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Introduction

     The US Geological Survey conducts mineral-resource assessments at a variety of scales to provide land and resource managers with information about the types of mineral deposits that are present in an area, the parts of the area that are permissive for the occurrence of additional mineral deposits, and estimates of the amounts of undiscovered mineral resources.  Basic concepts and the form of these mineral-resource assessments are described by Singer (1993).



If sufficient data are available for a study area and appropriate grade and tonnage models for particular types of mineral deposits are available, estimates of numbers of mineral deposits can be combined with grade and tonnage data by a Monte Carlo simulation to produce probability distributions of quantities of contained metal and rock for the study area.  These distributions can be used to provide mineral information for land-use planning and long-term resource supply.  These estimates also provide a basis for subsequent economic analysis to determine the potential value, if any, of undiscovered mineral resources.



The programs on this disk are designed to use a Monte Carlo simulation to combine estimates of the numbers and types of undiscovered deposits into probabilistic estimates of the amounts of undiscovered metals.  The basic data, from which the programs run, are tables of sizes and grades of known deposits of many different types.  Each such table is called a deposit model.  For example, the file 1.dat gives the sizes and grades of 118 deposits of the type called Homestake Gold.  Some of those deposits have only gold and some have both gold and silv
er.  
Additional information on the deposit models can be found in Appendix A.



After an estimator has determined the types of deposits that might be present in an area, the next step is to estimate the number of each type of deposit.  The estimate of the number of deposits is given by specifying several quantiles of a probability distribution.  For example, the 90% quantile is the largest number of deposits for which the estimator believes that the probability of that many or more deposits being present is 0.9 or more.  Similarly for the other quantiles: 50%, 10%, 5%, 1%, 0.5%, 0.1%, 0.05%, and 0.01%  Once an estimator has determined at least the 90%, 50%, and 10% quantiles of the probability distributions for the number of deposits for each deposit type present, he is then ready to run the simulator, MARK3B.  The output of such a run is probability distributions of quantities of each metal that appears in at least one of the deposit models.



Organization of the disk:

The  directories on this disk are data, source, and execut.  The "Data" directory contains the data files for the various deposit models.  The "Source" directory contains the source code (.bas files) for MARK3B and PHASE1.  The "Execut" directory contains the executable files, MARK3B.EXE and PHASE1.EXE, together with the files that are used in the calculations.  Any output files these programs create are put into the same directory as the executable file.  Also, any file needed by the executable file must be in the same directory as the executable file.



BEFORE EXECUTING THE PROGRAMS:

It is recommended that the floppy disk be copied onto a hard disk before running the program so that there is room for the output files.  First create a destination directory, for example, mkfiles on harddrive c.  Then, if the floppy disk is in drive a, the copy command in DOS is 

xcopy a: c:\mkfiles  /S.



Notes about PHASE1 and MARK3B.



It is recommended that the user print the list of models to see what models are available.  Option 6 in the main MARK3B menu prints the list of models as stored in MARK3.HLP.  The number to the left of the model name is the code to be used in the MARK3B program.  The code to the right of the model name refers to the identification of the model in (Cox and Singer eds.,1986)



The PHASE1 program computes the approximation files of grades and 

tonnage and dependencies for the models.  To run PHASE1 the "def" file for the model number must be in the same directory as PHASE1.EXE.  For an explanation of the contents of a "def" file see FILE TYPES below.  The output of PHASE1 is a "bem" file.  The "bem" files are described in FILE TYPES below.  If a deposit model is altered by the addition or deletion of deposits in the "dat" file then a new "bem" file must be calculated to incorporate the changes made in the model's "dat" file.  If the "bem" file for a model already exists and there have been no changes to the "dat" file then it is not necessary to run PHASE1 before running MARK3B.



To run MARK3B the "bem" files for the models must be in the same directory as the executable program.



