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ABSTRACT 
Porphyry-copper deposits are the most important source of copper, molybdenum and gold on the world 

market. They form solid basis for mining industry of USA, Canada, Chili, Argentina, Peru, Kazakhstan 

and Uzbekistan. The ore forming systems are the complex systems consisting of the big number of 

elements, each of which irrespective of others at any moment it results can be in one of two conditions: 
favorable and not favorable for an ore deposition. It results in that ore deposition in deposits submits to 

the exponential law. As ores and metals resource in ore deposit are directly proportional to duration of the 

ore deposition, they also submits to the exponential law. Check of conformity of model to the empirical 
data is carried out on an example copper-porphyry deposits. It is established, distribution of 270 deposits 

of this type from various regions of the World corresponds to the exponential law. Using the data on 

average resource for ore deposits of the basic types probabilities of hit of resources in different intervals 
are counted up. 
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INTRODUCTION 

For over 100 years of metallogeny development history tremendous data set has been acquired which 

allows us to formulate series of fundamental statements. Such statements can be referred to axiom or 
general metallogeny rules.  

The most complete formulation of these rules was created by A.F. Usmanov (Usmanov, 2006). This 

section reviews the rule of mineral deposits resource distribution in relation to porphyry-copper deposits. 
Distribution of ore or metal resource complies with exponential rule. Metal resource of a mineral deposit 

of certain type directly proportional to continuance of ore deposition with aspect ratio equals average 

deposition rate in the deposits of such type.  

Therefore distribution of metal resource depends on distribution of deposition rate of the deposit. Ore 
formations are very complicated structures consisting of numerous elements where each element 

irrespective of other elements may be in one of two conditions: favourable or unfavourable for ore 

deposition. This leads to the fact that ore deposition rate complies with exponential rule. 
 

MATERIALS AND METHODS 

Porphyry-copper Deposits 

Porphyry deposits are related to the series of the main source for Cu, Mo as well as Ag, Sn with 
associated Re, W, In, Pt, Pd and Se. They take from 50 to 60% of world copper production and over 95% 

Мо. The largest porphyry Cu deposits and their resource, they were considered in works ages as per 

Cooke D.E, (Cooke et al., 2005).  
Porphyry deposits can be of various scale and usually contain hundreds of millions tons of ore (from first 

tens million to billions and over). There is broad variety of porphyry-copper deposits and each deposit 

should be studied as specific individual case (Sadikova, 2014). At the same time there are number of 
characteristics which are typical for all porphyry-copper systems and it led to numerous generalizations 

and creation of empirical models (Lowell et al., 1970)  
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Spatial Location and Age 

They locate within marginal volcano-plutonic belts consisting of andesite-dacite and andesite-rhyolite-

dacite composition vulcanites and multiple phase plutonics of gabbro-diorite-granodiorite formation of 
calci-alkalic series K-sodium alkaline condition, where they confined to intrusive stocks of productive 

porphyry phases. The major porphyry-copper provinces are located within four global metallogenic belts: 

West-Pacific, East-Pacific, Mediterranean sector Tethys and Paleotethys (Seedoff et al., 2005). The first 
one is known for copper deposits through the belt from Alaska to south areas of Chili. Their ages vary 

from Jurassic-Early Cretaceous to Pliocene. They are characterized with resource concentration in large 

objects. Around 90% of it is in 73 inventory deposits with copper resource over 1 Mt in each. The largest 

one is Chuqicamata, Chili (27.6 Mt), then El-Teniente (19.7 Mt), El-Salvador (5.6 Mt), Sierro-Colorado 
(12.0 Mt), Panama; Cananea (11.9 Mt) and La-Caridad (5.3 Mt), Mexico; Bingham (9.5 Mt), San-Manuel 

