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A L. EDGAR 
Pr •• ident 

TIPPERARY RESOURCES CORPORATION 
A Subsidiary of 

TIPPERARY LAND & EXPLORATION CORPORATION 

1500 W . ILLINOIS - MIDLAND, TEXAS 79701 

September 4, 1970 

PHONE 915664-7151 

TELEX 743414 

Mr. Kelsey Boltz 
Nuclear Dynamics, Inc. 

2871 Sky Harbor Blvd. 

Phoenix, Arizona 85034 

Subject: Kelvin Copper-Molybdenum Prospect 

Pinal County, Arizona 

Dear Sir: 

In accordance with my conversation with you on September 3, 

submitted herewith are the following reports prepared by 

Tipperary: 

(1) Volume I, Kelvin Geological Report 

(2) Volume II, Kelvin Geophysical Report 

In addition, a report entitled "Volume III - Petrographic 

Examination of 16 Rocks", prepared by Colorado School of Mines 

Research Institute, is available for your review. 

We believe results of our exploration program to date, as 

contained in the above material, justify additional exploration 

efforts. We are interested in obtaining a joint venture partner 

and in undertaking additional work. Our terms of joint venture 

participation are as follows: 

1. You are to reimburse Tipperary in the amount of $100,000 

representing approximately 90 percent of exploration 

costs to date. 

2. Cost of future exploration and definition work and a 

feasibility study are to be borne 90 percent by you and 

10 percent by Tipperary. Salaries, salary burdens and 

travel expenses attributable to Tipperary personnel 

will be charged to the joint venture account at cost. 

3. By bearing costs as set out in (1) and (2) above, you 

earn a 60 percent interest in the prospect. Costs 

L __ k, 



Mr. Kelsey Boltz 
September 4, 1970 
Page 2 

incurred subsequent to the feasibility study will be 

borne 60 percent by you and 40 percent by Tipperary. 

Revenue likewise will be shared on a 60/40 basis with 

each party bearing its proportionate share of royalty, 

operating costs and other burdens. 

If you wish to discuss this prospect in more detail with our 

personnel or to inspect the property in person, please advise 

and appropriate arrangements will be made. 

Yours very truly, 

b' 4.,~./ (j' J ?:M----' 
'f.,(J,~ . v / ~. 

Arlen L. Edgar 

ALE: jm 

encl. 
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ABSTRACT 

The Kelvin Copper-Molybdenum Prospect located in Pinal 
County, Arizona, has been the subject of an extensive geological 
and geophysical progr~~ designed to investigate the economic 
potential of copper-molybdenum mineralization. Review of both 
local and regional geological relationships points out numerous 
similarities between structure, petrology, and mineralization at 
Kelvin and Kennecott Copper's Ray open pit mine fiv~ miles to the 
northeast. 

Results of geophysical and geological investigationsshow ~ 
the presence of ·an anomalous zone of sulfide mineralization 
trending approximately east-west across the prospect. Tipperary 
drilled two holes on the property, which were located on the 
basis of surface mineralization and prior geophysical observa-
tions (before completion of geophysical surveying). Mineralization 
in both holes is submarginal to marginal but several short inter
vals contain ore grade mineral. The leached character of the granite 
host in the drill holes combined with increasing a~ounts of sulfide 
mineralization at increasing depth in Drill Hole 2 may be indicative 
of an enriched zone at greater depth. Support for this hypothesis 
are the numerous shows of chalcocite pseudomorphism after pyrite 
and the highly leached and altered nature of the granite. 

The geophysical anomaly tends to be confined between two 
bordering Laramide intrusives. The northern boundary of the 
anomaly subparallels a large diorite porphyry dike and the southern 
boundary parallels an apophysis of a quartz monzonite stock • . Be
cause of the restriction of significant mineralization to the main 
anomalous zone it is possible that the mineralization is the result 
of hydrothermal migration upward through the basement weakness zone 
created by intrusion of the monzonite stock and confinement of 
solutions by the monzonite barrier on the south and the diorite 
porphyry dike to the north. 

Additional exploratory core tests are needed to ascertain 
the economic potential of the prospect as recommended in the 
geophysical report. . 
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INTRODUCTION 

The Kelvin Coppe~-MolybdenumProspect was acquired by Tipperary 

Resources Corporation in January, 1970 through negotiations with 

claim owners and prospecting permitees. 

An extensive preliminary exploratory program was initiated to 

ascertain the extent of mineralization in the Kelvin area. A 

thorough g"eologic mapping program was initiated to run concurrent.ly 

with an extensive induced polarization survey and drilling" of two 

holes. This report is a summary of pertinent geological data 

derived from the current study and a review of the regional geology 

and ore deposits. 

LOCATION A}ID ACCESSIBILIYy 

The Kelvin Prospect is located in the Riverside Mining District, 

also kno\m as the Mineral Creek and Kelvin Mining Districts. (Fig. 1.) 

The prospect consists of 33 unpatented lode mining claimS, one 

patented mining claim knmm as the Zelleweger Claim and two state 

sections. All of the property is in a contiguous block located in 

sections 8, 9, 10, 16 and 17, Township 4 South, Range 13 East of 

the Gila and Salt River Base and Meridian, Pina~ County, Arizona 

as shown on Figure 2. Quit claim dc2d to additional claims which 

are not contiguous with the main group have also been obtained • . 

The property is located five miles south of Kennecott Copper's Ray 

open cast copper mine which is currently mining 110,000 tons per 

day. Access to the prospect is via State Highway 177 from Superior, 

c -~ 



Arizona, 15 miles south to Kelvin where an improved gravel road 

extending from Kelvin to Florence, Arizona, intersects Highway 177 ". 

This road is followed six miles to the A-Diamond Ranch Road and 

Southern Pacific Railroad's access turnoff. The railroad access 

road is followed a distance of two miles to the entrance of 

Johnson Wash from where a mine road extends south one mile to 

the prospect. 

CLIMATE AND VEGETATION 

Temperatures range from a minimum of approximately 20 degrees during 

the winter months to a maximum of 120 degrees during extreme periods 

in the summer. Rainfall is scant, averaging between 10 and 15 inches 

per year. " Excessive periods of rainfall create hazardous conditions 

in the" numerous gullies and washes in the prospect area and flash 
1 " 

flooding conditions occur in numerous areas between Kelvin and the 

prospect area. 

Vegetation consists predominately of saguaro and cholla cacti. 

Ocotillo, creosote and paloverde are also common as is mesquite in 

the lower topographic areas. 

CLAIM DESCRIPTIONS AND OWlTERSHIP 

Tipperary has acquired through a purchase agreement a total of 33 

unpatented mining claims in a contiguous block in sections 8, 9 

and 17, TOvffiShip 4 South, Range 13 East. The relative position of 

these claims is shown on Figure 2. All of the claims have been 

-3-
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surveyed by Carl Weckerly and Associates, Registered Land Sur-

veyors,Chandler, Arizona. In addition to the unpatented claims 

mentioned above, one patented claim, known as the Zelleweger Claim 

was acquired to complete the block so that no internal voidsexist~ 

Two state of Arizona sections (Nos. 10 and 16) were acquired for 

additional coverage. Both sections are held under prospecting permits. 

HISTORY 

Mining in ' the Ray area is reported to · have begun during the early 

1880's at which time' many claims in the general area were located 

and prospected. Although exact records are not available, pros- . 

pecting in the Kelvin area is thought to have been initiated during 

the 1910 to 1920 decade. Several old claim papers dating back to 

1917 have been found and are thought to represent the earliest 
\ 

stages of exploration in the prospect area. The Zelleweger claim 

was patented in 1924 and is the most extensively developed property 

within the prospect boundary. Approximately $40,000 in gold, copper 

and zinc were reportedly mined from the property in the 1920's and 

early 1930's. A. H. Johnson located several claims in the area in 

1933 (Black Copper Claims) and prospected numerous surface "· shows 

for copper and gold. Numerous other shallow pits and tunnels were 

worked about this time by other prospectors but no large accumu-

lations were found. Johnson continued prospecting the area and 

located several encouraging shows of molybdenum and copper oxides. 

The filing of additional mining claims during 1953 through 1957 

and the subsequent, sinking of two sixty foot shafts on the mo1y-

bdenum mineralization were the last attempts at small scale 

C:. production on the prospect. 
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Inspiration Copper ran two IP lines across the property during 1967 

and Minbanco Corporation acquired the property for an exploratory 

(~/ . program during 1968-1969. 

Minbanco drilled nine exploratory holes on the property from 

September to December of 1968. Drilling procecures and sample 

collecting were inadequate for complete evaluation. Results from 

preliminary induced polarization lines pointed out anomalous 

sulfide concentrations which were only partially tested by drilling. 

·A more complete description of the work done and results obtained 

is compiled in Appendix A. 

Tipperary acquired the prospect in December of 1969 and initiated 

a detailed exploratory program utilizing geologic, geochemical and 

geophysical techniques. Geologic . mapping was done on a 1" = 200 1 

I 

horizontal scale uEjing plane table and alidade • . Both fracture 

system and mineralization overlays were prepared to be superimposed 

upon the basic geologic map. All old mine \vorkings were mapped and 

systematically sampled and a petrographic examination of the various 

rock types was initiated by the Colorado School of Mines Research 

Institute~ Results of the School of Mines research is presented 

in Volume 1.11. 

A detailed geophysical survey program was designed for the Kelvin 

area with the technical assistance of Heinrich'sGeoexploration of 

Tucson, Arizona. ---A north-south grid system was designed to evaluate 

the postulated mineralization by utilizing induced polarization 

techniques. Both 500 foot and 1000 foot dipole arrays were used. 

A complete report of all geophysical survey \vork conducted by 

Heinrich's is presented in Volume II. 

-6-



GENERAL GEOLOGY 

( A general review of the basic geology of the Ray quadrangle and 
.... ~ 

( 

Tortilla Mountains is necessary to provide an adequate background 

for the more detailed study of the Kelvin prospect area. Numerous 

parallelisms and similarities between surficial geology of the Ray 

mine ~rea and the Kelvin prospect area can be noted. 

Physl.ographically the Ray - Kelvin area may be classified as lying 

in the Mountain Region of Southeast central Arizona. The mountain 

region is characterized by numerous short relatively parallel 

mountain ranges, few of which exceed fifty miles in length. The 

Ray-Kelvin · area ~s traversed by two of the typical ranges in a 

southeast to northwest direction. 

, 
The Dripping Spring Range, six miles northeast of the Kelvin · 

Prospect, east of the Ray open pit presents a complicated picture 

of numerous small fault blocks composed mostly of Paleozoic 

sediments and irregular intrusives. Southwest of the Dripping 

Spring Range is the Gila River valley which is characterized by 

extensive thicknesses of Quaternary Gila conglomerate. The 

Tortilla Range marks the southwestern edge of the mountain region. 

The higher portions of the range consist mainly of Pre-Cambrian 

granite with younger intrusives flanked by sharp narrow ridges of 
. . . 

the lower Paleozoic sedimentary formations on the east and a gentle 

slope to the west. The Kelvin Prospect is situated on the northern 

portion of the Tortilla Range. 

-7-



The geologic section in the Ray - Kelvin area consists of Pre

cambrian Pinal Schist and granitic rocks overlain by the Apache 

Group, a sequence of Scanlan conglomerate, Pioneer shale, Barnes 

conglomerate, Dripping Spring quartzite, Mescal limestone and 

basalt • . Succeeding the Apache group fs the Troy quartzite, 

Martin limestone (Devonian), Escabrosa limestone and undifferen

tiated cretaceous limestones. Numerous diabase sills, dikes and 

irregular intrusives were emplaced during late Paleozoic or early 

Mesozoic time. 

To~he south of the Ray - Kelvin area is a sequence of andesite 

tuff, breccias and flows cut by andesitic to monzonitic dikes. 

Eruption of the andesites was followed by an intrusive cycle of 

quartz diorite, granite, quartz monzonite porphyrYJ and quartz 

d~orite porphyry during the Laramide. The gr~nitic and monzonitic 

rocks are closely related to the copper deposits of the general . 

area. Late Tertiary time is represented by extensive dacite flows 

which have been broken by faulting and erosion. The Gila conglom

erate of Quaternary age occupies a large portion of the present day 

Ray - Kelvin area and has been deformed by extensive faulting and 

erosion. 

The relationships of the various intrusive rocks in the Ray Kelvin 

area have been studied in detail by the U.S.G.S. (Professional Paper 

115) and are summarized below: 

Precambrian Granite (Biotite Granite) - according to the 

U.S.G.S. this rock type crops out over most of the Tortilla 

Range and is the dominant rock type of the Tortilla 

-8-
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batholith. Composition of the granite varies slightly 

but is principally potash feldspar phenocrysts in a 

ground mass of anhedral plagioclase and quartz with 

moderate amounts of biotite. 

Mesozoic Diabase - The diabase intrusives in the vicinity 

of Ray and Kelvin intrude all rock types up to and in-

eluding the cretaceous limestones. It is conceivable, 

- however, that repeated intrusions of diabasic magmas 

during separate geologic periods account for the irregular 

and apparent dissimilar nature of many of the intrusions. 

Petrographically the diabase is a dark gray to black 

holocrystalline medium grained to aphanitic rock with 

accessory magnetite and large tabular plagioclase crystals. 

Younger diabase dikes cut across some older diabase and 
i 

\ 
are typically the finer grained variety. Mineralogically 

the diabase is composed of labradorite, augite, olivine 

and accessory amounts of biotite, apatite, ,titanite and 

magnetite. 

Quartz Diorite - Quartz diorite dikes and irregular in-

trusive bodies crop out in numerous areas within the Ray -

Kelvin- vicinity. The rock is light to dark gray, of fine 

grained texture and normally consists of hornblende, 

augite, and biotite crystals in a mass of euhedral plagio-

elase with anhedral orthoclase, interstitial quartz and 

accessories of titanite, magnetite and apatite. The 

- quartz diorite is the oldest of the Tertiary intrusives. 

-9-
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Quartz Monzonite Porphyry - Several small irregular 

intrusions are recognized west and southwest of Ray. 

Most of the Monzonite porphyry is associated with copper 

mineralization. Petrographically the rock is light-gray 

to white and consists of plagioclase phenocrysts and a 

medium grain groundmass of quartz, orthoclase and 

occasional biotite. Age of the monzonite is Tertiary. 

Quartz Diorite Porphyry - Numerous dikes, sills, and 

irregular intrusive bodies crop out in the Ray - Kelvin 

area. Ore deposits at the Christmas mine appear to be 

genetically dependent upon the quartz diorite porphyry. 

Petrographically the rock varies radically in both texture 

and composition but is typically exemplified by the larger 

intrusions as a light gray sp~ckled rock with phenocrysts 

of white plagioclase, black biotite, or quartz in a fine 

groundrnass of the same composition~ Most of the dikes ex

posed show extreme textural differences between the central 

core and outer fringes. 

Several other rock types occur in the Ray vicinity "but are 

not pertinent to the area under study or to the ore deposi

"tion in the area. 

STRUCTURE 

As described previously, this area is characterized by north-northwest

trending mountain ranges. Regionally the fault systems parallel the 

mountain ranges. Most faulting in the area is normal, but thrust 

and reverse faults are also represented. Repeated movement of the 

prominent faults dates back to the Precru~brian. 

-10-



RAY ORE DEPOSITS 

A review of the mineralization at Ray is provided for background 

information and because of its proximity to the Kelvin Prospect. 

