  ~ - - - ' - - "  I ,.'I ., , , I . _ . . :  , ".:L 

. .  ~ / . _  . ~ -  , " /,7. < " " 

. . . . . . . . . . . . . . . . . . . . . . . .  ~ ~ . ~ . _ ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

._/3_~_z.. _~,.7._ ...... , .............................. , .............. ~ ............. o 

.................................................................................................................................................................................................................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ '~ ,~ ~ . . ~  ' ]  . - ~ i ~  

, , am ,  o o ,  .,v ~ , j ~ , ~ _ , = . : ~ , _ < , ~ . ~ ,  },~_U~, ~ . G ~ . ~ < ~ . . . U ~ , _ . ~ , , & ~  ....... d_/Z_.:__L._O_.k.<-..:;,_>.-_:U$., ........... . - - S - ~ - , ; ~ , - . < /  ...... 
. . . . . .  1 - - -  . . . . . . . . . . . . . . . . . . . . . . .  ~ " +  . . . . . . . . . . .  ~ . . . .  : . . . . .  } . . . . . . . . . . . . . . . . . . .  , , ~  • < ~" . / . . , .~  , J - -  i ,J_:~.L.  " " 

,2/"., ,:. ,.~.,,, ~ iX X~. _ - ~ Z - ' . . o . ~ U . . ,  . . .~ :~h~__. . - -~ .~ .~- -+~z- - -~ . .~ . , -~  .~. .~-~. .~--~,  .... ~ ........ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V - # ~ ' c " ? = "  ~ '~ - - '~  ~ f  . . . . . .  ~ ' ~ " - ' ~ ' Y / /  . . . . . . .  : . . . .  - ]  . . . . . . .  ~ '  i " ] l  .~, .L -~ (  / , 7 ~  . i 1 /  " M  t . . . . . . . f i  ~ . ,  

~&: ~,, . . . . .  . , ' . .~"  /i~,<.<J ~ j . - - ~  f.~, ~ ~ t . ' ~ ! c ~  .cJ,- 'C~.<.,~is w/__.4hy ~__~..._<.~:. 

" " + < ~  .~ ,U.,,/. ~ , . , . ~ x { , _ 2 . ,  c -  . ~  ~ ,  

• . . . . . . .  ..'," .-"/, .... .<-..-. " .,~, ~--<-<.-'--~-,,--.~<. ~_~<~L ................... ~<S__~_{_'..~_*__.__~.~Z~.--.~.-.---.~-..~:..~.-.~'~o-~--.. ............ Z-~ .......... ~.~ ...... ,-. .................. ~ ,  

. . . . . . . . . . . . . . . . . . . . . .  ,. T . . . . .  ~ . . . . . . . . .  • . . . .  ~ . . . . . .  ~' . , . "  , / ? . • " .. " 

. . . . . . . . . . . . . . . . . . . . . . . . .  e..~j.K_._..~..'~.._.... ...,-'~-nu.4 __....... _.c.,------,.=_._.,.-,-..2 . . . . . . . . . . . . . . . . . . . . . .  I ,,".~f.,.~C.~,: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :-=._,..,..z~.~ _ . . . 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ...... . - -  

.. , d  d • ~ ~ .  . ~S-t . , r T .~  ,-~... ' . . . ,  . -<_.. . -x 
-..~;h,~<~ ~ . ~  ~.*:-.-~ ~..-~.,.~.~..-~:,=<:,, . ~=.v-.-~-----:-.--.-~.,-~ .......................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :-~ ......... ,~ .. . .  :~:-- - - - :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : - T : - - . . , - - - : - : ~ - -  .-~ ............................ : ............... : - . ' : - : - - - - - -  

.... _,_ ~ ~: ....... ,~. ,i.. ...... &,.~d.,__d.._~+j.,_~_o_. .~~.. ......... ~ ~ _. -.d.~..~<__.. .... ~.~_~._~_<~Z.~,~:~:_f ~ ...... 

. . . . . . . . . . . . . . . . . . . . .  ~ . . _  _ ~, ~ ~ ? . -  , ,  - , .  : ~ _  - . / . ~ ,  >' 

............................. " ..... -~'- ..................... . ........... ~ - .  .... ;.-. ........... 7 . ~ ~ A o s., ;I 

t _ ~  ~.~<~.~.~,.  ........ ~ :~ , , /~4__~,_~~-- :< .~<~- . . -<~. .+-d~h<->. -~ : :U '~,<-~ ...... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  "z . . . . . . . .  J . . ~  - ~ . . . . .  , -  X -  " ? - . .  , .  = . .  1 .  ~ . . . . .  . m .," [ .... ................................. - ............ % .  ....................... .......... ,, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s , ~ . ,? ...... "! ~ ; I , - , y.,x ~.,4 . ~ .,. , ,.~<.~( ,/. i4~.~.~/i 
I ~ . d ~ , ~ , z _ , . / - m - , _ < t ~ _ .  ............... ~ ~ _ + , . ~ _ ~ , ~ : _ . ~ . . S < ~ , ~ , U . , . _ ~ , . . : < . _ . ? > . _ ~ < ~  . . . . . .  . ......... ~_~_.. ..... 

, ......................... ..~,~ ......... . ............ ..l.-y..~_ ......................................................................................................... ~.. 

I I 
i"- . . . . . . . . . .  o, | . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - ~J " " - ' ~ _ f ~  ~ , t . : '  ' ~  "f> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . "  ~. ~ . . . . . . . . . . . . . . . . . . . . . . .  ~ .  o , , - I , ~ T ~ . ' Z . ~ # ~  'J" '~-=~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W . ~ . ~ e  c m ~ _  

. . . . . . . . . . .  -~_-?_. . . . . . . . . . . . . . . . . . . .  I .  L . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . .. 

,~.Lc.~ ~:~..~ ........ x,~_ ~" ..~. .. ) _ .~:~L_ _ 3. ... (.~ ~:~.A; ..... ~.~- ~ _ . ..~.-~: - Ji4~.L....~--~. -:-if..-..<e-~ ......... 

i ..~-~,~.~ .~,,~, ~,:~ ~.<~,-~,., ..... .-',~,, ............ ~+..~,.--.'- ................. .................................. 
........................... I .............. i. ~ " ........ 7~ +--,~ 7~ M :-~-.. " ~;~ d) I ,, ~<- ,<, .L , n~. ~,.fL il 
............... _I ............... d.~ ...... .~; ~,~.#._2" :. .~.~.~. ~.. .... o~.~.c<.~:5,.._.._.~..m_.~_ .. . ,c :~ ~_~. _..~.7._ ..-~-'---~--~ ............. /_c....:.-..~-~:<, ..................... 

l ~d Z / _>,yT, i 

I 

................................ I ............... 

I l ............................................................................ 

.r.j.(..'<~ , . . ,/ ,..:~+, _ ~  : . ~~: i . ..~.~-:~ ........... .,..~ _ X~_~ ....... : ........... ~: .2.. ,..~d.,~, ...... ~ .... :. .~ .... 

~ ~ J ~  ............................................ :.. .......................................................... 



___i~.o__ 

_,__I~;~__. 

-t= 

R,D. 
_ i ~ . z  ..... 

.~J__ 

• ~ ". ~' Px~- ' ,r 7 q . " " ~&~.(d~-~.~`~.~.'.<~.~.~/4:~-~.<~.~t<2.~~~- .~'~ ~...,-<~..-~ <.~..~.̀ ~i<.̀ <~ ....... 
.. a_ c2. _._~__-_ . ~ . ~  <.<.. ~ ~ < , ~  <- .~_.._ ........... - -  ~ c 4  ~ _ _ - ~ : Z ~  ~ _ . .~_  _ ; ~ <  < . . . .  ~L  . . . . . . . . . . .  

? . . . .  4 '  7 . 

__ 2 ~ , _ . ~ _ _ ~ _ ~ , _ < ~ . & ~ , . ~ _ ~ _ . ~ ~ _ < _ ~ j  . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

__(..~_,..7)__ _.~_'<~_- ......... ~_~ ..__c~_ ........................................................... 

_.~ ............................ - ........................ = ........... -~ ....... .~ ....................................... ~ ................ - ......... - ...................... 

. . . . . . . . . . . . . . . . . . . . . . .  ~ _ _ _ ~ ~  . 

........................ .~ , ,.~. , /x il .~ ..? .... --- ...... y-?).- .............. --3 ....... ~ .................. ; ............. ,q---- .................... -: ................... 