(8.9 Mt), Morenci (6.0 Mt) USA; Santa-Rossa (6.4 Mt) Peru and Bethlehem in Canada. East-Pacific 

metallogenic belt incorporates provinces of South-East Asia and Oceania (Philippines, Papua New 
Guinea, Malaysia, Burma, Indonesia etc.). Porphyry-copper deposits of this belt are of Miocene-Pliocene 

age and characterized with lower copper grades (0.4-0.6%) but higher gold grades (to 0.8 g/t). The major 

part is concentrated in Philippines and Papua New Guinea. There are three main porphyry-copper 
provinces in Mediterranean sector of metallogenic Tethys belt: Balkan, Small Caucasian and Iran-

Pakistan. Balkan province is known for Majdanpek, Veliki Krivelj in Serbia; Elacite and Asarel in 

Bulgaria, etc., which are characterized with high copper and minor molybdenum grades (Cu/Mo>50). 

Alternatively Small Caucasian province deposits (Kadjaran, Agarat, Jindarya) are copper-molybdenum 
with low values (Cu/Mo<20). Iran-Pakistan porphyry-copper province is determined by large (10.2 Mt) 

Sarcheshmeh deposit in Iran and smaller scale deposit Saindak (300 Mt) in Pakistan. The age of these 

deposits on the belt was identified as Early Miocene. There are three porphyry-copper provinces within 
Paleo-Tethys metallogenic belt: Jungar-Balkhash which combines porphyry-copper deposits of 

Kazakhstan - Kounrad, Koksai, Aktogai and other; Kuramin which includes Almalyk group deposits of 

Uzbekistan and Orkhon-Selechin in Mongolia with large Erdentuin-Obo deposit. Jungar-Balkhash and 

Kuramin provinces are of Middle-Upper Carbon, Orkhon-Selechin – Permian-Triassic. Besides 
abovementioned four global metallogenic belts there are known porphyry-copper deposits in detached 

provinces – Hercynides of Trans-Urals (Denisovskaya and Valeryanovskaya zones), Mesosoids of 

Okhotsk-Chukotsk volcanogenic belt (Alazeisk-Oloy zone), Caribbean Tertiary structures (Puerto-Rico 
and Haiti deposits).  

At present, data accumulated for porphyry-copper deposits is quite sufficient for development of typical 

porphyry-copper deposit model. The majority of proposed models are based on data collected from 
American continent where deposits are numerous and studied in great details (Sillitoe, 2010). 

The Rule of Metals Reserves Distribution of Ore Deposits 

Distribution of metals or ores reserves of ore deposits was considered in many publications (Cox et al., 

1986; Harchenkov, 1987; Krivtsov, 1989; Laznicka, 1973; Sangster, 1996). However till now there is no 
common opinion about law of this distribution. In opinion of many researchers, as it is marked in work 

(Krivtsov, 1989), it corresponds to exponential law. Dependence "a quota of metals reserves , % " - " a 

quota of deposits, % " for copper-porphyry, copper-scarn, copper-nickel and laterite nickel deposits is 
close to hyperbolic function (Krivtsov, 1989; Singer et al., 1980). Dependence of cumulative number of 

deposits on ore reserves of lead-zinc and copper deposits is better approximated by fractional-rational and 

power functions had been shown (Harchenkov, 1987). Data on ore reserves distribution for 21 major 
types of deposits are adduced in works (Krivtsov, 1989; Cox et al, 1986). The distributions curves are of 

the same form, that indicates “subordination of distribution of various size deposits to the common law” 

(Krivtsov, 1989). Difference of opinion on the ore deposits reserves’ distribution law, apparently, reflects 

incompleteness of the statistical data. Insufficiency of the information on ore deposits’ metals reserves 
has been stipulated by the different scrutiny level of regions and because not all deposits are discovered 

yet. It especially concerns to the concealed deposits on depth. In addition, not all deposits have measured 

reserves.  
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It is known that, average reserves of deposits of various genetic and formation types are differed. 