Running MARK3B simulation program:

   The main menu has 8 options:



   1  -  START ASSESSMENT FOR A NEW AREA

   2  -  RUN A MODEL

   3  -  PRINT MODEL RESULTS

   4  -  ADD THE RESULTS OF A MODEL TO TOTALS FOR THE AREA

   5  -  PRINT AREA TOTALS (AS CREATED IN OPTION 4)

   6  -  PRINT A LIST OF ALL MODELS

   7  -  ISSUE DOS COMMANDS AND STAY IN; MARK3B

   8  -  EXIT TO DOS





One must begin with option 1 before proceeding to 2, 3, or 4.  After option 2 has been run and simulation results have been calculated for a model, the user can use option 7 to view that model's results.  The results of the model rum will be in a file with a name of the following form short_area_name.model_number.  If the results are satisfactory then option 4 will add them to the totals for the assessment area (the "prt" file).



The programs are written in QuickBasic 4.50.  The executable files are 

included as well as the source code. It is not necessary to have a QuickBasic compiler to run the executable files, but if the user makes changes in the source code then a QuickBasic compiler is necessary to incorporate those changes in the executable files.





FILE TYPES

The *.def files contain the name of the data file ( .dat), the name of the approximating file ( .bem), th
e number 
of metals in the deposit type, the codes of the columns (1=chromium, 2=copper, etc. see cmetal$ array in PHASE1.bas for a complete list or METAL CODES below).



The first row of a *.bem gives two integers.  The first integer, s, is the number of different suites of metals that occur in this deposit model.  The second integer, d, is the number of approximating distributions (number of different metals in the model plus 1 for tonnage of rock).  



For each suite, there are three groups of rows given. The first group is 26 rows, each having d entries, and gives the approximating cumulative distributions for the tonnage of the deposit having that suite of metals and the distributions of grades of each of the metals in the model.  The d distributions are specified by a piecewise linear function of 25 segments each of 0.04 probability.  The grades of metals not in that suite are all zeros.   The second group is a d by d matrix whose rows are unit vectors that are used in the sampling procedure that produces dependent grades and tonnages.  Third group is one row and gives the fraction of deposits in the model that contain that suite of metals.  The file then repeats the three groups of rows for each suite.  The number of rows for each suite is 26+d+1.



The area totals are in *.prt files (created by MARK3B, option 4).  These files identify the area, the requester, and the simulated distribution of the amounts of metal, rock and the frequency distribution of the number of deposits.  The results of the individual models are in files named "short_area_name.model_number".  These individual files containt the name of the model, the quantiles for the number of distributions and the simulated distribution of the number of deposits.



The print file, whose name is requested when PHASE1 is run, gives the 

names of input and output files, start and stop times, and contains a 

copy of the combined “def” and “bem” files for the deposit type.  This print file is not used as input for either PHASE1 or MARK3B.  PHASE1 creates the *.bem files.



The *.dat files contain the metal grade and rock tonnages for the deposits in each model.  The sequence of metals in the *.bem files, reading from left to right, is the same as in the *.dat files.  The rock tonnage is given in metric tons and the grades are always in percent (even precious metals).  The *.dat files are taken from a report (Singer et al. 1993) a part of which is reproduced in Appendix A.



BATCH OPERATION:

Instead of using the MARK3B menu one can create a text file of the answers to the menu questions to run the simulator.  The following file, input.tst, contains 19 commands (explanatory notes in 

parentheses are not included in the file).

1    (starting an assessment area)

sp    (sp is the short name of the assessment area)

501    (the simulation is iterated 501 times)

John Doe (name of the requester)    

Some Place    (long name of the assessment area, spaces are allowed)

2    (run a model)

1    (model selected is Homestake Gold)

3    (will give 3 quantiles for distribution of number of deposits)

5,10,20    (Prob(5 or more deposits)>= .9, Prob(5 or fewer)>=.1,etc.) 