._ ~z~,x ..... 4:~.__ i_ n.~._~,_._~~_~<~__~:.,~,__ ~_ ~_-~__,_ _~~-~_~..~_~/L~,o__,~ ....... 
T,~ -~ (I ¢ ~ " k ¢";,~.fl ..... -~: .... i~ - i ," ......... -~' .... ~" ............. . .... 

... i~,-~_~_dJ: ............... J~.~=~ _2£-~:_dL_.._~:.~_ _o_ cL ;_~. ................................................................... 
. . . . .  -_~.,V~_ - ~  ., . Z ~, .~ ," ,. 

. . . . . . . . . . . . . . .  I ..... ~-_~_r~~.¢~+~__~ ~,.._~_~-~.~ ¢a~dj,._,~,~f._~_ j-_ ......................... 

I n~ - p.,, ._.{._~.~..~.~_.~y_u~..,9 ~, ,.9 - ~ " " 
~; - ........... l - i ~  _~ ...... ~L~.d__)__ ._,_ ........................................................... _ ...................... 

I 

. . . . . . . . . . . . . .  ~ " -  t ~ " ~ ...> ~ • ' ' }  " .. , ~ ? "  - ...... ~ ~_ .?. ~ !._ c,. , .o ....... ~ n._ _J~.. _ o_ ~.~. 4 $..:~. ,.. ¢, _.~._ __~L__ ~Z'u~ ~.-._~ , .~< ~ 4  ~i-. .: ~ h .~. ._ ~_~4,~ zi, ............ 
,~ ~ I i o - "  " 7  , .  

.......................... ~ ,: , .~ ~ ~'. ~ ~ ~- . ..~ , .. ~ • ,~ + : , ~, . , ? : ................... I ~ '~--.~-<--~S-, ..,-- ~..~. ~~".~,-- ~--~,~- - -~<~ ..... ~M..__, ........... ,4~i,.__. .<.~ ......................... 

................... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ...... ¢ ............................ ,j ......... -- ~ - 

~ ........................................... I _2~,~'~-a.-~..~d,< _~_%~,~_/~'~.4:c.L.( ..v.~..~_. ~_~<x ~,_ ................................................................................................................................ 

I 
• . ~ ;  / ~ . ~ . .~ - 6 ? . • . ~ .  .. , 

I 

' I 
' ' J/" 7 ~ " " 

! . , , t "  . . . . .  , . . . .  • : . 

............................... I ................... : ......................... ~:- .................. "-- ..... ;< .... .i.Li ILTZ;I L_.L; i L .;i. ill ill 



o .  - , .  

<<E 

i _ _ 2 . , t ¢ . z )  . . . . . .  

i _ . E m &  ..... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - . - - y , - - . -  . . . . . . . . . . .  

D..:~<.,.o.~_ .... ~ . ~ L .  

. . . .  S I ~ . . ' . Z _ .  1._0,_-/..- .... 

~ . . . . . . . . . . . . .  . . . . . . . . .  ' - ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~, . . , .  ,~ O . .  + , o , . ,  : . . . . . . . .  ,, ,.-"~ . . . . . . . . . . .  ~,)' ......... : ....... , .................. A,, . . . . .  L ~ - - ,  

( 

. _ . . ~ . . Z / _ , _ ] _ _  _ -  . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . .  . " , .  • e 

. . . . . . . . . . . . . . . . . . .  ~ - . > .  ~ ~ "  :, . .  . ~ .  ~ ~ ,~ • , 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . .  u ~ , . ~ . . . .  " s  ~ - .  , F 

i . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . .  I ~ ' #  I " " " 

, . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . .  . . . . . . . . . . . . . . . .  

~ . .~ .  .f ._ -4 .~ .~ ._ ._ , ._ '_~A56~. t~:_ . ,~ , ._~4_ :_~ . . . . . . .  ~ . . ~ .  . . . . . . . . . .  ~ - < . , , : , ; : . . . x : ~ , ~ - ~ . - , ~  . . . . . . . . .  , . . . . . . . . . . . . . .  7 ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ - " ~  . . . . . .  ~ " . - ' -  : - - - : - : :  . . . . . . . . . . . . . . . . .  : . . . . . . . . . .  " - . . . . . . . . . .  ~ 3  . . . . . . . . . . . . . . . .  - ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• '1 ~, ' ~ / . . ~  . . % "  

. . . . . . . . . . . . . . . . .  ~"o . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . .  

[ . . . . . . . . . . . . . . . . . . . . . . .  I~~L~U....__=~., _=.,,.< ........ ~ . . ~ . ~ . I Z < . K 2 ~ S ~ . ) . .  ~ e . . , < . ~ i _ :  ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 

. . . . . . . . . . . . . . . . . . . . . .  x q  ,~4 . 0  ~ ~ ~7 , i  

. . . . . . . . . . . . . . . . .  ~ _ . .  .-<. ~ ~ _ . . . : . G ' _ . _ c ~ . ~  ~ > C , ' I L ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~Z, 2: 

I I 



. . . . .  ~ -  . . . . . . . . . .  ; . . . . . . . . . . . .  ? 2  . . . . . . . . . . .  • . . . . . . .  - - - 7 - 7  . . . . . . . . . . . . . . . . . . . . . . . .  - - ~ - - ~ -  - - D - - : - - - ; ~  . . . . . . . . . .  ~ T Y  . . . . . .  

i 

- ... ~ " ; ~. "... . . ,d~~.-<.~',n ~ , ~ '  i " ~<-+.-..~,,,, ............................ I ~/-.~.-..,:~ ..... ,~;~<~ !..__4,, ~_~.d..._~.~<<~__._._~...<_.d~_: .......... ~- ~__.~._.~..:~. ?..___.~s~ _>_~. ..~.~_-., ....... 

I.~:~,~ 3 tD,.. _~+_4 ............. ~ d ~ < ~  ...... ,~.<~_~._L.._~.~:4:+..4_c,.~...._<.+s__.~&~. ...... 
. . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . .  - ~  . . . . .  - ~  . . . . . . . .  .~. . -  / ) .  ~, - ;~ " ' ,  , ~ .  / ,. 7Z~ " 

. . . . . . . . . . . . . . . . . . .  ~ , ~ ,  . . ,  f v "  , , 

. . . . . .  . ~ _ ! .  e ,,s , / S  ~ , ~  ~- Z',3~? ," 

. . . . . . . . . . . . . . . . . . . .  l__~i~ ~.<.:'_-..._~ * :  ....................... d S . . _ ~ < - ~ _ : ~  <.,__ . . ~  ~:-_~. _~.. c_ ~ 2 U _  L.. ~_<_ ..._. ~ Q _  ~ - _ -  ................. 

. . . . . . . . . . . .  . 1 . . ~ ,  ........ ~ < . . E x ~  ....... ~ .  ................. ::~_.__,_~.,.<,~, ........................ ~ ~  ........... . ..... ~ . < i - ~  ...................... 
. f . - ~  . , .~ .~ ~ • ...~ . . . . .  ~-~ " . .  ,~ .:< 

............. 2L~.~.:_~..__f__d~_._~_ ...................... ~ ........ .4. ¢; _.~, ............ . ----,.~ .~/---S~_ . ........................ , ................... :., ................. _ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ~ . _ _  , 7  ~'~ ,_ -< ~ ~,.,- : _~ : < ..... ..,... ~<. ~ m ~ '  ~ ~ A ~ ~ .+.,_ _ .,, _ . ~ <. , - . , , _ ~ - ~  ~ , . . ~ ~ '<y- - G &  , ~  ......... 
..t ~,'~ '~.-.. ~ / . /¢_ 
I~ _<-4'~< ~< ~'/.../&._ . .. ...... _... cc~--~+,-- ,.-_,_ 

. . . .  - -  . . . . . . . . . . . . . . . . . . . . . . .  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

..... ]e't~_.L...d_:_.<'&_i.__l_~o_.~/- ..... ~ _ ~ ~ , ; ; ~ . _ y .  D ; _ . ~ I L _ d ~ 6 ~ + _ ~ . . _ < ~ = ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- ~ - - y - / - ~  ............ ~ . . . . . . .  ~ . . . . . . . . . . . . . . . . . . .  7 - ;  ........... T - ~  . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . .  "~:~, L, , . - , -  [~.~_- .'7 ~ " ,. . L . ' ~ > ~ < " ~ - - . ~ ' - - . ~ "  

. . . . . . . . . . . . . . . . . .  I ~ ~ . . . . . . . . . . . .  ~ , ,  . . . . . . . . . . . . . . . . . . . . . . . . . .  