Disseminated copper mineralization at Ray covers an area roughly 

two miles square and at least 3000 feet in its vertical dimension. 

~ne ore body is a combination of supergene enriched ore which 

occurs as an irregular blanket of considerable thickness and large 

zones of copper oxides in the eastern portion of the Ray pit. 

Ore minerals consist of hypogene pyrite, chalcopyrite, molybdenite, 

and bornite with traces of galena and sphalerite. Chalcocite is 

the dominant secondary sulfide and is the most important ore mineral. 

Native copper, cuprite and chalcotrichite along with chrysocolla 

comprise the bulk of the oxidized portions of the ore body • 

. Past production has come mainly from enriched zones in Pinal Schist. 

Ore grade is erratic and at present averages less than one percent 

copper. Protore in the leached schist capping averages between 

0.1 and 0.2 percent copper. Because of this leached capping 

totalling approximately 500 feet the supergene ore body is believed 

to have originated from protore of the same grade. 

Diabase intrusives in the Ray Mine form an important ore reserve as 

they were apparently the most important primary host rock in the 

area. The diabase exhibits little or no enrichment and copper values 

are thus derived from primary chalcopyrite. Diabase containing 

primary sulfides are often found above rocks which have been leached • 
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Alteration of the rocks in the Ray mine area is of three types 

as fo1lo'-'1s: 
1. Biotite-orthoclase 

2. quartz-sericite 

3. propylitic - chlorite, epidote, 

clay minerals, etc. 

Each of the alteration types is considered to be of hypogene nature. 

Ore controls of the Ray mine are essentially structural with the pri

mary controlling agents being the major faults and the zone of base

ment \<leakness along which the Granite Mountain Porphyry intruded. 

GEOLOGY OF THE KELV1N PROSPECT 

Surface geology of the Kelvin Prospect area is similar to the 

geology at Ray in some respects. The dominant host in the Kelvin 

Prospect is the Precambrian granite of the Tortilla !>'lountain batho

lith. The granite has been fractured, faulted and subsequently 

intruded by a wide variety of dikes, sills, and irregular bodies 

of rock ranging in composition from diabase to aplite. Repeated 

movement along fractures and faults has resulted in the broken 

nature of the rocks as is apparent on the geologic map. A dis

cussion of the petrology of the various rock types and a review of . 

their field relationships is presented to establish a basic geologic 

environment suitable for the emplacement of ore deposits. 

Precambrian granite - (Grayback granite) 

The granite of the Tortilla batholith crops out in over 60 percent 

of the mapped area. Typical hand specimens exhibit a medium 

grained texture ranging from light gray to pink in color. Common 
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minerals are phenocrysts of pink orthoclase feldspar, occasionally 

of a perthitic tex ture; quartz, both interstitial and as phenocrysts; 

and accessory amounts of magnetite, biotite, plagioclase, hornblende 

and apatite. The granite outcrops form rounded, highly weathered 

slopes except where silicification and sericitization has occurred. 

Alteration of the granite is intense over most of the mapped area 

and contact metamorphism is present to a lesser degree adjacent to 

intermediate dikes and irregular intrusives. The granite exhibits 

both propylitic and quartz-sericite stages of alteration and appears 

to have undergone an intense alteration along fractures where 

secondary orthoclase has been formed. 

The granite host is highly fractured throughout the mapped area 

as evidenced by the geologic map. Many of these fractures are 

associated with the transecting dikes, but there are a number not 

associated wi th the ex·posed dikes. The geologic map shows the 

preponderance of fractures accompanied by disseminated sulfides 
-
along the fracture borders and also the presence of iron staining, 

goethite and limonite, and sulfide boxwork st.ructures. 

Mineralization in the granite is of two main types; primary 

sulfide minerals disseminated throughout the granite and more 

particularly associated with the feldspars and sulfide minerals. 

alongmicrofractures and quartz stringers~ Mineralization is 

also present in the granite adjacent to many of the intermediate 

to basic dikes. Examination of available drill hole cuttings shows 

--the persistence of low grade mineralization at depth in the granite, 

but also shows a marked leaching effect near the surface and a 

-13-



c 

partially leached zone dmvn to approx imately 1500 feet. Propylitic 

alteration is present at all depths thus far examined in drill hole 

cuttings. 

Dacite porphyry - (Diorite porphyry) 

The difference in terminology as applied to the porphyry dike 

systems is basically due to groundrnass size rather than compositional 

differences. The dikes exhibit great textural changes from the 

central core to the outer fringes and representative samples are 

difficult to obtain. The dacite porphyry dikes intrude the Pre

cambrian granite, .diabase dikes and diabase porphyry dikes. Compo

sitionally the dacite porphyry contains large 3 to 6rnrn phenocrysts 

of anhedral to subhedral quartz and occasional smaller phenocrysts 

of plagioclase and biotite in an aphanitic groundrnass ot gray to 

black augite, olivine and pyrox ene with minor accessories of 

magnetite and apatite. At least two separate cycles of intrusion 

are represented by. the diorite porphyry or dacite porphyry. 

The majority of the dikes are more accurately described as quartz 

diorite porphyry or granodiorite porphyry depending upon varying 

amounts of potassium feldspar. These coarser grained dikes are 

younger than the dacite porphyry dikes. 

Andesite · - (Diabase) 

Terminology is dependent upon grain size as in the dacite above 

with andesite pertaining to the finer grained variety. The diabase 

dikes are identical to the diabase of the Ray Mine area. Compositions 

· vary considerably from the central portions of the dikes to their 
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borders. Typical diabase dikes show an aphanitic texture with 

occasional plagioclase phenocrysts. 

Andesite Porphyry (Porphyritic Diabase) 

Th~ porphyritic diabase dikes crop out in scattered areas within 

the prospect and are not as numerous as the diabase above. The 

main difference is the tabular or rice grain shaped plagioclase 

phenocrysts. A fevl dikes contain dark pyroxene phenocrysts in an 

aphanitic groundmass. 

Quartz Latite Porphyry (Quartz Monzonite Porphyry) 

A quartz monzonite porphyry stock, intruded a.long a general east-west 

trend, is present in the southern part or the prospect. The mon

zonite is generally fresh with no significant alteration except 

along narrow east-west trending fractures where molybdenite and 

pyrite occur in small quantities. 

The quartz monzonite or quartz latite depending on groundmass 

textures generally consists of anhedral quartz, orthoclase, 

plagioclase and biotite. A number of small metamorphosed biotite 

schist xenoliths and dacite porphyry xenoliths are present in the 

monzonite. 

Aplite and Pegrnatites 

Aplite and pegmatite dikes are the youngest of the intrusives 

present in the prospect area. The aplite is a pink, fine grained 

rock consisting primarily of orthoclase feldspar, quartz and 

-~uscovite. Pegmatite veins consist of large massive quartz zones 

and large subhedral to euhedral crystals of orthoclase with minor 
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amounts of black tourmaline and occasional garnets. These dikes 

are generally fresh except near east-west or northwest-southeast 

trending fracture zones where pyrite, limonite and hematite fill 

fractures in the pegmatites. 

Alteration 

As discussed briefly in the section on rock descriptions two 

main types of alteration are prominent in the prospect area -

propylitic and sericitization. A third type of alteration ex-

emplified by the formation of seconda.ry orthoclase is occasionally 

present along prominent fractures in the host granite and along 

margins of crosscutting dikes. 

Propylitic alteration is the most extensive alteration type found 

in the prospect area as it occurs in virtually all rock types. 
I 

( Alteration products are typified by chlorite and epidote with 

minor amounts of albite, montmorillonite, limonite and sericite. 

Bleaching effects are also prominent. 

Zones of quartz-sericite alteration are scattered throughout the 

area and are most prominent along east trending dikes and fracture 

systems. Several silicified zones occur in the granite along the 

east-west trends with no apparent relationship to the exposed 

dikes or other intrusive bodies. 

Secondary alteration products such as limonite, goethite and 

jarosite are also present in scattered fracture systems and are 

-pronounced in the vicinity of the Zelleweger claim. 
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Structure 

Structure is the most important" localizer of mineralization in 

"~he prospect area as well as in the Ray District. Prominent 

north-south, east-west, northwest-southeast and northeast-southwest 

faults marked by the dike systems intruded along zones of weakness 

:and offsets of dikes show results of repeated movements through 

geologic time. 

The " north-south fracture pattern is the most obscure and oldest of 

the faulting in the area. Its existence is marked by diabase dikes 

striking north-south and apparent north-south offsets in the granite. 

Very little alteration or mineralization is present along this set 

of fractures. North-south diabase dikes are offset by east-west 

faults and the north-south movement occurred prior to quartz monzonite 

and quartz diorite intrusions. 

Most of the diabase, quartz diorite and quartz monzonite dikes have 

been intruded along east-west fractures. Strike-slip movement is 

evident along a few vertical east-west faults. Many of the east-west 

striking dikes have been cut by northwest trending faults dipping 

steeply to the southwest (600 - 80 0 ). The northwest dikes are 

extensively altered and contain significant mineralization. Heavy 

iron staining and copper oxide stringers crop out along these faults. 

The intrusion of a large qUartz "latite (monzonite) porphyry stock in 

the southern part of sections 8 and 9 apparently occurred along a 

major weakness in the Precambrian structure. Mineralization associated 

with the later stages of intrusive activity appears to be closely 
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related to the quartz latite porphYIY particularly along the outer . 

margins although the major portion of the stock to the south and west 

of the prospect area is barren. 

Minor east-west trending shear zones are developed in at least 

three places as indicated on the geologic map. The shear zones 

show evidence of repeated movements and contain significant amo~nts 

of molybdenum and copper mineralization. The shearing has altered 

a diabase or andesite dike into a chlorite-sericite schist and the 

host granite has undergone propylitic alteration and, to a minor ~ 

degree, silicification. Disseminated molybdenite is present in the 

granite adjacent to the shear zones. 

Mineralization 

Mineralization in the Kelvin prospect is predominately copper-
. \ 
molybdenum with trace amounts of silver and gold. 

As mentioned above the fracture systems and faults apparently control 

near surface mineralization. Most of the exposed dike systems 

carry copper oxides and contact zones show disseminated copper and 

molybdenum mineralization. The shear zones and adjacent wall rocks 

both carry copper and molybdenum mineralization. 

Copper mineralization in the form of chrysocolla, azurite, malachite, 

chalcocite and melanconite occur in fractures in the granite and 

along the fringes of the quartz latite porphyry. Oxides also occur 

in the diorite porphyry dikes, diabase dikes and in silicified zones. 

-- Remnant sulfide zones containing chalcopyrite and pyrite have been 

found in scattered outcrops in the shear zones and along the north-

( west trending faults. 
----
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A drift 500 feet long has been cut along one of these north,vest 

trending faults on the Zelleweger claim. The wall rock, Precambrian 

granite, has been sericitized and propylitized. Veinlets and stringers 

of chalcopyrite, bornite, chalcocite (after pyrite), sphalerite and 

specular hematite occupy fractures in the granite wall rocks. Some 

disseminated pyrite, chalcopyrite and minor amounts of bornite occur 

in the wall zones. Chalcanthite, leached from the granite is abun-

dant along the entire length of the underground workings. Surface 

e~osures of the northwest faults exhibit extensive chrysocolla 

veinlets and heavy iron staining. Numerous other shallow workings 

expose varying degrees of copper oxides. 

Molybdenum mineralization is exposed in several shallow workings on 

the prospect and is most conspicuous on Rare Metals Claims I and 
\ 

2 .west of the southernmost minor shear zone and in Rare Metals 4. 

Ferrimolybdite and molybdenite are the most common mOlybdenum 

bearing minerals. A small quantity of powellite was also noted. 

The molybdenum minerals are found along fractures in the granite, 

along the northern fringe of the quartz monzonite porphyry intrusion, 

in the shear zones and in quartz veinlets. Both fracture· fillings 

and disseminated mineralization are present. 

Zinc mineralization has been noted in samples from the Johnson 

Prospect and in the Zelleweger tunnel. The ore mineral is the 

zinc sulfide, sphalerite. 

Gangue constituents in the fault zones and quartz veinlets consist 

of minor amounts of calcite,bctrite and iron oxides. A quantity 

c of specular hematite occurs along the minor shear zones in associa-

tion with calcite and chlorite. 
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Previous Exploratory Programs 

To fully understand the results of previous data derived from drill 

holes a review of drilling procedures and sample collecting tech-

niques is necessary. 

Minbanco Corporation initiated exploratory drilling on the prospect 

in late 1968. Drill:lng was accomplished using an airharnmer 

technique and rock bit methods when encountering excessive water 

and ·samples were collected from the sample trench leading to the 

mud pits. 

Due to extensive mixing of samples . in .both techniques a representa-

tive sample was difficult to obtain. Examination of many drill 

samples indicates considerable contamination occurred. Logs o~ 

the drill holes 1 through 4 and 6 through 9 are included in 
i 

Appendix "A". Rock names were apparently derived from visual 

examination. As shown on the logs no distinction was made between 

quartz monzonite and granite and contacts can only be inferred 

between granite and monzonite in the available logs. Locations 

and depths of drill holes as shown on Minbanco's map were apparently 

designed through use of geologic and geophysical data. Inconsistencies 

between interpretation of the geophysical anomalies and the location 

of drill holes are apparent and are probably due to a lack of complete 

geophysical data. Sulfide mineralization encountered in drill holes 

J-l and J-2 shows low grade copper and molybdenum. Accuracy of 

the samples is not knmm. 

Tipperary Resources Corporation drilled two tests as located on the 

geologic and geophysical maps. Both tests were drilled on the basis 
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?f surface geological features and proximity to shallow mineraliza- . 

tion encountered in Minbanco's J-l and J-2 drill holes. Both tests 

were designed to drill to a depth of 1500 feet. 

A unique approach to hard rock drilling was utilized in the project 

to insure good sample rer::overy. A con-cor reverse circulation rig 

utilizing a double string of drill pipe and a revolutionary new 

s~Jple catcher were used by the drilling contractor, Elenburg 

Exploration Inc. The sample collection system involved cycling 

all of the sample and drilling fluids through a rotating circular 

splitter which :!:'etains one-quarter of the sample and fluids. The 

portion retained was cycled through sizing screens and into a 

centrifuge \<1:1ich recovered all of the fine particles. Due to 

the tendency of molybdenum to escape by suspension in the drilling 

fluids a Baroid Molybdenum depressant was used to settle out and 

coagulate molybdenite particles. 

No circulation problems were encountered and sample quality was 

considered excellent. 

Results of drilling the initial two holes are inconclusive in 

establishing the presence of an ore body. This is due to (a) the 

submarginal grade of mineralization ';.n both holes and (b) the hole 

location relative to anomalies shown by the l-P surveys. Copies of 

both drill logs are in Appendix B with corresponding petrologic 

names and assays. Copper equivalents for the molybdenum mineraliza

tion are also presented and are calculated on a ratio of 5 to 1, 

or O. 1% Mo = O. 5% Cu. 

-21-



Drill Hole No.1 

Located 125' FSL and 300' FEL of Section 8, drill hole No. 1 was 

spudded in 2.1.1uvium and encountered Precambrian granite at 36 feet. 

The granite exhibited propy1itic alteration and traces to 2% of 

sulfide mineralization. The quartz latite porphyry stock (quartz 

monzonite) was encountered at 225 feet and continued to 918 feet. 

Precambrian granite was encountered from 918 feet to 1400 feet. 