-1    (accept the default for probability of zero deposits)

16532    (the starting seed for the random number generator)

4    (add the model results to the area totals)

2    (run a model)

7    (the second model is Iron Skarn)

5    (5 quantiles of the distribution of number of deposits)

5,25,40,49,50    (the five quantiles)

.5   (the probability of zero deposits is re-set to 0.5)

4    (the results of the run are added to the area totals)

8    (exit from the program to DOS)



The command (be sure you are in the directory with the executable files), at the DOS prompt, to use input.tst is 

MARK3B  <  INPUT.TST.



Default distribution of the number of deposits:

From the quantiles given, a default distribution is calculated that is consistent with the quantiles.  In cases where there are very few deposits it may be that the default probability of zero deposits is not satisfactory.  Therefore, it is possible for the user to set the probability of zero deposits instead of accepting the default value.



COMPILING AND LINKING WITH A QUICKBASIC COMPILER:

The two commands for compiling and linking the QuickBasic program, assuming the library files are in a directory C:\QB45, are given below



BC MARK3B/O/E/V/X/MBF;



LINK MARK3B/E ,,, C:\QB45\





SUMMARY OF THE SIMULATION CALCULATION METHOD IN 11 STEPS:

The default number of iterations is 4,999 so the percentile values can be determined unambiguously without interpolation.



1.  Choose, at random, the number of deposits for this iteration.  If it is zero, go to step 9 otherwise go to step 2.



2.  Choose, at random, a suite of metals.  Go to step 3.



3.  Evaluate, at random, d independent standard normal random variables (d-1 = the number of metals in the model).  Go to step 4.



4.  Calculate the linear combinations of the values of the standard normal random variables from the matrix of coefficients in the "bem" file to obtain the values of d dependent standard normal random variables.  The matrix is multiplied times the column vector of values chosen in step 3.  Go to step 5.



5.  Find dependent uniform values from the dependent standard normal random variables (by the inverse of the cumulative standard normal distribution function evaluated at the values determined in step 4).  Go to step 6.



6.  Find tonnage and grade values from the dependent uniform values and the inverse of their cumulative distributions.  Go to step 7.



7.  Add the amount of each metal to its total for the deposits in this iteration.  Go to step 8.



8.  Check to see whether there is another deposit to do in this iteration.  If there is, go to step 2, otherwise go to step 9.



9.  Check to see whether 4,999 iteration have been completed.  If not, go to step 1, otherwise go to step 10.



10.  For each metal, sort the 4,999 totals for each iteration (least being rank 1 and greatest being rank 4,999).  Go to step 11.



11.  A graph of the distribution of a metal can be made as follows: graph 1.0 minus the ratio of the rank divided by 4,999 on the y-axis versus the quantity of metal on the x-axis to obtain the assessed distribution of that metal in the area.





METAL CODES



     1 = CHROMIUM

     2 = COPPER

     3 = MOLYBDENUM

     4 = GOLD

     5 = IRON

     6 = TUNGSTEN

     7 = ZINC

     8 = SILVER

     9 = LEAD

     10 = NICKEL

     11 = ASBESTOS

     12 = MANGANESE

     13 = BARITE

     14 = MERCURY

     15 = PLATINUM

     16 = PHOSPHORUS

     17 = COBALT

     18 = TIN

     19 = TONNES OF ROCK

     20 = THORIUM

     21 = R.E. OXIDE

     22 = FLUORINE

     23 = ANTIMONY

     24 = URANIUM

     25 = PALLADIUM

     26 = SILICON

     27 = CALCIUM

     28 = ALUMINUM

     29 = RUTILE

     30 = ILMENITE

     31 = LEUCOXENE

     32 = ZIRCON

     33 = MONAZITE REO

     34 = GYPSUM

     35 = NIOBIUM

     36 = IRIDIUM

     37 = BORON

     38 = AMORPHOUS GRAPHITE

     39 = DISSEMINATED FLAKE GRAPHITE

     40 = RHODIUM

     41 = RUTHENIUM

     42 = 42NA

     43 = 43NA

     44 = 44NA

     45 = 45NA

     46 = 46NA
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Appendix A (from Open-File Report 93-280)



