
REPUBLIC OF PAN AMA 

Ministry of Commerce and Industries 

ADMINISTRATION OF MINERAL RESOURCES 

UNITED NATIONS 

DEVELOPMENT PROGRAMME 

MINERAL SURVEY 

OF THE AZUERO AREA 

PORPHYRY COPPER MINERALIZATION 
AT CERRO PETAOUILLA 

PROVINCE OF COLON 
PANAMA 

JULY 1969 

TECHNICAL REPORT 
PREPARED FOR 

THE GOVERNMENT OF THE REPUBLIC OF PANAMA 
BY 

THE UNITED NATIONS 
ACTING AS PARTICIPATING AND EXECUTING AGENCY 
FOR THE UNITED NATIONS DEVELOPMENT PROGRAMME 

( Publication NQ 3 ) 



CONTENTS 

Page 

GLOSSARY 

S~RY. • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 

PART ONE. INTRODUCTION•••••••••••••••••••••••• 3 

A. PROJECT HISTORY•••••••••••••••••••••••• 3 
B. BACKGROUND............................. 7 

1. Physical environment; 2.Regional 

geology and mineralization; 3.Previous 

mining activities; 4.Economic background. 

C. PRESENTATION OF RESULTS ..............•. 14 

D. ACKNOWLEDGEMENTS ........•...•.........• 15 

PART TWO. METHODS AND PROCEDURES ....•......... 16 

A. MAP COVERAGE AND AEROPHOTOGRAPHY ..•.... 17 

B. GEOCHEMISTRY••••••••••••••••••••••••••• 18 
1. Regional surveys; 2. Detailed 

surveys; 3. Presentation of results 

C. GEOPHYSICS••••••••••••••••••••••••••••• 20 
1. Physical environment; 2. Applica

bility of methods; 3. Field work• 

D. PETROGRAPHY•••••••••••••••••••••••••••• 24 

E. DRILLING••••••••••••••••••••••••••••••• 25 

1. Objectives; 2. Selection of sites; 

3. Equipment and operations; 4. Costs. 

F. ANALYTICAL CHEMISTRY ................... 28 

1. Sample preparation; 2. Methods of 

analysis; 3. Check analyses by outside 

laboratories; 4. C0mposite drill core 

samples; 5. Spectrographic analyses. 

PART THREE. GEOLOGY AND MINERALIZATION IN THE 

CERRO PETAQUILLA AREA ........•••••••••• 39 

A. GENERAL STATEMENT•••••••••••••••••••••• 39 
1. Geology; 2. Alteration; 3. Minerali 

zation. 

- i -



B. DETAILED RESULTS ..••.... •.. . . . • . . . . • . . . . . . . . 43 

1. Geology, alteration and mineralization; 

2. Geochemical results; 3. Geophysical 

results; 4. Drilling results. 

PART FOUR. Sillll1ARY OF CONCLUSIONS .......•.•........ 59 

REFERENCES•••••••••••••••••••••••••••••••••••••••••• 60 
ANNEXES 

I Project personnel, consultants and contractors 61 

II Supporting data ...............•.•............. 63 

III Project technical reports prepared for the 

Government .•...•..••...•.•.••.•••••••••••.•.•. 67 

IV Chemical methods and results .........••..•.... 68 

V Cerro Petaquilla Area, composite drill hole 

logs .......................................... 87 

VI A review of exploration results at Cerro 

Petaquilla by A.G. Blucher, consultant ....... 88 

Follows 

page 

FIGURE 1. Perfiles geol6gicos esquematicos 

(Schematic geological sections, 

project area) 

HAPS: 

9 

1. Mapa de ubicaci6n, 1: 2,500, 000-................ 3 

(Location of the project area) 

2. Geologia general, 1:1,000,000; GL-1 ...•....... 9 

(General geology of the project area) 

3. Regional geochemical survey: Distribution of 

median values in stream sediments, 1:1,000,000; 

GC-1 ••.•••.•.. .••...••...••••.•••••• •.......... 10 

4. Geologia de la regi6n de Cerro Petaquilla, 

1:250,000; GL-2•••••••••••••••••••••••••••••o• 39 
5. Mapa geol6gico, Area Cerro Petaquilla, 

1:15,000; GL 65-3 ...•....•.••••••••••••••••• in pocket 

SA. Mapa geol6gico con zonas de al teraci6n. 
0 65 4 J..• n pocket 1:15,00 GL - •••••••••••••••••••••••••••• 

- ii -



6. Anomalias geoquimicas de cobre y molib-

deno en suelos, 1:15,000; GL 65-5 ...... in pocket 

(Geochemical anomalies in soils; copper 

and molybdenum). 

7. Zona de mineralizaci6n-sector Rio Botija, 

1 : 5,000; GC 65/1-53 ................... 51 

(Mineralized zone-Rio Botija sector; 

copper and molybdenum anomalies in soils, 

geology, location of drill holes). 

8. Zona de rnineralizaci6n-sector Rio Medic, 

1:5,000; GC 65/3-54 ................... 52 

(Minerali z ed zone in Rio Medic sector; 

copper and molybdenum anomalies in 

soils, geology, location of drill holes). 

9 . Contornos rnagn~ticos, 1 : 15,000; GP 65-10 in pocket 

(Contours of magnetic intensity) 

'I'.\BLES: 

1. Geochemical distributions in the Cerro 

Petaquilla Area....................... 48 

2. Sxtrac tion of copper and molybdenum 

in soil samples by the (1 ; 1) hydrochloric 

acid attack........................... 71 

Check analyses of drill core saupl es 

by outside laboratories 

4. Check analyses of geochemical samples 

by an outside laboratory ............. . 

5. Analyses of compo~ite samples of core 

from all deep drill holes in the Cerro 

80 

Petaq1.1illa Area . . . . . . . . . . . . . . . . . . . . . . . 84 

6 . Semi-quantitative spectrographic 

analyses of drill core samples........ 85 

- iii -



Spanish-English glossary11 
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- geochemistry 

1/ This glossary has been prepared to facilitate under

standing of map references, which are presented in 

Spanish at the Government's request. Most of the terms 

with only minor differences in spelling between the two 

languages have been omitted. 
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SUMMARY 

The main purpose of the project was to carry out a 

pre-investment survey of a selected area of 17,000 sq.kms. 

in central Panama to assess its mineral potential and to 

attract outside investment in the sector of mining explo

ration and development. 

In the course of routine regional reconnaissance a 

promising target was indicated by a pattern of copper and 

molybdenum anomalies in stream sediments between the Cor

dillera and the Caribbean coast. Follow-up surveys es

tablished the presence of porphyry copper type mineral

ization in the area now known as Cerro Petaquilla. 

Subsequent detailed surveys by the project staff 

were planned so as to provide sufficient factual infor

mation to encourage systematic economic evaluation of 

the area. This work involved cutting a grid of survey 

lines totalling 200 kilometres in length and covering an 

area of 28 square kilometres. A total of 9,150 soil 

samples was collected for geochemical analyses, 2,336 rock 

specimens were classified in the course of geological 

mapping, more than 10,000 magnetic measurements were made 

along the grid-lines, and a total of 2,794 metres was 

drilled at 37 sites. 

Exploration methods employed by the project have 

proved eminently suitable and effective under the pre

vailing conditions. Numerous checks by the project and 

outside laboratories have shown that the numerical data 

presented in this report and in supporting material are 

essentially reliable. 

Interpretation of the factual information in terms 

of possible economic potential was not an object of this 



survey, but it is concluded that one or more of the 

mineralized zones within the area may be of economic size 

and grade, and therefore merit further exploration. 

The geological investigations in the Cerro Petaquilla 

area have indicated that a volcanic complex of inter

m~diate to basic composition has been intruded by a 

suite of granodioritic, quartz-monzonitic and gabbro

dioritic rocks. Rocks of dacitic type are common, but 

their true origin has not been definitely established. 

The age of one gabbro diorite specimen, as determined by 

the potassium-argon method, is about 33 million years, 

or late Oligocene. 

Strong hydrothermal alteration typical of porphyry 

copper deposits affects some parts of the intrusive 

complex, and in _places extends into the volcanics. In 

fact, the whole of the mapped dacitic unit may represent 

older volcanic rocks altered by hydrothermal activity. 

The primary mineralization occurs at or near the 

surface mostly in intruding rocks, but in some places 

along the contacts copper minerals have penetrated into 

the surrounding volcanics. 

Although minor amounts of gold and silver have been 

shown in a few of the assays, with erratic distribution, 

on present knowledge only copper and molybdenum are of 

possible economic importance. No direct evidence of sig

nificant supergene enrichment has been found. 
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PART ONE 

INTRODUCTION 

A. PROJECT HJS'IDRY 

The project, named Mineral Survey of the Azuero Area, 

was to asses the mineral potential within a selected 

area with a view to outlining a mining development plan 

and attracting investment. A parallel aim was to 

strengthen the Administraci6n de Recursos Minerales by 

providing in-service training for its staff and establish

ing the necessary services. 

The project has been carried out jointly by the 

United Nations acting as the executing agency for the 

United Nations Development Programme, and by the Govern

ment of Panama. 

The total cost of the project amounts to U.S. 

$1,608,000, of which the Special Fund contributed $940,000 

and the Government $668,000 partly in cash and partly in 

kind. 

The selected area, covering 17,000 square kilometres, 

is shown on map 1. It covers the Azuero Peninsula on the 

Pacific side and extends northward across the Cordillera 

to the Caribbean coast. The area was declared a Mineral 

Reserve by Presidential Resolution NQ 24 dated 23 July 

1964. 

The project became operational in October 1965 with 

the arrival of the Project . Manager appointed by United 

Nations. The other members of the United Nations team took 

up their posts between January and April 1966. The 

Panamanian counterpart professional staff consisted at 

that time of only one geologist, acting as Project 
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Co-ordinator, and one chemical engineer (petroleum refin

ing), but the Government contracted two recently graduated 

Italian geologists to serve on the project. The full list 

of staff is presented in Annex I. 

In the early stages an airborne geophysical survey, 

magnetic and radiometric, was carried out between Febru

ary and April 1966 by Lockwood Survey Corp. under contract 

to United Nations. Concurrently, the international staff 

were largely engaged on compilation of what little was 

known about the geology and mineral occurrences within the 

project area. The following programme was adopted: 

(1) Regional survey - collection and analysis of 

stream sediment samples and geological observations. 

(2) Selection of target area, based on results of 

the regional survey and on available information abocit 

mineral occurrences. 

(3) Detailed work in target areas: geology and 

outcrop sampling, geochemical analysis of soil samples, 

geophysical methods as applicable, and photogeological 

interpretation. 

(4) Subsurface .exploration (pitting, trenching, 

diamond drilling). 

Field work started in April 1966, with emphasis on 

the regional survey. But work in the difficult and un

mapped northern part of the area near the Caribbean Coast 

was postponed in the hope that the planned but long de

layed aerophotographic survey might take place. In the 

meantime, the first of the target areas were being in

vestigated in detail. Eventually, a reconnaissance s~rvey 

of the northern part was made in January 1967. The re

sults showed promising copper values in the sediments of 

- 4 -
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all major streams draining what was to become the Cerro 

Petaquilla prospect area, but follow-up work was postponed 

because of difficulties of working in this inaccessible 

and uninhabited rain forest without the aid of maps or 

air photographs. 

When it seemed obvious that no photographs were 

likely to become available in the foreseeable future, and 

with only four months remaining for field work, a strong 

team equipped with a field laboratory and radio trans

cievers entered the area on 13 February 1968. Within days, 

strong indications of porphyry-copper type of mineralization 

were found in Rio Botija, and soon afterwards in a tribu

tary to Rio Petaquilla. By a stroke of good luck the map 

problem was solved when the pilot of an Inter-American 

Geodetic Survey aeroplane, passing along the coast on a 

ferry flight, noticed one of the rare breaks in the cloud 

cover and decided, without any knowledge of the project's 

operations, to take some photographs. He only had time to 

cover one strip before the clouds closed in again, but 

that flight passed directly over the Cerro Petaquilla area. 

The photographs were immediately interpreted by the project 

rhotogeologist, and the resulting drainage maps, showing 

also form-lines and ridges, were received in the field in 

the first week of March. 

A brief announcement of the discovery was released 

simultaneously in New York and in Panama on 30 April 1968. 

Up to that time, mineralization of this type had not been 

known, and hardly suspected, in the long gap between the 

North American belt of deposits terminating at Sonora in 

northern Mexico, and the deposits of Peru and their con

tinuation into Chile and Argentina. As a result, a number 

of mining companies have already started prospecting ac

tivities in Panama and in other parts of Central America. 
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By the end of May 1968 enough detailed work had been 

done to produce an ad hoc report (listed in Annex III) 

which generated much interest among mining companies. At 

the same time the U.N.D.P. and the Government agreed to 

extend-the project's life till the end of June 1969. 

Field work was resumed in October 1968 after a 3-

months' leave period, and completed in February 1969 ex

cept for scout drilling which continued until 24 June 1969. 

The project's work can be illustrated by the follow

ing figures; these include the Cerro Petaquilla detailed 

survey. 

Field work 

Duration of field campaign 

Rock specimens collected 

Geochemical samples collected 

Geophysics: magnetic measurements 

electromagnetic profiles, 

line-kms 

self-potential profiles, 

line-kms 

Diamond drilling: metres 

Laboratories 

Number of determinations: 

(geochemical, chemical, fire assays 

and checks) 

Number of petrographic thin sections 

Number of polished sections 

- 6 -
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7,036 

25,771 

18,245 

124 

45 

4,316 

162,714 

3,600 

160 



B. BACKGROUND INFORMATION 

1. Physical environment 

The main topographic feature is the range of Cor

dillera Central which runs in a general easterly direction 

across the northern part of the project area. Its highest 

parts reach 1,800 metres above sea level near the area's 

western boundary and 800 metres in the east. The 

southern part of the Azuero peninsula is also mountainous, 

with peaks reaching 1,600 metres above sea level. In be

tween stretch the plains and the rolling country where 

much of the country's agriculture and stock breeding is 

concentrated. To the north of the Cordillera a tropical 

rain forest covers almost all of the foothills and of 

the coastal plain. In the Cerro Petaquilla area the ter

rain is rugged, but relief does not exceed 250 metres. 

The climate is tropical, with temperatures averaging 

80QF (28QC) in winter and 88QF (32QC) in summer. Rainfall 

is generally heavy, ranging from 1,soo-2,000 mm/year in 

the savannah country of central and eastern Azuero to 

some 5000 mm/year north of the Cordillera. The dry season 

on the Pacific side of the Cordillera varies in duration 

from three to as much as six months, with an average of 

4 1/2 months (December-April). On the Caribbean side 

the seasons are less well defined. During the project's 

work at Cerro Petaquilla heavy rains were frequent from 

mid-December to mid-March, with variable rainfall during 

the rest of the year. 

2. Regional geology and mineralization 

a) Geology. The following main rock divisions, 

shown in map 2, have been identified in the project area: 
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(i) 

(ii) 

(iii) 

(iv) 

(v) 

Recent alluvial deposits 

Tertiary dykes, intermediate to basic 

late Tertiary to early Quaternary ignimbrites 

and basalts 

mid Tertiary and late Tertiary intrusions 

Early Tertiary to Quaternary volcanic and 

some sedimentary rocks 

(vi) Cretaceous dacites 

(vii) pre-Tertiary, intermediate to basic in

trusions (Cretaceous according to two 

potassium-argon age determinations) 

(viii) (,) Mesozoic, ultrabasic complex of igneous 

rocks 

(ix) (,) Mesozoic green schists 

Lavas and their pyroclastic equivalents, mainly of 

the continental'type, are dominant in the project area, 

but some sedimentary rocks have also been mapped. 

The middle Tertiary ,(Oligocene) . intrusions of 

granite, granodiorite, quartz monzonite, and some quartz 

diorite, diorite and gabbrodiorite o~cur north of the 

Cordillera. They intrude undifferentiated Tertiary vol

canic rocks. Dacitic rocks have also been observed. The 

late Tertiary (Pliocene) intrusions have been observed 

mostly in the central Cordillera and its southern foot

hills; the intruded volcanic assemblage is upper Miocene. 

Undifferentiated Tertiary lavas and tuffs form many 

of the highlands in the Azuero peninsula, and are the 

prevailing volcanic assemblage north of the ignimbrite 

zone of the central Cordillera. Early to middle Tertiary 

extrusive rocks (tuffs) and sediments (fossiliferous 

limestone, shale,sandsto~e) occur mainly along the southern 

coast of the peninsula and along the southern margin of 
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the central lowlands. Middle to upper Tertiary extrusive 

rocks (tuffs and agglomerates) and sediments (sandstones, 

conglomerates) underlie the central lowlands; local ex

posures also occur along the Caribbean coast. Late 

Tc.~ri:.iary and Quaternary ignimbri tes and basal ts are found 

almost exclusively on the high ground of the Cordillera, 

but remnants of volcanic cones and flows occur in the 

central lowlands, in the central Cordillera and to the 

north of it. 

Cretaceous dacites are found on the borders of the 

somewhat older Cretaceous intrusions in the southwestern 

part of the project area. 

The oldest intrusions are the ultrabasic complex 

(picrites, olivine gabbros, and picritic lavas) and the 

late Cretaceous diorites and gabbros in the southwestern 

and south-central parts of Azuero peninsula. 

Green schists (chloritic-actinolitic) occur in a few 

exposures in the southwestern part of the Azuero peninsula. 

The schists are thought to be metamorphosed portions of 

the(,) Mesozoic ultrabasic complex. 

b) Structure. The Azuero peninsula is crossed by 

pronounced faults trending easterly and southeasterly. 

Strikes and dips in the project area are variable, 

but northerly dips prevail in the region south of the 

Cordillera. 

In the area between the Cordillera and the Caribbean 

coast, which includes Cerro Petaquilla, the prevailing 

structures are northerly trending faults. Strikes and 

dips have not been definitely established. Where observed, 

the dips are northerly. 

There is no direct evidence of geosynclinal development. 
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A schematic geological section is shown in figure 1. 

c) Mineralization. The project area contains locol 

occurrences of lode and placer gold, manganese, iron, 

barite, copper, lead and zinc. 

The lode and placer gold showings are mainly in th~ 

northwestern part of the area on each side of the Centr~l 

Cordillera. 

Small manganese outcrops are centred around the 

village of Las Minas in the central western part of the 

project area. 