Two minor zones of metallization were encountered. The upper zone 

from 135' to 144' contained an average of 0.6% Cu and 0.05% Mo. 

This zone was encountered irrmediately above a narrow diabase 

(andesite) dike. The lower zone from 720' to 785' averaged approxi-

mately 0.2% Cu and 0.1% Mo. Several five foot zones show signifi

cantly higher grade mineralization as shown on the log in Appendix B. 

·It is significant to note that alteration of the granite and 

partial leaching of the pyrite and chalcopyrite disseminated 

throughout the granite occurs beneath the quartz 1atite stock. 

The position of the drill hole is toward the southern edge of the 

geophysical anomaly and is not a true test of the anomalous 

conditions. 

Drill Hole No.2 

Located approximately 1260' FSL and 150' FWL of Section 9, Drill 

Hole No~ 2 was spudded in Quaternary alluvium and encountered 

Precambrian granite at 30 feet. The granite is highly altered 

and exhibits strong propylitic alteration. Bleaching and heavy 

iron staining are common. A number of narrow diabase dikes were 
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encountered in shallow drilling. Larger dikes of granodiorite 
. 

and diorite porphyry were encountered at a depth of 650' to 765'. 

(See Appendix B) 

Mineralization in Drill Hole No. 2 varies from background content 

~o marginal grade~ The gran~te is highly altered and partially 
, 

leached to a depth of approximately 900 feet. The most common 

alteration products are limonite, goethite, hematite, epidote , 

chlorite, .montmorillonite and secondary orthoclase. Ore minerals 

are chalcopyrite, pyrite, chalcocite, bornite and molybdenite. 'I'he 

mineralization is of the disseminated type although occasional frac-

tures and veinlets are mineralized. It is significant to note that 

the leaching effect on the granite and associated ore minerals has 

produced some replacement of pyrite grains by chalcocite. It is 

also apparent that the copper content, . although of a submarginal 

grade, has generally increased with depth. The possibility exists 

that effective leaching within the limits of the observed geophysical 

anomaly could produce an ore grade supergene enriched body at con-

siderable depth. Additional drilling is needed to test this 

possibility. 

Conclusions 

It has been established by previous exploratory efforts that minerali-

zation of a submarginal grade is present in the Kelvin Prospect. The 

program being followed by Tipperary was designed to evaluate the 

prospect for further development by a thorough geological examination 

and detailed geophysical investigations. Results of the geological 

and geophysical surveys are sufficiently encouraging to warrant an 

c:. additional exploratory program as outlined by the geophysical report. 
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Available data indicates that the leaching of ore minerals in the 

granite host may have resulted in the creation of enriched zones at 

depth. An exploration program designed to comply with geophysical 

recommendations is needed to test this possibility. The relation-

ship of the mineralization to the monzonite stock combined with 

the restriction of the geophysical anomaly to the area of the 

monzonite stock on the south and the diorite porphyry dike to the 

north provides an adequate ore-trapping structure which should be 

thoroughly evaluated by core drilling. 
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August 20, 1968 . ". ' .. .- .~. ' . ... 
-~~~. '. ~ .. 

; . . ' . 
'." ~ . 

HEINRICHS -GEOEXPLORATION COMPANY: , ~ , ': 
, " 

, • - f,.~ 

PHON!!: ("'A!!.\ COO!! 00,2) 023-02170' : ' ' " • 00 W!!ST GAANT ROAD, TUCSON, ARIZONA. 85703 • P,O " BOX 2H17" 
to .' • . ~", .•.• :.'! 

Mr. Te<.l Hanks , ' " ' ....... : .. '; . ... ... '" , 
P. O. Box 247 
Salem, Utah 84653 Re: I. P. Survey I ' Johnson'; floreE! 

near i:elvin, Pinal Coun'ty 
: . ',' . " 

' Arizona • '. '.' 

Dear Ted: 

As you requested August 26, here is a brief letter 
report on the results of a preliminary reconnaissance induced 
polllriza tion (I. P.) survey over parts ,of the Johnson Area near 

,Kelvin, Pine'll County, Arizona. 'l'his work vas done during the,' 

. ' ' . 
..•• "" . . :1 

"" "", 

" , 

, . . , ' . 

interi~ August 17 to August 27, 1968. " .- . : 
, , ~ , 

, , 

"' ....... .., 
A total of five spreads of I. P. coverage wer~ , ~ 

obtained on a totgl of four lines. A dipole spacing of 500' f~. " 
was used which on the dipole-dipole electrode configuration-, " :, ' #4 , ", 

utilized on this survey, typically gives resolvable penetration ", ' , '::-': 
within the zone from about 150 ft. to 600 or 750 ft. belo'Yl: " , " . ; :':r,,: 
surface. The dual frequency I. P. system was used wit~ sending" , .; 
frequencies of 0.05 and 3.0 ll~. ": . . ' . 

' .. :.~ . " , , ~.' . All four lines show anomalisru, but Lines 1 and 2 have 
the strongest effects. 

.. . ' .; ' 

Line 1 is mOd~~tely strong in I. P. response between 
sta~ions ,12.5 SW and 5 ~with weaker fringing rCGponno for 
about 500 ft. SW and 7~~ ft. ~E. The causative body likely' 
5uboutcrops near 12.5 v~ between 300 and 500 ft. of the surface 
and has a gentle apparent NE dip or top slope. ' Approximately 
one to tw6 percent total polarizable sulfide io indicated b~ 
volume ( two to four percent by weight) across the moderato 
strenstn zone. If in a zone narrower than 500 ft., as may well 
be the case, considerably nore sulfide by volume could bo present. 
A vertical drill hole near 8.8SW is recor.unendec. to test tho ' 
strongest portions of the anomalous sourc~ somewhat ,downdip. ' 
This holo should be at lea9t~ ft. in depth to be'certain ,of 
intersection. 

A very weak, but definite and near surface, narrow 
ano~aly is noted n~ar 30SW. 

" . 

. ' . . . . '. 
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l-lr. 'l'eel hanks - 2 - August 28, 1968 • 

On Line 2 there is moderate strength anornBliom from 
about 2.S St. to 5 NE with weaker fringing response for about 
500 ft. to the NE and at least 1,000 ft. to the SW. This 
anomaly i5 50ne'-!hat similar in appearance to the moderate 
strength anonaly on Line 1 except that the dip or the top elope 
is apparently sently to the SW on Line 2 rather than ~E. 

Th~ source of this recponse is likely within about 
400 ft. of tbe surface suboutcropping betHeen 0 HE/5H and 
2.5 NE and is probably in a zone about 500 ft. in width. There 

. in some pOBsibility that the stronger portion of this anomaly 
is cause~ by a zon~ of considerably less than 500 ft. in width 
and if so coulu contain more than the interpreted one to two 
percent sulfide by volume. The deeper weak response to the 
southwest of the moderate anomaly has not. been cut off to the . . 
southwest and future work hera may be advisable. 

A 500 ft. and vertical drill hole at 2.5 HE is recom
mended to test the IT,oderate anomaly on Line 2. 

Line 3 shows weak shallow I~ P. effects from about 
2.5N to 12.5N and south at about 17.55 for an indeterminate 
distance. 'I'ho rerr:aindor of the line shows only very weak 
response indicative of less than one perce nt total sulfide by 
volurr.e. 

. 
: ... . ' 

Line 4 shows weak but definite I. P. response from 
12.5 S to 5 S with very weak fringing response for about 750 ft. 
north anti at least 500 ft. so~th of the weak anomaly. The weuk 
anomaly a?pe~rs to be due to n narrow (less than 500 ft. wide) 
nCur surface (less than 300 ft. deep) weak eulfide zono. Tho 

. percentage of indicatcd sulfide is probably less than one per
cent by volu~e unless in a very narrow body. 

t ' ,~~ ., 
, 

. ~.:. -. 
• , , :0 ~. 

,. 

.... 

..• , 

, . . 

"" . 

.. 

.,. · . 
· ~ ',.. 
· . 

'l'ne resisti vi ties are relatively high and fairly uniform, 
not showing any strong electrical structure. The self potontials 
show iHainly minor Dackground. variations suggestive of a lack 

.. . .. 
of significant quantities of interconnected actively oxidizing 

" sulfi~es witnin several hundreJ feet of the surface. This is 
-not in opposition with the I. P. data in that the I. P. suggests 
relatively deep and disseminatcd sulfides which usually do not 
giv~ ~uch self potential response. 

Field plots of the four lines are enclosc.d showing 
all data and surface projected anornalism. 

• 
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Hr. Ted Hanks - 3 - August 2B, 1968, 

If the initial drilling proves intcroGting, additional · 
I. P. coverage I:::; recomrnendec to further delinoate and hopefully 
extend t~ese anomalous zones. 

.... 

Approved-

\'lEH: CSL/ j h 

EncloGurcz 

'. ' '. 

, . 
", 

" 

• " t: • 

: .. . 
" 

' .. .... . .. 
Respectfully submitted; 
HEINRICHS GEOEXPLORATION CO. 

~/.~ 
Chris s. Ludwig 
Senior Geophysicist 

' _ I ' 

. ... . 
" 

.' . :, 
" 

.t, 

... 

. " 

" 

: ,' •. : . . 

;" , I' 

.. ; '. 

-1 ••• 

, , ~ .. 
.' . ~".". . 

', ' . '. . " 
.. .0" 

, " . .... ,. 
• .,' . .. : , Of 

." 
, " ,-,' ~ . 

, f ' 

.. .. 
t . ~ . ~ 

. -, .. ~ . .... . 

.. ... . : Co 

• .... " t' · 
, ' .. ... . 
, . 

. " 

. . ' . ,. 
. '~ ' , . . . . -

• . 
" ' .' . . ' . 

" ' 
• • .. w ' 

" , . 

... . :.. 

" 

... . f' 

.. -
.' ' 

'f 

. ' .... 

.. 
;", [ 

~ ." .. 

, .. 
:-

' .. ; "f 
,. " 

• ~' . • f 
, ! 

" , 

, " 



" ... 
J . 

" l v-" 
~ . 
f > 
;-)' 
" 

,
/ 

.,....--.. 

- ... - - ._-_ . .:::- : - . . .. -... 

J-l . -i~ .-:-: . 



. - ' ,; 

.. ..... 

. -~' . 

.... : 

- -.:. '( 

~.~ - ' • 
~~!..a io~ _._. __ ~.:j_. ~_~_~_ 
'~:J~!!:lTY 

L"et'lTl'.)~ 

. -----_._-----
e~)!..\.J'li'1 e c-~ J:). rt_. __ !l. ____ _ 

C!H.\.llx nn1. r.-----
t.,le-r __ 2_ c~ ......-li.. _____ _ 
r. .:')~,% on: ________ ~ __ _ 



. . j 
• ' -:, ( 

, ': -C====-""===~~-.z>-== ""=:c=="'" 