Therefore, though the law of distribution for them is the same, but parameter of distribution differs on 

value. In consequence of this of probability of reserves hit into different intervals are various for different 

types deposits. The parameter of distribution   has smaller value for ore deposits types for large average 

reserves. It results to probabilities increasing field of great values of reserves.  
Therefore in types of deposits with the large average reserves the ratio of number of small deposits to 

amount of large deposits within the given territory in general is less, than for types of deposits with rather 

small average reserves. According to Usmanov (2006) distribution of reserves of ore deposits of various 

types depends on two quantities: average duration and average speed of the ore deposition for deposits of 
this type. They, in turn, depend on all other parameters of ore-forming process, forming the deposit. Thus, 

reserves of deposit depend on all parameters of the deposit forming process by way of speed and duration 

of the ore deposition. Research of conformity of the developed model to the empirical data is carried out 
on example of porphyry-copper deposits. Distribution of 270 porphyry-copper deposits in reserves 

intervals after Krivtsov (1989) data is shown in Table 2. The sizes of all allocated intervals are identical 

and equal 1,6 million ton of copper (intervals are integrated in comparison with Krivtsov, 1989). As it is 
shown in table 2 the maximum quantity of the deposits equal 196, falls on the class of deposits with 

reserves up to 1,6 million ton. With increasing of classes rank the number of deposits monotonously 

decreases. This tendency is broken in classes with copper reserves more than 8 million ton, that is 

connected by casual variations because of small volumes of sample of deposits in these classes. Average 

reserves for 270 deposits 1,35 million ton of copper. Under the formula 
x

1
  (1) value of parameter 

 = 0,7393 is calculated. Calculated for this parameter according to formula 


 

b

a

bax eedxebXaP )(  (2) quantities of deposits are resulted in table 1. For evident 

comparison of the calculated and actual quantities of deposits the histograms shown on figure 1 are 
constructed. From table 1 and figure 1 it is evident that the calculated and actual frequencies are similar. 

Using the data the table 1 the cumulative actual and calculated quantities of deposits resulted in table 2 

are counted up also. On the figures resulted in table 2 dependence curve of cumulative quantities of 
deposits on the reserves are constructed (figure 2). From table 2 and figure 2 it is possible to draw a 

conclusion on similarity of the actual and calculated cumulative frequencies. In the course of statistical 

check-up the hypothesis on conformity of the actual and calculated frequencies with the help of criterion 
2 three deposits with reserves more than 9,6 million ton have been removed (as sharply distinguished 

against statistical lines, table 1). Thus for 5 % significance value the hypothesis on conformity of actual 

quantities of deposits calculated is accepted. 
 

Table 1: Distribution of the actual and calculated quantity of Porphyry-copper deposits on intervals 

of reserves (actual quantities of deposits after the data of Krivtsov, 1989) 

Interval of resource (million ton) Actual quantity of 

deposits 

The calculated quantity of 

deposits The bottom border The top border 

0 1,6 196 187 

1,6 3,2 41 57 

3,2 4,8 21 18 

4,8 6,4 5 5 

6,4 8 4 2 

8 9,6 0 1 

9,6 11,2 3 0 
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Table 2: Actual and calculated cumulative quantities of Porphyry-copper deposits (actual ones 

after the data of Krivtsov, 1989) 

Limits of resource, 

million ton 

 Quantity of deposits with the reserves exceeding corresponding limits 

actual calculated 

0 270 270 

1,6 74 83 

3,2 33 26 
4,8 12 8 

6,4 7 3 

8 3 1 
9,6 3 0 

 

From the resulted data it is visible, that to obtain theoretical distribution of the metals reserves it is 

enough to have an estimation of average metals reserves for the given type of deposits. Average reserves 
for the basic types of ore deposits are resulted in (Cox et al., 1986; Kharchenkov, 1987; Krivtsov 1989). 

Using them, by formula (1) we have calculated estimations of the distribution parameter   for each type 

of ore deposits and then by formula (2) have calculated probabilities of hit of the metals reserves of ore 
deposits in various intervals. The received results are shown in table 3. 