Iron (magnetite and hematite) occurs as local segre

gations in basic intrusions near the village of Las Minas. 

Lateritic iron was found in the central part of the 

project area at La Mesa. 

Base metals, associated with barite in places, have 

been seen mainly in the central, southern and southwestern 

parts of project area. Some of these showings have been 

explor~d in the past, but they are all .small and of 

doubtful economic value. Two copper prospects (Iguana 

and Barro) discovered by ~eochemical stream sediment 

sampling during the project investigations contairi mostly 

marginal grade copper, but further investigations are 

recommended. 

A number of base metals anomalies in stream sediment 

values were indicated in other parts of the project area. 

The geochemical background values are generally high, but 

vary somewhat in certain zones (map 3). 

3. Previous mining activity 

Records of ~ast activities are extremely sc~rce. 

Gold mining has been carried out, sporadically, since the 
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colonial times. In fact, Columbus learnt during his 

fourth voyage,in 1502 and 1503, that natives had been 

winning gold from river gravels near the Caribbean coast 

in the present district of Santa Fe in the province of 

Veraguas. The main deposits were found by the Spaniards 

in Rio Concepcion where some 9 tons of gold were produced 

by slave labour in the second half of the 16th century. 

Minor deposits of gold were later exploited by the 

Spaniards on the west coast of Azuero (Calvo, 1967). 

Other gold mines were worked in pre-Columbian times 

and in the 16th century on the southern slopes of Cor

dillera Central de Veraguas, at and around Los Hatillos. 

Numerous scars left by open pit workings can still be 

seen. Minor mining and exploration activities were re

sumed in this area for some months in 1931. 

Some copper showings in the Herrera Province (central 

Azuero) h~ve been explored in the past. A small deposit 

of rich copper ore was mined out in the 1950's at El 

Guasimo near Pese. 

Outside the project area, the richest gold mines 

were in operation at Santa Cruz de Cana in the eastern 

part of Darien. Started in 1680, the mines were abandoned 

in 1727 because of frequent raids by buccaneers. They 

were re-discovered and worked for 9 years until 1907, pro

ducing about 4 tons of gold in that time. 

At present only some quarries are in operation (road 

metal, sand, limestone, gravel, clay), employing in all 

about 90 persons in the whole of the country. 

4. Economic background 

The total population of Panama in 1968 has been esti

mated at 1,400,000, with an annual increase of about 3%. 
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Unemployment was estimated at 7.3% of the "economically 

active'' population of 418,000. The Caribbean side of the 

project area is almost uninhabited, except for a few 

small settlements, mainly at the mouths of bigger rivers. 

Panama is predominantly an agricultural country, 

though only 12 per cent of the total area is under culti

vation. Out of the total exports worth $109 million in 

1968, bananas accounted for 55 per cent, shrtmps for 8.5 

per cent and sugar for 4 per cent. 

The deficit in external balance of payments amounted 

to $153 million in 1968. However, goods and services to 

the Canal Zone (including the United States Armed Forces) 

provided a net surplus of nearly $120 million, leaving 

an overall deficit of only $33 million. 

This dependence on outside factors influences the 

Government's economic policies. The main objectives have 

been formulated in following terms in the "Informe Econ6-

mico 1968" prepared by the Direcci6n General de Planifi

caci6n y Administraci6n, Presidency of the Republic: 

(1) Parity between:· Balboa and U.S. Dollar. 

(2) Free movement of local and international funds, 

within and outside the bank system. 

(3) Freedom of action, within the law, for every 

national or foreigner engaged in economic 

activities. 

(4) Expropriation or nationalization of enterprises 

will not be considered. 

(5) The economy will be protected from artificial 

controls that may adversely affect individual 

initiative. 
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(6) A sharp increase in public investment is 

planned to achieve a quick economic recovery. 

(7) The Government reaffirms its commitment to the 

principle of free private enterprise. 

Among other possible areas of future development, 

mineral resources are specifically mentioned in this 

document. 

Panama is an important communications centre with 

daily connections by air and sea to most parts of the 

world. At present between 40 and 50 ships transit the 

canal daily. 

Within the country, local companies provide scheduled 

and charter flights to several towns and to numerous 

landing strips in all parts of the country. A public 

rail service is operated by the Panama Canal Company be

tween Col6n and Panama, and two short, local rail lines 

exist in the province of Chiriqui. Otherwise, public 

transport is restricted to private bus services. An ade

quate network of roads, many of them all-weather, exists 

in the Azuero Peninsula, with several spurs towards the 

southern slopes of the Cordillera. The main artery is; 

of course, the Interamerican Highway running from Panama 

City to Central American countries and beyond. There are, 

however, no roads and only very few footpaths in the part 

pf the project area to the north of the Cordillera, where 

Cerro Petaquilla is located. 

The hydroelectric plant of 6,000 kw at La Yeguada in 

Veraguas Province provides power for a part of the project 

area, but has not the capacity to support a large in

dustrial operation. A new hydroelectric plant of 150,000 

kw is due for completion in 1974 at Bayano, Panama 

Province, and a thermoelectric plant of 80,000 kw at 
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Bahia Las Minas, Col6n Province in 1971; the first stage 

of the latter (40,000 kw) has been completed. A hydro

electric project at La Fortuna (Chiriqui) is under study; 

the proposed capacity is 150,000 kw or more. Another 

project, on Rio Cocle del Norte flowing into the Carib

bean close to the project area's eastern boundary, is 

being considered. The intention is to link all these 

plants into a national grid. 

C. PRESENTATION OF RESULTS 

The present report is an account of results obtained 

in the Cerro Petaquilla porphyry copper prospects. Sepa

rate technical reports are being issued on other aspects 

of the project's work; these are listed in Annex III. 

Each report is supported by a large volume of data 

in the form of tables, maps and interim reports. For the 

Cerro Petaquilla survey this includes two series of maps, 

both on 1:5,000 scale. The first series shows all the 

basic data such as location and index numbers of all geo

chemical samples and rock specimerts, re.sul ts of analyti

cal, and petrological determinations, magnetometer 

readings etc. The second series presents the project's 

interpretation of these data in the form of geological 

contacts, geochemical and magnetic anomalies, alteration 

patterns, topographic contours etc. All this material 

is on open file and may be inspected in the Administraci6n 

de Recurses Minerales in Panama City. Copies may also 

be obtained on application. All the supporting data for 

Cerro Petaquilla survey are listed in Annex II. 
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PART TWO 

METHODS AND PROCEDURES 

The character of the Cerro Petaquilla prospect area, 

heavily wooded and dissected by steep valleys, remote and 

uninhabited, has imposed certain limitations and special 

requirements on the planning and execution of detailed 

investigations. 

Although the area can be reached by walking, mostly 

in river beds and usually in fairly deep water, either 

from the points that can be reached from the coast by 

canoes or from La Pintada on the southern slopes of the 

Cordillera, pack animals cannot be used and it was found 

impracticable to do this work without continuous heli

copter support, poth for communication with the outside 

world and for movement of equipment and personnel within 

the area. This necessitated an average of 30 hours fly

ing time per month, and the clearing of eleven landing 

pads within the survey area; their locations can be found 

on map T/65-2 (on open file). One important advantage of 

the helicopter support was that geochemical samples, rock 

specimens, drill core, and all other field data could be 

regularly sent to headquarters in Panama City as soon as 

they became available. After processing the data, the 

results were relayed by two-way radio to the field team 

who used them for planning further work in the most eco

nomical way. 

The various methods and procedures used in the survey 

a·re described below. 
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A. MAP COVERAGE AND AEROPHOTOGRAPHY 

Prior to the project's field activities no reliable 

maps of the region were available. The census map of the 

Donoso District, Colon Province, prepared in 1959 by the 

Direcci6n de Estadistica y Censo de la Republica de 

Panama at scale 1:50,000 is not sufficiently accurate. 

Aerial photographs existed only along the coast and in a 

few parts of the region. The nearest north-south flight 

line (photographs 3,212-3,226, line 41) passed just to 

the east of the Cerro Petaquilla grid system. 

In February 1968 the Inter American Geodetic Survey 

succeeded in taking a north-south strip of 1:60,000 scale 

photographs (flight line L 119 A, photographs 620-635).1/ 

which extended south from the Caribbean Coast, over the 

Cerro Petaquilla area, and across the continental divide 

of the Cordillera. 

A drainage base map covering the a,rea at 1: 30,000 

scale was prepared by the project phot6geologist from ex

posures 628, 629 and 630 of this new photography, and ·ex

posures 3,220 and 3,221 of the old flight line 41. 

For the recording of detailed survey data a series 

of topographic grid line maps was prepared at 1:5,000 

scale from field topographic and grid line measurements, 

with partial control by photo interpretation. These maps 

were later reduced photographically to scale 1:15,000 for 

compilation and interpretation of results . 

.1/ Photographs 627-635 of flight line L 119 A were pro

visionally designated by the numbers 1 to 9 of flight 

line L 56 in the ad hoc interim report published in May 

1968. 
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Regional survey data have been plotted on a series 

of 1:50,000 scale drainage maps, prepared by the project 

staff from the new and old photography. These maps were 

reduced photographically to 1:250,000 scale; they depict 

the drainage pattern more accurately than is shown on the 

published 1:250,000 maps available from the National 

Geographic Institute of Panama, and form the basis for 

map 4 accompanying this report. 

In June and July 1969 a "side looking" radar survey 

was carried out over the region of Cerro Petaquilla, but 

the results have not yet been published. A photographic 

record at approximately 1:160,000 scale is being prepared 

from the survey data. This new surveying technique now 

makes it possible to obtain clear images of the ground 

even through a fairly heavy cloud cover. Preliminary re

sults were made available to the project and used in 

photogeological interpretation of structure in the region, 

(map 4). 

B. GEOCHEMISTRY 

1. Regional geochemical/geological survey 

The original survey which led to the discovery of 

Area 65-Cerro Petaquilla, was made in January 1967. Sedi

ment samples from rivers draining the area (Botija, Canoa, 

Cuatro Callitos, Caimito and Petaquilla) gave clear, if 

not very strong, anomalies in copper, molybdenum and in 

. cold-extractable heavy metals. 

The second survey in April 1967 and the first part 

of the third in February 1968, were still regional in 

character, but the spacing between sample sites was re

duced to 1 km or less, and more detailed geological 
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observations were made in places of potential interest. 

Sample-site determinations of cold-extractable copper 

were widely used to help in the day to day planning of 

field work. 

2. Detailed surveys 

Immediately after the discovery of the Botija and 

Petaquilla mineralization a detailed follow-up geochemical 

sampling of all the nearby drainage was started, and a 

simple field laboratory to analyse copper and zinc was -

established. 

In the next stage, soil samples were systematically 

collected at 20-metre intervals along a system of survey · 

lines spaced at 50 to 200 metres intervals, totalling 200 

kilometres in length, and covering an area of 28 square 

kilometres. The material was collected from a depth of 

about 15 cm., immediately below the po~rly developed 

humus layer. This work revealed
0

an additional mineralized 

zone at Rio Medio, and several other zones which merit 

further detailed study (Rio Medio, Botija West, Botija 

North, Botija Abajo and Quebrada Vega in the Rio Peta

quilla sector). With the exception of Rio Palmilla, all 

the known zones of mineralization are contained within 

the present grid system. 

3. Presentation of results 

The geochemical data are presented for sediments, 

soils and rock specimens in table .1. The various sets of 

data were processed for interpretation by statistical 

treatment, and the median values and the anomalous vari'

ations were calculated from frequency distributions. 
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The median value of any given set of data is re

garded as the background value. The threshold value 

represents, with few exceptions, the 20 per cent step of 

the cumulative frequency distribution. In other words, 

20 per cent of the collected samples show values equal 

to, or higher than, the threshold value. If the 20 per 

cent step value is more than 2.5 times the background 

value, the threshold is normally selected at this level 

of 2.5 times the background (e.g. sector Rio Petaquilla, 

molybdenum distribution). 

The anomaly levels have been selected as the 2 per 

cent and 5 per cent steps. The "low'' level of a set of 

samples represents the 80 per cent step of the frequency 

distribution. The tabulated ratios are calculated with 

reference to background values. 

The major geochemical anomalies in soils are outlined 

in maps 6, 7 and 8 attached to this report. Maps contain

ing detailed information on sample locations, individual 

values and distribution of anomalies in stream sediments, 

soils and rock outcrops are held on open file (see Annex 

II for a complete list of maps). For convenience in 

presentation, the whole area named Cerro Petaquilla from 

the dominant topographic . feature, has been divided into 

four main sectors: Rio Botija, Rio Petaquilla, Rio Medio 

and Rio Botija Abaja, as indicated on the location sketch 

on map 8. 

C. GEOPHYSICS 

1. Physical environment 

a) Terrain. As already stated, the Cerro Petaquilla 
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area is deeply incised, with a total relief of some 250 

metres and terrain gradients reaching 40 degrees, and 

more in many places along river banks. The rocks are 

heavily weathered to variable depths, from 10 to over 40 

metres on higher ground, and the weathered zone, clayey 

in many parts, has a high electrical conductivity. 

This type of terrain militates against effective use 

of all geophysical methods, though with varying severity 

depending on the method. 

The survey was conducted over volcanic rocks of 

andesitic to basaltic composition, intruded by grano

diorite, quartz-monzonite and gabbrodiorite. Parts of 

the intrusion are fractured, altered and mineralized. 

Metallic minerals are mostly disseminated sulphides. The 

term "disseminated" is used loosely; in fact, the 

sulphides usually occur as fillings in fractures and in 

thin veinlets. This is typical for porphyry copper de

posits. However, true dissemination, with little fracture 

filling, has also been observed, e.g. at Botija. 

b) The ambient magnetic field. In the Cerro Peta

quilla area, the following parameters have been interpo

lated from magnetic charts (U.S. Naval Oceanographic 

Office, 1966), and adjusted to the end of 1968. 

Declination . 3Q East . 
Inclination . 36Q20' North . 
Total field 37,815 gamma 

Vertical component . 22,215 gamma . 
Horizontal component: 30,215 gamma 

2. Applicability of methods 

a) Gravimetric method has not been considered. 

- 21 -



Although one could expect a lowering of rock density in 

the mineralized parts of the intrusion by some 10 to 20 

per cent due to fracturing and alteration, it would be 

extremely difficult and expensive to determine the ter

rain and elevation corrections with sufficient accuracy. 

b) Electrical resistivity methods were al~o dis

carded. Again, the relevant physical parameter, resis

tivity, can be expected to be significantly lowered, per

haps by a factor of ten or more, as a result of the corn- . 

bined effects of altera~ion and continuity of sulphide 

veinlets, but the very high conductivity of the weathered 

overburden and its variaole thickness would make it 

almost impossible to interpret the results with any de

gree of confidence. 

c) Induced polarization was decided against, riot 
l 

without some reluctance. It is, par excellence, a method 

for disseminated sulphides and its efficacy has been 

proved in many parts of the world. However, in addition 

to the adverse effect of thick, conductive overburden, 

two other factors had to be taken into consideration. 

(i) If the limit of detectability is accepted as 2 

to 2.S _per cent of sulphidic material, then even with 0.7 

per cent copper content (equivalent to about 2 per cent 

chalcopyrite) mineralization would hardly be detected by 

the I.P. method. In many cases economic mineralization 

can be so detected, because the accompanying pyrite may 

raise the total sulphide content well above the limit of 

detectability, but no such consistent relationship has 

been observed in the Cerro Petaquilla area. Pyrite, often 

abundant, has been seen in many places unaccompanied by 

chalcopyrite, and the latter is known to occur (e.g. in 

the Botija sector) with only little pyrite. 
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(ii) In the presence of numerous mineralized outcrops 

in stream beds, and of well defined copper and molybdenum 

anomalies in the residual soils, selection of drill hole 

sites never caused serious problems. 

d) Electromagnetic methods, in common with all the 

other methods utilizing electrical fields of force, are 

handicapped by the type of conductive overburden present 

at Petaquilla. In addition, the rough topography makes 

it difficult to compute with sufficient accuracy the ele

vation and distance variations needed for correcting the 

in-phase component measurements. In spite of this, and 

although disseminated mineralization does not, per se, 

produce any significant E.M. anomalies, pilot surveys were 

run at Botija and later at Medic, using a vertical coil 

arrangement for measurement of the in-phase and out-of

phase components at two frequencies. The objects were to 

check whether more massive mineralization was present, in 

particular base metals veins so often found in the pe

ripheral zones of porphyry copper deposits, and also 

whether a significant response could be obtained from a 

shear zone which appears to be controlling mineralization 

in the Rio Medic sector. 

The results were negative and the method was dropped. 

e) Spontaneous polarization method was also tested 

on a limited scale in the Rio Botija sector, as a check 

whether more massive mineralization was present. No sig

nificant anomalies were recorded. 

f) Magnetic method would not be expected to respond 

directly to economic mineralization of the "porphyry" 

type, as pyrrhotite does not normally occur in the miner

al assemblage. Indirectly, however, useful information 

can be obtained for one or more of the following reasons: 
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(i) Alteration processes may destroy the constitu

ent magnetite, thus lowering the magnetic intensity over 

mineralized zones. 

(ii) magnetite may be introduced hydrothermally in 

some places; such magnetite is usually accompanied py 
economic minerals. 

(iii) a pattern of magnetic anomalies may indicate 

faults or shear zones, thus contributing to geological 

interpretation of an area. 

3. Field work 

Measurements of the vertical component of magnetic 

field were systematically taken along all the survey grid

lines at 20 metr~ intervals, and at closer spacing in 

areas of high magnetic gradients. The magnetic anomalies, 

contoured at 600 gamma intervals, are shown on map 9 ac

companying this report. The indifidual values and more 

detailed contours of the magnetic field may be found in 

maps at 1:5,000 scale listed in Annex II and held on open 

file. 

D. PETROGRAPHY 

Classification of rocks was based principally on thin 

section studies. Many of the collected rock specimens 

were cut for optical examination; the others were classi

fied macroscopically on the basis of analogies with opti

cal classification. The total number of thin sections 

examined was 1,302, including 436 used for determination 

and classification of alt~ration. 
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Two microscopes were employed: a Bausch & Lomb, 

Model LR (monocular) and a Leitz Ortholuz (binocular). 

The optical identification of minerals was done by rou

tine methods: observations with polarized parallel light 

(one Nicol) or under crossed Nicols with parallel or con

vergent light. Mineral study was performed both on thin 

sections and, rarely, on extracted grains. The tables 

used were those of Kerr (1959) and Larsen and Berman 

(1934). 