~f~j===' ============---=~=====-=-
~';'~ '2!'1D ________ _ 

~~~VlJ:3 

c.:;; I.~A:l e ,~>;·3. ~..". OJ77:1 __ . ____ _ . e ·Jl.!..!.;! C1.:l':!. _____ . __ _ 

,,~cr .:!'/' ---.J_ ()~ _._..-;;;[:;..,~ ____ _ 
t ' 

t~2:~ G"':! _~ ____ _ 

• <', 
tlinc?' ~ 

. . 
' . . . . G ( . ~pi1ot.~ . 'bcm~o I . 

~ - n . -

-I~ 
- I , 00. -\2g .' . I I eMY t:. 1ne~~&n~ip..z b3J .. ' ~ . • ,/ P:I o~ .303 1• , 

~ 
~7 az:lIC_ 

ez . ~;;; r~;~~~' 'Z-o ! 
StJ';C;~3 t'~loTiti~Jlt1~ 

, . 1 - - -E-. ' • --... '( 

I I c'!~. ~ . II .. 'r: . I 

L . 
.1W 

VI r dOa r.: ~ 1 i:;~ hi:tu 
I . 

"ET - Cr;); r·v;r~~ ; · · ·;,w 
::sa _ --:-' 

-01 , :-' ._-'> ... .:.. ~ C,'Yf~. 
~ I ···~i . .:= = e~" --;~ e-r~ 

-<0. ,!.1-[ ::on::d ~::~7nt1:~ '~ 5 
I I I .... ~'u:; ..... ~ n 

-~ 

.clQo 'C-',a . G:d::-J~ . 10 .. ~ : i ./ 
o~ . "r -

t C;~O -, . ... 
.:r~.~"'\, h C:'''ni t'J e QI~l!'...eirl ~.i} ; . . 1 I ,t.UnO~ f.:3? 110 

, .. -; - - 1'___."' ~©~L rt1 . ~ ~ - ow· ........ 

co" . 5 .- -.-..~. - ~ -' ~~~''"i--;'--=---~ . ,< ,.~'"--, 



. I _ ." ~-:""' _ ,._ .. _.r ._~~:". ~ __ .~-: -v':"_~· -'''':- ''''-; ~:''" ;-'"_"· '''---''''----:'-~ --:- · -~-~· ''':-: '':''''.r· --. ...... """-'- ...... . ~ ... ~ .. --:--- -:-. -:--.-
• 1 • j 

~ ; - . .. 
f 
~ . ,-, 

'. 

--=-.~--------------------~---
tlj;!:UI",~ ________ _ 

.- ' .. · ·~;\.n'I,'l'I':1;< _ 
1T.'~12Q ______ ~ __ 

C;):l:l"~~ 7~~ __ ~ ___ _ 
ecrn:.1 _________ _ 
L.~!;;_; ~\' _________ _ 
e~~~~ ________________ __ 

. . , . . .. . . 

. ... 

~ :-. 
, . . . . : .... .:; ... - -

. . .. . 

. ' , 
, ••• < ~ • 

. •.. . 

, ' 

... . 

I 

... . .. ,_.-
. " .. ..... -... . 

.1-1 MOli ~ :j _____ ~.c _____ _ 

I':lO,;>HITY 

L"e~1i o::t 
-------.--------------
----------------------

t!il.lA~ (e-)~;). I!t _____ ,_~. ___ _ 

C ,)!.!.." .:') I!j1..::'1. ___ ,--.~ ____ _ 

4 ....-IlW!1T ____ fJ~ ____ _ 

" .ttl fin ___________ _ 

'. 



. . 
-====" ~.!'}~'.:..~~m-t.k"0::~~,:2·::t,_-=="""'rT"~~ . 

Pil"~.\l C0U?'lty 

. - :- .-
~ -

. . ~ 



. . 

-{ 
,~ , . ': CCA~~ ___ _ 
' . 
• 

!. ~ .. 

. " .-
. , .,,-

; , -: 

.. 
0 . 

( 
'''-'' 

. ~Lo. 

260 I 

' 270 I 

~o 

.-

-, 
',,- - .. ' 

C;1r.ECTIO~ ________ _ 

I~C .. I::1 .. TIO)l 

11.\~ai) __ _ 

C~ :.! I'L:T:!:;) _______ _ 

U?r'~ _______ _ 

Lo.3n~ e', __ _ 

~1:U. .::r~ 

"Ol.E ~? _____ J:_-_2 __ 
jO;IIO;oOIT'I' 

LOC"TICl'I 

CO!.LAl'I CD";:D. Ii. ____ f._· __ _ 

COLLA;:t H~"'. ____ -.. ____ _ 

2 L I>HU () JI ____ '--___ _ 



" 

J... ~. 

h' 

~. ", 
~ 
t 

, ~ 
• 

; ~ 
J " :" '. 
f " 

, 
- \~, 

" .. , . 

I .!-

'-, 

~!~!:';:"~O':l _______ _ tI~L (: ;0 _____ ,,,1 • .:._".''''''., --,. __ ~_._. ,_ 
'ROP,!;;tTT __________ _ 

n!l ~~7:;) _, __ ~ ______ _ 
LC:;\TI ;);, ---------------------C9 !l ?I.:l'Z;:) _______ _ C:''-!.t\~ C:~~>l ', ~I; _, __ ~_~. __ 

e:zn:1 ________ _ COI.LAA '-I.',n.'. __ ~ _____ _ 

I;H!!"T 3 ' C'J _~ ______ _ L.~~-;.'3 e~{ _______ _ 
e:::ljJ~'l-' __________ , ~~U: !>!:'l 

" . 



·' . .. r · , 

J-2 
tl!2~1:~!l_~. ________ _ z,j~H .. g: a.~ __ r __ .-_ ..... -..~~. 

I::1CLE.o~7i l3 ~ _"" ______ _ "':l ~n~17 _________ . ___ ...",~=" 

1)7~::t'l -.::l ______ .• __ ._~ __ 

Cl..1:rl;:) _~ ~_ e,.!.1,.~~ C\.. :t;i. • ~ 

L'~,~·(':':~ C"l ______ ~ % _ e(1:lr.T ~! _ ~;> ~ 

F .,\ : . ...• 

\ 
'-. -. 



.' 

~ LL 
I 

I I . 

. . ~ 



:. C .' ~~~-----~-~--
~ (~- -' ===-~=--~~~--~~-==----~.,. 
:.': .. ' 0 • 

j, : . ' 0~~l:?.O==-,=,,~~_~="'''''''_~~dJ~ 
' . .. . . . . 

; - ." ....... 

t • .. -

- -. 
! -

. / ..- . 

"Jrl~!71 ·~:l ____ ~_~ ___ _ 

Ul!!!'1 ~:.'?n~ __ ~ __ ~ ___ _ 
e .... !lg~ ._~ ______ _ 

e ,';!]nnlO _~ ______________ _ 
D~71~ _~~. _________ ..... ______ ~ __ 

:4'.!ll.'!:: t:.> 
jt~iiI:;>J;l 'fY 

tf.)~ .~TJ~l 

C ~ l.l.."-;) t!'.l'f. 

. , 

-~~-= .. ---
tl._ 

• ~::; ::?t.) Q'1 _______ _ gl~:(!1'-.-.? __ ,,? __ -23_. ______ ,........ 



'" t , 

:, 

." r' 
o 
I.-,. 

t , 
I • , 
! , 

, _ ..... 

r.::ICI.I;J.1I'l');:) _________ _ 

. «== 17J.:lTD · _. _________ _ 

C~~7~ _____ ~ ______ ~~~~ 
L::;'XJ:;) ~ _______ ~_~_ 

I);j:\.!'!~ __________ _ 

. - ~~-:~~~: , :..: 
' .".,';. 

"'. ' ~ 

:-·. t ~ 

J--~ IHH.1t ~.~ __ ,,' ______ ~ __ 

':'l?n~T'T 

L'HATI;)~ 
'--~----.------------

--------~---~ 
4 __ ~·._~_ 

C ~~~l.A~ !l"Z":f. ___ _ 
. ., (..i---·'-

S;;':l '!i'_--' __ 017 \J 

': ·'1. . .'1 GIH -------------------------, ' ~ ~~ ~.~:~ tl x · L·;g=-=-n.-r'~-r fI(jf''''=T·;I:~~-fJ'';rs{) .. )~~:;:~= .~,' ~{!~f2.if.~'t ':j " ~~~;;~-i~'~\ 
~lC>'-r"l . .", l ",,·1 ~ .. .:-' . ' 1/::; ·.;",,,I,r"" ''' ' :y ... . ,~) ~ 1 ,·,1 , 
!I ,L~ '; /.:" I. <://~~,' 1 'r.:'iJ ",. ! 

" lt~l ~n~r- --I~~~~~~~~,·~I· . ~I~rl-I-I~n 
,\ .,'J..,O J. I . ... ~1 ~,~,~"'~o). ,q __ __ , "_.-"." _"' __ d • ", ' I '. 

'~" ···:; ... I. ,: . ~Vl-I'~~~~(;-~~~~~~~~~~~~;~~"";'336'~':f -r-I~~[I'~~=-=~='T='-~! 
. - 1! .' , W, ., 'pq D:"illinG rc?t,:s to 331 t .:.b::::ut 75' / h~\.:r~" . . ' .. I 1 

r~ j!..·V I .' -'~~'~~·"~..r·>7'\,"'~..::....."0'...:;1..!:;;:;,j-I.!..1 ... ·~et.!.~.j,·L!'12."'<}<:3-:>-- ---. . ."",,,~~:-~~..;:....' 

i·~ · '.. . Dol • [' I~~t3 o !:cnzo: ... F8~'1 ~Q:r~t~:n.->:::1 r,,2.;T:;i':t? ?f Ct· '1 Cr-I II I·: 
. . " . cU;)" -)~Eeo S'Jlfi~JJ lCl:::l3 t;1~.:..i'1 2 :~~ Tf:lti1 . I ; t 350 ' .. ·1:-!!~?lJ..t-Z~~~';:;"::p£'.s.;..;L.~W':;::~~~G.:.:'":.W':-I · rl~[J· -=,=I"OC==;I'~ I_ - . 

~ . tl.S3nd .. A.td Tiith r;u .:'.?t~ or orthocln::3 . · . , . . . ' _. ; . 

~~~~~~--~.;,.= ~~===~~~ 

;, . 

.1 dOe 

f . . .... . ~ .~ 

! U f3UJ 
I . "'; -~,:" ~ lOl~F;,rl- ··,~rl~\ 

' l3ro . ;. 0; "d~~--- -=1-' rl~l· · --r~~ 
.. . , '-!~ :::i:l. i:'~ I ,-r .... ~r--[r-r-rr~ · 
,L"o !: J ,L~ d;O. ---.-:LI- --r;~-I'-': 
, r,\:' .. ,: .. : . t~: .~," I'" aI . r' rr:..,;",J.t;) ~ Q"~. }::'~'30 S S~1:IS? rl::el'-:~J.J7.3 inj . I I . . H ! 

d~ ' . . '" 0 .... "' ;"" .... 1., ·' .,. \ " I~~ bi""'~/. _'" ~,.~,~ ..... .... ., 0 .. 1 ' ~ '.,'-:_ . -:! ~ " . .. 4. ... ~;J __ f:1 ... . ..;;. J .. \ r..;. l";':' . ....i~2-v"" . Sw '-.: ~ __ . ':;;4~\;~ _~ : 

tr·"o) '! . t rl'~'1 .. &:;"v--,-. - - - -~-'~- -- -=~-! 

i .. ; t 4:1) i,·:.~:·~ . .. · dQ~· . 'L [ " n'J 
ft . ~t .. llonz.: . Sa ::13a3~O'l<)i1i·t'>1 C'Jtt\."} I . I ! . 6"" · . J . ./ • "'~i· ~ .-~ - -.{, 
~ Q owaSBG 

~ ~ 1 1.. ~ 

I 
.1 

t! ' llir.o!' clinc~aQ 1 

' . ~.~~ ~ ... ' 1~D '1-;- ' - O,~{ _. "III ~:--=--r=---=-=':: 
[,;.. ,.I. rt~o 1:{)71~. I AbC:lt t..i1 e,",iu2.1 ·CjC12r.·~ - _ 
I . I " cli ab ,"'...J':: . 'fr ·'lC ,~3 of ~~.lll.":l.t.YJ. ,I \ .. s?,!'\, <' : 

{-.. ~'" ~I , ,t~ I eo,. ~-~~-=-=-'---'---~Ir-' -".~~~ ~ 
. C_~ t . · .. k· >YI . Sv~8 of di2.'()~:.:;a trr-?;:'f271ts h~'/.::l dizDS";:~ - . - : 

~ ~, , -;."l I ~ . ' f,. •• 410 

'.:--==~ .=~ 'c~~==~= ... ~,==b=, 



-. 
'"'. 

I' 

... 
( 

" 

.... 1... • -

'-,- . 

(; Z;>7;l _________ _ 

L~·: }C') [;'1 
t~!U 'Z :l ___ . _______ ~ ___ _ 

.: :.;" , .. . , ". 

..I • ~~] 
E:",)~! ~'~~-----oc=:.~Y:;i='-'. ?~»". ~""""_ 

. _ . ____ .. ..;Il.7 ____ ~~.J~_~ 

t~ I.\.~:'l t.:-.! :':D. $t ______ .~. ~ __ _ 

e:;lu. ,:,~ f1~V. 

~.;,j:!:rj~ __ ~? 
B--· ~

-~ .. --.. ---------



,; . 
} 

" 

i 
I . 

! 
L 
i 

L" 

:.. 
I 

i 

r 
l-
I 
~ . 

i 
I 
t 
l , . 
f " 

i 

r 
! 
l 
I 

.. ~ .. 

. 

, 

( 

., 

: 

.~ 

.J 

j' 
~.., 

" .' J 

" -

.::.," -,.,', 
:j ; 1'- ,", - ' 

,: -, 

... .. 
",;--7" 

e ):: :'!'1~-:) ~. ;~== _ __ _ 

t:CJ7~ _~~-----=~ 
'=~===_.o.:..::.::.'~~ b.~ ,~':~ ';,;J __ .~_ 

t:::~~ _._=~~~~ 



, ...... 
.",- .' /.;--.. 

" . 

--------------------------- ~I 'I;: C T I,) ~ Ii C' \. ( tit. ___ --..;.~J-_. '1:.-.-_. __ _ 
1 1I'=1.1~ .UIOI<I ,nC?t"lTY 

. ~ 
IT:'UO __________ ' lO':"TI~ ~ 

COi"J,'L!T"l) _______ _ .I!.---
(\!PTH ________ _ 

LC-,~:ro 0'( 

SCAL~ __________ _ COLlA~ ru:v. ____ ~-----
6 8 I".tT ___ ()l ____ _ 

• C:la.1.Z~ _________ _ 

" 

' - WI" ~.~ . .. ~ . 



;. . 

(~ 
1 
! , . . . 
i 

.:. 

._ - - " : •• ••• .A. 

:' 
. . , 

'-

-~-.--.--

~CAI-r! ___ .~ ____ ~_~~_ 

. CI ~,eI 10:i _______ _ t101.E t:o 
____ J-L, ______ _ 

I::fC\'I :J~TIO~ _. _______ _ '~O ~!~7Y __________________ __ 

~T,\>~TZO _________ _ 
LOCA71 ·'::! 

eo ~ ;>t. !!H:l ________ _ C¢!..I.A >I :O'O~o. ~. ____ !to _____ _ 
OUT~ _________ _ C;:)ll.A·:! [ t.Z'J. ________ _ 

Lo.;:.}::-, S'r ________ ~_ 
''' 'Zin 7 e~ _-:8:..--'-_ ____ _ 

t"H .. ~~;'I _________ _ 



• > 

r 
t 
i 
J . . 

; 0 

'-. 

'0 

", 

..- ' . i 

'or 

, 
... 

Ol:! tcn:):t __________ _ 

I~ CI.HL~TI'O t! __ ~_. ______ _ 

ST.\~ T ~Q 

C~ ~ .?l!T:;) _ . ___ _ 

oaPT ... 
1. ~:r.!O &il ___________ _ 

e~n.l..E~ ______ . ____ _ 

MOL!:: J::o;) 

~;:)O;>!:lT" 

L()e~TI~ :~ 

. J ... 3 
---------~~-----------

COl'..t,~ C~ olll). P.. ______ E. ____ 0_: 

eOLl~iI ti..~Y. 

S:4!:a ___ e_ 0'1 ____ --.:B=--__ 



J..,., ___ ...... 

. J 
· 1 · 

. . 1-

Vert i c . .." .. ,l-'--__ _ 
. ' 

N;:)L.( t:o ____ ::..:...l-_<.:.lt ___ _ 

,u·:n[o __ Jw2:..;-:...'-.::_-..6,-,i3 __ _ 

COl:li'L.!TrO 12-()-6q 

~CA'-~ ____ 1_' _' __ .. __ : .... < __ i _' __ _ 
o f::6'Trl ___ -i ..... 2"-,-f..!..., ,'--___ _ 

~c-.J~,..;~ ~., 'j'. L. fbn':(S. ___ _ 

.. 



. . 
,~ . 

. 
( 

.... _ .. 

I 
I 
!. 

i 
! r . 

, 
t 
r 

. -, , 

' - , 

" CI-lI~C TlDI;l _________ "~l1..~"O _____ J_-_l"-! __ 
~tll;!:'YI:>"_______ I'.:lOn;l1T 

~~-'~-~~----------------~- SU~lH __ ~ ___ . ____ lO::A!IO::l 

CO~~l£?!t) C~~l.~R C~;., ~,. Q . ____ t. ____ ' __ _ 
CtFTN ___________ , 

OC.:::'\....G __________ _ 
LO';"":' :n ______ , 

C01.L;':1 CU'!. ____ _ 

2:ii1 t7 __ 2c..- 0;1 _....;3:::..-___ _ 
~QII.L.:z~ 

----- aw_ ,.".. .... _ .,a.wo. ________ .-.-. 

-, -
-.;~ 

- -. . - - -.. -- -- - - ,- ---. 
.'t:>,. :,~On1. ~ · ~·e'.V n.:.rrlti?,cd dinh.:t~c fr~-· ./ :7l~nts. -• ./ ! 

-' . 
! 

. 

__ J ,f 

/ do;, 
-,/ - ' ' 

. (): .1.1'),'_:> e ((. QtJ~. 1.~o'17. • . LCS J t h t"1n • 5 ;~ i / .. . 
-/ 5U) !'idcs will! traaclJS of clrpy. 

• - - . -
/" 
.. v' do. -

~[ 
'" 

---
Dec!"8 ,1.:1 ine di,\h.J:;~. 

do~ -
V. 

]~ 
. 

. ' " 

:odo. " 

, 
-

./ " 

do. " '-"., ,-

!/ 
'1tz. ~,! onz 0 · E~t. 1-r.% r.l " r. n"~ t.i t1~. l,iinor 

' , '~ · 
"'Y &. r. h:1:'. Incr~a~n wati:JT 221~?l..:() I, -

; _'-aud4~c-~;.:u~t..·)rt. i c r' -~ I . 2)0' ., 
~ 

do. " , -"., 
~.c:.."1.tiG.~1 c b i. gJJ..!J;> 0 

~ 

Sl:irhtly r.1()rf~ ~\llrjc.i(!;" ~hlori to lc :;~r 

tI~ Fr:;': sCo1tternd ni:l':1.:lsn fl" :0::~nt:;. .. .. 
t' -., 

pI' .. do. " 
' . 

,/ 
" . 

- - -' "./ 
d,o~ 

" 

1-
~ 

~·I ' , 
" 

• 0/ " ' do • 
v ! 

r') do. 
~(');,5 !,hl:r snhalf1ri te" 

.- -~ I . T'"':=" 

-~~~ 
_ · .~c 

. 

clo. 
I • . 



- -/ 
! 