The complete report on disk can be obtained from

USGS Information Services

Box 25046, MS 517

Denver, CO 80225

Phone: 303-202-4210





	This disk contains data files of the grades and tonnages of mineral deposits that were used to construct grade and tonnage models presented in Cox and Singer (1986), Mosier and Page (1988), and Bliss (1992).   A total of 3310 deposits grouped into 50 different types of mineral deposits are included.  The purpose of this publication is to 

make this information available in digital form.  Many of the data sets have been previously published in paper form (Berger and Singer, 1992; Cox and Singer, 1992; Mosier, and others, 1983; Mosier, and others, 1986a; Mosier, and others, 1986b; Mosier, and others, 1992; Menzie and Mosier, 1985; Menzie and others 1988; Menzie and others, 1992; Menzie and Singer, 1993; Singer and others, 1980; Singer, 1992; Theodore and 

Menzie, 1983).  	A mineral deposit is a mineral occurrence of sufficient size and grade that it might, under the most favorable circumstances, be considered to have economic potential (Cox, and others, 1986).  Deposits sharing a relatively wide variety and large number of attributes come to be characterized as a "type," and a model representing that type can evolve.

	Grade and tonnage models of mineral deposits are useful in quantitative resource assessments and exploration planning. Construction of grade and tonnage models involves multiple steps (Singer, in press), the first of which is the identification of a group of well-explored deposits that are believed to belong to the mineral deposit type being 

modeled.  A descriptive model is commonly prepared as well, and the attributes of each deposit in the group are compared with it to ensure that all are of the same type.  Data gathered for each deposit include average grades of each metal or mineral commodity of possible economic interest and the associated tonnage based on the total production, reserves, and resources at the lowest possible cutoff grade.  All further references to tonnage follow this definition.  All tonnages reported here are in millions of metric tonnes.  Grades not available (always for by-products) are treated as zero.  Country codes are listed in a separate file.  

	An important consideration at the data gathering stage is the 

question of what the sampling unit should be.  Grade and tonnage data 

are available to varying degrees for districts, deposits, mines, and 

shafts.  For the most part the data included here represent individual 

deposits, but in some instances such data are mixed with data representing districts.  In addition, for some of the deposit types, a 

special rule was used to determine which ore bodies were combined.  

For example, ore bodies of both kuroko and Cyprus type massive 

sulfides were combined into single deposits based on a 500-m rule of 

adjacency (Mosier and others, 1983).  Information about such rules is 

available in the references listed below.  

	Several of the data sets have had a few deposits added (for example, kuroko) or have had a small number of the grades or tonnages changed from data used in published models by recent information (for example, kuroko, Sierran kuroko, Homestake).  Five deposits were removed from the kuroko and Sierran kuroko models because of questions about their correct classification.  In no case should these modifications result in significantly different summary statistics than those presented in Appendix B in Cox and Singer (1986) or in Singer (1993).  



References



Berger, B.R., and Singer, D.A., 1992, Grade and tonnage model of hot-

spring Au-Ag: in  Bliss, J.D., ed., Developments in deposit modeling 

U.S. Geological Survey Bulletin 2004, p. 23-25. 



Bliss, J.D., ed., 1992, Developments in deposit modeling: U.S. 

Geological Survey Bulletin 2004, 168 p. 



Cox, D.P., and Singer, D.A., eds., 1986, Mineral deposit models: U.S. 

Geological Survey Bulletin 1693, 379 p. 



Cox, D.P., and Singer, D.A., 1992, Grade and tonnage model of distal 

disseminated Ag-Au: in  Bliss, J.D., ed.,  Developments in deposit 

modeling U.S. Geological Survey Bulletin 2004, p. 20-22.  