Quantitative evaluation of the mineral content in 

rock samples, in the absence of an integrating stage, was 

attempted on the basis of a calculation of the area occu

pied by minerals present in the thin section, using the 

micrometer ocular. Confirmation of the project's results 

was received from Phelps Dodge Corporation. Their ana

lyses were made on forty-two drill core and surface rock 

specimens using an integrating stage. 

For a study of metallic minerals and paragenesis, 

twenty-eight polished sections were prepared. The Leitz 

Ortholuz microscope was used for t~e study of opaque 

minerals. 

E. DRILLING 

1. Objectives 

It was agreed at the start of the detailed survey of 

the Petaquilla area that only an orientation scout drill

ing programme was to be carried out, since any attempt at 

evaluating the prospects was far beyond the scope, or 

indeed the terms of reference, of the project. 
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Due to very strong weathering in the Petaquilla 

area, few fresh outcrops can be found, mainly in deep 

river valleys. The combined effects of alteration, 

weathering and leaching cause additional difficulties in 

field observations. Diamond drilling was thus the chief 

means of obtaining reliable information, not only a.bout 

the nature of mineralization and its approximate grade, 

but also to support the geological interpretation of 

surface mapping. 

2. Selection of sites 

Drill sites were selected on the basis of geochemi

cal anomalies and geological surface observations. The 

deep holes were drilled to gain information on the verti

cal extent of mineralization. The shallow holes were to 

help mainly in determining the possible lateral extent of 

mineralized areas. The locations of drill sites are shown 

on maps s, SA, 6, 7 and a. 
A few shallow holes were drilled outside of the geo

chemical anomalies to check the spatial relationship be

tween anomalies and mineralization in underlying rocks. 

To some extent, however, the actual location of sites had 

to depend, partly at least, on the topography, distance 

to water etc. In view of the limited resources and short 

time available, no very laborious preparations could be 

made, apart from the unavoidable clearing of helicopter 

landing pads for each of the deep holes. The deep holes 

were therefore placed on the flat, top parts of ridges or 

hi-lls to avoid the need for much levelling ori the gener

ally steep slopes, and the pump capacities further limited 

the choice to sites within .a certain distance from the 

nearest water supply. The shallow holes drilled with the 

- 26 -



Winkie lightweight rig had to be placed in stream valley 

beds where overburden was thin or absent. 

It cannot, therefore, be claimed that the drill 

sites are in all cases the most suitable for obtaining 

significant information. 

3. Equipment and operations 

A Boyle's BBS-1 rig was used to drill the deep holes 

and proved most suitable and reliable. The engine of the 

Winkie lightweight machine gave a lot of trouble at first; 

this was overcome finally by doubling the oil-gasoline 

ratio, by limiting the depth of holes to 30 metres as a 

rule, and to 60 metres as an absolute maximum, and by a

voiding sites with more than a few metres of overburden. 

Between October 1968 and June 1969 a total of 1,960 

metres (6,430 feet) was drilled by the BBS-1 at 10 sites, 

and 834 metres (2,740 feet) at 27 sit~s by the Winkie rig. 

The overall core recovery of 70.5 per cent is not 

fully satisfactory. The main reason may have been the 

usually strong fracturing and the frequent clayey shearings 

of the rocks drilled; the fact that the drilling was 

largely done by trainee drillers with very little previous 

experience is certainly one of the reasons; finally, only 

small core sizes (BQ, AQ, IAX, IEX) were used, to speed 

up the progress. 

Sludge samples were systematically collected when 

possible from each drill hole, to give some idea of the 

presence or absence of copper and molybdenum mineralization 

in those cases where core recovery should be poor. As 

drilling progressed, the sludge material was collected in 

a one-metre long core-storage box, the sludge entering at 
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the slightly raised end and the overflow passing out at 

the other end of the box. After each 3.1 to 4.6 metres 

of drilling, a grab sample was collected from the de

posit of material in the box into a plastic bag, and the 

sludge box was washed in readiness- for the next sludge 

sampling cycle. 

4. Costs 

The costs of drilling at Cerro Petaquilla were in

flated by the helicopter charter and by the larger than 

usual labour force needed to clear sites for camps, drill 

sites and landing pads. 

The operational costs, including depreciation, dia

mond products, fuel, written off barrels, casing and rods, 

and all personal emoluments, amounted to $29.10 a metre 

($8.87 a foot). The additional cost of the helicopter 

services was $14.86 a metre ($4.53 a foot). 

F. ANALYTIGA,L CHEMISTRY 

Virtually no facilities for anaiytical chemistry ex

isted prior to com~letion of the new building of the Ad

ministraci6n de Recurses Minerales in October, 1966. 

Subsequently, over the duration of this project the labo

ratories were equipped and staff trained to handle most 

types of analytical work expected from a small national 

organisation of this type. Methods were introduced for 

the geochemical determinations of a wide range of elements; 

ore analysis for copper, zinc, lead, molybdenum, gold, 

silver, manganese, iron and the like; technical analysis 

of. limestones; and complete analysis of silicate rocks by 
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rapid methods. A counterpart chemist spent one year in 

the U.S.A. on a United Nations Fellowship in analytical 

chemistry. 

Brief descriptions of the methods employed and re

sults obtained on Cerro Petaquilla samples are presented 

below and in Annex IV. For control of analytical work, 

reference standards were usually included in each batch 

of analytical samples, and statistics calculated from 

these replicate determinations are given in Annex r.v, A 

and B. The project laboratory is equipped with a Perkin 

Elmer Model 303 atomic absorption spectrophotometer which 

has been used extensively for both geochemical and ore 

analysis, and all photometric determinations were carried 

out with a Beckman Model B spectrophotometer. Further 

details of methods and procedures may be found in the 

technical-report entitled "Laboratory Services, Analytical 

Chemistry'.'. 

1. Sample preparation 

a) Geochemical samples. All geochemical stream 

sediment and soil samples were dried at SOQ to 90QC over

night in an electric oven, and then gently crushed in a 

porcelain mortar and sieved on an BO-mesh non-metallic 

sieve. The minus BO-mesh material is well mixed, trans

ferred to a 5 in x 3 in kraft paper envelope, and used for 

all analytical determinations. The plus BO-mesh fraction 

is returned to the original sample envelope and reserved. 

b) Drill core and rock samples. All "as received" 

drill core and rock samples are first broken down in a 

Denver 2 1/4 in x 3 1/2 in laboratory jaw crusher, and 

then passed through a McCool Model 6 1/2F disc-type 

grinder to pass, depending on the size of the original 
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sample, 4-mesh, 10-mesh or 28-mesh Tyler screens. Most 

drill core samples are crushed first to pass 10-mesh. 

The screened product is mixed and split once. One half 

is reserved and the other crushed to pass 28-mesh when, 

after mixing, a half or a quarter is cut to analytical 

sample size. This minus 28-mesh material is crushed in 

a Terna Model T100 vibratory disc mill to pass 10-mesh, 

and is then mixed thoroughly. 

Accuracy of sampling is systematically checked by 

preparing a fresh analytical sample from the reserved 

half of the first sample split. Approximately 1 in 12 

drill core samples have been so prepared, and results for 

copper, zinc and molybdenum on both original and duplicate 

samples have shown very good agreement, usually to wi t'.1in 

2 per cent of the copper content, with a maximum differ

ence 6f 6.7 per dent. Results for zinc and molybdenum 

gave similar agreement. 

Sludge samples "as received" are contained in plastic 

bags. These samples are first transferred .to aluminium 

pans and dried at BOQ to 90QC for 8 hours in an electric 

oven, 

mesh. 

before crushing in the McCool grinder to pass 28-, 
The mixed minus 28-mesh material is then sampled 

and finally crushed to minus 100-mesh on the Terna vibra

tory disc mill. 

Small, chip specimens for geochemical analysis are 

broken down using the Denver jaw crusher, and ground to 

pass 28-mesh before sampling, if necessary, and final 

crushing on the Terna mill. 
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2. Methods of analysis 

a) Geochemical samples 

(i) Soils and stream sediments. Apart from a 

few sediment samples collected during the early reconnais

sance geochemical survey, all determinations of copper, 

lead, zinc and molybdenum have been carried out on ali

quots of the same sample solution prepared following an 

initial attack with hot (1:1) hydrochloric acid. Copper, 

lead and zinc are determined by atomic absorption spectro

photometry, and molybdenum by a dithiol colorimetric 

method. The values so obtained are, therefore, hot acid 

extractable contents. 

To check on the efficiency of this attack, approxi

mately 1 in 40 soil samples were analysed for both copper 

and molybdenum following fusion with potassium pyro

sulphate. Results are reported in Annex IV, A, table 3, 

together with brief details of the hydrochloric acid 

method. Using the values determined after pyrosulphate 

fusion as "total" contents, the average extraction by the 

hydrochloric acid attack was found to be 67 per cent for 

copper and 85 per cent for molybdenum. Samples which con~ 

tained 500 p.p.m. of copper and above, as determined by 

the pyrosulphate method, gave 66 per cent extraction and 

those below 500 p.p.m. 71 per cent. The reverse was true 

for molybdenum which on the 251 soils analysed showed 89 

per cent extraction at the 50 p.p.m. level and above, and 

71 per cent in samples containing less than 50 p.p.m. A 

quarter of these check soil samples were also analysed for 

copper by an atomic absorption method after an aqua regia 

attack, and this procedure gave 80 per cent extraction a

gainst 67 per cent on the same samples by the hydrochloric 
acid method. 
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Stream sediments generally showed higher percentage 

extraction for copper. Thus, 232 samples from the Cerro 

Petaquilla region gave aru overall extraction of 78 per 

cent by the hydrochloric acid method when compared with 

colorimetric diquinolyl values determined after pyro

sulphate fusion. Some 25 of these samples were also ana

lysed by the aqua regia method, and these values gave 94 

~er cent extraction, against 85 per cent by the hydro

chloric acid procedure on the same samples. Molybdenum 

was also determined on the 25 samples by the dithiol pyro

sulphate attack procedure, and an extraction of .83 per 

cent by the hydrochloric acid method was obtained. 

A field laboratory was used in Botija at an early 

stage of the follow up survey, mainly for the determination 

of hot acid soluble copper in soils and stream sediments 

by a standard diquinolyl colorimetric method. Results so 

obtained, all of which were later checked in the central 

laboratory, greatly facilitated rapid delineation of a

nomalies in the Cerro Petaquilla Area. 

(ii) Rock samples. All rock specimens, and grab 

and drill sludge samples were analysed for copper, lead 

and zinc by atomic absorption techniques in a 'sample so

lution prepared by treating with hydrochloric and nitric 

acids and, after evaporating to dryness, taking up the 

residue in 0.5M hydrochloric acid. This solution was al~o 

used for the determination of molybdenum by a geochemical 

thiocyanate method in drill core sludges and some rock 

samples, but most rocks were analysed by a dithiol pro

cedure on a separate sample weight after fusion with 

potassium pyrosulphate. Cross checks for molybdenum by 

the two methods usually showed good comparison. It was 

found, however, that a few samples containing sma.11 amounts 
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of molybdenum gave lower results by the aqua regia method, 

which was attributed to lock up of molybdenum in the in

soluble residue. For this reason, and owing to the better 

sensitivity of the method (detection limit of 2 p.p.m.) 

and generally very much lower molybdenum contents in 

these samples, the pyrosulphate fusion has been preferred 

for rock samples. Brief details of the methods used are 

given in Annex DI, A 2. 

Results for copper and molybdenum on reference 

samples and on numerous determinations in rocks and drill 

core by other methods show that for these samples the 

aqua regia attack for copper, and the pyrosulphate fusion 

for molybdenum are both satisfactory, and results by these 

procedures can be regarded as "total" contents. Thus, for 

example, 102 rock samples gave arithmetic means of 958 

p.p.m. and 960 p.p.m. of copper respectively by the aqua 

regia-atomic absorption method and by the diquinolyl 

colorimetric-pyrosulphate fusion procedure. Similarly, 

231 drill core samples gave an average of 52.7 p.p.m. of 

molybdenum by the dithiol pyrosulphate fusion method a

gainst 54.0 p.p.m. by the photometric procedures used for 

drill core analysis, and in a further check geochemical 

aqua regia-thiocyanate and pyrosulphate-dithiol values 

showed arithmetic means of 82 p.p.m. and 76 p.p.m., re

spectively, on 177 sludge samples. 

b) Drill core samples 

Ci) Copper and zinc. All results reported for 

copper and zinc in drill core from Cerro Petaquilla were 

determined by atomic absorption methods. The sample (1 g) 

is dissolved by treatment with hydrochloric and nitric 

acids, followed by the addition of a few drops of bromine, 

and finally evaporated to fumes with sulphuric acid. The 
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cold residue is taken up in water, boiled to dissolve 

soluble salts, filtered and after allowing to cool, di

luted to 250 ml. This solution is used for the determi

nation of copper and zinc by atomic absorption techniques, 

and also for molybdenum by photometric methods. Brief 

details of the procedures used are presented in Annex DI, 

B 1 and B 2, together with statistics calculated from 

replicate determinations on reference samples. Good 

reproducibility is shown by these statistics, and ade

quate coefficients of variation were obtained for all 

three elements. 

Approximately 1 in 7 drill core samples were ana

lysed in dup licate and, of 104 drill core samples checked, 

90 showed copper values agreeing to within 0.02 per ~ent 

copper, with a maximum difference of 0.10 per cent ob

tained on one s&rnple which originally gave 1.18 per cent 

and on repeat determinations 1.08 and 1.07 per cent of 

copper. Similar results were obtained for zinc and 

molybdenum. 

Systematic check determinations for copper were 

carried out by a conventional electrolytic method after 
• ' 

solution of the sample as described .above but with the o-

mission of the few drops of bromine. One in 12 samples 

were thus analysed, and results obtained showed good com

parison, usually to within 5 per cent of the values de

termined by atomic absorption, but with the electrolytic 

method giving slightly higher results. This positive 

bias is shown by the arithmetic means for all checked 

samples of 1.11 per cent and 1~09 per cent copper, re

spectively, by the electrolytic and atomic absorption 

procedures, and also by the maximum difference of 0.07 per 

cent copper found on one sample which gave 2.93 and 2.86 

per cent copper by the respective rneth~ds. 

- 34 -



(ii) Molybdenum. Three methods have been used: 

thiocyanate and dithiol photometric procedures and an 

atomic absorption technique. The thiocyanate method has 

been in routine use since early 1969, with check determi

nations carried out by the dithiol procedure and, with 

samples containing more than 50 p.p.m. of molybdenum, by 

atomic absorption. All samples containing less than 50 

p.p.m. of molybdenum are also analysed by a geochemical 

dithiol method after fusion of the sample with potassium 

pyrosulphate and these values are included when averaging 

results. The pyrosulphate fusion has been shown to be an 

efficient attack for molybdenum in Cerro Petaquilla 

samples. 

Both thiocyanate and dithiol photometric procedures 

are carried out on aliquots of the solution prepared for 

copper and zinc determinations. For atomic absorption 

analysis, a separate sample weight is taken, and determi

nations by this technique serve as a check by a completely 

independent method on results obtained by the photometric 

procedures. Owing to the relatively poor sensitivity for 

molybdenum by atomic absorption methods (about 1 p.p.m. 

for 1 per cent absorption) large sample weights, usually 

5 g, are taken for analysis, thus reducing any errors that 

may arise from inhomogeneity of sample. 

Results obtained by the three methods, each of which 

gave good reproducibility on replicate determinations in 

standard samples, generally showed satisfactory agreement, 

but with thiocyanate values usually reporting slightly 

higher than those determined by the other methods. Thus, 

23 samples analysed by each procedure gave arithmetic 

means of 234, 226 and 221 p.p.m. of molybdenum respectively 

by the thiocyanate,dithiol and atomic absorption methods. 

The trend towards somewhat lower results by the atomic 
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absorption method is also reflected in the arithmetic 

means of determinations \on 186 samples which gave 195 

p.p.m. of molybdenum by the photometric methods and 186 

p.p.m. by atomic absorption. This negative bias was not, 

however, shown by atomic absorption results determined 

on reference samples, which suggests that some molybdenum 

may be retained by the insoluble residue in the samples 

of drill core analysed. 

(iii) Gold and silver. All determinations for 

gold and silver in Cerro Petaquill'a drill core samples 

have been carried out by atomic absorption methods, de

tails of which are given in Annex IV, B 3. 

3. Check analyses by outside laboratories 

Eleven samples of drill core which had been analysed 

for copper and molybdenum were sent to a contracting labo

ratory for check determinations. Seven of these samples 

were also assayed by the contracting laboratory for gold 

and silver. As a check on the accuracy of sampling, 

duplicate samples were prepared from the reserved first 

sample split of the eleven samples and analysed for copper, 

molybdenum, gold and silver both at the project laboratory 

and at the Esperanza Mine laboratory of Duval Corporation. 

Results of these check analyses are reported in 

Annex IV, table 3. ·Good general agreement is shown for 

copper, both in the original and duplicate samples, by 

all three reporting laboratories. 

Results for molybdenum in the duplicate samples as 

determined by the project and Duval Corporation labora

tories agree very well with each other, and also with 

those obtained in the original samples by this project. 

- 36 -



The contracting laboratory, however, reported higher 

values in these original samples, on which at first nu

merical results were given for only three samples con

taining appreciable molybdenum. When requested, the 

contracting laboratory re-analysed the remaining eight 

samples, presumably by a different method, and all re

sults reported by them are given in Annex IV, table 3·. 

At the low levels of gold and silver in the samples 

analysed, comparison of results for these Eµements by all 

three laboratories show greater variation, particularly 

for gold. The contracting laboratory reported values of 

2.0 p.p.m. of gold in two samples, which on the duplicate 

samples were found to contain less than 0.3 p.p.m. by 

both the project laboratory and Duval Corporation. 

Check analyses for copper, lead, zinc and molybdenum 

in geochemical stream sediment and soil samples were 

carried out by F. Berndt, Chemist-Analyst, U.N. Mineral 

Survey, Guatemala City. Both laboratories determined 

copper, lead, zinc and molybdenum following a hot hydro

chloric acid extraction, and also for copper and zinc 

after aqua regia attack. Results, which are reported in 

Annex IV, table 4, show good general agreement, particu

larly for molybdenum, but with this laboratory reporting 

somewhat higher values for copper. 