~--~-~----~---------------
O~~~~ _____ ~ ____ _ 

.. -

CHHCTl~:1 ______ _ 

ItlC~I,,;.J.jl? u ________ _ 

I7.Hn:!~ __________ _ 

J-·4 
- !'lOU: )10 _- ___ . ________ ~_ 

r ;;:~p!il11' 

L ~JI;:A -T I c :~ 

CO :::l :>l.n::) _________ C01-lA::) C:;1 ::1 :>. JI _____ £. ___ _ 

Cin~ CO\.'-_~:J ~ ;' !V. ----J~------
L -:-V-! Z::I tll ____ • _____ ~II:!!T J Cd' ____ -

OU!U!:l ~.o.... _______ _ 



f 
_.- J 

~ i 
",- -

. 
-, 

. :---- .~ . 

- "-. , '-

) 
) . . -:", --_ .- .).. .!.-.~'-



r 
t 

r 
l 
.' [ 
r 
t 
t ' 
t ...... 

i , 
~ 

t 
~ ' , 
i 
~ 

r. 

'. 

, 
i 
t, 

, . 

.' 

C I~ £Cll:ll1 ________ _ 

I~CL' 1;l<!\r:o~ 

S 7_"~E',\ ____ . 

c:?~ ;>!.n : o ____ . ___ _ 
. ~ ,; ~Hl ___ ~ _____ _ 

LC,;:;~",) n'l 

liOL e t.;~ 

~ :I"i>Zn TY 

LCeATIO;! 

J-5 

----. ----.----
CC!..LA;t C I:'.J~~. st. ____ ~ .. _. ___ _ 

e ~LLe.~ H.! \I. ____ -<'''''7-, __ _ 

!)l1u:T--,=3,--_ G7 ___ 0 __ ___ _ 

~ 'Ol ~ 2:2i _________ _ 



C:~ZCTIOl';: ________ _ W:lLt t:-Q ____________ _ 

I:lClI:; ATiON _______ _ P~i)N:;T'i' __________ _ 

. IT,tdlT:!O ________ _ LOCA'rIC):l 

c:":t:l~L~T:I:) _____ _ e~~u\;, C:O:1tl. lii. ____ ~. _ . ___ _ 
D;I~111 _________ _ 

L~~' £i'\' _______ _ 
C~l.!., A!I t~::;'" ---0":---'--------
t~\(!:, 07 ______ . 

t:t-... ..l..:!;j ________ _ 

, 
' ~ 



" .. . 

; . r .. " .. 

. . , 

, -

: .' 

OI~~C:TI~13 

~CLI!'IAil;)Il _______ _ 

nAllH' _~ ____ _ 

CO ;J,.I,.(I'l'; >I ______ _ 

I)Z .·T~ 

L'J'):"~D 0-: ___ -...,. __ 

e~,.~o _________ _ 

;l:'Jl! 1-:,) _____ ->~T=~_:,;.5 ____ _ 
,~'j;>~r>""., ________ ....:.-__ 
l~C A 71 0;4 

-~ 
COl.!.i\~ CC., ~~. n. ____ 2. ~ ___ _ 

. CJlLMl J:h'l· ---0------

. tHH:n ", 

.l ~ !..:t nt.Z~ 



.' . 

CllitcT I "III ________ _ J-6 ItOLi :;.0 ___________ _ 

l~eLIr.Ar IO l1 ________ _ 

~~-.. ------------------ ',MiTt:' _ •. __ ~-.:.... ____ _ 
CO~H·La7 ·J j _________ _ 

~._. ____ tt. ' ___ _ 

C " P7 ~ __ --._~~ ___ _ 
.... .. >t . • ~ . , • 

. &.. ...... .. ~n _,7 ~r-----'-

COl.L M H,l V. _______ &~-----_,.~ 
':-; ,,~7 , ~ , ________ _ 

~~;-u ::: ;:} ___________ _ 
~ ~\.! e ! 1~ ___ . ________ --:--

. -



\, 

I I " I 

III 
'

I ~ -~-~ -' ~~I ,--'. -l -'-·'-'·T -_ ---j'-.--1, -,---r=- ,,' r - '~ 1-'" " ' - T~ ---~I'---' ~ r'" ~1=! --;'-i- r' ~-- I-·--' --r" ,,'-" --F'-"- , " ~!. 

\,() 
i 

"? 

I
" t, · .)/ ~ , f: , II \: L, n 'L J' ! I, ,-), II I . !l 1. f , I ,.. 1 t. _ , .~ __ " ' ____ ' _ _ __ ,, ___ ',. _____ .. ~~~ .. · -._0_ " . ____ r, • 

II , 0 ' II . ', '" , ~ 'I II ' j " I J i' i ' . ~ I rJ!l n r:-1 ~ . U 1~ Ii ~, i' I'" ~ l' ti r.'~ I, .~ 'lin I . . ~ ", d ' j 
, ! ! .: 1I ij ( -;"I ~ ~ L, ij ( ) ~ (~I H n ~ ( ) C ~ 1 ( ,) rl ~..., i! "I (I i! ';;- -- "'-',' , i _ _ I _ _ .,_ , __ .r_"_ .:.-L--,,--c;--v --v-D' " " --\"'~-' 1-i I [ ,j 1i\ ~ . ii' . ~ ~ f; ~ il II t . ~ j ,.. ... . ; ,~ , , t 
I .-:)1 ~! Cl ij , ~ . __ .~ J . Po ~ ,~_ ~l I}..-; ___ A ~ 0 R-J ~ ~--1rl 

, I IL:J~J- .. Lz:.:.J.-! " 1, ... )_~ .... L",~-1",lI+L"J...:J_-~-JL .... ~~~ill 
:. ~ 1 ~:--.:" ,fJ I . I d ~ " " I ' . ~'J'\. J fA I 1 ''\ HI, .. ) 1 c ... ! u ... ' • I i (~. 
,I l . • \' .. e ~ d rl rl ~ ~I r. r'J r-~ t rl I! 
~ . I "" ';l . \ I .R. J "0 r; , ~ , ~~ ft_ '. ?__ I 
I :t' ,~~ ; ___ ."_,,.. , _w .• _J_ 'I_'._ .......... _A -::-~ .. __ ,~~ . .. -.-.:.u--"'_L w,_ --"-'j 
';l " . ~ - 'i i . ! ~ t I v W I I I I I I ' ( ) _ IJ ~ ....... ,I ' II • (. 

~ n ... 1:..' .0" ,.;,~ .... l.,;t 0 a q a I ' () 0 0 , 0 

gEE ~ ~~" ~ ~J.~_:l!~" ~~~t_~ .~~.-.J_ ...... ~.:~r' ~-cr-y_:.:_.J,. _ .... _L~=-. . ,-~- . .. ,.'I .... I_nlL--·-J~Jl 
;: ~ ;; :-1 :t ~ ~! ' k. 'r"':: i:L fl " ~ ~ . n I I ~ f.\ ~ . I I I ' ~ I 
«" rt 0 , . () "" ,. ;-- . ~ " o· I ~ 0 ! a I f ',· ~ 0 I' I 
'" 0., .A

f 

':'1 u . u~.t -.-::~_~ -~~~~T,i--=--~_ -~~ ~.-.I=- ,~·~ ~·m-~-=-·-.~li-~~1.3 - ! ' i I .-' ,--, .,--EL-
I I I 1 1'\ I ~ • . • fl . • 'I" ~ ~ ~. ~ 1" ft • ~ , U ~ . ~ I • 1 ~~ . "I' . , I U ij • ('l ~ "( 11. " • I i' ' i ,~ ~ ,'''-, t; • 'l ( ;" 'iI " ..,:)' 

I I~ I II Iii . il i . J I i' , ~ ~.~ ~. I; ~ ~ ;: II t . !/:~ ' " I ,~~ i'J' 

r. 
(0\ 

,... 
t. 

~" tt 

co 

; , 
I 
l 

I
' \1 ,1 ' I" ,) .. ' ... ~.:~: ~ ':' ,fi ' 1-<: ~ " r~, 

t \' c ') ,,' , , 0 I" r ,.-:·! 1 I') RT 1 , .. \ t I ' , -3 C) ~1 1 f~ r: ... ~ '. l;r ., I! ~~ " 1 
I ,.... . tl! i',,~ l) V, .0:::: L~ . I,': ~ r :? 11 ' r.l . ~ h ~ 

," . ,', 0 I, U .".l '/ . r I h ,' -1 , q 

I I I II . ~ ) :i ~ r:o i ' ! ,") ".,~ I .,,~ 0 h.' ~:I n I !', f.] 1 II ;:., I "'1 I f .. . : ':1 (o' . ~ t ~ r ~ " r.= ~.~ J .. ~~ ; " . . ~ ... J (\ ~ ,'" ~ 
:1 r., j'l U . ~ r 1 (; II: o · ~ . . "! ' . h"'>:l , l , ..... -, .' ['1 It 

\ ,If "" " ;11 ! ' . I, rt i ,:.! -.r1 ,. Li In .. :' ':'.j , ; ,., ' '') ," d . 0( .1 
, I r.: ~, 1: ~ !J c... .. ~ ... ~ . ... t ~ .. r:. \ r) ,,; ,,\1 " ', :~ . I~ f:\ lit..., cw-

, t' r :) 1'1"''> -II ~~ . !,~ ,A n v ' .r.:: i:: (';:J : ~~ . * ;:: . ' , 1 ("1 

I
I, II . ( ~. ': ~ I ~ 0 ; :.; \> ' . Ii:. ;~ ~~) ~ ~~ ,).~ r; ii ' .~:? I ~,~ ;~I' .. f; f~, 

;-; ("\ f! " ;, ! r~' ~ I .' ,1., A . ~ ::~ '; 1 !1. I .;.. ~ ~ ~ r~ 'J n -;:1, ' , ~ . r ' , \1 't-: I 
_ ,. , t II · ...,.. "I ,J ('f\ I Q , .. i '" 1 I ' l'. U " J : ' 0 ;:: .. , ~ • • 
!; F'!I" 0 i C" ~'i ' ~~ ~ (V" til ~~,:.,; ~ (> ~ ~) !I ' ~ ~., IJJ r-t',' 
. U , ., . r.: 1 - : ': ;'" G:> _'V' , I, D. tJ A .. I. , .,. ( ., , .,1 r;r) . :: .. ~ R dl Clll "-3 ill ft if . ; ! ~ ~ ., m t·, n , ~ ~., I ~ J O~! r... ',\ t! ~ tit .; , .. ~{ or ,....., c. .: I) Q ".,~i 0 ~ n ~'"' ('i .1 . r ~ ., -.' . 11 · f, r·, • (). ( 't ~ " ,.. r-~ ".I' ~ ,) ~: p t~ !~ n ;; !I ''''', fl ";.:~ ~] '? 4' ' ~~ ;::. f. ? <'J,., J ': .: , L r··) v . ! (! . Ii cJ ~ (") .. 'U (l IJ ! (} f.),~ f.) <-1 II 

..: "" u ~ .. u ,'I I" ~: I ' , (7"'> roJ· 'v t, .., ~, .."ou i' : ., ' ,~ ' I ~.iI I": ') . '<:J ' ( .l I: ' t,'::. r,-';; I r.;) I" ",j (;. 't) "..-! !l 
\ 

: , ' I, n , ~!! i '. ; ' , I' . . , ' ,';-/ 'Z) , ' ' ~ :.:1 . , q ,-1 I [I., • ~J 

~ 
C" ~ I, .... l : / ' r·, ) rl ;',; (. 1 ' . 1 \ 1":), IH : • ~ ~.-iJ ' A ~, CPo' (ll ~ 11;.) 

. 1'1 ':';> ~. c ) "::i.', 1" • •• . :/ (., ~ fJ ~ ,~ ,~, ~ n ~ . C·~ I t.' q f 

1/ 

I 
~ I: 
\ ,. 

110 i'; ~ 

f-1 
-~~ « 
1( ;\ 

f..) 

. CI'rl',-l ('~ r j ! ..... ;~ . C\' 0 /e, II , \""' . ,,.- , Ii , . d n I 
, -c-:; ~l r. ' d , !: ; ;. ; ,1.1 ~ 0 S· -, - r", ' I)~' , \I . 

I: " ... ,) jll ;'1>.-1 .. r~ '") ,, I r;) . '''r': ' ~' . ' j' I .. 0 ~ ~ ,~ ;"'\ I : ~ . (j:~ PI , .\ . fO r' .~ , J l ~ .. "~ 0; n ~~ ~i ' ~ 0 ij (t ij . . J. .rf r.) ~I ~ . C;: Ii! •• } '" ~ .: ,i C, 1~~;oJ 2 / ) a '. t."; I ~~ 1': ! ' ~ t.:; I' t.l ,', 

~
I h ~ , . -' I 1"_ c. ( , ,,~ " ., .. " ~ ~ , • ! , . r·, . 1" \ " i I 

'" (.'l' , , ( ,' , 1 ..- ' . ( : ' (, 1 L ) I' ) ~ 0 'r' I " ", or i 1,1 l : :~) i : .: ', j , J\ ' O t> ('~ I' i /i \ ' i' "I . I': ;',i ( ! g" ' b I, .J 
L "... -: -1 ! . \." I • r . .~ , r . l,J (1 f " J 
Ii ,r: t..,' . . . t' f ,l, . ~ 0"',· Ii:) . n r ) I, ! o · (I ',.,:.:: . (1 ~ -.1 '=:1 