-- ; : - ; : -  . . . .  f i 5 ; 7 ~ - - ? ] 7 ' ~  .................. ~ f _ , 2  ..... ~ - ~ : ; X - ~ - ~ 7 , ~ .  ~ 4 ~  ,~.,., ~<.~. ~.k~,_~<7-' 
. . . . . . . . . . . . . . . . . . . . . .  ' ~"  " ' # " 4 _¢ ..7~A ~ . t  z . /r .-  

.......................................... ~ ~  .............................. ) ..................... ---i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .......... 

.................................................................................... ................................................................................................................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 



<" ' '" A ;  ~ ' '/-- " .0. a'c~--L< ~, ,z<--,,( . . . . . . . . . . . . . . . .  ~ , ~ +  ~ + ~ - ~  . . . .  _,,.j . . . . . . . . . . .  _;._. . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . .  . .__. .  . . . . . . . . . . . . . . . . . .  :-+ - ,-, 
i~ - -  , ,  i l i _ . < - j c . ~ <  ~_ 

C . > ~ , < .  .: ~, ' ,  . B - -  . x - ' <  .-- . ~ - . ~ - -d~ - .  ,_-.-. < . , . ,__D, I~  .<.,_../4, <~-< , _ . ' ~_~ -<~_ - .~ *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i--- ..I 

f .... -,-~'-'~:<:~-~-"~' ,---~'-~'-< U<-'~-e--)- ........................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . .  7 . . . .  ? ~ - - - :  . . . . . . . . . . . . . . . . . . . . . . . . . .  - ;  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ , ] / _ _  

f 

i 
i ........................................................................................................................................................................................................................... 

.................. -- ............. T ........... ...... . " ....... ~ .................................. 7 ....... 7"- .................. .-;-;-. .... -: .......... ~.~(_~i ........... ....... ~L__~.~i ...... :--5 .............................. .............................. 

............................................. _--=---L .......................... .+- ................................ ..7 ............................................ - ............. ..-3. ........ ' 

. . . . . . . . . . . . . . . . . . . . . . .  . - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 -  . . . . . . . . . . . . . . . . . . .  , ,  . . . . . . . . . . . . . . . . . .  ] . -  . . . . . . . . . . . . . . . . . . . . .  

. . . .  7, . . . .  - -  7 " ; _ . , . -  . . . . .  ' . . . .  • , . .  . . . .  - ~  " ~ ' < - ~  - . . . . . . . . . .  ~ , _ _ . ~ .  _._~..__< ...... U.-_~__.~_,._.,.,: JL__.,;__-~:~:_,J__~._,t<.,!._,~__.~_<._ : ._ / . - . ,__~+ ~ _ ~ : ~ . , ~ _ . ~ > _ _ + _ . , . - . / _  . . . .  ~-,:_..._7_,.. . . . . . . . . .  

- - 7 . - -  . . . . . . . . .  v l 

.... ,- ........... ~ ....................... ~;+---c ............... ~, ...... .......... 7 ........................................... :: ..... ; ................... 7 - ~  ............ 7 ............ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .~ ~ . i )  - "  , . ~ . . . .  - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  ~- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . • . ~ . .  , . , .  q . ~ . . . . . . . . . . . . . . . . . . . . . . .  . ,  ~ I  ;7  . . . . . . . . . . . . . . . . . . . . . . . .  , _ <  .-~ . . . . . . . . .  

,,0 ,~ '$" -- ~ ? /.? (~i .~ ~ :~ ¢'---- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " - I ~  . . . . . . . . . . .  - -  . . . . . . . . . . .  . ~  . . . . . . . .  ; . . . . . .  ., . . . . . . . . . .  ~ - 7 ~  . . . . . . . . . . . . . . .  " ~ > - "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - ) =-- 

I 

. . . . . . . .  ~ . . . ~ 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : - ;  . . . . . .  ~ . . . . . .  : . . . . . . . . . . . . . . . . . .  ; . . . . . . .  - 7  . . . . . .  . . . . . . .  , . . . .  . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . i  . . . . . . . . . . . . . . . . . . . . . . . . . .  { ;  . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . w < ~ i . , ~ _ .  Z W / ~ . L . - 6 . '  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I z> ...O._+V.,:.cc-C-...~.,<~ ,..o < < o  ' , . . f t ~ <  .--~. • ~:<~'. ~ - 4 - - < ~ ~ _  < ~, ,  

I .................. ~ <  < . <"g . .  . ~ . u . . _ ~ d . , , ' , x - - ~ . , . < . < , : . . ( u . ,  . .  :, ,< <- .~_,- ! 

I . . . . . . . . . . . . . . . . . . . . . . .  i 
I ~ ! t  ' ,  
I . ' - '  t: 

, I 



. JD r- ~o...,~- 

Rocky Mountain 
Exploration Division 

l u l y  i0, 1978 

TO: F . T .  G r a y b e a l  

FROM: J.Do Se l l  

R e p l a c e m e n t  L i m e s t o n e  Assays 

Queen Creek Area 
Superior Fast Project 

Pina l  County1_ Ar izona  

As an additional calibration and for research purposes, seven samples were 
*,aken in the Queen Greek area by D. Krasowski and myself in the replacement 
Lextures and environment. The samples were submitted to ASARCO Salt Lake 
geochemistry for mercury analysis and Skyline Labs (Tucson), for emission spec- 
trography and mercury analysis. Thelr report sheets, are attached. The sample 
sites and numbers are shown on the MF-253 excerp ~ along wlth the vertical 
projection of Magma's Devonian horizon replacement body. This horizon tops 
nut  a p p r o x i m a t e l y  t w o  t h o u s a n d  f e e t  b e l o w  the  s tu-face  a t  t h i s  p o i n t .  S i m i -  
l a r l y ,  the M , s s i s s i p p i a n  and  P e n n s y l v a n i a n  ore  b o d y  b l o c k s  =~lso top  ou t  a r o u n d  
2.500 f e e t  b e l o w  the  s u r f a c e  and  2 5 0 0 - 3 0 0 0  f e e t  e a s t  of  the  f u r t h e s t  w e s t e r n  
po in t  on  the  D e v o n i a n  h o r i z o n .  (Note:  The "A" d e s i g n a t i o n  indica%,gs the  s a m -  
ple  w a s  t a k e n  n e a r  or  a t  the  s a m e  samp]..e site. a s  r e p o r t e d  in my m e m o  of  
N o v e m b e r  28,  1973,  " C o m p a r a t i v e  R e s u l t s  - E m i s s i o n  S p e c t r o g r a p h i c  A n a l y s i s ,  

S u p e r i o r  E a s t  and  Boheme P r o j e c t  Areas  o") 

As noted,  the  S k y l i n e  m e r c u r y  v a l u e s  a r e  v e r y  n o n - i n d i c a t i v e  w h e r e a s  t he  
SLC v a l u e s  h a v e  a r a n g e ,  and  t h e s e  have .  b e e n  a d d e d  to the  S k y l i n e  r e p o r t .  

S(tmple 1A w a s  cu t  on a m a n g a n e s e - r i c ' h  bed  in the  m i d d l e  par t  o f  t h e  N a c o  
( P o n n s y l v a n i a n )  L i m e s t o n e .  The s a m p l e  po in t  w o u l d  be on the  s o u t h  e d g e  of  
t he  updip  p r o j e c t i o n  of  the  N a c o  b o d y  ( l o c a t e d  s o m e  2500 f e e t  b e l o w  the  s a m -  
[)le po in t  and 3000fee t  e a s t e r l y ) .  S i l v e r  is w e a k l y  a n o m a l o u s  (15ppm) w h i l e  
b~rium (200ppm),  z ine : ; (1000ppm) ,  and  m e r c u r y  (105ppb) . a r e  a n o m a l o u s ,  
The o r i g i n a l  s a m p l e  a l s o  ran  5 3 , 0 0 0 p p m m a n g a n e s e  and  76 .0% s i l i c a  w h i c h  
i n d i c a t e s  i t s  m i n e r a l i z a t i o n  s y s t e m . . L o w  l e a d  a n d  c o p p e r  v a l u e s  w e r e  a s s o -  

c i a t e d  w i t h  the  s a m p l e .  