4. Composite drill core samples 

Two composite samples, representing between them the 

whole of the core recovered, were prepared from each deep 

drill hole, and analysed for copper, zinc and molybdenum. 

Results so obtained are reported in Annex IV, table S, 

together with the arithmetic mean of the contents in the 

corresponding individual samples. Generally, good 
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comparison between these values is shown for all com

posites, with 14 out of the 19 samples agreeing to within 

0.01 per cent for copper, and with a maximum difference 

of 0.04 per cent in one composite which was found to con

tain 0.61 per cent copper against the 0.65 per cent a

rithmetic mean. Similar agreement is shown for molybdenum 

and zinc. 

5. Spectrographic analysis 

Nine samples, consisting of six composites from 

deep drill holes, and three individual samples of drill 

core, were sent to a contracting laboratory for semi

quantitative spectrographic analysis. Most of the ele

ments looked for were below the limit of detection by 

the method used, and apart from the. major economic ele

ments, values for which have been reported by the project 

laboratory, the analyses show no significantly high 

concentrations of other elements. Barium and strontium 

are in the 0.05 to 0.1 per cent range for all eight 

samples, 0.01 per cent lead was found in one sample, and 

0.005 per cent of cobalt and 0.001 per cent of nickel in 

the sample from Rio Petaquilla sector. 

The elements looked for but not detected are antimony, 

arsenic, beryllium, bismuth, boron, cadmium, cerium, 

chromium, columbium (niobium), germanium, hafnium, indium, 

iridium, lanthanum, lithium, mercury, neodymium, palladium; 

phosphorus, platinum, rhodium, ruthenium, tantalum, tel

.lurium, thallium, thorium, tin, uranium and zinc. Re-

sults for elements that were detected are included in 

Annex IV, table 6. 
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1. Geology 

PART THREE 

GEOLOGY AND MINERALIZATION 
IN THE CERRO PETAQUILLA AREA 

A. GENERAL STATEMENT 

The region lying between the northern foothills of 

the Cordillera Central and the Caribbean coast contains 

numerous outcrops of igneous rocks (map 4), but dense 

tropical vegetation obscures many surface exposures, and 

deep residual weathering hinders definite identification 

of rocks and types of alteration. 

The overburden in the Cerro Petaquilla area is 

mainly residual with only small local alluvial deposits 

along the larger rivers. The area is underlain by a 

Tertiary volcanic complex which has been intruded by a 

large pluton (map 5), but because of heavy weathering 

rock exposures occupy only a very small part of the total 

area. In its deeper, central parts the intrusive mass is 

composed of quartz monzonite, which grades outward into 

granodiorite, porphyritic granodiorite, porphyritic 

dacite, and dacite. The latter two types may represent 

the marginal parts of the intrusive mass, or they may be 

an alteration product of the intruded volcanics. Sharp 

contacts between granodiorite and volcanics have been ob

served, with the granodiorite in places containing vol

canic xenoliths. 

Local exposures of diorites, gabbrodiorites, gabbros 

and intermediate to basic dykes have been observed within 

the intrusion. The gabbrodioritic rocks may be a differ

entiate of the quartz monzonite-granodiorite mass and 
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therefore contemporaneous, or they may be older on the 

basis of locally observed contact metamorphic features. 

The age of a sample of gabbrodiorite from the Rio Botija 

sector has been determined as 32.6 + 2 million years by 

the radioactive potassium-argon method. 

The volcanic complex consists mainly of lavas of 

andesitic and basaltic composition. Tuffaceous rocks are 

found only locally, in small patches. 

Very limited amount of field information has been 

obtained on structures. The volcanics are not known to 

be folded, but faulting on a local and regional scale is 

evident in aerial photos, with some confirmation from 

magnetic data. 

2. Alteration 

Throughout the area contact metamorphic and hydro

thermal alteration features are common, the former being 

confined to the volcanic rocks and the latter occurring 

mainly in the intrusive bodies, and partly in the ad

jacent volcanic rocks. It is not always easy to determine 

the types and degrees of alteration in outcrops because 

of the effects of heavy weathering. However, some fresh 

outcrops permit identification. 

Contact metamorphism is represented by amphibolization 

(the development of amphibolite and epidote after pyrox

ene) and by magnetite development from iron bearing miner

als. 

Hydrothermal alteration is indicated by the develop

ment of chlorite, epidote, calcite, anhydrite, kaolin, 

quartz, serici te, potassium bearing feld _spars and pyrite, 

predominantly in the intrusive rocks and to a minor extent 

- 40 -



810 00 

N 

9"00 

MAR CARIBE 

V 

V 

() 
0 

V / 

✓ 

+ f 
I\ V 

t 
+ 

_sv 
V 

·03z 
Iv 

9"00 

REFER ENC I AS 

B PLIO- PLEISTOCE WB'E;J, N O , B A 
la:lt:Z:j M/OCENO SU • SAL TOS , 
E=3 PERIOR-PUOCE 
E::=::,3 MtOCENO SUP NO : IGNIMBRITAS 
17'7'::ml ERIOR , L y T08AS 

. ARENISCAS y CON • 
~ MIOCENO , • AVAS y TOSAS 

lvVv! 

C:E1 
[TI 

TERCIAR/0 IND GLOME:RADOS. 
/FERENC/A DO _LAVAS ANOE: 

PL/OCENO · SAL. SITICAS,8A--
. INTRVSIVAS- -GR TICAS y T08AS 

OLIGOCENO SUPE ,.,lls°lJ,0/,IlAS, • 

ZOMONZDNITAS RIOR : INTRV • 
RITAS, DIORIT• GRANDDIORIT:IVAS-CVAR-AS, DACITAS S, GA8RODIO 

FALLAS IN • GRANITOS -

GRAF/AS A;RERPRETADAS • EAS. DE FOTO _ 

K II :, 
E-3=::EE33::::EE-3=30C:::====-....:,~ KM. 

ESCALA / : Z•O " ,ooo 

Ublt:at:IOn 

RE:::L~:Ac;Eo MINERO DE AZU:~; 

PANAMA 

MAPA 4 

NACIONESUNIDAS 

I PROGRAMA PARA AOMtN/STRACION OE 

RECURSOS MtNERALES EL OESARROLLO 

GEOL OGIA DE c 0• p DE LA REGION 
ETAQUJLLA 

JUNI0• 1969 



in the volcanics. 

Following the customary classification of alteration 

types, four subdivisions have been adopted: propylitic, 

argillic, phyllic, and potassic. The propylitic type is 

identified by a dominance of chlorite, epidote and carbon

ates; the argillic by a dominance mainly of kaolin, 

quartz and sericite; the phyllic by quartz, and sericite, 

possibly pyrite, and minor kaolin and potassic feldspar; 

the potassic by quartz, plus at least two of the potassic 

feldspars, biotite, sericite, anhydrite and calcic miner

als. These alteration types occur throughout the area, 

and although the available data are insufficient to 

outline exactly their limits, some generalizations can be 

made, as shown in map 5-A. Alteration is very irregular 

and does not extend throughout the various types of in

trusive. 

Propylitic alteration is common and confined mainly 

to the contact zones between the volca~ic rocks and the 

relatively unmineralized parts of the intrusives. 

Argillic alteration is also common, overlapping 

partly the propylitic type in the volcanic rocks and in 

poorly mineralized intrusive rocks, and the phyllic type 

in the better mineralized sections of the intrusion. 

The phyllic type appears to show no preference for 

any particular rock unit and occurs in many places in 

volcanic and various intrusive rocks, but normally it is 

prevalent where higher grades of mineralization exist. 

The potassic type is not common, and has only been 

observed in the granodioritic rocks, where it overlaps in 

places the phyllic alteration. 

Silicification accompanies all types of alteration. 
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It has affected mainly the lavas, tuffs, breccias and the 

dacitic porphyries. In places silicification is very 
intense. 

Skarn type of alteration have not been observed in 
the area. 

Some evidence of lateral and vertical zoning of 

alteration has been found, particularly in drill cores 

(especially those from the Rio Botija sector). 

3. Mineralization 

For the most part the porphyry type copper and 

molybdenum mineralization in the Cerro Petaquilla area is 

found in the intruding rock, but it extends _in places a

long fractures into the volcanics, especially in the Rio 

Petaquilla sector. Relatively rich copper mineralization 

has been found locally in the contact zones. 

Mineralization coincides normally with more intensive, 

alteration, but some fresh and only weakly fractured 

granodiorite rocks contain copper mineralization of possi

ble economic grade, e.g. in the Rio Botija sector. In 

places, less fractured and poorly mineralized rock has 

been found within zones of mineralization. 

Mineralization is almost ~ntirely hypogene with very 

little secondary enrichment, except for the possible 

remnants of a chalcocite "blanket" in some outcrops in Rio · 

Botija, and in Rio Petaquilla close to its junction with 

Quebrada Piedras Coloradas. Some development of present 

day copper enrichment, mainly in the form of chalco~ite, 

occurs on the surface in the mineralized zone of the Rio 

Medio sector, and in Quebr~da Vega in the Rio Petaquilla 

sector. 
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The principal copper mineral is chalcopyrite, with 

minor amounts of chalcocite, bornite, covellite and rare 

malachite and chrysocolla. Molybdenite accompanies copper 

almost invariably. Pyrite occurs in all parts of the area 

and its ratio to chalcopyrite is variable, but generally 

low where higher grade copper is present. In some places 

magnetite is abundant and closely related to copper miner

alization. No significant lead and zinc concentrations 

have been found in the area. 

B. DETAILED RESULTS 

1. Geology, alteration and mineralization 

a) Rio Botija. The sector is underlain mainly by 

granodioritic and volcanic rocks (map 5). The grano

diorite occurs in the southern half of the area, as the 

central part of a large body which extends into the Rio 

Botija Abajo and Rio Medic sectors. The northern part of 

the Rio Botija sector is covered by volcanic rocks. 

Dacitic rocks are exposed only in the central part of the 

sector along the margins of a volcanic enclave. Northerly 

trending, steep, westerly dipping basic dykes, and one 

exposure of gabbrodiorite, have been observed within the 

granodiorite. 

Strong phyllic alteration prevails in the mineralized 

zones in the Rio Botija sector, though potassic and 

argillic alterations are also present. Silicification, 

with occasional potassic alteration in the central parts 

of the mineralized zone, is well developed; sericite, 

commonly present, can normally be seen only under the 

microscope. Surface observations carried out by the 

project are not sufficient to outline exactly the various 
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alteration zones; however, some sections of drill core 

show lateral and vertical changes from phyllic-argillic 

alteration to propylitic alteration in the relatively 

fresh granodiorite. The contact zones of the invaded 

volcanics have been locally amphibolized as a result of 

contact metamorphism. 

The known mineralization is confined to grano

dioritic rocks. It occurs predominantly as ·even grained 

dissemination of chalcopyrite in the parts of the host 

rock that are fractured and altered. A few exceptions, 

where fairly fresh granodiorite is well mineralized, have 

been observed. 

The overaLl ratio of pyrite to chalcopyrite is sur

prisingly low in this sector, and within the mineralized 

zone the chalcopyrite is actually dominant. 

In the northern part of the sector a thin volcanic 

layer is presumed to overlie granodioritic rock. The 

only evidence of mineralization, apart from a few outcrop$ 

seen in deep stream beds, in a strong copper anomaly in 

soils accompanied, however, by molybdenum anomalies of 

only small surface extent. 

Mineralization in the western zone of the sector, as 

indicated by soil anomalies and seen in a few outcrops, 

is confined to a strongly silicified contact zone between 

intrusive and volcanic rocks. Its economic potential is 

unknown. 

Further details of the Rio Botija sector mineral

ization will be found in the composite drill logs (Annex 

v charts 1 and 2) and in the supporting 1:5,000 s~ale 
' maps listed in Annex II. 

b) Rio Petaguilla. The sector is underlain mainly 
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by dacitic and volcanic rocks, the dncite possibly repre

senting a product of hydrothermal activity in the vol-

canic rocks (map 5). Some exposures have been observed 

of granodioritc, gabbrocioritc und post-mineralization 

dykes of basic cornposi tion. In the r.ortheas t part of the 

area, along Quebroda Huhta, silici!icd br<'ccias of un

determined origin have been !ound. 

Numerous faults cross the area; so~e of them are of 

regional extent and probably ,ost rnincrali=ation. The 

major faults have a northerly trend. 

All the usual types of hydrothermal alteration are 

present, but any possible zoning is difficult to recog

nize. The intensity of alteration is variable. In a few 

holes drilled into the volcanics close to their intrusive 

contacts, mainly propylitic alteration with pronounced 

epidotization has been noted. In the contact zones, 

numerous fractures arc filled by zeolites and calcite, and 
the strong argillic alteration is also related to 

fractures. Phyllic alteration prevails in the mineralized 

parts of the granodiorite and dacite porphyries in this 

sector, with strongly variable intensities. The breccias 

seen in the sector are silicified throughout. 

Mineralization occurs in the granodiorite/dacite 

porphyry complex and in volcanic rocks close to their 
contacts with t . he intruding rocks. Copper minerals are 
found eith . 

er disseminated or, more commonly, as fracture 
filling in 

zones of strong fracturing. 

Here, as in the Rio Media sector, the grade of 
"conta t • 

c mineralization" in some places reaches a level 

permitting consideration of underground mining. In the 
Rio Petaquilla 

sector three holes, one in Quebrada Piedras 
Coloradas and two in Quebrada Huhta, have intersected this 
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type of mineralization; it is apparently related to 

almost compact magnetite/pyrite mineralization of hydro

thermal origin. Further details of mineralization will 

be found in composite drill logs (Annex v, charts 3, 4 

and 5). 

c) Rio Medio. This sector is underlain by quartz 

monzonite, granodiorite, dacite, and by volcanics rocks; 

the quartz monzonites occupy most of the northern half of 

the sector and extend beyond it to the west . and north 

(maps 5 and 8). The granodiorite is the western portion 

of a larger mass which continues to Rio Botija and Rio 

Botija Abajo. The dacitic rocks predominate in the main 

mineralized zone of the sector and may have a similar ori

gin as the dacites in the other sectors. Breccias of un

determined origin also occur in the main mineralized zone 

where strong shearing is present; there is little evidence 

of faulting. Disseminated magnetite, mainly in strongly 

amphibolized basalts, is frequently seen in outcrops and 

the related maqnetic anomalies help in locating these 

contacts. 

The intensities and types of hydrothermal alteration 

are very variable. In the drill core and in the outcrops 

alteration can change over a few . metres from strong po

tassic to poorly developed argillic or propylitic types. 

The outcrops of the main mineralization in a deep 

stream valley have the highest copper contents in the 

whole Cerro Petaquilla area. Strong shearing and the as

sociated breccia may control the mineralization. One small 

outcrop of aplitic rock was found to contain a high content 

of molybdenum, approaching one per cent in some specimens. 

Present day copper enrichment is seen in many places 

as thin surface coatings of chalcocite on pyrite, but it 
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is of no economic significance. As in the Rio Petaquilla 

sector, magnetite/pyrite bearing veins have been seen 

close to the contacts between the intrusive and volcanic 

rocks. 

Details of drilling results are shown in Annex v, 
Chart 6. 

d) Botija Abajo. This sector is underlain mainly 

by granodioritic and dacitic rocks. The granodiorite is 

a part of a larger mass of similar composition (map 5). 

Extremely strong silicification, pyritization and 

strong leaching in the central part of the local grid are 

thought to be closely related to the low pH values (4.0 -

5.0) observed in the creeks draining this area. A few 

boulders containing copper minerals, mainly chalcocite 

and malachite, were found in these creeks. 

2. Geochemical results 

Statistical analysis has been made of results for 

copper, molybdenum, lead and zinc in all soil and stream 

sediment samples, but only for copper and molybdenum in 

rock specimens systematically collected from outcrops and 

from residual, often partly weathered, float on a higher 

slopes. The methods used in statistical treatment are 
briefly described in Part Two, B. 

The anomalous distributions in the whole area and 
for each sector are shown in table 1. 
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Table 1 

Geochemical distributions in the Cerro Petaquilla area 

Location 

Cerro 
Petaquilla 
Area 

Element and 
type of 
sample 

Cu/ 
sediments 

Mo/ 
sediments 

Cu/soils 

Mo/soils 

Pb/soils 

Zn/soils 

Cu/rock 
samples 

Mo/rock 
samples 

Sector Rio Cu/soils 
Botija 

Mo/soils 

Pb/soils 

Zn/soils 

Cu/rock 
samples 

Mo/rock 
samples 

Values i~ p.p.m. at distribution 
steps1land their ratios to the 

median (50% step) values - 21 2% 5% 20% 50% 80%-

1600 1200 400 150 80 
10.6 8.0 2.7 1.0 0.5 

88 70 17 3 -2 
29.3 23.3 5.7 1.0 

900 700 400 
4.5 3.5 2.0 

150 80 25 
37.5 20 6.3 

140 80 30 
9.3 5.4 2.0 

170 120 50 
8.5 6.0 2.5 

4200 2300 900 
12.4 6.8 2~6 

180 80 15 
90.0 40.0 7.5 

1200 
5.0 

250 
41.6 

95 
9.5 

1.30 
8.7 

830 460 
3. 5 1. 9 

150 31 
25.0 5.2 

40 15 
4.0 1.5 

90 45 
6.0 3.0 

5100 2700 1100 
12.0 6.4 2.6 

200 94 24 
33.3 15.7 4.0 

200 90 
1.0 0.5 

4 -2 
1. 0 

15 -5 
1.0 

20 10 
1.0 0.5 

340 100 
1.0 0.3 

2 -2 
1.0 

240 120 
1.0 o.s 
6 -2 
1.0 

10 -10 
1.0 

15 
1. 0 

10 
0.7 

425 1.40 
1.0 0.3 

6 -2 
1.0 

1/ A "distribution step of 2% 11 signifies that 2 per cent 
of all samples contain the stated amount, or more,of the 
particular element. 

g/ Minus sign denotes less than. 
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('l'able 1, cont'd.) 