\l itl ' I r.I ~ I. i' t.t ) 1.1 J ."" <'J 1" ,,! t" I"" I '" I, I ' ~ 1 .:.\1 ~ II, .,".l , "-4.~ I I , 1 t <, ~ , ' ~ : J> ~.I'~ i r . . 
,I , ~ "\. , , ., .. ' 1., ) • , " I" . ". '" , t I 
~~~~ I -" -r-~r'-rwrT-,~u~f~~U -' --:-r ·· .. r ·~-J- "r~i~'~k : -l c 'en r f 
H ~ I I-'--~''--' . I '1> ' , ' , ,~- - J---' Y ~ ,I ' .. . ,'" 'h ,, ~. " " ... "::, I " .~ "jj:-, .~ '.:, ." .,., •• -.. l ..... . ' 'I. , ~t, '.." ' '' 'b ' ';, (, '" "? b 'b ' 

~ .. ~ r,! ",·IiI'!O ~ j .. " .,1" ~ . . ,;> !.~.i '-. .. f ...... t>i!.,·>,~,0 ~1i>~~h:.~."<> •• ~ ~·~ .... ~ .. b 't-~ 'h"· ~ -.'k ..... t ~,.. ')~ , II 
I I'I--~ j ~.:).--\l--~ v~ ~- .. ~ .-.~- ... -. . -,-\)--~ J __ J -~·~.....j ~--·'--)---~·· I' ,. , .J \ ~ t • . '" • u." ~ . 
: J" . ", .11.1 !1' ''') - ' ',' , , .... , ! f1,, -. J C"i,J1 __ _ _ _ ... ...- '(" .:) - _ ~ ... ... . _ .. __ - ...,.,. _ ' tu> -..c-e ~ -;" . ... _,. ___ ~______ _ ~ ~ ~ ,,> <'f"'f_ - ~II 

: Il j ,~."':"'C'r.~;.) . -.. _p".,. at.e:!W _ e::dii ••• ~~~.::r.:-.-~':'W:" ••. ~~·~_~~.:: ~~.~ .... ~-:.-:...,!::'e'"I':-:.:r :....c'":.~-""t'r_...,;,.,~-:."':;.:' :.-_ .• ::-- .. - t · ':.:'-::' ''':: '_:',. -=--- ':: .:~.;r~~"": -..... cr.~r .. ::":"I'·..it"!II!;,f ~~ :;Y'::-~~~~~- . ' .... .... -, ... - . ' :-- : ' ''''"1"..:'' - :', '' .' J 

,... ! I " . ... ' ;'j 
11 "r: I:! 0 . C J, (~ !:-, . I::ll <-, · ,. . " , , n r.' ( ., n r., ';C" i L (~~ h :I~~ : I .' ~ : \',') :, ... . , "I :: . ~' '.' > . f. ~ <:...1 _.:.. I ~ ~ ' : . ) ; 

, I I C . . :. ': ... ..',. '. '. { ot< , ~ , > \'.. . ;1;' r. . . ' f " !'...,.. \ t .~, ( \ I " if 
t!l' O'- ;'~': " '! : . .- o.:-. ,_.~.\_.: :; ~ ~~ :-'.~ -C;' .~_:_ .,:~ .: ' . 0 _ :" ," .. _':. ~ :::_ .r .~':'-" '!.':_' '- : ~._: __ . " ":;.".~, . _. ~ .1:'. : .. ~ ,~ .- ::-c ~': :-', .. : .: -7.- c~ :-:-~::=-!:-:'7" r :r..,..,.J~ , cr'; .. ~.,=-l:---:--J' .~ ~ . ' .. ::;11 .;-;. I ) 

.' 
.~ 

. .... \ .......... , ............. . _l .v ... ~ . .-.... ..... : ......... · . • .• t __ . . ..... .. .......-u • .... ,,~ ._ .... .. ... .. ,.; .• • , I . ..: .... 

I • 



.. 

. . 
r . . ~ 

I' 
'. i ( 

-, .-

2 :: .. ~\" ... ~ .. _______ . 

- -,- -'" . 

ell;:!, CTlO!! _________ _ HOU; J10 _____ J:;.-.....::;6_· __ . 
III ;:1.1 ,. ;\TIO# ________ _ 

":lOl'Z~Tl 

IT,l,!ll ': :) lceJ'.TI!: ~J 

C ~HJl'l.H!:i) ______ . COl.LAil C ~O:;l:) . ::!. __ !!._.~ __ 
e ":H.L~, :l n::v. _____ .. _____ _ 
~:I !:!T ~_ CJ} __ 0_'--... _____ _ 

D!n~1 _________ _ 

L C-':C::) :n ___ _ 

t;)U ::'l::l! 



". 

t., " 

, 
'~ 

r 
~ 

.. , 
~ . 

~ 
! 

i 
: ! ''''' 
'r 

, 
i 
" ' 

., 
. '.... 

" . 
. 

~~-""'''''~~-''''';~'-~.----~--

. 
~:~~"..:::~b3 ..... =-== 

, 
' 0 

,' ;' '-.: 

• 
~ IUCT;':)" '.' . • f :r: L.I~ ;' TIO:l"", __ _ 

c., c.! ,) L :!1<! :} 

":~::I 
l C5 ;<-::} :n _______ ~~ __ , 

• 
J-6 H'L.! K~ ______________________________ __ 

C':.'LLA=l C 'j~;: '<l. f:. ___ _ 

e;)L.!..AIl· ('. ';.'J • 

~;.j!"T __ ~ Oi7 d 

~.".-'--

:<~I,.~ 011'4 _. ____________ , 

! . .-
, , 

. ~ - '. 
--------=-~~~r~~~~'-~"~X~3~q~-~"a~~~--~ 



OI,.(<:TIO" ___ 0' . ;-~}_~~.:...: ,i __ ' __ '!OLC .. " ___ _ . • ;_~:'-- _ 
JIilC\..,,. .. T . O,.::-__ .:: _______ ._=__ 

' ,T4I(T(0 _~=--~ ____ . ___ _ 
'~ ; 'rr..A'T' •. ~'· (1~1 ·' 1 11l ;;1.; ,l :~~; -. - - - .---.... - .-----~- ~ -
l. ') C 4· I 0., : . :' ,':J.~) '~'''. ' ,~_ ... t~ ~~_ ~, :!., __ ~: :.._ 
COl'La CO)qD ,, ·~'_~0~· ___ (. ~J~:, __ ____ _ " 

,;"r:7:·r,.t . ' ., ... 
CD:"~I..(T(u ____ ~:_( • • 

'" COLl"~ !I.fV. ------ :~~' l.·)T-----
'IHlT_~ _ ___ 0' _____ 4 _____ _ _ , _ , 

1'1' 1 Of,." ___ ~u..-_____ _ 
SCALE ___ '_' _' __ = ____ ·_t ___ _ 

Silt'; " ~1 O',' ,r:-- !',L * .. 1,,-"/, " 
.· ... -~.- f TT---;-r (-,:. ~:o-.-., ,-t- --- _ ... 

90 

100 

. 
110 

120 

.. dO 

to 
: 1::1 dQ. -L- .. III 

1':;-, --------- . -J I I

H
" I_-t, 

I'" ""! do. __ LJ } 

; _ [~;l _C ________ . __ dO ...... __ ... _. ____ ._____ - 10 ~~L 102 i_J 



, , , 

, 
> ( 

t· , 

,. 
If"" . , _. , ' 

.-

' - . 

SCA!.... r.: _____________ _ 

190 I 

I 
200 I 

, 
I 

2tO I 

I 

220 . I 

I 

I 

2jO I 

I 

?iiO. 
I 

I 

I 

250 1 
I 

'. , 

I 

>'" 26<'1 I 

I 

I 

• 
7(0 I , 

I 

, 
230 ,. 

f , 
2$0 

I 

I 

I 

)CO I 
I 

I 

)10 
, 
I , 

"L-== I 

J-7 
01" (CTIC ~ ________ _ !lOU IlO ___________ _ 

'NtLII~ 4T'1,) ~ _______ _ '''OI'!RTl' 
S u,1';T[O _________ _ 

lCC4'IOli 

CO !.dP l..lTlO COLLA:! (00 " 0. 1II . ____ f. __ _ 

0(1""" __________ _ 

L IX'~;:::> BY ________ _ 
COll_~JI C2tV. h 
!l1/[ ol f . 0' ______ _ 

D"IU.t::t ___________ _ "OlC ~:U ------------------ -_. 

do. 

do. 

i ,--+---r--
: J 
'-1 



~- , .', .-. .,..,' 

. 
-! 

J-7 
OI:'ltCTlO:" ____ _ II>:)L( ~O __ _ ------
I>tCLIIlAnO)l _____ _ ' ~ O'(IITT 

,T,\RT!i) ________ _ 
LOC.lTIC ~ 

CO Ill'LU!O ________ _ COLL'''' GC~ .!l ' . 1=I. ____ e. ___ _ 
Cl : ;t';1'1 

l¢".(l;; .~ ~y _____ . ___ _ SCi4 J_E ---_._- C:OLt'\ !l :L ');'1. -----L----
IHlU J 0-' ______ _ 

O >': IU{;l __________ _ 
)lO!'! e::t 

" . 

. . do. 



p' 

... , 

" t 
r 

I .. 

;: " 

• • 
. . " 

:... . .. 
i .•• 

. 
~ Ii .' r 
[ . 

.' 

. , 
" 

• . . . . . 
. 

. ' 

, 

'- J-7 OlllttTIOtl _________ _ 

I)jC!..lllATIO" ________ _ 

JURHO _________ _ 

co ~! pt.~Tt~ ______ _ 

D::PTH __________ _ 

L¢~SC-) loll ___ -, ___ _ 

OI1I l.t. I!!l ________ ~ __ 

," . 
. 
,. 
" -

.. 
-

. -
" 

' . 

110l( ~ , _________ _ 

t.OC~TlO;' 

CQlll, ~ C CO >l ~. n. ____ !. ___ _ 

COlV· ;!: tt.ZY. 

~ a !n L. 01' 

. . 

h 

• . 

, 
t • 1 . 

! 
! 
J 

I 
1 

1 
1 , 
J 
1 
1 

1 
~ . ~ 

. ' -I . 
,- """,z~~"",-=~~"""!X':;~=.,_"==,,,,,.,""~~,""_=z..~_,,,_.,.,::: " -=~..,,:J'_~__.x.~-==~= .... ''''''"'-~~~ i 

. f : '. ,, " .~ 
, " 

. " . . - ! ~""::. ~~). 
, .. .... , ... .. "'<":'. 



• j 

' . . " . 

Vrrti~:J.l 

1 . 

. ' . 

; - ! 

( 

, . 
~ . 

. ': ~ . . 

,-

" , 
. : - . ~~ .: 

" 

. . ; ...... 



t i ! .-. 

; . 

f 

, 
t. 

. . -, 

J-B t::l:::e11011 _________ _ /':o\.( m __________ ~
 __ 

l:te1..I=~1'~" ____ _ ------------------SU " TiD ___________ LO ~;l,TI~ ;t --------_.-----------c~~T'\.~n' __ ~.~ • ...;... __ t -::.t. 1..Jl. :? C-; :: ;.::J ; ::l_~. _____ ~ .. _ . ~Jn~ ____________ _ 

--~.--L~~ ':';:) 0'1 
.---~--~ 

~
~J~~ _________ _ _ 

"'---'-~~-----....... -------.~.--~-~ .-_._ .. _-- --------------:.------"-----~--- ~-------=--



. 
... 

-. . ~' 

, .. .. , 
~ . 

" 

i 

" . 
'! . ,'" 

. ( ,' ., '!. ',' 

. ' . ~ 

:;. •. , ... 

' .... -.... 

c)Hl ~;:T 1;:J;J __."'-"-------- ~~l..! '"' ~-.-..:.......:~~ ___ ,~ __ 

1!l~~JCJ..\11)~_, ________ _ ,ne,Z;:';-{ 
.....,=~.~~-.-.--

tT'!':J'f;B ---:.....-. 
c:n::;n(7Z~ ____ ._~ _____ ___ 

~:jv1;4 _ __._ . Ct)!,.' .. A?i ~l.!~. _ c . .....-_____ _ 

~;~::il ~. ,. ~ :H1:T 3 ~(7 .6 

'. 



,\ " 

1 
, 
" 
,.I 

u ~~ . 

S b }. 
T 

;:; 
• 
>t ' 

t 

l 
i 
f 

! 
! "! 

, . 
; 

Dln::C;IC~ _________ _ 

UJel.ll'l .. t'I.)~ ________ _ 

CO :lill.'!T; 1.' _________ _ 

ozn~' 

. ~ 

. ~ . .. 

r.c\.( r;., 
"~Ol'DTY 

l":,nl~::J 

J··8 

e. ___ _ 



. .. -- . ,,"" -
. ( 

............ . ' 

f·l;:~~f;D:J~._~ __ " ::.p~: 

~::J ~~ ! :.J~ii 3:l ___ ~ _____ _ f'3 ')?~ ~l7'Y _________ ---. ___ ....--. __ 

~ ··;:'fH:) _!.~ __ ~. ___ _ 
-------- .~-------~--~=------

e::~;::) _ _ _____ ~ ____ _ 

;. ~ . 

: I 

- .{ 

~ I 

' .. 



~--.------~---------
Pill ZCTIO~ ___________ _ 

. IIH I. , 14 AT! 0)1 ______ _ 

~----.----------------------- STA>17i:O 

-=----~. -----------~-----
CO~PL!.f~ _____________ ___ 

Ci!l'lX 
Le:;;~ ;''1' _____ , _____ _ 

C:1:U'::t~ __________ _ 

HOt( 1;0 

pIlO"O, TY 

l:)~AT'Ot1 

. J-8 

COLL.q cc ·)r;:>_ I! _____ I!. ____ _ 

C:I)L\. A ~ '(61 '!.v. 
6 ,:-! !I'.:r 07 _' ________ _ 

.. ;;t.~ e:zz 



'-

, . 
. ~ 

i .. r · 
f , -

I · " " 



..... 

. ' 

~llI!~ 'rl"a ________ _ r.OL~ ~~ _________________ _ 

1~ :t.I:JaTIO ·)J _______ _ ""op~~rY __________ ~_ 
ZT .. ;1"i !!() _________ _ 

LO CA T 10;( 
CO ~:>!.:! r;:;) _______ _ t:lU.1:l e~o ~,. ;l. ____ '!. ____ _ 

C '!~T;1 

Lt;;l:n C"f 

(Ol..LII~ 2LIt·;. ________ _ 
t,Wi:i:T c:r ___ .);,....·,0 ____ _ 

~~\.! ~11! 



.. 

. 
t 
'f 
l 
~. , 

, , ..... 

". 

" 

"; . 

..... . - . 

~~~~--~-----------------

' . 

OI.'I£CT ,o:ll:l __________ _ 

llil Cl. 1>1 ATI 0 ~ __________ _ 

'TA~l~O _______________ _ 

Ctl ~p!. ;no ________ _ 

O:!n~ . 
LC':0D ~v __________ _ 
C~1U.<;::'I _______________ _ 

".,!.( .. 0 _____ ..:.J_-.:.9~ ___ •. ___ _ 
rilO"E~T';" 

t~ ... un C;,10. ~. .r,:, __ ~_ 
e.,ut.::l HZV. ___________ _ 

~:>:!n 3 Oi" __ ._l.:::.0 ___ _ 

, ., 
_ ._.~c._ ~ . 

I 

~l , 
., 
" 

, . 



, · • l 
I: 
r 

( 
! 
i 
~ 
t 

r · i 
~ 
! 
f' 

.. 

--· 

,- .' . 

---~-------------------.------~.-

------------------

SCAl..r;:: ~ ________ ~_, 

. ... 

l~e~l:1tl7'l;) i1 _________ _ 

:Tl;n :::~ ~ ________ _ 

C~~p1..:!~ ,:_) ____ _ 
E> '<;:>'i' ~ ________ _ 

Lr~~~ 'Ir.J 

e-::;;w. ~_'l . 

J-9 

P:'HH>i!>l7"1 ---____ :--7 ______ ~~~"'~_==_ 

l ·:' :i\ 1'1 :J >l 

. 
~ .. 



.. 
t 

.~ 

, ( 
1 \. 
t 

1 
• 1 
t 

f · . ~ . :. ~ 

r 
• , 
~ 

,~ . 

t· 

. -----~~----------------------~--~ 

----==~.~----------~---
. 1'1 l{)1 

:£ ,~ .. ~k,~ ~ __ : _______ ==~~ 

Dj !UC1IO" __________ _ 

II4(LI::' ",no:; _________ _ 
'7~~7~O ____ ... ___________ _ 

CCt.l9Uli~) __________ _ 

C291:4 

J-9 
HOLe t:? ________________ _ 

,:tonilry 

L'~ ,UIO" 

C:lll A:! ( ,:;",1:,. ~ ____ g. ___ _ 

ceu. )).'! H~V. 
L ~·J:::J ~'t _ ~H,, : T 5 Q? 10 
c;;o ;u.g:7 ______ _ 



I , ., .. 

! .. ' 

.,--

--.-~--

_ ~~ __________________ o_.~ ___ _ 

~ .. 

.J-? Cl:ti:CTIO~j __________ . I1I)L! ~O _________ ..;.... __ . 

' .. CL.;''''1'0;' P:!O?f~TY 

~T..\IlT~l) . LOCATIO/! 

Cv~J»L'<T;r!) e',~L"'i1 t ·!-,;" . ~. _':"~_t. __ _ 
CZ;>',':o! -----------. Cnl:.:t I!:ltt ---------__ L~~ J."r.? GT t:4H'T til' 10 
c:.:~u. '!:l _____ _ 



, . , 
l~ 

r, 
. ~ 

~ 
; 
:t .. 
1, .. .. 
~. 
.\ 

,x. 
• 
~ 
t . 