Cox, D.P., Barton, P.R., and Singer, D.A., 1986, Introduction: in  Cox, 

D.P. and Singer, D.A., eds., Mineral deposit models: U.S. Geological 

Survey Bulletin 1693, p. 1-10.



Jones, G.M., and Menzie, W.D., 1986, Grade and tonnage model of Cu 

skarn deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit 

models: U.S. Geological Survey Bulletin 1693, p. 86-89.



Menzie, W.D., and Mosier, D.L., 1985, Grade, tonnage and lithologic 

data for sediment-hosted submarine exhalative Zn-Pb and 

sandstone-hosted Pb-Zn deposits: U.S. Geological Survey Open-File 

Report 85-206, 17p..



Menzie, W.D., and Mosier, D.L., 1986, Grade and tonnage model of 

sedimentary exhalative Zn-Pb: in  Cox, D.P., and Singer, D.A., eds., 

Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 212-

215.



Menzie, W.D., and Reed, B.L., 1986a, Grade and tonnage model of Sn 

skarn deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit 

models: U.S. Geological Survey Bulletin 1693, p. 58-60.



Menzie, W.D., and Reed, B.L., 1986b, Grade and tonnage model of 

replacement Sn: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit 

models: U.S. Geological Survey Bulletin 1693, p. 62-63.



Menzie, W.D., and Reed, B.L., 1986c, Grade and tonnage model of Sn 

veins: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit models:  

U.S. Geological Survey Bulletin 1693, p. 67-69.



Menzie, W.D., and Reed, B.L., 1986d, Grade and tonnage model of Sn 

greisen deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit 

models: U.S. Geological Survey Bulletin 1693, p. 71-72.



Menzie, W.D., and Singer, D.A., 1993, Grade and tonnage model for 

porphyry Cu deposits in British Columbia, Canada, and Alaska, United States: U.S. Geological Survey Open-File Report 93-275, 

8 p.



Menzie, W.D., and Theodore, T.G., 1986, Grade and tonnage model of 

porphyry Mo, low-F: in  Cox, D.P., and Singer, D.A., eds., Mineral 

deposit models: U.S. Geological Survey Bulletin 1693, p. 120-122.



Menzie, W.D., Reed, B.L., and Singer, D.A., 1988, Models of grade and 

tonnages of some lode tin deposits: in  Hutchinson, C., ed., Proceedings 

International Symposium on the Geology of Tin Deposits, Nanning, Peoples' 

Republic of China. p.73-88.



Menzie, W.D., Singer, D.A., and Mosier, D.L., 1992, Grade and tonnage 

data for Climax Mo and Creede epithermal vein deposit models: U.S. 

Geological Survey Open-File Report 92-248, 3 p.



Mosier, D.L., 1986a, Grade and tonnage model of Zn-Pb skarn 

deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit models: 

U.S. Geological Survey Bulletin 1693, p. 90-93.



Mosier, D.L., 1986b, Grade and tonnage model of replacement Mn: in  

Cox, D.P., and Singer, D.A., eds., Mineral deposit models: U.S. 

Geological Survey Bulletin 1693, p. 105-107.



Mosier, D.L., 1986c, Grade and tonnage model of volcanogenic U: in  

Cox, D.P., and Singer, D.A., eds., Mineral deposit models: U.S. 

Geological Survey Bulletin 1693, p. 162-164.



Mosier, D.L., 1986d, Grade and tonnage model of epithermal Mn: in  

Cox, D.P., and Singer, D.A., eds., Mineral deposit models: U.S. 

Geological Survey Bulletin 1693, p. 166-167.



Mosier, D.L., 1986e, Grade and tonnage model of volcanic-hosted 

magnetite: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit 

models: U.S. Geological Survey Bulletin 1693, p. 172-174.