1 2 3 
2% 5% 20)~ 50 '.,., :,L~ . .:-

Sector Rio Cu/soils 480 400 230 80 ·1 :-
!3otija 6.0 s.o 2.9 1.0 "'l • 

u •• 

Abajo Mo/soils 70 50 14 3 _,, 
23.3 16.7 4.7 'l. 0 

Pb/soils 260 100 35 10 .. - :., 

26 10 3.5 1.0 

Zn/soils 110 75 35 10 :, 
11.0 7.5 3.5 1.0 u.S 

Sector Rio Cu/soils 720 600 390 220 110 
Petaquilla 3.3 2.7 1.8 1.0 ( ; . :; 

Mo/soils 200 110 40 8 2 
25.0 13.8 5.0 1.0 () .. ,, . ( . . 

Pb/soils 180 100 45 20 "J C 
9.0 5.0 2.3 1.0 0 ~ . -

Zn/soils 200 130 55 15 5 
13.4 8.7 3.7 1.0 C.3 

Cu/rock 5000 2600 860 310 S' 5 
samoles 16.2 8.4 .2. 8 1.0 0.3 
Mo/rock 210 75 15 -5 -5 
sameles 

Sector Rio Cu/soils 940 720 390 200 85 
Medio 4.7 3.6 1.95 1.0 0. ·1 

Mo/soils 62 34 11 2 -2 
31.0 17.0 5.5 1.0 

Pb/soils 75 55 25 15 -10 
5.0 3.7 1.7 1.. 0 

Zn/soils 190 130 65 30 15 
6.3 4.3 2.2 1.0 o.s 

Cu/rock · 2900 2100 790 310 90 
samEles 9.4 6.8 2.5 1.0 0.3 
Mo/rock 75 38 8 -5 -5 
sam les 
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In the regional survey, the anomalous values of 

copper in stream sediments amounted to about 200-225 

p.p.m. at distances up to 15 kilometres downstream from 

Cerro Petaquilla, against the regional background of 95 

p.p.m. The local background in the Cerrc Petaquilla 

general area is taken as 150 p.p.m. of copper and 3 p.p.m. 

of molybdenum. The extent and strength of ~ajor stream 

sediment anomalies within the prospect area are by far 

the largest encountered in the projec~s work. Their maxi

mum values are about 2,000 p.p.m. of copper and 125 p.p.m. 

of molybdenum. 

Copper-mineralized outcrops were first found in 

February, 1968, during an intensive follow-up work in Rio 

Botija and its tributaries, and soon afterwards in the 

eastern tributaries of Rio Petaquilla, about 4 to 5 kilo

metres farther west. The Rio Medio mineralization was 

found much later, in November 1968. 

At least two types of geochemical soil anomalies can 

be identified, the first mechanical, caused by micro

grains of the original' minerals in transported material 

or in residual soils, and the other, perhaps more common, 

where the elements have gone first into solution and were 

then transported by surface or ground water and finally 

precipitated because of a change in pH values or bye

vaporation and change of the water table level. 

The copper anomalies in the Cerro Petaquilla area 

have a tendency to creep down the slopes because of the 

fairly high mobility of copper. Molybdenum, on the other 

hand, is less mobile and the anomalies are more closely 

related to their sources. Little is known about lead-zinc 

mineralization in the area, but the soil anomalies in 

these elements form recognizable haloes around th.e known 

centres of copper-molybdenum mineralization. 
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The irregularity of the copper and molybdenum content 

in rock specimens collected within the zones of mineral

ization may be due to varying degrees of leaching, but 

this does not rule out the possibility that mineralization 

itself is mainly concentrated close to the well altered 

major fracture zones, while the areas between such zones 

may be only poorly mineralized. 

a) Rio Botija. The intensity of the copper and 

molybdenum soil anomalies in the Botija sector is greater 

than in other parts of the general area (table 1 and map 

7). 

The main zone of mineralization is correlated with a 

strong and pronounced molybdenum anomaly; the correspond

ing copper anomalies are relatively weaker and less con

sistent. The reason might be that the disseminated 

chalcopyrite mineralization is more limited spatially than 

the "fracture filling" type of the molybdenum mineral

ization. 

The Botija North anomaly is of a different character. 

The surface rocks are mainly volcanic, presumably repre

senting an andesitic capping overlying granodioritic in

trusion. Strong copper anomalies are extensive, but only 

few isolated molybdenum anomalies have been recorded in 

this part of the sector. 

The anomalous zone of Botija West is not very sig

nificant, although the copper and molybdenum anomalies 

overlap in the area where some mineralized outcrops have 

been observed. 

b) Rio Petaguilla. The detailed geochemical soil 

survey in Rio Petaquilla sector revealed three signifi

cant copper-molybdenum anomalies and several smaller ones 

of doubtful importance (map 6). 
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The greater extent of molybdenum anomalies in this 

sector may be due to the fact that molybdenum mineral

ization is more widespread, especially in fracture fill

ings, than copper mineralization. 

c) Rio Medio. 11 Unlike those in the Rio Petaquilla 

sector, copper anomalies are more extens~ve in this 

sector than the molybdenum anomalies, and· "slope creep" 

of copper in soils is assumed to have taken place. The 

main copper anomaly is a good example (map 8). 

d) Rio Botija Abaja. Strong silicification arid 

leaching have resulted in a "negative" copper anomaly iri 

overlaying soils (less than 20 p.p.m. Cu, and at many 

sites less than 5 p.p.m., against the loca1 background of 

80 p.p.m. Cu). A remarkable feature is that this "nega

tive" anomaly is 
1
surrounded by molybdenum, lead and zinc 

anomalies, in .addition to copper anomalies; the molybdenum 

anomalies extend into the "negative" copper anomaly near 

the western margin of the area. 

The possibility that copper has been leached out near 

the surface and then precipitated at depth might be con

sidered. 

1/ The stream sediment results in this sector, at sample 

locations 20,038 to 20,043 shown on the 1:30,000 scale 

map attached to _the ad hoc report on Cerro Petaquilla, 

published in May 1968, were erronously plotted. The cor

rect values of stream sediments at these six sample sites 

average 1,1so p.p.m. for copper and 26 p.p.m. for 

molybdenum. 
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3. Geophysical results 

The aeromagnetic survey made in 1966 was very se

verely handicapped in the northern part of the project 

area by bad weather. This limited the coverage to a 

zone 20 by 30 kilometres, which happened to include the 

present Cerro Petaquilla Area. In the absence of relia

ble maps, the positioning of flight lines had to rely 

almost entirely on the Doppler data and a few landmarks 

on the coast. When air photographs became available in 

March 1968, the airborne survey•s 35 mm positioning films 

were used to replot the flight lines. Few landmarks 

within the area were positively identified, but it is be

lieved that the new plot is fairly accurate. It shows 

seven flight lines crossing the grid~line system, but 

their spacing varies from 700 metres to as much as 3 kilo

metres. Since, in addition, topographic relief within 

the area made it impossible to maintain a reasonably 

constant ground clearance, no reliable ~'nterpretation can 

be made of the airborne data. They do, however, indicate 

the presence of shearing or faulting, trending northerly 

and northwesterly across the area. 

As already mentioned in Part Two, section c, geo- . 

physical surveys on the ground were limited to measure

ments of the vertical magnetic intensity. The results 

have been compiled on a series of maps on the scale 

1:5,000 (listed in Annex II); only the main features of 

the magnetic field are present'ed in this report (map 9) . 

All values are referred to an arbitrary datum. 

a) Rio Botija. The magnetic intensities recorded 

over volcanic rocks in the northern part of the sector 

are more disturbed and, in general, some 300 to 1.000 gamma 

higher than the average intensity over the granodiorite 
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in the southern and western parts. The more subdued 

magnetic field over the granodiorite reaches its highest 

values along a belt in the southerrnost part of the sector 

where no significant copper/molybdenum geochemical anoma

lies have been recorded. 

b) Rio Petaguilla. As at Rio Botija, the general 

level of the magnetic field is more varied and higher, 

by 300 gamma or more, over the volcanic rocks than in the 

central part underlain by dacitic porphyry. The lowest 

intensities were recorded over the zone of mineralization 

and heavy alteration in Quebrada Piedras Coloradas in 

the northwestern corner of the sector. 

The most striking magnetic feature in the Rio Peta

quilla sector is a long, narrow anomaly, trending north

westerly for rnor~ than three kilometres and defined by 

the S,500 gamma contour line. This contour represents 

values higher by some 500 gamma than the average for 

daci tic porphyry, an.d by about 300 gamma than the average 

for volcanics. Within this anomalous belt still higher 

values are recorded, up to a maximum of 7,600 gamma near 

the southea~tern end and up to 16,500 gamma in the north

west. The anomalous belt follows the boundary between 

dacitic and volcanic ·rocks, a little to the north of the 

mapped contact, except for a section between lines 6,400 

and 6,600 where it cuts across th~ base of a volcanic 

"tongue" jutting out into the dacite. The high intensity 

sections of this belt are offset in several places by 

about 200 metres in each case; the offsets may indicate 

dextral shearing or faulting. 

One of these sections, close to -t;he • i.rit;rsection • of 

line 7,800 with the control line 6,500 and trending 

easterly for a distance of some 250 metres, coincides ·at 

its western end with an outcrop of magnetite hydrothermally 
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introduced into the contact zone. In the shallow drill 

hole P-9 this magnetite was shown to be associated with 

fairly rich copper and pyrite mineralization (2.12 per 

cent copper, on the average). 

At the eastern end of the belt, another strong a

nomaly trends easterly for about 400 metres. The shallow 

drill hole P-12 was placed on an outcrop of similar 

"hydrothermal" magnetite, some 30 metres to the south of 

the axis of the anomaly, and produced an average copper 

content of 1.53 per cent. Two other drill holes were put 

down in this vicinity: P-13, 40 to SO metres south of 

the anomaly axis, gave an average of 0.53 per cent copper, 

and P-14, some 60 to 70 metres from the axis, averaged 

0.14 per cent copper. The locations of these three drill 

holes were largely dictated by the topography. The 

Winkie drill could not be used on the very steep slopes, 

with deep weathering, near the axis of the magnetic a

nomaly. 

More work is needed here, as the relationship between 

the "hydrothermal" magnetite and the strong magnetic a

nomaly cannot be fully established on available data. 

The magnetic anomaly may, in part at least, be caused by 

the disseminated magnetite observed both in the basalt 

and in gabbroic rocks mapped in the neighbourhood. 

Other strong anomalies were recorded in the middle 

section of this magnetic belt. The steep slopes, deep 

weathering, absence of suitable stream beds and the short 

time available ruled out the possibility of subsurface 

exploration. Further investigations in this area are 

recommended. 

c) Rio Medio. The magnetic field in Rio Medio sector 

is similar to those in other parts of the general area. 
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Magnetic intensities are generally higher and more vari

able over the volcanic rocks, and some of the lowest 

values were recor.ded over the mineralized parts of the 

dacite. 

A very strong magnetic anomaly (3,150 gamma total 

amplitude) was recorded close to a volcanic/intrusive 

contact. This was traced to magnetite-rich basalt but 

no signs of copper or pyrite mineralization were observed. 

d) Botija Abajo. The pattern of magnetic anomalies 

shows again a disturbed field with intensities generally 

reaching 5 7 800 or 6,000 gamma over volcanic rocks, and a 

smooth field, averaging 5,200 gamma, over the silicified 

and leached dacite. Along the northwestern contact, a 

narrow anomaly 1000 metres long and defined by the 5,500 

gamma contour line may well have a significance similar 
I 

to the longer and stronger contact zone anomaly at Rio 

Petaquilla, described above. 

4. Drilling results 

The drilling results indicate that economically im

portant secondary enrichment zones are not to be expected 

in the Cerro PetaquiTla area, and that the large tonnage 

protore may have a fairly low average copper content. 

Some centres of mineralization were proved to carry 

copper contents higher than average, and a few holes 

inter~ected copper mineralization of underground mining 

grade. 

Complete assay results of core and sludge samples for 

each drill hole are presented in composite logs, together 

with core recovery data, geological logs and notes on 

alteration (Annex V). 
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a) Rio Botija. Three deep and ten shallow holes 

have been drilled in the Rio Botija sector. Their lo

cations are shown in mapr, 5 and 8. 

Th e rock is almost entirely granodiorite. Some 

variations of quartz monzonites and tonalites were ob

served under the microscope. Only very few steeply 

dipping, post mineralization dykes were encountered in 

bore holes. 

According to results from the three deep holes, the 

mineralization of economic grade does not exceed a depth 

of about 120 metres from the surface. In general, the 

better grades of mineralization are associated with alter

ation of the granodiorite, and the intensity of both de

creases at depth. However, some fairly fresh parts of 

the granodiorite nearer the surface are surprisingly well 

mineralised. 

Drilling in the Rio Botija sector did not indicate 

any strong surface leaching; in fact, many holes have 

their richest parts close to the surface. 

b) Rio Petaquilla. Six deep and nine shallow holes 

were drilled in Rio Petaquilla sector (map 5). 

Very little of true granodiorite has been seen in 

the drill core; the prevailing rock is dacite porphyry, 

with gradual transitions either to granodiorite or andes

ite. Many post-mineralization, almost vertically dipping 

dykes were intersected, especially at the western end of 

the Petaquilla Abajo anomaly (e.g. in drill hole P-2). 

The drilling results do not support the view that the vol

canic rocks covering some hill tops and ridges form only 
shallow cappings. 

Strong leaching and a development of jarosite were 
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observed in the top parts of a few holes, especially in 

the Quebrada Vega geochemical anomaly. 

Apart from the contact zone type of copper mineral

ization, seen in a few holes (particularly in P-9 and 

P-12), the hypogene mineralization in the Rio Petaquilla 

sector seems to be of fairly low grade, but reaches 

greater depths than the Rio Botija mineralization. 

c) Rio Medic. One deep and eight shallow holes 

were drilled in the Rio Medio sector (maps 5 and 9). 

Four shallow holes closely spaced along the outcropp

ing rich copper mineralization proved it to be at least 

30 metres in depth and to reach about 25 metres hori

zontally from the controlling shear/fault zone. The re

lated breccia was found in drill hole M-5 to be only ir

regularly minera~ized. 

The only deep hole in this sector, M-9, penetrated 

similar breccia and andesite, poorly mineralized through

out. It was completed on 24 June 1969 and it was not 

possible to drill on another site. 

A few shallow holes were sited outside of the copper 

or molybdenum anomalies; their core assays show only 

negligible amounts of . these elements. 
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PART FOUR 

SUMMARY OF CONCLUSIONS 

A complex of andesitic and basaltic lavas was in

truded in the Oligocene by a large pluton of intermediate 

composition. Hydrothermal activity later introduced 

copper and molybdenum minerals into parts of the intrusive 

rocks and some of the contact zones. It is possible that 

one or more of the mineralized zones may be of economic 

grade and size under present conditions, but much work 

is required to evaluate these prospects. The overburden 

is almost entirely limited to a thin soil cover. The 

mineralized rocks are weathered to variable degrees and 

depths, but this zone still contains significant grades 

of copper and molybdenum ;in many places. 

Geochemical prospecting methods play~d an important 

part in finding the Cerro Petaquilla mineralization. The 

anomalous sediment patterns are well extended along the 

drainage systems and thus easy to interpret. The residual 

overburden gives well defined soil anomalies, and no con

tamination of any kind is present in the area. 

In general, the magnetic field reflects, roughly, 

the two main rock divisions. Although some of the lowest 

values were recorded over the altered and mineralized 

zones, the magnetic results are not diagnostic enough to 

be used as a guide in locating such zones, except possibly 

where copper has been deposited in association with 

magnetite in contact zones. 

The chemical determinations have been found fully 

reliable by numerous checks with alternative methods and 

an adequate amount of duplicate analyses by outside labo
ratories. 
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ANNEX I 

PROJECT PERSONNEL, CONSULTANTS AND CONTRACTORS 

International Arrival Departure 
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D. A. Harkin United Kingdom Oct. 65 June 67 
Project Manager 

L. z. Makowiecki!/ United Kingdom Jan. 66 
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Lockwood Survey Corporation Ltd. 
Canada 

Helicopteros de Panama 
Panama 
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Government counterpart personnel 

Government Project Co-O£~inator 

F. Torre, from October 1965 to 
November 1966. 

Jorge Luis Quir6s P., Director, 
Administraci6n de Recurses Minerales, 
after November 1966. 

Field geologists Chemists Field assistants 

F. Torre R. 
J. Roquebert A. 
A. Metti M. 
G. Recchi I. 
J. Merida, 

Asst. geologist 

Drillers and assistants 

F. Puzak 
T. Vergara 
B. Dominguez 
M. Hooper 
N. Vergara 
M. Vega 
v. Dominguez 

Broce R. Carrizo 
de Cermelli A. Espino 
Pastor 
Huhta 

D. Luna 
T. Palacios 
R. Isaza 
A. Rosas 
J. Moreno 

Laboratory assistants 

F. Marquez 
R. Barroso 
A. Gonzalez 
A. Monge 
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ANNEX II 

SUPPORTING DATA 

(held on open file and available on application to: 

Director Ejecutivo, Administraci6n de Recursos Minerales, 

Apartado Postal 1631, Panama 1, Republica de Panama.) 

A. MAPS 

MAP DESIGNATIONS 

T - topography 
GL - geology 

65 - Cerro Petaquilla (whole area) 
65/1 - Rio Botija sector 

GC - geochemistry 
GP - geophysics 

65/2 - Rio Petaquilla sector 
65/3 - Rio Medio sector 
65/4 - Rio Botija Abajo sector 

1) Geology of the project area, GL-4 

2) Aeromagnetic series (Lockwood) 

. 3) Aeromagnetic contour map, Cerro Petaquilla 

region (re-plotted by project staff), 

GP-1 

4) Reconnaissance geological and geo

chemical data, (maps covering region 

between Cordillera and the Caribbean) 

GL-5 to 13, GC-2 to 1.0, and T-1. to 9 

5) Topography and grid of survey lines, 

T 65-1. 

6) Location of drill holes, helicopter pads 

and camp sites, T 65-2 

7) Geochemical anomalies: copper in soils, 

GC 65-6 

- 63 -

Scale 

1.:250,000 

1:50,000 

1:50,000 . 