1" 

t 
I' 

' ~ " j. .. 
~ 
f , · 

I-
f 

· '. , 
• 

:~ ", j 
i . . 

" " 

r 
l.. 

;;" -
: 

~ .. 

a 

... 

'.-

' . :' .. ' 

. ..J. ..... -

~\:....~:~ ... --.. ----~----
~_~_~ __ I_r _________ • __ 

1'1 --:, ,'\. , -, 
<...,... ~~_.~ .. .J c:::::~==~ _____ Q.~~ 

, 
~ • _ .J 

~ ..... ( .... ·- '1 ... ! 
.:;J ~" • .J /V : 

.... . ~ ':-, - t 

.. ~. 4~ , _ , ", ., 

, . 

.'- " . 

~lil!C'll~~ ____________ _ J-9 . tl"lC ~.:> . _________ _ 
I~t L I:; ~T I !);<l ________ • ____ _ Ptl 0 t'.!' n"T . _______ ~_ 
31~nTl~ ______________________ ___ 

\. (;C!l'i'IO:::l ----------.---.~--
CoJ ::.~~!.~_; .!,;) ___ ~ __________ _ 

e~l..tA t' C C~~,. ~t _______ ~ .. '::. _", _____ _ 
. Q :;JHl r _______________ _ 

L ;:z :.) Ott _____ _ G7 lJ) 
---"';";'-'-"_-... -~---.--= 



--.-------~- "':'" ....-:-... .;:...;..~- ~ --- .. "': ... --.- ... ~. -,~- ... -- .... :--- _ ... - -: ... . 

, . 

' .. 
,-

I ~ 

'.-
I 

SCAI....E~1:-' _I _-=_~.lj\_" _I __ _ 

.,- . 

Olll1.C11Qlj ___ _ 

"CClIl< .nIO'1 _____ __ _ 

STAR70!:O _________ _ 

CO":>l(T~O ________ _ 

0,,.101 
. "~', E" : T _________ _ 

OlW .. l..Clt _______ _ 

. .- _.' . . , .-. ..... _ .- --=- '- ' •. 

H:lL£ " 'j . ___ J_-_9 __ .-.:... ____ _ 
,.1\0 ;O(lIl Y 

lOCoHl 'ON .. 

CQl.lA~ CCJ::O. N. _~ __ [, ____ _ 

COLLAII ru:v. _. ____ ;;-,;:--___ _ 
'\1 1:[T ~_ 01' ___ ]_() ___ _ 



1 • , ,I,'.) • SCALE: __ l=--____ --:.~ ___ _ 

, :Jtt;;) . i 
'!-:161 

1-:.) t 'tn 
?~ =\~ C ... · ·\ J 

. 190 
, 

t .., · ,,~O ! ~. "'"(.. ~ ' .... 
' .. 
. ~ 

I );>:no , 

i · 

- -------_. 
SUitHO 

CO!;lPL[ Tl'O _____ . ___ _ 

. O!PTH 
L()lJ~O 1!'1 _________ _ 

CIIH . .l..t1t _________ _ 

.I- () tlI)L[ ~O ____ _ ____ _ 

,norCIITT 

LO~ATIOft 

---'------~------

COLLAn CC(; !l :l .... ____ t:. _. __ _ 

COlL";! lL(V. 

'H HT -.!;.'t_ 0;> ____ I_v ___ _ 



-_...--.---- --- -- --....---- -- .-,...-,-- - .- ' 

.-
OIJ;(~TIOW ___________ _ J-? HOLe ~O ___________ .. -...:. _____ _ 

I)tCLI H "~IO :l _________ ~_ ,1\0'C"11 
STAnTEO _________________ _ 

lOC4TIOII 
CO ~'L(T!' ________________ ~ COLLA;: COO 1l0 . " . _____ P.:. ____ _ 

1 " -_ . ' ,0 ' SCALE _;;:;-. _______ .... _____ _ O!:>TI1 
Le·o,,;r., :lY ______________ _ 

eOll"" (l ~ V. ____ -..,"",.. _____ _ 
] r) In &>1 !C(i . 0 i' __________ _ 

o;!;a .. u:~ ______________ _ 

-
" /1 
" .; 

.'i. _. ...; 
r v' ~ ... 

/ 

+ ' J . 

/"' 

I~ ~ I" I 
'--'--_.' 

.. 

, 

. . 
• 

-. 

, .-



I TIPPERARY RESOURCES CORP. 

VOLUME II 

KELVIN GEOLOGICAL REPORT 



I '. 

i . 

--. ., . 

I I 
1 

, 
! 
l_ 

[ 

C 
f u 

c 
o 
··0 
o 
o 
o 
n 

J 
....., 

1 

INDUCED POLARIZATION SURVEY 

OF THE 

KELVIN AREA, PINAL COUNTY, ARIZONA 

FOR 

. TIPPEHARY RESOURCES CORPOP.ATIOi.~ 

MAY 1970 

BY 

HEINRICHS GEOEXPLORATION COMPANY 

P.O. BOX 5964 TUCSON, ARIZONA 85703 
PHONE: 623-0578 Area Code: 602 



TABLE OF CONTENTS 

. ' PAGE 

Index Map 

Introduction------------------------------------------ 1 

Co.nclusions- - - -- - -- -- - - --- - - - -- -- - - - - - - - - - - -- - ... -- - -- - - 3 

Recommendations- - - - -- --- -- - .. - - - - - -- - -- -- - -- - - - ---'- - - -- 5 
u. 

Drilling of I.P. Targets------------...;--------:-~------- 7 
fi 
U Interpretation---------------------------------------- 9 

r . I . 
L-' 

r 
L 

[ 
, 

n u 

c 
o 
'0 
o 
o 
o 

o 
n 

Induced Polarization Location and Interpretation Plan 

~opographic Plan 

·Sectional Data Sheets: 

Line OE/W (Spread 1, a == 1000') 

Line OE/W (Spreads 2 & 3, a == 500') 

. Line 10E (Spread 1, a == 1000') 

Line 10E (Spreads 2 & 3, a == 500') 

Line 20E (Spread 1, a == 1000') 

Line 30E II 

. Line 40E " 
Line 50E ' II 

Line lOW (Spread 1, a == 1000') 

Line lOW (Spreads 2 & 3, a = 500') 

Line 20W (Spread 1, a == 1000') 

Line 30W " 
Line 40W II 

Line SOW II 

Basis of the Induced Polarization Method 
~CHe Q.XOE:X.PLOR.AT"ION CO:lw!PANY 

. .... 



c· 
[ 

[ 

[ 

C 
~ D 

o 
fl u 

n 

1;-1 

!U 
10 

HEINRICHS 

GENERAL LOCATION 
of 

-THE KELViN AREA 
FOR 

TIPPERARY RESOURCES CORPORATION 

ARIZONA 

GEOE:rPLOnAT10N COl'.1PAf'JY 

~
fi:..\ ' AUSTRALIA U.S.A. 

' \\. (SYDNEY) Post Office Box 5964 
\ .. 39 Hume Street Tucson, Arizona 85703 

GE.DPHYSICAL Crows Nest, NSW Phone : (602) 623-0578 
ENGINEERS Phone: 439-1793 Cable: GEOE.X, Tucson 



r' , 

( 

n I ". 
LJ' . , 

·c 
[ 

[ 

[ 

u 
[ 

o 
.D 

o 
o 
o 
D· 
l 

o 
o. 

INTRODUCTION 

At the request of Mr. C.R. Williams, Senior Minerals 
Geologist, Tipperary -Resources Corporation, Heinrichs GEOEXploration 
Company conducted and completed a comprehensive induced . 
polarization survey in the Kelvin Area, Pinal County, Arizona. 
The field work was done during the interim March 10 to May 5,1970. 

A total of eleven lines were co~pleted, all oriented 
N-S. -A coordinate grid was used \vhose origin is the southeast 
corner of Section 8, T4S, R13E to which all lines and stations 
have been referred. The lines are separated by 1000 feet and a 
station spacing (dipole or "a" spacing) of 1000 feet was utilized 
except on Lines OE/W, 10E and lOW where a more detailed spacing 
of 500 feet was also employed. The total surface coverage 
counting both dipole spacings was 37.5 miles of which 24.5 miles 
was "subsurface" plotted data points. 

The dual frequency I.P. technique was used with sending 
frequencies of 0.3 and 3.0 Hz with a GEOEX MK-7 sender and a 
GEOEX MK-4C receiver. I The collinear dipole-dipole configuration 
was the electrode arrangement employed which on a 1000 foot 
spacing should typically give resolvable penetration within the 
zone from roughly 300 feet to approximately 1200 to 1500 feet 
below surface. 

The pu.rpose of this survey was to aid in delineating a 
subsurface' sulfide zone and thereby help to define drilling targets 
in a "mineralized area evidenced by several surface showings of 
copper and molybdenum and partially defined by several existing 
drill holes . 

The data are presented on Sectional Data Sheets, one for 
each line and spacing, showing resistivity, percent frequency 
effect (PF.E) and metallic conduction factor (MCF) contoured in 
section with self potential (SP) in profile form. An "Induced 
Polarization Location and Interpretation Plan" is also included 
showing the surface projected plan interpretation of the 1000 
foot dipole data relative to the land net and overlays a portion 
of the U.S.G.S. 1:24,000 scale Grayback Topographic Quadrangle which 
is also included herewith and which shmvs the ,surface projected 
500 foot dipole data interpretation. For additional details 

- concerning theory, interpretation and presentation, see the 
"Basis of the Induced Polarization Hethod" appended to the report. 

- 1 -



Heinrichs personnel involved in the field work were · 
D. Chaffin, geophysical crew chief; D. Kern, J. Boduch, J. Patten, 

i~ B. Coons and W. Wright, technical assistants with W. Freeman, 
LJ Geophysicist supervising in the field. Report and interpretation 

by C. Ludwig, Senior Geophysicist assisted by the GEOEX staff. 
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CONCLUSIONS 

Anomalous induced polarization effects are seen on all 
lines and define a WNW-ESE trending zone roughly through the 
central portion of the area surveyed. The total width of this 
zone v~ries from about 3500 feet to 5000 feet considering 
the very weak (and sometime poorly defined) fringes. The stronger 
core of the anomaly is about 1500 feet to 2000 feet in width 
and lies roughly between l5W and 35E. 

The cause of the anomalous response is likely metallic 
lustered sulfide mineralization. Within the stronger anomalous 
core about 0.5 to 2.0% by volume total bulk average sulfides 
is indicated based on a comparison with "typical" disseminated 
sulfide zones in the Southwest. This concentration crudely 
represents 1.0 to 4.0% total sulfide by ~7eight and therefore 
could certainly be of economic interest providing the ratio 
between minerals of copper, molybdenun etc., to the iron minerals 
is reasonably high. 

Depth to the top of this indicated mineralization varies 
from within 150 feet of the surface on portions of Lines OE/W 
and 10E and becomes progressively deeper east and west thereof. 
The greatest depth to the top of polarizable mineralization 
Doted is on Line 50E where the main causative body may be 
-deeper than 1500 feet below surface. Dip is difficult to determine 
by the I.P. technique but there is some evidence of a southerly 
dip (or top slope of a broad body) in several portions of the area. 

Based on the geologic data available to us, no obvious 
correlation is noted between any particular geologic units or 

- structure and the I.P. anomaly. Therefore it is possible that 
the polarizable zone is caused by or related to some unexposed 
intrusive or structure at depth roughly below the anomalous area. 
However, no obvious change is seen in the geophysical data with -
depth, thereby suggesting in excess of 1500 feet to this postulated 
intrusive or structure or simply that there is a lack of electrical 
contrast with the overlying material. The induced polarization 
response in general shows no obvious evidence of having a depth 
limited source. Sulfides are expected to persist to at least 
1500 feet in depth - the probable limit of resolvable "penetration" 
of the resultant data. 

The resistivity is relatively uniform and rather non
diagnostic. Portions of the more strongly polarized zone have 
lower associated resistivities probably caused by the concentration 
of conductive sulfide mineralization and associated alteration. 

- 3 -
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Lower resistivity is also seen where there is an appreciable 
·thickness of recent alluvium overlying the crystalline bedrock 
as on the north ends of Lines ZOE and 30E in the Gila River 

. gravels. Higher resistivities are associated with the topographic 
effect of erosional resistant ridge crests and perhaps tighter 
or more silicified rock. The highest resistivities are noted 
near 35N on Lines 40W and 50W where the most extreme tOPQgraphy 
on the survey was traversed. 

Many of the lines shmv a broad self potential low, 
correlating with the anomalous l.P.response, ·which is likely 
reflecting concentrations of relatively interconnected, actively 
oxidizing sulfides within several hundred feet of the surface. 
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RECOM:'1ENDATIONS 

Because of the geophysical correlation with encouraging 
copper - mo~ybdenum mineralization at depth in DH-2 it is 
recommended that a fairly extensive and deep drilling program 
be executed to more completely evaluate the rest of the significant 
appearing induced polarization anomaly. Eight drill holes are 
proposed in order of geophysical priority - some of which will 
of course depend on the results of higher priority holes) exist.ing 
drilling and geological and geochemical information available, 
all of which should be in constant correlation. 

1. Line OE/W near 19N to testa rather strong but 
narrow near surface polarizable zone apparently merging at 
depth with the broad main anomaly. This drill hole should go 

· tb about 600 feet to evaluate the shallow anomaly but could 
effectively be carried to at least .lOOO feet and preferably to 
1500 feet to also test the northern portion of the broad anomaly 
at depth. 

2. Line 10E near l3N to test the strongest I.P. 
response noted on the survey. This hole should be at least 1000 
feet in vertical depth to properly evaluate the zone of interest. 
Mineralization is expected fr9ill within about 150 feet of the 
surface to at least 1200 to 1500 feet in depth. 

3. Line OE/W near 7.5N (or essentially equivalently near 
5N on Line 10E)to test one of the stronger and deeper portions 
of the main anomaly. This hole is approximately midway between 
your DH-I and DH-2 and will give additional information as to the 

. mineralization across the width of .the anomalous zone . . To completely 
evaluate the section of interest, the hole should be programmed 
·for about 1500 feet total depth and should depend to some degree 
on the results of Recommendation 1. above. 

4. Line OE/W near 78 to test a minor zone of increased . 
mineralization, within the fringe zone, which shows up best on the 
more detailed 500 foot coverage. A relatively shallow hole - about 
500 feet - should suffice to evaluate this target unless encouragement 

.is obtained. The expected strength of mineralization in this area . 
is roughly only one half that of the stronger core of the main 
anomaly and it will therefore necessitate a very high copper to 
iron ratio to be economically interesting. Because of this low 
expected sulfide content, drilling at this stage should only 
be considered if there is supporting geological or geochemical 
data. 

. - 5 -
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·5. If Recommendation 2. proves encouraging then a hole 

is suggested near 7.5N on Line 20E to test a zone of similar 

response. A minimlliTI drilling depth of 1000 feet should be considered 

to properly sample the interesting section. 

6. If Recommendation 5. proves encouraging, a drill 

hole near 58 on Line 30E should be considered and again should 

. be programned for a minimum of 1000 feet in depth. 

7. and 8. Depending on drilling results on Line OE/W, 

two holes could be considered onLine lOW; near l7.5Nand 7.5N. 