Mosier, D.L., 1986f, Grade and tonnage model of sandstone-hosted 

Pb-Zn: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit models: U.S. 

Geological Survey Bulletin 1693, p. 202-204.



Mosier, D.L., 1986g, Grade and tonnage model of sedimentary Mn: in  

Cox, D.P., and Singer, D.A., eds., Mineral deposit models: U.S. 

Geological Survey Bulletin 1693, p. 231-233.



Mosier, D.L., 1986h, Grade and tonnage model of upwelling phosphate 

deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit models: 

U.S. Geological Survey Bulletin 1693, p. 234-236.



Mosier, D.L., 1986i, Grade and tonnage model of warm-current 

phosphate deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral 

deposit models: U.S. Geological Survey Bulletin 1693, p. 237-238.



Mosier, D.L., 1986j, Grade and tonnage model of Homestake Au: in  

Cox, D.P., and Singer, D.A., eds., Mineral deposit models: U.S. 

Geological Survey Bulletin 1693, p. 245-247.



Mosier, D.L., 1986k, Grade and tonnage model of unconformity U-Au 

deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit models: 

U.S. Geological Survey Bulletin 1693, p. 249-250.

 

Mosier, D.L., 1986l, Grade and tonnage model of laterite type bauxite 

deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit models: 

U.S. Geological Survey Bulletin 1693, p. 255-257.



Mosier, D.L., 1986m, Grade and tonnage model of karst type bauxite 

deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit models: 

U.S. Geological Survey Bulletin 1693, p. 258-260.



Mosier, D.L., and Menzie, W.D., 1986a, Grade and tonnage model of Fe 

skarn deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit 

models: U.S. Geological Survey Bulletin 1693, p. 94-97.



Mosier, D.L., and Menzie, W.D., 1986b, Grade and tonnage model of 

epithermal quartz-alunite Au: in  Cox, D.P., and Singer, D.A., eds., 

Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 159-

161.



Mosier, D.L., and Page, N.J, 1988, Descriptive and grade-tonnage 

models of volcanogenic manganese deposits in oceanic 

environments-a modification: U.S. Geological Survey Bulletin 1811, 

28 p. 



Mosier, D.L., and Sato, Takeo, 1986, Grade and tonnage model of Sado 

epithermal veins: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit 

models: U.S. Geological Survey Bulletin 1693, p. 155-157.



Mosier, D.L., and Singer, D.A., 1986, Grade and tonnage model of 

Superior iron and Algoma iron deposits: in  Cox, D.P., and Singer, D.A., 

eds., Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 

228-230.



Mosier, D.L., Morris, H.T., and Singer, D.A., 1986, Grade and tonnage 

model of polymetallic replacement deposits: in  Cox, D.P., and Singer, 

D.A., eds., Mineral deposit models; U.S. Geological Survey Bulletin 

1693, p. 101-104.



Mosier, D.L., Sato, Takeo, and Singer, D.A., 1986, Grade and tonnage 

model of Creede epithermal vein deposits: in  Cox, D.P., and Singer, 

D.A., eds., Mineral deposit models: U.S. Geological Survey Bulletin 

1693, p. 146-149.



Mosier, D.L., Singer, D.A., and Berger, B.R., 1986, Grade and tonnage 

model of Comstock epithermal vein deposits: in  Cox, D.P., and 

Singer, D.A., eds., Mineral deposit models: U.S. Geological Survey 

Bulletin 1693, p. 151-153.



Mosier, D.L., Singer, D.A., and Cox, D.P., 1986, Grade and tonnage 

model of sediment-hosted copper deposits:  in  Cox, D.P. and Singer, 

D.A., eds., Mineral deposit models: U.S. Geological Survey Bulletin 

1693, p. 206-208.



Mosier, D.L., Singer, D.A., Bagby, W.C., and Menzie, W.D., 1992, Grade 

and tonnage model of sediment-hosted Au-Ag:  in  Bliss, J.D., ed., 

Developments in deposit modeling: U.S. Geological Survey Bulletin 

2004, p. 26-28.  