Sample  2A w a s  t a k e n  in. a m a n g a n e s e - r i c h  b e d  a t  the  top of  the  E s c a b r o s a  
M i s s i s s i p p i  an) L i m e s t o n e  and  w o u l d  a l s o  be on the  s o u t h e r n  e d g e  a s  p r o j e c t e ~  

r 



a n d  s o m e  4000 f e e t  w e s t e r l y  a n d  u p d i p  f rom t h e  o r e  b o d y  b l o c k .  S i l v e r  i 2 0 0 p p m ) ,  
l e a d  ( 1 0 0 0 p p m ) ,  z i n c  ( 5 0 0 0 p p m ) ,  a n d  m e r c u r y  (220ppb)  a r e  a l l  a n o m a l o u s  i n  
t he  h o r i z o n  t h a t  c o n t a i n e d  1 3 0 , 0 0 0 p p m  m a n g a n e s e  a n d  3 7 . 7 %  s i l i c a  ( o r i g i n a l  

s a m p l e ) .  C o p p e r  a g a i n  i s  a low v a l u e . -  , 

Two s a m p l e s  w e r e  t a k e n  a l o n g  t h e  LS & A v e i n  s t r u c t u r e  w h i c h  h a v e  n o  c o u n -  
t e r p a r t s  in  t h e  o r i g i n a l  s a m p l i n g  p r o g r a m .  S a m p l e  101 w a s  t a k e n  a b o u t  45 
f e e t  a b o v e  t h e  k a r s t  s u r f a c e  in  t he  N a c o  L i m e s t o n e  w i t h  o n l y  min(~r f r a c t u r i n g  
of  t h e  r o c k  and  v e r y  m i n o r  m a n g a n e s e - i r o n  s t a i n .  S a m p l e  102 w a s  t a k e n  
on  t he  s a m e  s t r u c t u r e  a n d  b e l o w  t h e  k a r s t  in  the.  u p p e r  E s c a b r o s a  w h e r e  m a n -  
g a n e s e - r i c h  m i n e r a l i z a t i o n  and  s i l i c a  s p r e a d  o u t  from t h e  v e i n  a n d  f o r m e d  
a m u s h r o o m  of  2 0 - 3 0  f e e t  o f  w i d t h .  The  s a m p l e  i s  f rom the  s a m e  h o r i z o n  a s  
Q C - 2 A  m e n t i o n e d  p r e v i o u ~ l y o  S a m p l e  101 (Naco)  s h o w s  o n l y  a n o m a l o u s  s i l v e r  
(10ppm) a n d  m a n g a n e s e  ( g r e a t e r  t h a n  ] . 0 , 0 0 0 p p m )  v a l u e s ,  i n d i c a t i n g  s o m e  
l e a k a g e  from t h e  s y s t e m  g o i n g  t h r o u g h  t h e  k a r s t  m a t e r i a l .  Sa r f lp l e ' 102  ( E s c a -  
b r o s a )  i s  v e r y  a n o m a l o u s  in  s i l v e r  ( 1 0 0 p p m ) ,  b a r i u m  ( 3 0 0 p p m ) ,  l e a d  ( 2 0 0 0 p p m ) ,  
z i n c  ( 1 0 , 0 0 0 p p m ) ,  and  m e r c u r y  ( 1 2 5 p p b ) ,  a s  w e l l  a s  m a n g a n e s e  ( + 1 0 , 0 0 0 p p m )  
a nd  u n d o u b t e d l y  s i l i c a .  As .,:noted , in  c o m p a r i s o n  to a s i m i l a r  s a m p l e  a n d  h o r i z o n  
of  Q C - 2 A ,  t he  102 s a m p l e  h a s  a p p r o x i m a t e l y  t w i c e  t h e  v a l u e s  n o t e d .  The 
I,S & A v e i n  s y s t e m  p r o j e c t s  to be  t he  s e c o n d  v e i n  o f  b o r n i t e  f o u n d  in  t h e  
b r e c c i a  s o u t h  o f  #9 s h a f t .  T h i s  ,ve in  h a s  r io t ,  to  my k n o w l e d g e ,  b e e n  c h e c k e d  
e a s t w a r d  from the  s u r f a c e ,  nor  t e s L e a  . . . .  .un~e,gr,~und- ~ ~ -'. w~,,.,~"-~'~"^~,~ r e p l a c e m e n t  b e d s  

w e r e  e x p l o i t e d  in  t h e  1 9 5 0 ' s - e a r l y  60 'So  

S a m p l e  3A is f rom the  m i d d l e  r e p l a c e m e n t  h o r i z o n  o f  t h e  E s c a b r o s a  L i m e s t o n e  
a n d  in the  w a l l r o c k  of  t h e  o r i g i n a l  Q C - 3  s a m p l e .  I t  i s  s o u t h  o f  t h e  LS & A 
v e i n  a n d  s h o w s  a w e a k l y  m a n g a n i f e r o u s  a d d i t i o n  b u t  e x c e l l e n t  r e p l a c e m e n t  
t e x t u r e  in o u t c r o p .  A l t h o u g h  i t  d o e s  h a v e  1 5 0 0 p p m  m a n g a n e s e ,  no  o t h e r  v a l u e s  
a p p e a r  to be i n d i c a t i v e  t h a t  t he  s a m p l e  s i t e  w a s  w i t h i n  a m i n e r a l i z a t i o n  
p a t h w a y .  ( W h e r e a s  t h e  o r i g i n a l  s a m p l e ,  c u t  o n  a s m a l l  v e i n  s t r u c t u r e ,  c o n -  
t a i n e d  3 0 0 0 p p m  l e a d ,  3000pprff z i n c ,  2 0 0 , 0 0 0 p p m - m a n g a n e s e ,  a n d  2 4 . 5 %  

s i l i c a  w i t h  50ppm s i l v e r . ) '  

S a m p l e  7A i s  the  l o w e r  M a r t i n  L i m e s t o n e  r e p l a c e m e n t  h o r i z o n  a n d  h a s  e x c e l -  
l e n t  r e p l a c e m e n t  t e x t u r e  w i t h  m i n o r  m a n g a n e s e .  The  v a l u e s  r e c o r d e d  a r e  s i m i -  

l a r  to  t he  E s c a b r o s a  s a m p l e  of  3A a b o v e .  

S a m p l e  8A is  o f  t he  h i g h l y  f r a c t u r e d  and  i r o n - s t a i n e d  Bo l sa  ( C a m b r i a n )  q u a r t -  
z i t e  u n d e r l y i n g  s a m p l e  7A, It c o n t a i n s  a b o u t  the  s a m e  v a l u e s  a s  7A e x c e p t  
for  a n  a n o m a l o u s  t i t a n i u m  (1500ppm)  c o n t e n t  p r o b a b l y  r e f l e c t i v e  of  t h e  d e t r t t a l  
m a g n e t i t e  g r a i n s  and  a n  a n o m a l o u s  m e r c u r y  (135ppb)  v a l u e .  

( 

| l ,  

i 



O v e r a l l ,  in  t he  Q u e e n  C r e e k . a r e a ,  i t  a p p e a r s  t h a t  w e  c a n  s e e  t h e  p l u m b i n g  
s y s t e m  and  l e a k a g e  f r o m . t h e  m a s s i v e  o re  b o d i e s  m i n e d  (and to be  . f o u n d ? )  
a t  a d i s t a n c e  of  2 0 0 0 - 3 0 0 0  f e e t  v e r t i c a l l y  a n d  l a t e r a l l y  (updip)  by  t he  u s e  o f  
s i l v e r ,  l e a d ,  z i n c ,  m e r c u r y ' ,  m a n g a n e s e ,  a n d  s i l i c a v a l u e s .  C l o s e r  to  t h e  o r e  
b o d i e s  t he  i n c r e a s e  in m e r c u r y ,  c a l c i u n i  a n d  for  m a g n e s i u m  s h o u l d  be  a p p a r e n t  
a s  w a l l r o c k  a d d i t i o n s .  

. i  

I a m e s  Do S e l l  
( 

TDS:slr  
A t t a c h m e n t s  

cc :  D M S m i t h ,  Tr. 
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~" Southwestern Exploration Division 

February 22, 1982 

To: W.D. Payne 

From: F. R. Koutz 

Field Trip to Magma Mine 
Superior, Pinal Co., Arizona 

On January 22, 1982 Steve Catlin, Barney Mason and I visited Newmont's 
Magma Mine at Superior, Arizona. The following set of notes is intended 
for the files, J. D. Sell and the other participants as I elected myself 
note taker. 

The Magma Geological staff consists of: 

Russell N. Webster, Chief Geologist 
B. L. Green, Assistant Chief Geologist 

*Donald E. Atkinson, Geologist 
*Reg. L. Barnes, Geologist 
*S. Mark Hay, Jr., Geologist 
Plus several technical aides and samplers 

The three geologists(*) above presented an excellent orientation for 
about one hour and Atkinson led us underground for 3-4 hours on the 3600- 
3800 levels, No. 9 shaft. The trip emphasized limestone replacement 
mineralization and vein mineralization in the South vein. 