Only the types of deposits for which there was enough large sample (with the purpose of more exact 

definition of the distribution parameter) have been chosen from the mentioned works. 

In table 3 the basic are resulted statistics: average reserves, value of parameter  , intervals of reserves and 

probabilities of hit of the deposits reserves in these intervals. Exactness of these probabilities estimations 

is in direct dependence on exactness of average reserves for the given type of deposits. It, in turn, depends 

on volume of sample.  
 

 
Figure 1: The histogram of distribution of number porphyry-copper deposits on intervals of the 

copper reserves  
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The probabilities of hit of deposits in the reserves intervals (table 3) can be used for predicted estimation 

of reserves of regions, comparing these probabilities with empirical relative frequencies of deposits of 

corresponding type. If for any reserves interval the empirical relative frequencies much less than 
corresponding probabilities, on their difference it is possible to conclude of quantity not yet open deposits 

of the given class in researched region. 

Thus, for example, it is possible to receive predicted estimations of probability of large and unique 
deposits presence. If decision of practical problems the other limits of the reserves intervals are necessary 

(distinguished from cited ones in table 3) it is possible to count up probabilities by the formula (2). The 

data resulted in tab. 4 can be used also at construction of mathematical models of ore-forming processes 

for various types deposits. 

 

Table 3: Distribution of the metals reserves of various types ore deposits (average reserves of metals 

and volumes of sample after Cox (1986); Krivtsov (1989) 

Deposit type Metal Volume of sample Unit of 

measurement 

Average 

reserves 

Parameter  

Molybdenum 

porphyry-ore 
(subtype 

Endako) 

 

Mo 33 1000 tone 80 0,0125 

Porphyry-

copper 

Cu 208 million tone 0,78 1,2821 

Porphyry-

copper-gold 

Cu 40 million tone 0,5 2,0000 

Au 40 tone 38,2 0,0262 

Deposit type  Interval of reserves / probability of hit of ore deposits in the given 

interval 

Molybdenum 

porphyry-ore 

(subtype 
Endako) 

 

 

Mo 

0-25 25-50 50-75 75-100 100-125 125-150 150-175 

0,2684 0,1964 0,1437 0,1051 0,0769 0,0563 0,0412 

Porphyry-
copper 

 

 

 

Cu 

0-0,3 0,3-0,6 0,6-0,9 0,9-1,2 1,2-1,5 1,5-1,8 1,8-2,1 

0,3193 0,2173 0,1479 0,1007 0,0686 0,0467 0,0318 

Porphyry-

copper-gold 

Cu 0-0,2 0,2-0,4 0,4-0,6 0,6-0,8 0,8-1 1-1,2 1,2-1,4 

0,3297 0,2210 0,1481 0,0993 0,0666 0,0446 0,0299 

Au 0-15 15-30 30-45 45-60 60-75 75-90 90-105 

0,3247 0,2193 0,1481 0,1000 0,0675 0,0456 0,0308 
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Figure 2: The plot of dependence of cumulative number porphyry-copper deposits on copper 

reserves in them 
 

Conclusion 

The metals reserves of the certain type ore deposits are directly proportional to duration of the ore 

deposition in them, proportionality coefficient equal to average speed of the ore deposition in deposits of 
the given type. Therefore distribution of metal reserves depends on distribution of duration of the ore 

deposition in deposits. Ore-forming systems are the complex systems consisting of the large number of 

elements, each of them irrespective of others at any moment can be in one of two conditions: favorable 
and not favorable for an ore deposition. It results to that duration of the ore deposition in deposits submits 

to the exponential law. Therefore, because of the specified dependence, ores and metals resources in ore 

deposits also submits to the exponential law. The distribution density of the exponential law is a 

decreasing function. Check of conformity of model to the empirical data is carried out on example of 
porphyry-copper deposits. Distribution of 270 deposits of this type from various regions of the World 

corresponds to the exponential law. 
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