Sornetvhat deeper and/or weaker mineralization is expected compared 

o ' to Line OE/W and drilling here should be in excess of 1000 feet 

in depth to effectively sample the target . 

All of the above drilling is considered vertical as 

recommended. However, if after several holes have been completed 

and if a definite and persistent dip is established i inclined 

drilling may prove more efficient. 

Additional geophysical drill targets can be located by 

reference to the interpretation plan surface projected anomalism 

and its correlation with existing drill information. The weaker 

fringes of the I.P. anomaly should be given some consideration 

especially if in areas having evidence of a high copper to 

iron ratio. In fact in many mining areas, the weaker I.P. zones 

are of more interest than the stronger portions which may only 

be reflecting high pyrite concentrations. In .this area, because 

of the rather low overall indicated sulfide concentration, initial 

attention has been focused on the stronger sulfide zones in the 

. hope that they would have the highest probability of being 

economically interesting . 

Further detailed I.P. coverage should be considered 

particularly if some of the more shallow mineralization becomes 

of interest. Reconnaissance I.P. along the general strike of the 

mineralized zone east and west of the present coverage is also 

suggested if the prospect continues viable. A semi-reconnaissance 

ground magnetic survey would conceivably delineate a related 

intrusive at depth as well as other possibly significant features 

of mineralization and structure and would be relatively inexpensive. 

- 6 -
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DRILLING OF I.P. TARGETS 

To maximize the probability that a recommended drill 

hole will intersect the source of an induced polarization 

anomaly, the following points should be considered. 

1. The anomaly has been caused by some physical 

property, hopefully a polarizable body containing economically 

interesting metallic mineralization, and this property should 

be determined before abandoning the anomaly. 

2. Location of drill holes should be made relative to 

the actual sending and receiving electrode positions as they 

exist on the ground . 

3. Due to inherent limitations in the I.P. method, depth 

interpretations are only approximate and the determination of 

di8 is severely limited, particularly for angles greater than 

45. Also, targets can generally be laterally resolved no 

finer than the station spacing (dipole length). Because of these 

limitations, targets less than one dipole spacing in width, 

particularly when steeply dipping or deeper than the dipole 

length, may be difficult to intersect. In these cases, several 

drill holes in a fence line should be considered. For the 

steeply dipping cases, angle drilling may also prove advantageous, 

mainly where the direction of dip .can be geologically inferred 

and the drill hole oriented such tha.t an optimum intersection 

of the zone of interest is obtained. 

4. An observed anomaly can be the effect of a polarizable 

body laterally offset to the side of a line and therefore if 

practical, drilling should be confined to those portions of the 

anomalou~ zones well defined by several lines. Also, it should 

be noted that a single line cannot define the strike direction 

of an elongat~ anomalous zone another reason £or ~tilizing 

several parallel lines. 

5. Logging of the drill core must be done with special 

care to note the quantity of all possible polarizable material 

such as pyrite, graphite, magnetite, manganese oxides and clay 

minerals as well as the polarizable ore minerals. The anomalous 

source could conceivably be overlooked if the core is not 

carefully logged. 
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6. Typical sections of core representing the gross 

physical properties of material encountered in the drilling 

should be tested in the laboratory for their I.P. parameters, 

if there is some doubt about confir~ation of the anomalous 

source. 
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. INTERPRETATION 

-
Line OE/W (Spread 1, a = 1000', Spreads Z & 3, a = 500'): 

The detailed coverage on Spreads 2 & 3 defines a moderately 
strong, narrow (about 500' in width) near surface and somewhat 
depth limited anomaly whose source is indicated near ZaN and is 
associated with a self potential low suggestive of relatively 
interconnected, actively oxidizing sulfides. Depth to the top of this 
anomaly source is likely less than 150 feet and the source 
probably continues to 300 or 400 feet below ~ surface where it becomes 
weaker in indicated strength of mineralization. This somewhat . 
reduced indicated mineralization ni'ay persist indefinitely below -
the near surface, body and in fact may persist below 1500 feet 
based on the 1000 foot dipole coverage. There is even so~e 
indication that the overall sulfide content may increase again 
below about 1000 feet in depth. 

North of this moderate strength anomaly, the response 
fairly rapidly decreases to background near 27.5N. A minor 
probably very narrow source anomaly is noted near 45N and is 
apparently quite limited in size since it is not observed on nearby 
parallel traverses. 

South of the moderate anomaly the response more gradationally 
-diminishes to very weak in strength from lZ.5N to . 2.5S where 
slightly increased response is noted continuing to about IDS. This 
minor - increase in anoiIlalism is probably caused by a zone roughly 
500 feet in width, coming to within 150 feet of the surface but 
having very good depth persistence. South of ISS very uniform 
background is noted. 

'The deeper penetrating 1000 foot dipole coverage shows a 
zone between about ON/S to 25N of moderate strength I.P. response 
having very good depth persistence and a sharp cutoff to background 
to the north and a gradational decrease to the south. 

In the area of the moderate anomalism, there is some 
evidence of a fairly steep southerly dip of the overall mineralization. 
This may explain in part why DH-2 intersected interesting . 

. mineralization shallower than DH-l. Both of these drill holes appear 
to be within the zone of stronger anomalism but DH-l is quite near 
the southern fringe and this may -also explain why less mineralization 
was intersected compared to DH-Z which is more centrally situated 
in the anoiIlalous zone. 

- 9 -
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This deeper information suggests that the shallow anomalies 

seen near 20N and 7S on Spreads 2 and 3 are continuous with and 
just projections of the broad deeper main anomaly. 

The resistivity is quite uniform on this Line. A minor 
low correlates with portions of the stronger I.P. zone . . The 
weak zone near 7S appears to relate to an area slightly higher 
in resistivity perhaps . due to silicification or simply less 

.. fractured, tighter rock. The self potential shows a general 
low· over the entire width of the complete I.P. anomaly but with 

.a pronounced fairly narrow low relating to th~ shallow moderate 
strength I~P. anomaly at 20N on Spread 2 iikely reflecting 
the near surface oxidizing concentrated sulfides in that area. 

Line 10E (Spread 1, a = 1000', Spreads 2 & 3, a = 500' ): . 

. The I.P. response on the Line is quite similar to that 
seen on Line OE/W, but is somewhat stronger, in fact the strongest 
seen on the survey. There is a rather pro~ounced resistivity 
low associated with the stronger I.P. response which lies 
mainly between 7.SN and 20N. A definite self potential low 
also correlates, with the stronger I.P. effects. Again there seems 
to be several near surface zones of concentrated sulfide merging 
at depth with the main broad anomaly. The strongest of these 
shallow zones appears to originate from near , l7.SN and to 
progressively become deeper to the south. Another, but weaker, 
·neai surface zone is noted near 7.SS correlating with a similar . 
anomaly 1000 feet to the west on Line OE/W. Resistivities on 

· this line are more erratic, at least on Spread 2, than on Line 
OE/W perhaps due in part to topographic ridge effects. 

Line 20E (Spread 1, a = 1000'): 

Line 20E shows a good correlation to Lirie 10E, Spread 1 
except for· being somewhat weaker in I.P. response and indicating 
about 300 to 500 feet to the top of the main concentration of 
mineralization instead of less than 150 · feet as on Line 10E. Also, 
.the two near surface projections noted on the two lines directly 
west are no longer evident. There is still a broad self potential 
low and a minor resistivity low correlating with the stronger I.P • 

.. effects which lie mostly between ON/S and lSN. . 

-Line 30E (Spread 1, a = 1000'): 

This Spread shows a well definedI.P. anomaly whose source 
is ma~nly between 20S and lSN and having a moderate strength core 
from IDS to SN obviously correlating with the moderate zone on Line 
20E but displaced about 1000 feet to the south. Depth ·to the source 
and anomaly strength is similar to Line 20E and again there ar~ 

- 10 -
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associated resistivity and self potential lows. 

The extreme north end of this line and Line 20E show 
lower resistivities apparently related to relatively conductive 
gravels in the Gila River channel. 

Line 40E (Spread 1, a = 1000'): 

As on Line 30E, a well defined anomaly is seen between 
20S and l5N. However this anomaly suggests a considerably 
deeper source · than on Line 30E, perhaps in excess of 1000 feet 

. to the zone of most concentrated sulfides. Weak mineralization 
may come to much closer to the surface ,: however ~ Again there 
is an associated broad self potential low. Minor zones of 
high and low resistivity are seen to relate to the I.P. anomaly. 

Line 50E (Spread 1, a = 1000'): 

A very deep source is indicated on this Spread, perhaps 
in excess of 1500 feet below surface, and likely correlating 
with the deep response noted on Line 40E. A broad self potential 

: low and erratic resistivities are asso=iated. · As on Line 40E, 
weak sulfides may be present much shallower than the indicated 
depth to the main concentration of mineralization. 

Line lOW (Spread 1, a = 1000', Spreads 2 & 3, a = 500'): 

Line lOW shows a fair degree of pattern correlation with 
Line ·OE/1v but is quite a bit weaker in strength of I. P. response 
and somewhat deeper appearing. The near surface anomaly near 20N 
is much subdued and has almost completely merged with the main 
broad anomaly. At depth, on the 1000 foot dipole coverage, the 
response is nearly as strong as data from a similar depth on 
Line OE/W and is therefore of some interest. It is possible 
however, th2t the response at depth is actually a lateral effect 
from mineralization east of the line near Line OE/W. 

The resistivities are fairly uniform and show no obvious 
correlation with the I.P. response. The self potential also shows 
no well defined relation to the I.P. response. 

Line 20W (Spread 1, a = 1000'): 

The I.P. response on this line is quite similar to that 
noted on Line lOW in strength (except at depth where it is weaker), 
position, shape and indicated depths. However, there is a pronounced 
resistivity high centered near ON/S which gives SOine complexity 

- 11 - ~I~S CEOEXPLO::R.AT'ION CO.M"PA~ 
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to the MCF pattern. This resistivity high may be caused by a 
quartz monzonite or aplite dike as indicated on . the Geologic . 
Map by Mr. T.L. Hanks. There is no obvious significant · appearing 
sulfide response from this dike based on the . I.P. data. No 

' self potential data was obtained on this line due to improperly 
balanced non-polarizing electrodes. 

Line 30W (Spread l, ' a = 1000'): 

An I.P. anomaly centered near ION similar to that on 
Line 20W is noted but which is somewhat deeper and narrower. The 
resistivities are quite complex and again show a high area near 
ON/S perhaps caused by ' the same dike as on Line 20W. Another ' 
resistivity high is noted near 20N which is likely related to 
the high ridge topographic effects and/or erosionally resistant, 
tighter, less .conductive material. A broad self potential low 
is apparently related to the zone of increased I.P. response. 

Line 4m-r (Spread 1, a = 1000'): 

This line shows only ve~weak and very deep appearing 
I.P. effects. The depth to the causative source may be in excess 
of 1200 feet in the vicinity of SN but the source is likely a 
portion of the same sulfide zone seen on lines to the east. A 
minor but more shallow appearing anomaly is noted south of ISS. 
There is no obvious resistivity correlation but a broad self 
potential low seems to relate to theSN I.P. zone. .There is a 
very high zone of resistivity near 30N again apparently reflecting 
the high topographic ridge in that area. 

Line SOW (Spread 1, a = 1000'): 

Very similar I.P. effects are seen here compared to 
Line 40w with deep response below about SN and more shallow 
but still very weak effects south thereof. The resistivity 
is erratic but still shows very high values crossing the ridge 
near 3SN. A near surface conductive zone is present roughly 
between 2SS and SN perhaps reflecting more deeply weathered 
material. No significant self potential effects are seen. 
along the traverse. 
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TO: Mr. BOltZ~d Mr. Miller 

FROM: Lou Purigraski 

JI! 
Please use my name in calling Mr. Arlen Edgar, Tipperary Land and Resources Company, 
Midland, Texas, telephone 915-684-7151. 

They have drilled near Kearny, Arizona, and have a tremendous potential of ore. 
(Copper) They are going to joint venture. I have discussed this with Mr. C. R. Williams, 
Exploration Manager, Chief Geologist for Tipperary. I have recommended N DI for this. 
I recommend this call to Mr. Edgar to open discussion. What you work out with me wi II be 
acceptable. 

P. S. They have complete reports, etc. 



REPLY 
Phoenix 

October ·9, 1970 

Mr. Arlen L. Edgar, President 
TIPPERARY RESOURCES CORPORATION 
500 West Illinois 
Midland, Texas 

Dear Mr. Edgar: 

79701 

RE: Kelvin Copper-Molybdenum Prospect 
Pinal County, Arizona . 

KELSEY L. BOLTZ 
VIC;E PRESIDENT 

We have reviewed and copied the material submitted to us by you on September 4, 1970, 
and herewith return the originals to you. . 

While the material is very well presented, the prospect is one which does not fit our pro
gram at the present time. 

We appreciate your consideration 0 

Very truly yours, 

NUCLEAR DYNAMICS, INC. 

~ . 
KLB/plw 

NUCLEAR DYNAMICS,INC. 
PHOENIX. ARIZONA 6:5036 • P . O . BOX 20766 • 2671 SKY HARBOR BLVD . • 602 : 267·0561 
PRESCOTT. ARIZONA 66301 • P . O . BOX 2337 • 100 . UNION STREET • 602 : 44:5·0834 
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VIC.E PRESIDENT 
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~,- .. 

A. L. EDGAR 
President 

TIPPERARY RESOURCES CORPORATION 
A Subsidiary of 

TIPPERARY LAND & EXPLORATION CORPORATION 
500 W. ILLINOIS - MIDLAND, TEXAS 79701 

September 4, 1970 

Mr. Kelsey Boltz 
Nuclear Dynamics, Inc. 
2871 Sky Harbor Blvd. 
Phoenix, Arizona 85034 

Subject: Kelvin Copper-Molybdenum prospect 
Pinal County, Arizona 

Dear Sir: 

PHONE 915 664·7151 
TELEX 743414 

In accordance with my conversation with you on September 3, 
submitted herewith are the following reports prepared by 
Tipperary: 

(1) Volume I, Kelvin Geological Report 

(2) Volume II, Kelvin Geophysical Report 

In addition, a report entitled "Volume III - Petrographic 
Examination of 16 Rocks", prepared by Colorado School of Mines 
Research Institute, is available for your review. 

We believe results of our exploration program to date, as 
contained in the above material, justify additional exploration 
efforts. We are interested in obtaining a joint venture partner 
and in undertaking additional work. Our terms of joint venture 
participation are as follows: 

1. You are to reimburse Tipperary in the amount of $100,000 
representing approximately 90 percent of exploration 
costs to date. 

2. Cost of future exploration and definition work and a 
feasibility study are to be borne 90 percent by you and 
10 percent by Tipperary. Salaries, salary burdens and 
travel expenses attributable to Tipperary personnel 
will be charged to the joint venture account at cost. 

3. By bearing costs as set out in (1) and (2) above, you 
earn a 60 percent interest in the prospect. Costs 



Mr. Kelsey Boltz 
September 4, 1970 
page 2 

incurred subsequent to the feasibility study will be 
borne 60 percent by you and 40 percent by Tipperary. 
Revenue likewise will be shared on a 60/40 basis with 
each party bearing its proportionate share of royalty, 
operating costs and other burdens. 

If you wish to discuss this prospect in more detail with our 
personnel or to inspect the property in person, please advise 
and appropriate arrangements will be made. 

Yours very truly, 

~7o/ 
Arlen L. Edgar 

ALE: jm 

encl. 
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