1.:50,000 

1:15,000 

1:15,000 

1:15,000 



8) Geochemical anomalies: molybdenum in 

soils, GC 65-7 

9) Geochemical anomalies: lead and zinc 

in soils, GC 65-8 

10) Zones of anomalous values of copp.er and 

Scale 

1:15,000 

1:15,000 

molybdenum in outcrop samples, GC 65-9 1:15,000 

11) Topography and grid of survey lines, 

T65/1-1, T65/2-2, T65/3-3 and T65/4-4 1:5,000 

12) Geological observations and rock samples 

locations,GL 65/1-5, GL 65/2-6, GL 65/3~7 

and GL 65/4-8 1:5,000 

13) Geological maps: 

GL 65/1-9, GL 65/2-10, GL 65/ 3-:-11, 

GL 65/4-12 

14) Location of soil samples: 

GC 65/1-13, GC 65/2-14, GC 65/3-15 7 

GC 65/4-".l.6 

15) Copper contents iD soil samples: 

GC 65/1-17, GC 65/2-18, GC 65/3-19 7 

GC 65/4-20 

16) Molybdenum contents in soil samples: 

GC 65/1-21, GC 65/2-22, GC 65/3-23, 

GC 65/4-24 

17) Lead and zinc contents in soil samples: 

GC 65/1-25, GC 65/2-26, GC 65/3-27, 

GC 65/4-28 

18) Copper anomalies in soils: 
GC 65/1-29, ·GC 65/2-30, GC 65/3-31, 

GC 65/4-32 
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19) Molybdenum anomalies in soils: 

GC 65/1-33, GC 65/2-34, GC 65/3-35, 

GC 65/4-36 

20) Lead and zinc anomalies in soils: 

GC 65/1-37, GC 65/2-28, GC 65/3-39, 

GC 65/4-40 

21) Copper and molybdenum contents in 

outcrops: GC 65/1-41, GC 65/2-42, 

GC 65/3-43, GC 65/4-44 

22) Magnetic intensities, vertical component: 

GP 65/1-45, GP 65/2-46, GP 65/3-47, 

GP 65/4-48 

23) Magnetic field, contour maps: 

GP 65/1-49, GP 65/2-50, GP 65/3-51, 

GP 65/4-52 

24) Locations of soil samples 

GC 65/1-55 

25) Geochemical values, copper and molybdenum 

in soils, GC 65/1-56 

B. OTHER DATA 

Scale 

1:5,ooo 

1:5,000 

1:5,000 

1:5,000 

1:5,ooo 

1:2,000 

1:2,000 

In addition to maps, other material held by the Ad-

ministraci6n de Recurses Minerales includes: 

1. Files of edited field notes. 

2. Files of petrographic descriptions. 

3. Complete lists of geochemical values {copper, 

molybdenum, lead and zinc) in soil, sediment and 

rock samples, drill core and sludge. 

(cont'd) 
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4. Thin sections and polished sections. 

5. Rock specimens, the retained half of split drill 

core, retained part of each soil and sediment 

sample. 
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ANNEX III 

PROJECT TECHNICAL REPORTS PREPARED FOR 

THE GOVERNMENT 

1. "Ad hoc Heport on Area 65-Cerro Petaquilla", Province 

of Colon, United Nations, May 1968, 10 pp, 3 maps. 

Publication NQ 2, Administration of Mineral Resources, 

Panama. (Mimeographed). 

2. "Geologia del area del Proyecto Minero de Azuero, 

parte central de la Republica de Panama 11 .1/ 
por D. del Giudice y G. Recchi. 

3. "Results of detailed investigations in the Azuero 

Area 111.I 
4. "Gold deposits of Northern Veraguas 111/ 

by S. Wleklinski 

5. "Laboratory services, analytical c~emistry1111 

by W.K.L. Thomas 

6. "Airborne Magnetometer-Scintillation Counter Survey 

of the Central Part of the Republic of Panama". 

Government of the Republic of Panama and U.N.D.P. 

Special Fund. Presented by Lockwood Survey Corpo

ration Ltd., Toronto, Canada; in two parts, with maps. 

1/ In preparation, July 1969. 
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ANNEX IV 

CHEMICAL METHODS A.l'\JD RESULTS 

A. METHODS FOR GEOCHEMICAL ANALYSIS 

1. Soil and stream sediment samples .......... 
2. Rock and sludge samples ................... 

a) Copper, zinc and lead 
b) Molybdenum 

B. METHODS FOR DRILL CORE ANALYSIS 

1. 

2. 

Copper and 

Molybdenum 

zinc•···••·•·······•··•·•·•·••• 

................................ 
a) 

b) 

c) 

d) 

Thiocyanate photometric method 
I 

Dithiol photometric method 

Atomic ;absorption method 

Statistics on replicate determi

nations of molybdenum 

Page 

69 

72 

74 

75 

3. Gold and silver··••···•••·•~·······•·••·• 77 

TABLES: 

2. Extraction of copper and molybdenum in 

soil samples by the (1:1) hydrochloric 

acid attack•••••••·••••··••··•·••••·••·•·•• 71 

3. Check analyses of drill core samples 

by outside laboratories . . . . . . . . . . . . . . . . . . . . 80--8".1 

4. Check analyses of geochemical samples 

by an outside laboratory•··•·•••··••·••••·• 82-83 

5. Analyses of composite samples of core 

from all deep drill holes in the Cerro 

Petaquilla area••·····•·•···•·····•·•·~•••• 84 
6. Semi-quantitative spectrographic 

analyses of drill core samples ••••••..•.•.• 85-86 
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A. METHODS FOR GEOCHEMICAL ANALYSIS 

1. Soil and stream sediment samples 

Weigh 1.0 g of the minus 80-mesh sample into a 

16x150 mm test tube. Add 5 ml of (1:1) hydrochloric acid, 

and heat on the water bath at 95Q to 100QC for 60 minutes. 

Shake the test tube at frequent intervals. Dilute with 

5 ml of water, mix and allow to stand overnight. This so

lution is used for the determination of copper, lead and 

zinc by atomic absorption methods (Perkin Elmer, 1964).1/ 

and molybdenum by a dithiol colorimetric procedure 

(Stanton, and Mrs. Hardwick, 1967). 

Determine lead directly on the sample solution by 

atomic absorption spectrophotometry using a x2 scale ex

pans ion and the Boling burner, and calibrating the instru

ment with standard solutions in (1:3) hydrochloric acid. 

The dilution factor is x10 and the range of the method is 

10 to 200 p.p.m. of lead which may be increased to 400 

p.p.m. by using x1 scale expansion, and to 4000 p.p.m. by 

diluting 1 ml aliquot to 10 ml with (1:3) hydrochloric 

acid. 

Determine copper and zinc by atomic absorption 

spectrophotometry on a 2.0 ml aliquot of the sample so

lution diluted to 10 ml wi t h water, and calibrating the 

in s trument with standard solutions in (1:19) hydrochloric 

acid. The dilution factor is x50 for both copper and zinc, 

and the range of the method is 10 to 1000 p.p.m. of cmpper 

1/ All references to literature in Annex DI are included 

in the list on p. 60. 
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and 5 to 150 p.p.m. of zinc in the sample. These ranges 

may be increased by diluting with (1:19) hydrochloric 

acid as required. 

For molybdenum, pipette a 1.0 ml aliquot of the 

sample solution into a 16x150 mm test tube, add 4 ml of 

(3:2) hydrochloric acid, and complete the determination 

by the dithiol method described by Stanton and Mrs. 

Hardwich (1967), save that 1 ml of benzene is used in 

place of the 0.5 ml of petroleum spirit called for by the 

published method, and shaking vigorously for 2 minutes. 

The green colour of the solvent phase is compared visually 

against a standard series which is prepared in a similar 

way to the sample solutions, but with the addition of 2 

ml of an iron solution containing approximately 1 mg of 

iron per ml in (1:1) hydrochloric acid before diluting to 
I 

5 ml with (1:1) hydrochloric acid. The range of the method 

is from 2 to 100 p.p~m. of molybdenum in . the sample, which 

may be increased by taking an aliquot of 0.1 ml, adding 2 

ml of the iron solution, and diluting to 5 ml with (1:1) 

hydrochloric acid before proceeding with the determination. 

Reference samples are analysed along with each batch 

of analytical samples, and statistics calculated from 

replicate determinations so obtained gave precisions .at 

the 95 per cent confidence level of from 9.2 to 15.4 per 

cent for copper and 7.9 to 14.0 per cent for zinc on 5 

samples containing average .determined contents of 100 to 

390 p.p.m. of copper and 37 to 426 p.p.m. of zinc. Lead 

was also run on 2 of these samples, one of which reported 

less than the detection limit of 10 p.p.m. by the method 

used, and the other contained an arithmetic mean of 20 

p.p.m. of lead with a precision of 42.0 per cent. Simi

larly, precisions of 7.7 to 29.3 per cent were obtained 
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for molybdenum on 6 samples containing 23~ 7· to 255 p.p.m. 

of molybdenum. 

All soils from Cerro Petaquilla were analysed by 

the hot (1:1) hydrochloric acid procedure, and to check 

on the efficiency of this method of attack 251 randomly 

selected soil samples were analysed after potassium pyro

sulphate fusion, copper being determined by the diquinolyl 

and molybdenum by the dithiol colorimetric methods. A

rithmetic means of results for all samples analysed are 

reported in table 2, together with the degree of ex

traction calculated as the percentage ratio of the hot 

(1:1) hydrochloric acid values to those pbtained by the 

pyrosulphate fusion method, which are regarded in the 

geochemical sense as "total" contents. 

Rio 
Rio 
Rio 

Table 2 

Extraction of copper and molybdenum in soils 

samples by the (1:1) hydrochloric acid attack 

Cu Mo 
1/) 
(1) 
r-f 
O.'O c,, E ClJ 0r1 
<O 1/) ·rl -iJ 
1/) >, ..µ C: 

Sector r-f 
Arithmetic u QJ 

4-l <O mu Arithmetic 
0 s:: mean ~ 

<O ..j..) ~ mean 
OI as oom Cu X QJ as J2!2m Mo z 

K2S207 HCl ti:] 0.. 
K2S207 HCl 

Botij a:?:/ 93 383 251 65.7 59.8 52.3 
Petaquilla 76 48-1. 347 72.0 50.4 44.1 
Medio 82 550 357 64.9 45.3 35.4 

vJhole area 251 467 315 67.4 52.2 44.3 

c:,, 
Or1 

•r-1-iJ 
..µ C: . 
u (1) 
<O u 
~ 

..j..) ~ 
X QJ 

ti:] 0.. 

. 
87.5 
87.4 
78.3 

84.9 

1/ Bxpressed in terms of "total" contents as determined 
after fusion with K2S207. 

ii Including sector Rio Botija Abajo. 

- 71 -



2. Rock and sludge samples 

a) Copper-1 zinc_ and lead. Treat 2. 5 g of samole 

with hydrochloric and.nitric acids, heat and when the 

reaction has subsided, evaporate to dryness. Take up the 

residue in hot -0.SM hydrochloric acid, cool, dilute to 

250 ml with 0.5M hydrochloric acid, mix and centrifugue 

a portion of the solution -until the supernatant liquid 

is clear. 

Determine copper, zinc and lead in this solution by 

atomic absorption spectrophotometry, calibrating the 

instrument with standard solutions in 0.5M hydrochloric 

acid and setting the instrument controls as recommended 

by the, manufac_turers ( Perkin Elmer, 1964), except that 

for lead the Boling burner is used, with the wavelength 

at 2833A and scale expansion at xS. 

The ranges covered are 50 to . 2000 p.p.m. of copper, 

10 to 300 p.p.rn. of zinc and 50 to 1000 p.p.m. of lead in 

the sample. Prepare dilutions in O.SM hydrochloric acid 

if the metal concentrations are outside the top standards, 

or for lead use scale expansions o'f x2 or x1 and, if 

still outside, prepare dilutions as required. 

Statistics calculated from replicate determinations 

of copper in 4 reference samples showed precisions at the 

95 per cent confidence level of 5.6, 6.6, 3.5 and 5.6 per 

cent in samples containing, as the arithmetic mean of all 

determinations, 4620, 4570, 4633 and 831 p.p.m. of copper~ 

Zinc and lead were also determined in these samples. A

rithmeti~ means of results so obtained reported in the 

;ange 64 to 137 p.p.m. of zinc and less than 50 to ~7 

p.p.ci. of lead with precisions between 7.5 and 11.2 per 

cent for zinc, and 7.4, 15.6 and 16.4 per cent on the 

three samples containing detectable amounts of lead. 
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b) ~~lybdenum. For sludge samples, pipette a 5 ml 

alir.uot of the sample solution prepared as outlined for 

the- copper, zinc and lead determinations into a 16x150 mm 

test tube, and determine molybdenum by a modification of 

the thiocyanate method described by Sandell (1965) in 

which the molybdenum thiocyanate complex is extracted 

into 1 ml of a mixture of equal volumes of isoamyl alcohol 

Rn~ carbon tetrachloride, and the colour of the organic 

~hase compared visually against a standard series. The 

rnnge of the method is 5 to 200 p.p.m. of molybdenum in 

the sample, which may be extended by taking a smaller 

aliquot and diluting to 5 ml with . 0.SM hydrochloric acid. 

Statistics calculated from replicate determinations 

of rr~lybdenum by this method in the 4 references samples, 

which were also used for control of copper, zinc and le~d 

analyses, gave precisions of 7.4, 11.5, 12.3 and 4.9 per 

cent in the samples containing respectively arithmetic 

m'eans 01 -270, 264, 264 and 78.8 p.p.m. of molybdenum. 

For rock samples, weigh 0.25 g of the sample and fuse 

with 1 g of potassium pyrosulphate. Extract the fused 

melt with 5 ml of hot (1:1) hydrochloric acid, cool, add 

a further 5 ml of this acid and mix. Determine molybdenum 

on a 5 ml aliquot by the dithiol method as described for 

soi.l and stream sediment samples. The range is 2 to 80 

p.p.m. of molybdenum in the sample which may be increased 

by taking a smalle~ aliquot. A sample containing 80 p.p.m. 

o f molybdenum as reported by an outside laboratory, gave 

an arithmetic mean of 79.6 p.p.m. by the dithiol

pyrosulphate method with a precision of 24.6 on 13 repli
cate determinations. 
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B. METHODS FOR DRILL CORE J..IJALYSIS 

1. Copper and zinc 

Weigh 1.0 g of the sample, attack with hydrochloric 

and nitric acids, and when this reaction has subsided, 

cool and add a few drops of bromine. Allow to stand for 

a few minutes, add 15 ml of (1:1) sulphuric acid, and 

evaporate to fumes. Cool, take up in water, and boil to 

dissolve soluble salts. Filter into a 250 ml volumetric 

flask and, when cool, dilute to the mark with water and 

mix. This solution is used for the determination of 

copper and zinc, and also for molybdenum on an aliquot by 

the thiocyanate or dithiol photometric procedures. A 

blank solution is prepared along with the samples follow

ing the method exactly save that the sample is omitted. 

Determine copper and zinc in this solution by atomic 

absorption spectrophotometry, and calibrating the instru

ment with standard solutions in 2 per cent sulphuric acid. 

The range is 500 to 5000 p.p.m. of copper and 50 to 750 • 

p.p.m. of zinc in the sample. If the sample solution is 

above the top standard for either copper or zinc prepare 

dilutions in 2 per cent sulphuric acid as required. 

Some reference samples of copper ore similar in 

composition to the analytical samples were usually included 

in each batch of samples. Statistics calculated from 

replicate determinations so obtained gave coefficients of 

variation of 1.89, 0.35, 1.44 and 2.66 per cent on these 

samples containing, respectively, average determined 

contents of 0.459, 0.457, 0.462 and 0.079 per cent of 

copper. Zinc was also analysed in these samples. A

rithmetic means of results reported in the range 72 to 

142 p.p.m. of zinc, with coefficients of variation between 
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7.0 and 14.4 per cent. 

These reference samples contairi 0.468, 0.472, 0.470 

and 0.076 per cent of .copper as d.etermined by an outside 

laboratory. No additional values for zinc are ·available, 

but the method was checked by analysing a stan.dard 

sample containing 298 p.p.m. of zinc which gave 275, 288, 

275 and 290 p.p.m. on four separate determinations. 

2. Molybdenum 

a) Thiocyanate photometric method. Using the same 

sample solution prepared as outlined for copper, pipette 

an aliquot of 15 ml into a separating funrtel and .de

termine molybdenum as the thiocyanate complex in isoamyl 

alcohol using the method described by Sandell (1965) . 

. with each batch ·of samples, run a reference sample 

and standardise. by carrying through the method o, 10 and 
• ' . , . . 

20 micrograms · of molybdenum on 15 ml aliquots of the 

blank solution prepar~d along with the samples. The range 

·covered is from 20 to 706 p.p.m . . of molybdenum in the 
sample. 

b) Dithiol photometric method. Using the same 

sample solutio~ prepared as outlined for copper, pipette 

an aliquot of 5 ml into a separating funnel, add 5 ml of 

hydrochloric acid, sp.gi. 1.18, mix and allow to c6ol. 

Determine molybdenum in this s·olution using the me_thod 

described by Stanton and Mrs. Hardwick (1967) save that 

2 ml .of an iron solution containing approximately 1· mg of 

iron per ml in (1:1) hydrochlo;ic acid. is added to .both 

sample and standard solutions. To accornodate the increased 

volume of these solutions double amounts of the re.agent 

additions recommended in the publish~d method .are used, 

and the molybdenum dithiol complex . is extracted by shaking 
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for 2 minutes into 10.0 ml of carbon tetrachloride. 

With each batch of samples, run a reference sample 

and standardise by carrying through the method o, 5 and 

10 micrograms of molybdenum on 5 ml aliquots of the 

blank solutions _prepared along with the samples. The 

range covered is from 20 to 2000 p.p.m. of molybdenum in 

the sample. 

c) Atomic absorption method. Weigh 5.0 g of th_e 

sample, and add 15 ml of nitric acid and 2 ml of hydro

fluoric acid. Heat on the hot plate until brown fumes 

of· nitrous oxide are expelled. Cool, add -2 to 3 drops of 

bromine and allow to stand for 5 minutes. Add 15 ml of 

hydrochloric acid, and evaporate to dryness. Take up the 

residue in 10 ml of hydrochloric acid and 25 ml of water. 

Boil for 15 minutes and when all soluble salts have dis

solved, cool and trans:fer to a tube marked at 100 ml. 