Stratigraphy - Mining Horizons: 

Precambrian diabase + local Mescal Ls - only minor replacement minerali- 
zation. Not being mined but was a major wall rock in old vein mining. 

L. Martin Repl.: A Bed 

U. Martin Repl.: B Bed, i00' max thickness (?). We were not shown 
A or B beds as on 3600 they are thin, discontinuous 
or mined out. 

L. Escabrosa: C Bed 400' strike length 

M. Escabrosa: "CC" Bed - little pods 

U. Escabrosa: "D" Bed 

A red shale marker (Moon Bed) - 40-50' thick at base of Naco - 
changes to green around ore. 

Naco - E. Bed: Dirty, cherty open-cavity-filling in E. Bed. 

These replacement horizons, which plunge to the east with the stratig- 
raphy at about 30 ° , are sharply bounded on the south by the N80E-striking, 
80°S dipping North Boundary vein (actually a fault). South of the N. Boundary 
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vein is the "conglomerate" - a conglomerate to breccia containing well 
rounded to angular clasts of much of the local Paleozoic and Precambrian 
section, volcanics, and intrusive porphyry. On the north side minerali- 
zation feathers out againstminor E-W faults of short strike length or dies 
out into the wall rock. Both the north and south margins of mineralization 
converge slightly to the east and with depth. Tertiary porphyry dikes, 
generally E-W striking~occur in and south of the North Boundary vein. The 
whole stacked manto or run is a splay off the "East Replacement vein" and 
in plan the mineralized zone on 3600 is about 600' wide (N-S) on the west 
end and 200' wide (N-S) on the east end and about i000' E-W. About 20-30% 
of the area in this trapezoid was mined out or colored red. This would 
make a relatively small drilling target at these depths! 

According to Reg. Barnes the manto starts at about the 2850 level, 
first mining was on the 3000 level and presently extends to the 3800 level. 
The deepest level is 4200 off the No. 9 shaft and the 4100 level is the 
lowest active exploration level. Grade is fairly consistent from the C 
Bed up: 4.5% Cu, 1-2 oz. Ag/T., .01-.02 oz. Au/T. There is minor sphal- 
erite and galena (grades?) but these are not recovered. In some areas 
galena and sphalerite are relatively common on the margins of the copper 
ore but Cu grades are too low to mine these areas. Atkinson didn't know 
whether Mn was high on the margin of the mantos. Ore mineralogy (Ls. Repl.) 

is 75% cpy, 22-23% bn, 2-3% cc. 

On the 3600 level the C, D, and E beds are replaced by banded hematite/ 
pyrite. There is more pyrite on the SE end of run and pyrite often forms 
an outer "hood" or halo to mineralization (esp. "C" bed, 3620). Pyrite/ 

hematite ratio has been increasing with depth. 

Magma mines 3000+ TPD O+W but ships everything. They plan this year 
to start hoisting some development waste using the No. 9 shaft and start 
a new dump to the east of the shaft. Mining is by undercut (I0' widths) 
and sandfill. Lower cutoff on the books is 3.0% Cu but with 15% average 
mining dilution, development waste, etc. actual mill feed is 2-2½% Cu. 
Rock temperature is 160°F on the 4100 level, but we encountered almost no 

excessive heat on the 36-38 levels. 

Oracle Drilling (Cementation, Inc.) does Magma's diamond drilling, 
about 1500'/month using both Joy 22 and Diamex 250 (AX) drills. Average 
hole length is 500' Cost a year or two ago was $17.00/ft. 

The lowest level we were shown a map of was 3990. On 3990 the north 
and south walls almost converge. We were not shown maps of or told much 
about the South vein in the office and Atkinson did not carry a map under- 
ground but apparently it has a +i000' strike length of "interesting" 
mineralization on 36-3800. Magma has drilled some additional veins in 
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the conglomerate and apparently is doing significant exploration in the 
conglomerate judging by drill stations and fans recently posted on the 
level plans (one new vein intercept south of the east nose of the manto 
on the 3600 level runs 0.86% Cu over 21'). 

Don Atkinson confirmed Jim Sell's rumor of high silver on the 4100 
level: consisting of one, 1 foot galena vein running 330 oz. Ag/T. 
Atkinson also mentioned there was local native Cu in hematite in the "C 
Bed" on 4100 and some Cu ° had been found in the conglomerate higher up. 

Underground on the 3600 level we examined the "conglomerate" near 
the No. 9 shaft. We saw a variety of textures including well rounded 
limestone clasts up to 1 foot diameter in a grit- to silt-sized matrix. 
Many of the clasts had a siliceous rim and some limestone clasts had a 
coarse-grained rim with pink to sideritic carbonate which showed Mn and 
Fe oxides from post-mine oxidation. There was some pyrite in the altered 
rims of the conglomerate and the matrix but no good evidence of pre-breccia 
mineralization. Most sulfide in the clasts is described as "replacement" 
(post breccia). Lots of the development muck from the conglomerate runs 
.3-.8% Cu but Atkinson thought that any significant incept of conglomerate 

would run "only a few tenths % Cu". 

Atkinson mentioned that there is actually more skarn alteration in 
the conglomerate than the carbonates, especially epidote and garnet in 
the vicinity of porphyry dikes which cut the conglomerate. The most common 
alteration in the conglomerate was epidote, green clay or chlorite, sericite 

("bleaching") and silicification. 

Cross bedding was locally noted as were well sorted beds of gravel 
to cobble-sized clasts but, as a whole, the conglomerate was poorly sorted. 
Dip (?) where measurable was 10-30°E to ESE. 

The matrix sometimes appeared to be igneous consisting of porphyry. 
Atkinson mentioned that he knew of no petrographic difference between the 
porphyry clasts and fragments included in the breccia and dikes which cut 
the breccia. He mentioned that when matrix specimens are sent to Newmont's 
Research Lab for thin section, they usually describe the matrix as being 

igneous or volcanic. 

The North Boundary (of the conglomerate?) vein or fault has some 
post-mineral movement and is mineralized as we noted sheared sulfides 
(mostly pyrite). We saw several crushed zones up to i0' wide but the 
fault is not one sharp shear but often 20-50rof crushed material. Tertiary 
porphyry dikes have been noted in the fault. Atkinson thinks that replace- 
ment mineralization followed the fault into the carbonate beds and noted a 
throw of 3000+ feet on fault, apparently based on the maximum kno*n thick- 

ness of conglomerate. 
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To me the conglomerate appeared to be an ash-flow tuff conglomerate 
or breccia very similar to some of the volcanics/sediments in the Hardshell 
group or Chief group in the Patagonias. Very little that we saw was incon- 
sistent with the idea that the "conglomerate" is the product of a diatreme. 

The replacement ores were spectacular--often running 50-70% sulfide 
within stopes--which would make an excellent geophysical target. Limestone 
near mineralization was only weakly recrystallized but one would have no 
trouble concluding itwas altered. There was little open space filling or 
major vuggy zones except in the E bed of the Naco. Magma feels that the 
porphyries are responsible for the mineralization but Atkinson was not 

specific in detail. 

Magma has encountered 4 intercepts or areas of porphyry in the lime- 

stone replacement area which run 1-11% Cu (py>cpy>>bn) but are not of 

mineable width. 

I asked Atkinson how they could tell in core or underground that they 
were near ore. He mentioned hematite/specularite, pyrite, and bleached 
limestone. He did say that there is probably lots of hydrothermal dolomite, 
mentioning a few 9-13% MgO assays in Escabrosa "CC" beds that an exploration- 
type had done. Newmont's Exploration Department has done some metal zoning/ 
trace element studies in the replacement ores but the staff geologists never 
see the reports. Most of the alteration in the porphyry in limestone was 
described as sericitic but Atkinson says that the research people have found 
that most "sericite" is actually clay and carbonate flooding. One area with 
a dacite porphyry sill on the 3000 level contains considerable zeolites-- 
sometimes terminated crystals in vugs. 

Minor east-west, high-angle faulting-shearing exerts some lateral 

control on mineralization but many of the ore "shoots" are pod-like with 
some thickening of the section. Some bedding-plane-slip is especially 
notable on the margins of stopes and it was not clear to what extent this 
thickening was post-mineral. Atkinson said that Sells's thesis (1961) was 
that the sulfides replaced the core of the thickened section in minor 
folds--probably caused by movement on E-W faults such as the North Boundary 

fault. 

We visited the South vein on the 3670 to 3800 levels about 800' south 
of the No. 9 shaft. Both walls were conglomerate but some of the vein is 
parallel to porphyry dikes, say 50-200 feet north of the vein, but clear 
contacts could be seldom discerned through the lagging and dirt on the 
walls. They mine a i0' cut on the vein zone which averages 3-3.25% Cu 
in the faces we saw. Silver was somewhat higher (2-3 oz./T) in the vein~ 
where we saw it~than the replacements--maybe because of more stromeyerite 

(AgCuS) • 
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The vein strikes N 65°E and dips 75-80°S and consists of multiple 
dendritic stringers of sulfide up to 3-4" wide over several feet--with other 
thin stringers in the hanging wall which they sometimes try to mine with a 
second i0' cut. There was notably more quartz and carbonate in the vein 
but mostly disseminated between sulfide stringers. The mineralization 
appears to have a much higher bn/cpy ratio and more chalcocite than the 
replacement mineralization. Some of the faces we examined did not have 
a clear-cut fault involved with the sulfides--only weak crushing over 1-2 
feet. The conglomerate near the vein was often better silicified and 
bleached than access drifts. There was some lateral variation in epidote 
and chlorite (?) or green clay distribution but relationship to the veins 

was not clear. 

Atkinson admitted that much of the South vein was of marginal grade 
considering the mining width and development costs but they hope that by 
hoisting some development waste they can keep the overall mine grade up as 
more vein material in the conglomerate is developed. Atkinson did not know 
or would not admit that they had done any exploration underground much south 
of the South vein and said that Exploration was in charge of surface drilling 

and didn't tell the mine geologists much. 

In conclusion the Magma Mine contains some very interesting geology. 
Unfortunately the staff geologists spend much of their time on routine 
production, surveying, etc. and not much time thinking about exploration 
although in a recap of our tour on the surface, it was apparent that Mr. 
Webster knew much more on the "conglomerate" problem than he was willing 
to admit. We said we would forward any interesting findings in thin 

section on the conglomerate. 

Of passing interest is that Magma/Newmont is also being troubled by 

Gold Depository Loan Co. The three staff geologists starred above are 
also avid mineral collectors and I confirmed the rumor that the Flux mine 
had been closed by ASARCO. The three had made a trip to Flux around 
Christmas 1980 during the great cerussite rush but found very little. 
They were amazed by the amount of work Thompson and crew had done. Also 
along was the son of the President of Newmont who was working for them 

as a mine sampler at the time. 

f ~ r-~̧ 

F. R. Koutz 

FRK/cg 

xc: JDSell 
SACatlin 
BEMason 
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In 1971, the Minerals Division of The Superior Oil Company acquired 

exploration rights to an unpatented claim group in the Superior 

(Pioneer), Arizona mining district, lying west of the Concentrator 

fault. This major post-mineral fault displaces the Magma veiN-fault, 

which is mined in the Magma Mine at Superior, Arizona. The Magma 

vein-fault and the enclosing section of pre-mineral rocks consisting 

of Paleozoic and younger Precambrian sediments and diabase, is over- 

lain by a thick section of post-mineral rocks, consisting of the Gila 

conglomerate, the Apache Leap dacite, and the Whitetail conglomerate. 

Geologic information on the thickness and attitudes of the rocks ob- 

tained from previous diamond drilling indicated that the section of 

post-mineral rocks might be from 3,000 to over 4,000 feet thick with- 

in the target area. (Figure I) 

The Magma vein-fault is a steeply dipping vein which has produced 

nearly a billion dollars of copper, zinc, silver, and gold. It has 

been mined continuously for nearly i0,000 feet along the strike and 

nearly S,O00 feet vertically down the dip. It ranges from less than 

a foot to over 50 feet wide and contains sulfide mineralization con- 

sisting of pyrite, chalcopyrite, bornite, and chalcocite. 

Though the exploration target might extend for a great distance both 

along strike and down dip it was thin in relation to length and con- 

sidering its steep dip represented a small exploration target. Never- 

theless, the geologic information obtained from the previous explora- 

tion program combined with the results from Superior's seismic survey 

appeared to outline a target which might be explored effectively by 

two deep v e r t i c a l  d r i l l  h o l e s ,  ( F i g u r e  2) 
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The target was a well defined seismic discontinuity which cut the 

pre-mineral rocks and,similar to the Magma vein-fault, did not ex- 

tend upward into the post-mineral rocks. The principal target was 

linear and appeared to represent the continuation of the Magma vein- 

fault on the west side of the Concentrator fault. A secondary target 

was the replacement horizon in the Martin formation. 

The great thickness of post-mineral rocks covering the targets ruled 

out using geophysical techniques for better target resolution. The 

targets, therefore, could best be explored by drilling. Fortunately, 

two diamond drill holes previously drilled on the property provided 

a good approximation of the depth of Tertiary age post-mineral cover 

as well as the attitude of the underlying pre-mineral Apache series 

which host the Magma vein-fault. 

The seismic survey results and the geologic information from the dia- 

mond drill holes defined the drilling target. Exploration of the 

target would be expensive, therefore, it would be necessary to obtain 

the maximum amount of geological information from a minzmum number of 

holes. The post-mineral cover thickened to the east, meaning that 

the best exploration target was adjacent to the Concentrator fault 

and close to the productive portion of the Magma vein-fault where the 

post-mineral rock cover was thickest. 

Several factors influenced the choice of a drilling method. 

method chosen must be capable of drilling: 

I. A straight hole. 

2. Rapidly, because of pending option payments. 

The 
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3. Directionally utilizing either an oriented whipstock or a 

dyna-drill. 

4. Hard formations such as quartzite. 

S. Spot cores within the target area. 

6. At costs competitive with other drilling methods. 

After reviewing the requirements, three methods were compared: 

Diamond Drilling 

Advantages 

i. Obtains a core which can be studied and analyzed. 

2. Proven ability to penetrate hard formations particularly 

the dacite and quartzite which had not been successfully 

penetrated using small rotary drilling equipment. 

3. Low cost footage rate. 

4. Low mobilization and site preparation costs. 

Disadvantages 

i. Slow penetration rate. The previous holes were drilled at 

an average rate of 60 feet per day when two shifts were 

employed. It appeared, therefore, that the proposed two- 

hole drilling program might require nearly a year to com- 

plete. This meant work requirements could not be met and 

substantial option payments would fall due before the pro- 

gram could be completed. 

2. Difficulty in drilling a straight hole through dipping 

sedimentary formations. 

3. Limited directional drilling capabilities. 

4. Inability to utilize most bore hole logging tools because 

. . . . .  m . . . . . . . . . . . . . .  - - - I  ~ ~ . . . . . .  ~ . . . . .  - - ~  . . . . . .  ~-  . . . . . .  I . . . . .  ~ ..... ! . . . . . . . . . . . .  r - 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

December 28 ,  1970 

Aa-16A.19.13 

TO: W.E. Saegart 

FROM: J. D. Sell 

Re : Production and Operating Costs 
Magma Copper Company 
Pinal Countyz , Arizona 

Attached are excerpts from a May 5p 1969 report to the Newmont 
Mining Corporation stockholders giving the five year (1964- 
1968) production and cost figures for the San Manuel and Superior 
operations of Magma Copper Company, 

JDS:mw 
Att, 
cc: J® H, Courtright 

W. L, Kurtz 

' , ~ O - c c J . L  =~-L'! ' 
j ' "  

L ........ " James O. Sell 
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BUSINESS AND PROPERTIES OF MAGMA 

Magma Copper Company was incorporated in Maine in 1910. It has been engaged in the business 
of producing copper from its Magma mine near Superior, Arizona, since 1911 and from its San Manuel 
mine near San Manuel, Arizona, since 1956. 

The Company's subsidiaries are the San Manuel Arizona Railroad Company, which serves the San 
Manuel Division, and the Magma Arizona Railroad Company, which serves the Superior Division. Both 
railroads provide the Company with rail transportation to the lines of the Southern Pacific Railroad. 

Total copper production of the two mines for 1966, the last full year of uninterrupted operation, was 
approximately 242,041,000 pounds, which is the current rated annual capacity and on the basis of which 
the Company ranked as the fourth largest copper producer in the United States. 

The industry-wide labor strike, which shut down all Magma's operations from July 15, 1967 to 
March 15, 1968, greatly reduced production in both those years. Total copper production for 1967 was 
approximately 127,027,000 pounds, and for 1968 was 173,561,000 pounds. In 1967, the Company sold 
155,863,000 pounds, the excess over production coming from inventories. Sales in 1968 were 23,081,000 
pounds less than production as the depleted inventories were restored to normal levels. 

Gold and silver are recovered as by-products of the copper production at both mines, and molybdenum 
concentrates also are recovered at San Manuel. 