Add 10 m~ of ari aluminium chloride solution containing 

445 . g of aluminium chloride in 1000 ml of 10 per cent 

hydrochloric acid solution, dilute to the mark and mix. · 

Filter_ into a dry test tube and determine molybdenum by 

atomic absorption spectrophotometry, using the Boling 

burner with a reducing .flame and calibrating the instru

ment with standard- solutions of -molybdenum containing 

• similar concentrations of both hydrochloric acid and a
luminium as the sample solutions. The range is from 40 

:to 350 p~p.m. of . molybdenum in the sample, which may be 

increased by appropriate dilutions of the sample solution, 

or preferably by . repeating the determination on a smaller 

. sample wei:ght. 

This method was first developed at the Noranda Mines 

laboratory, Noranda, Queb~c, ·and modified slightly by the 

Esperanza Mine laboratory of Duval Corporation. 
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d) St._a_t.i_sti_s_s on replicate determinations of 

molybdenum. Reference samples were analysed along with 

the analytical samples by each of the three methods used 

for molybdenum, and statistics calculated from these 

replicate determinations gave coefficients of variation 

of 2.77, 6.53, 4.02, 7.56 per cent by the thiocyanate 

method in four samples which contained, respectively, 

average determined contents of 265, 259, 259 and 78.2 

p.p.m. of molybdenum against 238, 255, 232 and 80 p.p.m. 

reported by an outside laboratory. The first three of 

these samples were also analysed in replicate by the 

dithiol procedure, and coefficients of variation of 5.62, 

4.91 and 11.35 per cent were obtained on arithmetic means 

of 264, 249 and 244 p.p.m. of molybdenum. Replicate re

sults by the atomic absorption method are available only 

on the first two samples, and these gave coefficients of 

variation of 3.99 and 4.56 per cent on arithmetic means 

of 271 and 257 p.p.m. of molybdenum. 

3. Gold and silver 

Methods used for the determination of gold and silver 

in drill core samples are based on atomic absorption pro

cedures described by Tindall (1965). 

For silver, attack a 10 g sample with hydrochloric 

and nitric acids, and evaporate to dryness. Take up the 

residue in 25 ml of hydrochloric acid, 25 ml of water and 

5 ml of 50 per cent urea solution .. Boil to dissolve solu

ble salts and remove oxides of nitrogen, and allow to 

cool. Dilute to 100 ml, mix and filter. Silver is then 

determined by atomic absorption spectrophotometry using 

the Boling burner, and calibrating the instrument with 

standard solutions of silver in 25 per cent hydrochloric 
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acid. The range covered by this methoc is 1 to 50 p.p.m. 

of silver in the sample. 

For gold, attack a 50 g sample by boiling for 15 

minutes with 50 ml of hydrochloric qnd 25 ml of nitric 

acids. Add 50 ml of water and continue the heating until 

all salts are in solution. Filter using suction and 

wash twice with hot water. Cool, transfer to a 250 ml 

separatory funnel, and add 20 ml of methyl isobutyl 

ketone (MIRK). Shake for 30 seconds and, after allowing 

the phases to separate, discard the aqueous layer. Wash 

the MIBK twice with 10 per cent hydrochloric acid soluti6n 

and determine gold in the organic phase by atomic ab

sorption spectrophotometry using the standard burner and 

calibrating the instrument with standard solutions of 

gold in MIBK which have been prepared in a similar manner 

to the sample solutions. The range covered by this 

method is 20 to 4000 p.p.b. of gold in the sa~ple (p.p.b.= 

parts per billio'n = parts per thousand million). 

Two standard gold samples issued by the U.S. Geologi

cal Survey were run along with the an2l~· t ical samples, 

and statistics calculated from reolicate determinations 

gave coefficients of variation of 5.5. and 9.5 per ceht 

on these two standards containin9, respectively, average 

determined contents of 2.71 p.p.m. and 0.069 p.p.m. of 

gold, against the recommended values of 2.61 p.p.m. and 

0.050 p.p.m. An internal laboratory standard sample con

taining 44 p.p.m. of silver gave a coefficient of v _ariation 

of 4.8 per cent with an arithmetic mean of 44.1 p.p.m. 

calculated from th~ replicate results by the method used. 

Nine samples which had been analysed for gold by the 

method described above were checked by a fire assay concen

tration procedure. The resulting gold-silver prill was 
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dissolved and gold extracted into MIBK prior to atomic 

absorption determination using the method described by 

Huffman, Mensik and Riley (1967). Results obtained by 

the two methods showed good general agreement at the low 

levels of gold (less than 1 p.p.m.) in these samples, 

with a maximum difference of 0.060 p.p.m. of gold de

termined on one sample which assayed 0.480 p.p.m. and 

0.540 p.p.m., respectively, by the fire assay concen

tration and acid attack procedures. 
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Cu 

Sample NQ Original 
sample 

Project Contr. 

B2/8 1.13 1.12 

32/52 0.40 0.36 

B9/2 1.06 1.08 

B9/21 0.27 0.24 

i311/5 0.66 0.58 

B11/23 0.92 0.90 

P1/9 1.65 1.54 

P1/12 1.21 1.10 

M2/2 1.12 1.04 

M3/2 1.98 1.98 

.M3/4 2.36 2.24 

N.D. - Not determined 

Less than 

'.Cable 

Check analyses of drill core 

c·' i.-io I~ 

Duplicate Original 
sample sample 
·------·--

Project Duval Project Contr. 

1.13 1.22 200 300 

0.40 0.41 1100 1600 

1.03 1.11 66 100 

0.25 0.30 130 210 

0.64 0.69 140 180 

0.96 0.96 750 1000 

1.65 1.61 7 7 

1.19 1.18 8 8 

1.08 1.10 16 16 

1.87 1.93 10 7 

2.36 2.29 38 43 

-
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s&mples by outside laboratories 

··------·-----,--------------,,·------------
~.:.; . p .Iil. Ag p.p.m. Au p.p.m. 
~--·- ·--------------------·-------~------·-

iJuplicate 
sample 

Original 
sample 

Duplicate 
sample 

Original Duplicate 
sample sa.mple 

~--·-----.--------------..----------r ... _______ _ 
~reject Duval Contr. Project Duval Contr. Project Duval 
-·-·--+-----1-----+----+-----+------J------1----1 

210 

10!j0 

100 

140 

140 

790 

8 

7 

16 

8 

40 

225 

1146 

100 

148 

148 

802 

10 

10 

15 

13 

43 

N.D. 

4.0 

N.D. 

2.0 

N.D. 

6.0 

5.9 

6.8 

10.0 

10.1 

2 

1 

2 

1 

1 

3 

5 

5 

5 

10 

10 

2 .d . -
0.68 

1.7 

0.68 

0.68 

3.4 

3.4 

3.8 

6.8 

6.2 

H.D. 0.07 

N.D. 0.08 

2.0 0.13 

N.D. 0.06 

-0.1 0.10 

'N .D. 0.10 

1.0 0.54 

-0.1 0.20 

-0.1 0.06 

-0.1 0.10 

2.0 0.12 

Laboratory: 

Project: U.i-J . Hineral Survey, Panama 

Contr. Contracting laboratory 

Duval Esperanza Hine laboratory, Duval 
Corporation 
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0.27 

0.14 

0.14 

NIL 

0.24 

0.L4 

1.06 

0.41 

0.17. 

0.21 

0.24 



F-anama 
Sample i'JQ HCl 

A.A. 
I--

15987 1600 

1ss<::· 3 380 

16512 :woo 
1733~2 80 

-17 4-63 14-0 

179 Gr) 5 4 0 

2.0495 310 

22968 560 

23262 240 

2336 7 360 

23512 130 

24010 120 

----~---· 

'l'a:Ole 4 

.Check analyses of geochemical 

Cu p.p.m. 

Guatemala Pan2.ma 
HCl / I-1 20 2 HC1 / Hl'W 3 

/:\. . A . J.\ al~ o 

---- ---·- ·"'·~···--

1400 1900 

300 430 

1600 2000 

100 ·100 

110 160 

500 680 

250 380 

450 6 :) () 

210 2· co 
310 430 

110 130 

9 0 120 
.,. ___ _ i..--

--· 
Guatern 2.la i?anama 
HCJ./Hi'J o3 HC l 

.i\.A. A. A. 
+--· •·- - ·--·· 

1700 

380 

1800 

90 

120 

520 

310 

:,00 

210 

300 

90 

100 

50 

75 

60 

1 2 0 

10 

-5 

15 

15 

20 

80 

100 

15 

A.A. - Atomic absorption determination 

Col. - Colorimetric determination 

Less than 
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samples by an outside laboratory 

Zn p.p.m. Pb p.p.m. Mo p.p.m. 

Guatemala Panama Guatemala Panama Guatemala Panama Guatemala 
IHC1/H202 HCl/HN03 HCl/HN03 HCl · HCl/H202 HCl HCl/H202 

A.A. A.A. A.A. A.A. A.A. Col. Col. 

60 65 60 35 30 85 70 

60 80 70 35 30 24 20 

50 70 60 55 40 120 125 

100 140 80 50 so -2 2 

15 10 1.0 35 30 30 36 

10 -10 10 90 100 220 250 

15 25 20 25 40 43 40 

20 30 20 15 40 460 500 
25 25 20 10 30 -2 2 

70 100 70 40 30 10 10 
90 130 1.00 20 60 -2 2 

15 15 15 15 30 45 36 

Laboratory: 

Panama: U.N. Mineral Project, Panama 

Guatemala·: U.N. Mineral Project, Guatemala 
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Table 5 

Analyses of composite samples of core from all deep 

drill holes in the Cerro Petaquilla area 

Prill Nos. of samples Cu¾ Mo o.o.m. Zn p--. o.m. 
·hole~/ in the composite · bl cl bl cl bl cl . 

B2 1 to 33 0.73 0.72 180 190 275 244 
B2 34 to 56 0.29 0.30 138 140 250 280 
B9 1 to 30 0.4-:J. 0.42 232 237 320 370 
B9 31 to 59 0.20 0.2-:1. 61 59 140 170 
B11 1 to 30 0.61 0.65 228 226 90 100 
B11 31 to 71 0.25 0.25 37 30 100 105 
P1 1 to 18 o. 70 0.70 12 . 13 240 232 
P2 1 to 19 0.39 0.40 9 7 170 -:J.58 
P2 . 20 td 45 0.14 0.14 8 8 340 344 
P3 1 to 25 0.39 0.39 62 64 85 95 
P3 26 to 50 0.45 0.45 113 115 600 640 
P4 1 to 29 0.15 0.15 20 22 640 570 
P4 30 to 58 0.20 o. 18 177 197 2-:J.0 220 
PS 1 to 29 0.34 0.34 114 11-:1. 213 213 
PS 30 to 58 0.34 0.36 56 54 230 254 
P6 1 to 29 0.20 0.22 56 61 225 216 
P6 30 to 57 0.17 0.16 60 61 640 620 
M9 1 to 30 0.10 0.10 68 67 330 350 
M9 31 to 69 0.18 0.17 36 31 130 130 

al . - Prefixes B, P and M refer to the Rio Botija, Rio 

Petaquilla and Rio ·Medio sectors, - respectively. 

All drill hole_ locations are shown on maps 5, SA 

and 6. 

bl - Results determined in the composite sample 

-

cl - Arithmetic mean of the contents in the corresponding 

individual samples. 



Element 

Barium 
Cobalt 
:~opper 
Gallium 
Gold 
Lead 
Manganese 
J.'violybdenum 
Nickel 
Silver 
Strontium 
Ti tanium 
Tungsten 
!Vanadium 
Yttrium (Y203) 
Zirconium 

Rock forming metals 

Aluminium (Al203) 
Ca lcium (Cao) 
Iron (Fe) 
Magnesium (MgO) 
Silica (Si02) 
Sodium (Na20) 
Potassium (K20) 

Table 6 

Semi-quantitative spectrographic 

Sample 

B2(1-33) B2(34-56) B9(1-30) B9(31-59) 

0.1% 0.1% 0.1% 0.1% 
-- -- -- --
1c' 

/0 0.3% 0.5% o. 3'% 
0.001% 0.001% 0.001% 0.001% 
-- -- -- --
-- -- -- --

0.05% Oo1% 0. 057; 0.05% 
0.01% 0.01% 0.01% 0.005% 
-- -- -- --

-0.1 oz:t -0.1 oz:t -- --
0.1% 0.1% 0 .1~{, 0.1% 
0.5% 0. 2% 0.5% 0. 37~ 

PT PT PT PT 
0.01% 0. 01)~ 0.01% 0. 01~{, 

-- -- -- --
0.001% 0.001% 0.00 1% 0.001~~ 

MH MH MH ViH 
5% 5<".' ,o 5 c• 

... "o Sc,/ 
/0 

3 -1 
j'o 3% ") O/ ..,,., .. , ,., 

.. ) ~:-., 

2% 2% 2% :.>c '-~,' ,., 
H H H H 
M M Vi J:vl 
3% 3% 3"' / 0 3"' /o 

a/ These samples consist of six composites from deep drill 

Rio Medio sector and one of Rio Petaquilla sector drill core. 

Code 

H High (approx. 10 - 100%) 

ViH - Medium high (approx. 5 - 50%) 

N Medium (approx. 1. - 10%) 
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analyses of drill core samples 

B11(1-30) 

0.1% 

Oo 5-1% 
0.001% 

0.05% 
0.01% 

-0.1 oz:t 
0.1% 
0.3% 

PT 
0.01% 

0.001% 

NH 
5% 
3% 
2% 
H 
M 
3% 

B11(31-71) 

0.1% 

0.5% 
0.001% 

0.05% 
0.002% 

-0.1 oz:t 
0. 1% 
0.3% 

PT I 

0.01% 

0.001% 

MH 
5% 
3% 
2% 
H 
M 
3% 

M2/2 

0.1% 

1-2% 
0.001% 

0.01% 
0.05% 

0.1 oz:t 
0.05% 
0.5% 

0.01% 

0.001% 

MH 
3% 
5% 
5% 
H 
LM 
2% 

1,:i3/ 4 

0.1% 

2-3% 

0.05% 

0.3 oz:t 
0.05% 
0.2% 

0.01% 

0.001% 

MH 
3% 
3% 
2% 
H 
LM 
2% 

P1/9 

0.1% 
0.005% 
LM 2% 
0.001% 
0.02 oz:t 

0.05% 

0.001% 
0.1 Oz:t 
0.1% 
1% 

0.02% 
0.005% 
0.01% 

MH 
3% 
5% 
5% 
H 
M 

holes in Rio Botija sector, and two individual samples of 

LM - Low medium (approx. 0.5 - 5%) 

PT - Possible trace (Presence not certain) 

Less than 
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ANNEX V 

COMPOSITE DRILL HOLE LOGS 

CERRO PETAQUILLA AREA 

CHART 1 - Rio Botija sector, drill holes B-1, B-2, B-3, 

B-4, B-5, B-6, B-7, B-8. 

CHART 2 - Rio Botija sector, drill holes B-9, B-10, B-11, 

B-12, B-13. 

CHART 3 - Rio Petaquilla sector, drill holes P-1, P-2, 

P-5, P-7, P-8. 

CHART 4 - Rio Petaquilla sector, drill holes P-3, P-4, 

P-9, P-10. 

CHART 5 - Rio Petaquilla sector, drill holes P-6, P-11, 

P-12, P-13, P-14, P-15. 

CHART 6 - Rio Media sector, drill holes M-1, M-2, N-3, 

M-4, M7S , M-6, M-7, M-8, M-9. 
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COMPOSITE DRILL 

DOH - B I 
Core recovery 84 % / incli nec ◄ 5 %) Tola I Depth 65 . 9 m . 

(.''1 1:? f C" ~,: SL V OG C 

GEOLOGI C LOG ALTERATION P ! C. A 5 c·A Y O (PTH AS$ A J" 

Ill( T[4 S % C.J / ;,o,,.,.,,o M( r [P'S %C11/r,otr1llo 

.... -

._ I O -

POOR I 18 / 1,0 
GRANODIORI TE PORPHYRY 

071/ 70 POOR >- 20 
----

I 0 .88-;~ 
GRANOD/ORI TE POFU HYRY 

,....,,, _40 ,i;o 

2 95 
I 66 / 

/ 2DO 
WELL FRACTURED 0.7%,' -

2. 95 190 >- 30 -

2.80 
0.77,1/,7 

230 

potasslc l .~01 >- • o .;%40 
4.80 340 160 

to 
,-40 • 

1%03 
~

30 

phylllc 
4 . 20 ,-;;; 

360 

2 .55 0 .881/, - 0 . .59/ I 6 0 

GRANODIOR/TE 200 0 .. / 2 20 

1.33 
'o'6-i 7z7io 

2 . 9 ,, 53 0 >-50 0 .48/ 4 '50 

082/ 
O.!IS /3 5 0 

4 . 4 
087/4 60 

/ 440,- o ••/•oo 
0 .90/ 0 .49/4 20 

385 
/ 340 

0.71/ 
60 

340 
/ 0 .99½ 

3.45 
0 .83 • 370 

/ 240 , . 2 /480 

J . 0-~ en• --, ,o -

Core recovery 79% DOH· 83 Total Dep l h 23 . 0 m . 

- 0754 

- 13 0 

0 . 667 GRANODIORITE weak phyllic 
0. 60 v .::,u / 29 

I 55 0.47/ 22 10 
/33 

I 90 0.41 /120 0 . 44½, 
to propy/ilic 0.18/20 315 

1.2 5 

°;(. 0.19/25 
._ -

1.75 
0 . 95 0.30 /I 50 

0 .90 0 -1;Y22 '-20 
5 

TONA LI TE 
0 .33/22 

0.66½ 
2 .J5 2 30 

Core 87% DDH -recovery 84 To tat Depth 300 m. 

0.08'y' 22 

o.0•7i 
12 

07,054, 

I
i, 3 .2 10 

o .~89 
/ 0 -

3 .2 33 
weak propylillc 

0.01~ 

0 

2 .9 12 0.0)/8 
GRANODIORITE lo fresh o.7 r 

18 
3 .4 

o.o/ 
8 

20 
2 .65 O•x.067. 

o.o,~ . 100 
3 . J 310 

0 .7, o•.7.ao1 
3 . 5 18 50 

30 

Core 33% DDH - 85 Total Depth 25 .0 m . recovery 

-l~_74 

0..75 7 /80 

0.%9 ·· -
0.2 - // - JO 300 

WELL FRACTURED ~
%77 

/ . ///2 
strong phyllic J .85 280 

G RA NOD J OR J TE 120 
01%88 

J.J5 / .. y:5 
93 270 

20 

'/40/ o .~74 2 . 0 
90 110 

Core recovery 23 % DDH - B 6 
l1! cl,ned 60 o T:nal Depth 27.5 m . 