Blister copper produced at Superior is sold f.o.b, the Superior smelter to a single buyer under a 
long-term contract, which provides for payment on the basis of market or agreed-upon prices for the 
copper, gold and silver content less freight, refining and marketing allowances. San Manuel's copper 
is custom refined and marketed by an independent sales agent. The molybdenum concentrates are sold 
under a contract extending through 1971 at prices based on market quotations. 

A Statement of Income of the Company and its subsidiaries for the past five years appears on page 
15, while its other financial statements are set forth on pages 55 through 59 hereof. 

The earnings for 1967 and 1968, as shown by the summary, were adversely affected by the long 
labor strike. Fluctuations in copper prices have an important impact on Magma's net income. For 
example, a 1# increase or decrease in average annual price would increase or decrease at present capacity 
Magma's annual earnings by approximately $0.55 per share (presently outstanding) before income taxes. 

Domestic refinery copper prices over the last ten years ranged from a high of 42.22# in 1968 to a 
Iow of 28.00~ per pound in 1961, and the averages of such prices for each such year were as follows: 

1968 1967 1966 1965 1964 1963 1962 1961 1960 1959 

Average Copper Price, 
per Ib ..................... 41.85 38.23 36.17 35.02 31.96 30.60 30.60 29.92 32.05 31.18 

On March 20, 1969, the domestic refinery copper price was 44.44 cents per pound. 

The new labor agreements with the United Steelworkers of America and other unions made at the 
settlement of the strike in March 1968, extend to July 1, 1971, and provide for an average total wage 
increase of 55.3 cents per hour over the 39~  months of the contract, of which approximately 14.5 cents 
became effective at once, with subsequent increases becoming effective January 1, 1969, November 1, 
1969 and September 1, 1970. Monthly pensions were increased by the agreements from $2£0 to $5.00 
times years of service, with some increases for employees already retired and with new pension benefits 
to widows of employees who die after age 55. Vacations, health and welfare, unemployment, death and 
disability, and other benefits also were increased. 
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The federal income tax returns filed by Magma Copper Company and its subsidiaries have been 
examined by and settled with the Internal Revenue Service through 1962. In .subsequent years, the 
operating results of Magma have been included in the consolidated federal income tax returns filed by 
Newmont Mining Corporation. Newmont's returns for the years 1963, 1964 and 1965 are currently 
being examined. 

The Company's long-term debt at December 31, 1968 was $36,000,000, consisting of the $15,000,000 
bank debt referred to below, and the $21,000,000 balance of a 5 ~  unsecured note payable to The 
Prudential Insurance Company of America which is due in seml-annual installments of $1,500,000 from 
June 1, 1972 to December I, 1978, with certain rights of prepayment available to the Company. The 
note agreement requires that the Company maintain at least $10,000,000 of consolidated working capital 
and also contains certain restrictions on dividend payments. At December 31, 1968, approximately 
$37,140,000 of retained earnings were unrestricted as to the payment of dividends. 

In March 1968, in connection with the purchase of the Kalamazoo property hereinafter mentioned, 
the Company borrowed a total of $15,000,000 in equal amounts from two New York banks. The loans 
mature in March 1970. The Company anticipates that these loans will be paid from cash flow from 
operations or will be refinanced, possibly when financing is arranged for the Magma expansion program 
hereinafter described. 

Two legal actions against the Company have been pending since 1959 and 1960. The first is a patent 
infringement suit involving smelter converter practices at San Manuel, in which the federal court has held 
the patent valid and infringed, and in March, 1969 found the amount of damages due for the infringe- 
ment to be approximately $983,000, plus interest, attorneys fees and costs. The interest to date plus 
attorneys fees and costs aggregate approximately $453,000. In the second action, which claims 
compensation for use of the same invention prior to the issuance of the patent in 1959, a jury verdict 
for $400,000 against the Company in the Arizona state court was set aside on appeal by the Company, 
and a new trial was held in February, 1969, resulting in a jury verdict of $165,000 plus interest and 
costs. The interest to date and costs in this case amount to approximately $106,000. The Company 
is taking further action in both cases preliminary to possible appeals. 

San Manuel Divis ion 

The San Manuel mine and plant is currently producing and treating approximately 40,000 tons of 
ore per day. 

The mine is a large underground mine worked by block caving methods. The major part of the 
orebody, from which production has been obtained, is sulphide ore. There is in addition an area of oxide 
ore overlying a portion of the sulphide ore which may be leached in place or mined and leached or other- 
wise treated at some future time. A small part of the orebody lies in State lands held under long-term 
mineral leases, and another small part is held under a long-term lease and option from The Anaconda 
Company. The latter requires future payment of rent or royalty in the total sum of $4,350,000 in annual 
installments through 1988 and, if the purchase option is exercised, an additional payment of $1,500,000. 

The surface plant consists of a mill, power plant, smelter, transportation and other facilities required 
for the current rate of operations. Townsite housing and facilities for San ~,~[anuel employees are owned 
and maintained by San Manuel Townsite Division of the Company, and a fully-equipped hospital is 
owned and maintained by the Company at San Manuel. The lands occupied bythese facilities and ranch 
and other lands in the area are owned or held under lease by the Company. 

Mine production to date has been obtained from the first and second levels. The first level was 
about 1,400 feet below the surface, and mining there has been completed. The second level, about 2,000 
feet below surface, is now being mined. A third level about 600 feet below the second and an intermediate 
level half way between, will be prepared for start of production about mid-1974. Mining from the second 
and third levels will be accelerated to 60,000 tons of ore per day when the expansion program described 
below is completed, and while development work is done on the adjacent Kalamazoo orebody to prepare 
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it  for future production. The Company has spent approximately $5,487,000 annually for the past five 
years in mine development expenditures. These expenses, together with costs capitalized in prior years 
with respect to shaft sinkings and attendant installations for the San Manuel orebody, are being charged 
to operating costs ratably as copper is produced from the ore developed and mined. 

Sulphide ore reserves of the San Manuel mine as of December 31, 1968 are estimated, using an 
average 0.50~ sulphide copper cut-off, to be 496,800,000 tons of 0.728% net sulphide copper, before 
dilution, of which 228,500,000 tons of 0.71~ sulphide copper are above and can be mined from the second 
leveI. In addition, the estimated oxide ore reserves are 130,000,000 tons of 0.70~ total copper (0.47% 
oxide copper), before dilution, all lying above the second level. 

In March 1968, the Company purchased from Quintana Minerals, Ltd., under an agreement with that 
company and Newmont Mining Corporation, the Kalamazoo copper property adjoining the San Manuel 
mine in Arizona for $27,000,000 in cash and stock equivalent. Quintana received from Magma $15,000,000 
in cash and 42,478 shares of Magma common stock, and from Newmont 78,208 shares of Newmont 
common stock and 34,800,000 in cash, and Newmont received from Magma 169,912 shares of Magma 
common stock. The Kalamazoo property is estimated to contain 565,000,000 tons of sulphide ore averaging 
0.72~ net sulphide copper, before dilution. This orebody is believed to be similar to the San Manuel 
orebody though lying at a considerably greater depth with the top of the orebody approximately 2,500 
feet bel'ow the surface of the ground. 

San Manuel's production and costs for the past five years have been as follows : 

1968 1967 1966 1965 1964 
Ore mined : - -  - -  

Tons .......................................... 2... 11,367,640 7,891,854 14,391,355 13,504,024 12,442,752 
% Sulphide copper ....................... 0.701 0.758 0.772 0.773 0.828 

Payable metal content: 

Copper (tons) ............................ 72,074 53,963 101,390 93,767 92,589 

Molybdenum sulphide (tons) 2,298 2,001 3,544 2,863 2,486 

Silver (ounces) .......................... 245,316 166,893 311,699 273,610 282,334 

Gold (ounces) ............................ 14,303 10,534 22,396 21,550 20,746 

Gross value per ton ore mined ...... $ 5.97 $ 6.18 $ 6.47 $ 5.66 $ 5.46 

Operating costs (1) per ton ore 

mined ............................................ $ 3.72 $ 4.03 $ 3.33 $ 3.42 $ 3.39 

All other costs (2) per ton ore mined $ .85 $ 1.08 $ 1.26 $ .83 $ .69 

(1) Including all operating costs, all Arizona taxes, federal social security taxes, and amortization of deferred 
development, but excluding depreciation, depletion and interest. Includes effect of strike expenses in 1968 and 1967. 

(2) Includes depreciation, depletion, interest and federal income taxes. 

The above results for the years 1967 and 1968 reflect the adverse effect of the prolonged labor strike 
already mentioned. 

Superior Division 

The Magma mine at Superior is an underground mine having replacement or bedded-type orebodies. 
It is provided with access, transportation and aircooling facilities required for current operations. The 
surface plant includes a concentrator, smelter and related auxiliary facilities. 
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Production and costs at the Magma mine for the past five years have been as follows. 

1968 1967 1966 1965 1964 

Ore mined : 

Tons .............................................. 333,607 219,510 431,913 4 3 9 , 9 1 1  377,575 

Copper .................................... 4.63 4.77 4.70 4.65 4.78 

Payable metal content : 

Copper (tons) ............................... 14,706 9,551 19,631 19,452 17,064 

Silver (ounces) ............................. 347,119 197,419 466,334 408,366 306,269 

Gold (ounces) ............................... 7,263 4,970 12,802 12,748 11,078 

Gross value per ton ore mined ...... $42.38 $45.37 $44.02 $38.48 $31.51 

Operating cost, m per ton ore 

mined ............................................ $45.47 $54.01 $40.34 $35.50 ~37.58 

Other costs, (~o per ton ore mined.. $ 0.43 $ 0.93 $ 0.48 $ 0.18 $ 0.18 

(1) Including all operating costs, all Arizona taxes and federal social security taxes, but excluding depreciation 
and depIetion. Includes strike expenses in 1968 and 1967. 

(2) Includes depreciation, depletion and federal income taxes. 

Operating costs have been high principally due to extensive timbering required to support the 
underground workings, high temperatures and humidity underground requiring expensive cooling 
facilities, long distances underground from existing shafts to the working areas, and to the obsolescence 
of much of the surface and underground facilities, and also in 1967 and 1968 costs were adversely affected 
by the eight months labor strike. 

Extensive diamond drilling has developed additional replacement orebodies in beds lying strati- 
graphically above the areas presentl3; being mined, and has increased the ore reserves to the highest' 
tonnage in this mine's long history. As of December 31, 1968, total reserves at Superior were estimated 
at 10,100,000 tons of ore averaging 5.88% copper, before dilution. 

The increased ore reserves have made feasible the commencement of an expansion program at 
Superior as described below. 

Expansion Programs 

As a result of the Kalamazoo acquisition, the Company has commenced a program to increase 
capacity at the San Manuel mine and plant from 40,000 to 60,000 tons of ore per day. This will require 
additional shaft sinking, mine development and plant expansion. Completion of the program is planned 
for 1971. 

At Superior an expansion program also is underway to double the ore production there from 1,500 
to 3,000 tons per day. The program includes an additional 4,800 foot mine ore shaft, a 9,100 foot 
tunnel on the 500 foot level, and modernization and expansion of the mine, mill and related facilities. 
The Superior smelter, however, will be abandoned, and the mill concentrates shipped to the expanded 
San Manuel smelter for smelting. Completion of the Superior expansion is scheduled for late 1972 
with the production increase being gradual and fully accomplished two years after the program is 
completed. 

Contracts for certain phases of the expansion programs at both mines have been negotiated. The 
cost of the two programs is expected to be in excess of $100,000,000. The amount and nature of such 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

March 30, 1970 

TO: 

FROM: 

W. E. Saegart 

J. D. Sell 

Stacked Replacement Ore Bodies 
Superior D iv . ,  Magma Copper Co. 
Pinal Count~L~_Arizona 

The Superior Division of Magma Copper Company announced total ore 
reserves Of IO, lO0,O00 tons averaging 5.88% copper, before dilution, as 
of December 31, 1968. (See my File Memorandum dated May 5, 1969). 

Since this time Magma has been busy preparing to confirm and mine 
the reserves by sinking a new (No. 9) shaft 4900 feet through the Dacite, 
connecting the shaft to the mill area by a new 9000-foot haulage tunnel 
on tile 500 level, and driving drifts and raises into the new area under- 
ground. As of March 24 the No. 9 Shaft was 600 feet deep and the 500 
level haulage was in 2000 feet. Drifts are being driven from No. 6 Shaft 
to the projected No. 9 Shaft on the 3000, 3200, 3400 and 3600 levels. 
From these workings new diamond dri]ling is being conducted as well as 
some exploratory raises. 

As shown on Figure 1, Magma has mined replacement ore from the 
lower par t  of the Devonian in three main areas (in orange):  a) Off of  
the Magma Vein (M), b) the small No. 6 shoot, and c) the main product ion 
from the South Branch (S) vein area. A l l  these ore bodies are b l ind  in 
tha t  they do not outcrop.  The Main Vein (M) ore shoot terminated in 
minable amounts on about the 2600 leve l .  The No. 6 shoot terminated near 
the 2550 leve l .  The South Branch (S) beds were product ive up to the 2000 
leve l .  A l l  terminated in to  low grade values around the 3400-3600 leve ls  
w i th  f ingers  of  ore grade going somewhat deeper. 

The new stacked ore body is comprised of  s im i l a r  m l n e r a l i z a t i o n  
as found in the lower Mart in beds ("A" hor izon)  and as is found in 
replaced beds in the upper Mart in  ("B" ho r i zon) ,  lower Escabrosa ("C" 
hor i zon) ,  upper Escabrosa ("D ~' hor izon)  and lower Naco ('~E" hor izon) .  
Composite cross-sections show that numerous beds are mineralized which 
pinch and swell in strike and dip, but collectively they have been grouped 
in the above-lettered horizons. 
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Figure 2 shows the essential outline of the now known stacked ore- 
bodies and the extent of the old lower Devonian beds. As known by 
drilling only, the lower Escabrosa ("C") horizon extends highest up-dip 
of the new beds and terminates at about the 2800 level. The upper 
Devonian ("B") horizon is local and is found mainly on the up-dip end° 
The upper Escabrosa and lower Naco horizons trail off eastward and their 
up-dip extensions are highly oxidized with less than 0.20% copper remain- 
ing in the horizons, Outside the ore body outline the horizons may contain 
pyrite and specularite (where not oxidized) but very minor copper values. 
Thus these ore horizons are also blind. 

The down-dip extension of the new reserves have been drilling and 
calculated to the 3900 level but the mineralized beds are known to ex- 
tend to the 4300 level although they are being cut-off by a mass of 

intrusive breccia. 

Interestingly, the stacked ore bodies are found mainly over the 
South Branch (S) area and to a minor part over the No. 6 ore shoot area 
(the only area presently being mined in the stacked horizons). Extensive 
drilling has been done over the Magma Vein (M) area but rarely are the 
horizons even mineralized with pyrite and hematite. 

The South Branch Vein structure is near the north boundary of the 
old Devonian (S) area but is now thought (and mapped) to curve southward 
as it is followed to the east. A1so~ the plan of the stacked bodies 
has a slight curvature to the south as viewed down dip. The full signi- 
ficance of these curvatures and the limits and distributions of the 
various horizons is not known, but it is interesting to speculate that 
a central intrusive porphyry stock area is off to the southeast of NOD 9 
Shaft and that a similar relationship as found at Christmas is present 
here. Rus Webster (Chief Geologist at Superior) recognizes this possi ~ 
bility when he stated that Magma should explore the south side of the 
breccia mass (whose extent is unknown). 

Approximately 50~ of the Escabrosa Limestone is mineralized and 
contains 50% of the new reserves. The remaining 50% is distributed 
(approximately) as follows~ lower Martin 20~, upper Martin 5%, lower 
Naco 20%, and Mescal (Precambrian limestone) 5% with very high grade 
values. These reserves include previously known but unmined values in 
the lower Martin and Mescal beds in the vicinity of the Magma Vein and 
the No. 6 ore shoot° 

The No. 9 Shaft (22 foot circular) is being sunk without the 
benefit of any pilot hole. Diamond drill hole 3600 E lO0 was drilled 
horizontally due south (?) on the 3600 level to check the shaft site 
at this level and encountered mineralized intrusive breccia. The 
shaft is scheduled to be 4900 feet deep which corresponds to bottoming 
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on the 3600 level. As ore reserves extend to 3900 and mineralization 
is known to extend to the 4300 level, it is believed that they will 
ultimately deepen the shaft as needed. 

The 9000-foot (12 I/2 foot circular) haulage tunnel is now in 
2000 feet and is in the "Marron Shale" marker bed which is at the top of 
the Mississippian Escabrosa Limestone. It is being driven using a 
boring-machine, which, when going well, cuts 75-90 feet per day. The 
tunnel is raw and only several places have needed support° The "Never 
Sweat" tunnel (so named over the portal) is being driven on the 500- 
foot, or mill, level and will intercept the No. 9 Shaft some 18OO feet 
below the No. 9 collar° 

JDS/kvs 

J. D. Sell 
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