0 .18 

HOLE LOGS 

DOH - 8 2 
Core recovery 92% 

GEOLOGIC LOG 

GR t. NODIORI TE 

GRANODIOR/TE PORPHYRY 

HYDROTHERMAL/ TE 

DACITE PORPHYRY 

BRECC/A ? 

DA CITE PORPHYRY 

GRANDO/ORI TE 

HYDROTHERMAL/TE 

(verllcol) 

ALTERATION 

polassic 

10 pr,,11 , c 

potassic 

lo arg/1/ic 

phyllic 

argill ic 

phyllic lo 

propy Ii Ii c 

phyllic to 

argillic 

phy/1 / c 

phyllic to 

argillic 

Tola/ Depth 235 0 m 

C O If[ 

•r e 
CO If C 

A$! Al" 0 fl'f"4 
Jt voo f 
A! JA y 

.,,rr• ,1 % (.,/,, • ..,,,..,CTf•J '" Ct1 / H•tl• 

r- v· 81 

r- JO I 90 

4 5 

4 5 
-
3 0 
-
3 0 -
3 0 
--
4.0 

-
3 . 0 
-
3 . 0 
-

3 . 0 --
0 71 0 94 

3 7 ~?O -
/ _// 

4 . 5 
460 -

I 
2 .8 
-

100/ 
270 3 .8 

-
4 . 1 

-
3.0 
-
3 .0 
-

2 .5 

1----+-----<-

3 .0 

3. 7 

4.25 

4 . 0 

3 .7 

"'"4.0 

3 .0 

J.25 

2.45 
, ... , 

3 .5 

3.75 

0.725 

o_.3_7z/ 
/_!J_O 

0 .54/ IZ 

0 .57/ ~, 
0 .57/ 

r-

/ 95 I-

2 . 4 1°·4Y7o 

3 .5 

3 .0 

0.3✓ 
7 ---2_0 

r-/30 

0.26/_ 
/_40 I-

/60 

4 . 6 

0 .58 

3 , 5 ~'----L 170 .r--~ 

4.75 

4 .5 

0 .39 

3.75 90 

4.0 

4 .5 

GRANOD/ORITE 

phyllic lo 
" ,,, I 

or g I II i c I O .35 

DACITE PORPHYRY 

strong phy/1/c 

Care recovery 44 % DOH - B 

strong phyl/Jc 

DACJTE PORPHYRY 

orgi/1/c 

PROYECTO MINERO DE AZUERO 

REPUBLIC A D£ PANAMA I NACIONES UN/OAS 

AOMIN/STRACION 0 £ PROGRAMA PARA 

RfCVlfSOS M INfRALfS fl OfSARROLLO 

AREA C 0 PETAOUILLA 
(SfCTOR RIO 80TIJA) 

COMPOSITE DRILL HOLE LOGS 

JUNC lt,9 

CHART 

I . JO 

. 0 

I . 

7 

0 8 

0 .65 

2.7 

3 .5 

Total Depth 23 .65 m 

-V. 0,/,18 0 

38 ._ JO 

0~~29 
0

~ 44 0 

0/,27 
0
7-20 

60 12 

0/6 
20 

GRANOOJOR/ TE 

orgi//lc la 

propylitic 

Core recovery 29 % 
DDH -88 

arglllic 

GRANODIORITE 
, 0 

propy/11/c 

3 .7 

210; -· ./ 
5 . 0 

J / - -

4 .5 

3 . 6 

1. 5 -

Total Depth 25 .0 m . 

- - j 
0 .35 0~ 

-JO - ~ 

o;,v;; ~ 
J. 40 J 6 

0~19 - "' I . J5 (!) 
20 C) 

;:, 
2 .JO 0>~30 20 

..., 
14 "' 

1.05 ~ 6 
C) 

-r 
GL 65/ 1-57 



COMPOSITE DRILL 

DOH - B 9 
Core recovery 91 % 

GfOLOGIC LOG 

GRANODIORIT[ 

l======DYK[ 

G RANODIORIT[ 

AL T[RATION 

Toto/ Depth 2040m . 
DCl'tH 

ltCC . AS JAY 
SlUDGC 
A .S JAY 

COlfl j COlfC 

•ere• "c.1,,-11, 111CTC11t◄ " c,u,,_.,-. 

argillic 

to 

phyllic 

argilli c 

lo 

propylitic 

phyllic 

phyllic 

, 0 

po lassie 

I-

I-

.:. 20 --t'"--~ I 

0.75 

2.0 

2.8 

3.0 

I-

0.39 
3 00 f- 3 0 

,oz 
66 

o .877 1-
/1 30 

3 . 0 40 

2.95 

2.6 

2.7 

2 .95 

2.95 

2.90 

3. 0 

0.45/ 
I 69 1-

0. 33/ 
I 49 

0.59 88 f- 50 

0 .40 
32 

0 .33/ 63 

0 3~80 J- 60 

0.48 24 

3.01o~f431-

70 

3. 0 O ;;y37 I-

0 .58 

150 

0.40 

80 

0 . 67 

80 

0 .37 

36 

024/. 

/ 18_ 

0 .21 
3.0 36 

3 .0 0 . 14 

3 .0 37 

~-----, ! :5 sot·-~~;~ 
o.~/ 

3. O / "')80 

strong 

phylli c 

3.0 2_f;_ 

,3 .0 107 
3. 0 0.3;70 t ,oo 

500 

3.0 

3 0 

0.331 
/ 12001-

0 .30 
600 

1016/ 

~ 
0 25/ 

/ 2ao 

0 . /9/ 

strong phyllic 
O 34 

110 
3 .0 • 240 

~ 
to argillic 

3.0 1°· 2
1/150 

0 .13 

. 2.9 °· 20 
57 

weak phyl/1c ---+--......--..-

/30 

0 . 17 

130 

propyl it i c 

weak propylitic 

to orgillic 

argilli C 

to 
phyllic 

propylitic 

ond 

orgil/ic 

orgillic 

lo 

propylilic 

2 _ 95 °· 35 
4 80 120 

2.95 1°·2
1/140 

2.95 

3. 0 0.2 

3.0 

3.0 

lo.2s/ 

v,22 

1°,~/ 
v,60 

3.0 o /0 

2.70 80 

3.0 

2.55 

2 .50 150--l<C----, 

2 . 10 

2.35 

/6:f}..14----,, 
2 .75 ,0 .13 / I 13 

2 .75 

3.0 

3.0 

2.3 

o.137--i: 60 
/ 22 I-

o.;;,J 10 

o.? l--17'0 'o/ 26 

O 2J 7 

2 .2510.2sl 'l 32 

0 ./1 

2. I 

DYK[ 2 I 0.11 
__.G RANODIORI T[ • IS 180 

DYKE, ANDES/ T[ TO BASALT ? 2. 7 o OI ~ 5 

DACI T£ PORPHYRY 

Cor~ recovery 90 % 

GRANODIORIT[ 

AND[SITIC D YK [ 

propylitic 

, 0 

or gillie 

DDH-810 

strong argi II I c 

? 

1.8 

2.0 

2.4 107~s 1-

2.4 ~a . , .. /) 

2 . 5 2~ 

I. 8 
----!-----;-- - -

Total Depth 24. 8 m. 

0.4 2 I n 

~ .. 007 

...__~ ['o 
5.4900041~4 

1 . 35 
' .,., srrong orgil/lc

1 
• ,v

1
v. 

2. 4 
G RA NOD/ORI T[ ro phyl/ic 2.0 

20 
2 B 

ANDES/TIC DYKE ? ? 7oo,47 13 

DOH - 812 
Core recovery 54 % Inclined 60° Total Depth 26 .0 m . 

weak orgillic 1.60 o. 2-,j 110 
0 . " t o 

to phyllic 2 .80 o.n/ '- 0.,,1, 19 
/60 

0.216 O 33/ 56 42 '- 10-

5.0 o 2j,zo 0.211/ 
80 

G RANODIORITE: we ok 

~ 
0.33/ 140 

phyllic I 
0 . 313/ 

"61 TI 

20- IJ!S 

3B o.,y 
2,0 

o .11r :,/ • o.a1l1,o 

CHART 2 

HOLE LOGS 

Core recovery 88°/4 

GfOLOGIC LOG 

GRANODIORI T[ 

DOH - BI/ 
Inclined 60 ° Tolol Depth 223 .5 m. 

ALT[RATICN 
C Oltl I CO~f 

• re. •, 1 • r 
Cf,,'1'141 StVOGC 

~1,11, 

11rrr•111' c./,,.-. I a,,r ,,,.,1,.-. c./,,_••• 

slrong phyllic ' ·o 
2 I 

1----- ----+---t 
slrong porossi l""'-----.-1 

1.0 
10 arg,11,c 20 

phy ll,c 

t O 8 .7 

orgillic 30 

Ian/ 
~ 
7">./ v ,20 

BASIC DYK[ ? I.? 

QUARTZ DIORIT[ 

TONAL/T[ 

GRANOO/OR/T[ 

·---

TONAL/T£ 

GRANODIORITE 

D Y K E 

GRANODIORITE 

BASIC DYKE: 

GRANO DIOR/TE: 

Core recovery 80 % 

GRANODIORIT[ 

phyllic 

t 0 

orgi!lic 

strong potossic 

to orgillic 

phyllic 

to 

argi Ilic 

phyl/ic 

7. 2 ~...,.-'--'---:,,(_ 

26.4 

8.3 

..;;_ __ -,,(_40 

0.63~ 
~ 260 

092~ 
~ 750 

70 

1042/ 

V 60 

lo?;/ 
V s2 

0 66/ 

/ 80 

7 8 
very weaK I. r;;-.:;. _,....- L 0.16 

weak argil/ic 

·-

J C, 

110 

-
0.24 

55 

orgil/ic 5 .5~ -

to phyllic --i--:-:--__.,--r 0.12 

130 JO 

phyllic 

to 

argillic 

weak phyllic 

, 0 

propyl i lic 

propylitic 

w e a k 

10.5 ~,_ 

~ 

12 .8 

/8 .2 

3 05 

/40 

0 .44/ 

L__!!_ 
0,13/ 

/24 

0 .3 7 

62 

0.097/ 

/30 

------~'-2 ___ 3:::::::=~:::~~o ___ _ 
strong argi llic) 2. 6 

I . 

n 

1 

••• ·;,2 : t20~20 I 
: ...... furAs • oog - ~: 

I 
11'" -1 / I 

propylitic 

fr~ct!.!r~s 

potossic 

r--
weak 

propylit/c 

110 .3 

I 7.5 

0 . 18/ 

/ 35 

DDH - 8 13 

strong argillic 

to phyllic 

2.8 

2.3 

2 .4 

2.5 

Total Depth 30.3 m . 

O;_;]--;O 

0.2!57 
/ 1,1:1_ 

~7, 
~ 

/0~ 

0~ 

20 
3.0 -i-:::-.:..::.::. 

strong phyllict-----1"'-=-=c..:;.~ 
2 .5 

to argillic 2.75 
0 .211/ 

30 / 220 

PROYECTO MINERO DE AZUERO 

R£PU8LICA D[ PANAMA I NACION[S UN/DAS 

AOMINISTRACION Dlc PROGRAMA PARA 

RECURSOS MINlcRALES H DlcSARROLLO 

AREA C 0 P£TAQU/LLA 
(SECTOR RIO SOTIJA} 

COMPOSITE DRILL HOLE LOGS 

JU#C 11s, 

GL 65/1-58 



COMPOSITE DRILL HOLE LOGS 

Core recovery 48 . 5 % 

GEOLOGIC LOG 

LEACHED CAPPING 

STRONGLY FRACn.JRED 

DACITE PORPHYRY 

GRANOOIORITE R-ORPHYRY 

DOH - P 6 
Total Depth 214. 3 m . 

CO RE: CORE: OE:PTH SLVDGE: 

ALTERATION RE:C. ASSAY lil!T!RS ASSAY 

M!TE:RS % Cu/ppm/Ito % C../ppm Alo 

phylfic 

propylitic 

to phytric 

_ 0.095/ 

; 110 

'- /O - 0.079/ 

/ 260 
i- _ 0 .057/ 

~ / 200 

'-20 . 0.063/ 

I 240 

... _ 0 .15 I 
/ 260 

.. 0 . //45 
i-30 -

270 

-
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CHART 5 

Core recovery 58 % 

GEOLOGIC LOG 

LEACHED DAC/T£ PORPHYRY 

BRECCIATED DAC/TE 

PORPHYRY 

Core recovery 55% 
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COMPOSITE DRILL HOLE LOGS 
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ANNEX VI 

A REVIEW OF .EXPLORATION Ri:S-t)LTS AT CERitO P~TAQUILLA 

by A.G. 3lucher, consultant 

At the request of the Proyecto Minero de Azuero, a 

joint effort by the Republic of Panama and the United 

Nations Development Program, I have reviewed their work 

at Cerro Petaquilla. 

Their proposal is that at Cerro Petaquilla there ex

ists extensive copper and molybdenum mineralization, and 

that their work to date shows results of sufficient 

promise to warrant further exploration by a major mining 
organization. 

These conclusions are amply justified. The critical 

data are discussed below. 

SUHHARY AND CONCLUSIONS 

'l'he exploration studies in the Cerro Petaquilla Area 

have been accomplished at a level of professional compe

tence acceptable to the standards of the international 
mining industry. 

Because of problems of logistics and the limited time 

available, the results to date can only be considered as 

preliminary and as a partial test. Several soil anomalies 

have not been tested by drilling, and several zones of 
al"-er t· 

.... a ion have not been studied to their limits• The 

majority of the drillholes were made with the Winkie Drill 
and achieved l d · g . on Y very shallow penetrations. Compoun in 
th1 s difficulty was the fact that the Winkie holes were, 

- 88 -



of necessity, located on bedrock outcrops in quebradas, 

and could not often be placed in the best testing lo

cation. An example of this is the offset location of 

P-13 and P-14, drilled to test the long magnetic anomaly 

in which P-9 and P-12 found good v~lues. 

Nothwithstanding these limitations the drilling 

program showed large volumes of low grade copper and 

molybdenum mineralization---sub-economic under present 

circumstances---and several areas of good grade primary 

mineralization. Results suggest that the better zones 

may be relatively small in comparison with the entire 

zone of alteration, but in no case have they been com

pletely defined and limited. 

The geographical location, terrain, and climate of 

this prospect are difficult. The geologic-economic favor

ability has been diminished somewhat by the information 

gained to date; i.e., diminished from the very large possi

ble potential suggested by the discovery outcrops. However, 

the occurrence of ore-grade material has been confirmed, 

a.nd the preliminary work done is sound enough to furnish 

a reliable basis for further exploration. It remains to 

be determined whether or not there is sufficient tonnage 

to be economic under the as yet undetermined ownership

taxation circumstances. 

G£0LOGY AND MINERALIZATION 

The Cerro Petaquilla Area is in a region of sub

mountainous topography, rain forest vegetation, and thin 

residual soil cover. Bedrock- .outcrops amount to only a 

fraction of one per cent of the surface area. Geologic 

mapping is largely a matter of projecting rock contacts 
long distances on the basi·s of "d 1 _ • . resi ua rock fragments, 
soil texture, and occasional outcrops. 
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A granodiorite-diorite-por9hyry complex intrudes 

andesitic volcanic rocks. Most of the intrusive rocks 

are hydrothermally altered---varying from weak propyllitic 

alteration to intense silicification and sericitization. 

There are several mineralized breccia pipes. 

Chalcopyrite and molybdenite 0ccur as discrete grains 

and as veinlets in the intrusive rocks ahd in· the andesite 

in some places. The breccia pipes appear to be only 

weakly mineralized. 

This mineralization is typical of primary porphyry 

copper deposits. There are great volumes of rock contain

ing 0.2 - 0.5% Cu, and several zones of higher grade 

mineralization ranging from 0.7% Cu to 2.0% Cu. Molybdenum 

values may average 0.02 - 0.03% . 

. Unfortunately, the post mineral history of the region 

has been such that secondary enrichment is negligible or 

nil. An economic occurrence must depend almost entirely 

on primary values. 

GEOCHEMICAL-GEOPHYSICAL CONSIDERATIONS 

At Cerro Petaquilla the ground surface chemical en

viroriment ii ideal for geochemical prospecting. The soil 

is shallow and residual. Heavy rainfall maintains an 

equilibrium of neutrality---usually very slightly acidic. 

Soil samples accurately reflect the metal values of unde~

lying rocks. The 20 meter sample interval along 200 meter 

spaced grid lines gives an accurate picture. 

Copper anomalies are clearly defined, and molybdenum 

anomalie? are generally coordinate with and within the 

copper anomalies. An exception may be at Botija Abajo 

where a molybdenum anomaly coincides with relatively low 

copper values in an ~nusually acidic environment. This 
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area was not visited during the examination, butthe _geo

chemical relationships suggest the possibility of a zone 

of higher total original sulfides and more intense 

leaching of copper. 

Regarding geophysical characteristics the terrain is 

likewise rather simple, but it is not so amenable to 

modern exploration methods. The electromagnetic and self 

potential surveys performed to date have not produced 

diagnostic results. Magnetometer surveys have aided in 

outling intrusive contacts and may be of some use in 

finding ore. Because the total sulfide content is general

ly low, geophysical methods may not have large application 

here. 

SAMPLE HANDLING AND ASSAYING 

In reviewing the core, the assaying procedures, the 

core recovery, and sludge collection, I find no possibili

ty of large error. Possibly, core recovery is somewhat 

over-estimated. Sludge recovery was done by primitive 

methods, and no valid core-sludge weighted average can be 

arrived at. However, contrary to the usual case, core 

recovery was usually better in the ore-grade drillholes 

than in those in waste, and sufficient for a preliminary 

drilling program. Similarly, sludge assays, over long 

segments of drillhole appear to confirm the values in the 

core. 

Sample handling, core splitting, and assaying pro

cedures appear to be equal to or better than what might be 

found in the ordinary exploration project. Check assays 

from commercial laboratories confirm this. 

RECOMEENDATIONS 

Given a favorable politico-economic environment a 
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porphyry copper deposit of moderate size and relatively 

low grade might be developed here. The possibility of a 

larger and higher grade ore deposit have not been fully 

tested. 

The resutls of this preliminary exploration program 

justify a second stage program. 

(-) Arthur G. Blucher 

7 July 1969 
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