Mosier, D.L., Singer, D.A., Sato, Takeo, and Page, N.J, 1986a, 

Relationship of grade, tonnage, and basement lithology in volcanic-

hosted epithermal precious- and base-metal quartz-adularia-type 

districts: Mining Geology, v. 36, no. 198, p. 245-264. 



Mosier, D.L., Menzie, W.D., and Kleinhampl, 1986b, Geologic and 

grade-tonnage information on Tertiary epithermal precious- and 

base- metal vein districts associated with volcanic rocks: U.S. 

Geological Survey Bulletin 1666, 39 p. 



Reed, B.L., Menzie, W.D., McDermott, M., Root, D.H., Scott, W., 

and Drew, L.J., 1989, Undiscovered lode tin resources of the Seward 

Peninsula, Alaska: Economic Geology, v. 84, no. 7, p. 1936-1947.



Singer, D.A., 1986a, Grade and tonnage model of carbonatite deposits:  

in Cox, D.P. and Singer, D.A., eds., Mineral deposit models: U.S. 

Geological Survey Bulletin 1693, p. 52-53. 



Singer, D.A., 1986b, Grade and tonnage model of Besshi massive 

sulfide deposits:  in  Cox, D.P. and Singer, D.A., eds., Mineral deposit 

models: U.S. Geological Survey Bulletin 1693, p. 136-138.



Singer, D.A., 1986c, Grade and tonnage model of lateritic nickel 

deposits: in  Cox, D.P. and Singer, D.A., eds., Mineral deposit models: 

U.S. Geological Survey Bulletin 1693, p. 252-254.



Singer, D.A., 1992, Grade and tonnage model of Sierran kuroko 

deposits:  in  Bliss, J.D., ed., Developments in deposit modeling: U.S. 

Geological Survey Bulletin 2004, p. 29-32. 



Singer, D.A., 1993, Basic concepts in three-part quantitative 

assessments of undiscovered mineral resources:  Nonrenewable 

Resources, v. 2, no. 2, p. 69-81.



Singer, D.A., in press, Development of grade and tonnage models for 

different deposit types: in  Kirkham, R.V., and others, eds., Mineral 

deposit modeling:  Geological Assoc. Canada , 27 p. __



Singer, D.A., and Mosier, D.L., 1986a, Grade and tonnage model of 

Cyprus massive sulfide deposits: in  Cox, D.P. and Singer, D.A., eds., 

Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 131-

135. 



Singer, D.A., and Mosier, D.L., 1986b, Grade and tonnage model of 

rhyolite-hosted tin deposits: in  Cox, D.P., and Singer, D.A., eds., 

Mineral deposit models:  U.S. Geological Survey Bulletin 1693, p. 

169-171.  



Singer, D.A., and Mosier, D.L., 1986c, Grade and tonnage model of 

kuroko massive sulfide deposits: in  Cox, D.P., and Singer, D.A., eds., 

Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 190-

197.  



Singer, D.A., and Page, N.J, 1986a, Grade and tonnage model of dunitic 

nickel-copper deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral 

deposit models: U.S. Geological Survey Bulletin 1693, p. 24-27.



Singer, D.A., and Page, N.J, 1986b, Grade and tonnage model of 

podiform chromite deposits: in  Cox, D.P. and Singer, D.A., eds., 

Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 34-

42.  



Singer, D.A., and Page, N.J, 1986c, Grade and tonnage model of placer 

PGE-gold deposits: in  Cox, D.P., and Singer, D.A., eds., Mineral deposit 

models: U.S. Geological Survey Bulletin 1693, p. 265-269. 



Singer, D.A., Page, N.J, and Lipin, B.R., 1986, Grade and tonnage model 

of major podiform chromite deposits: in  Cox, D.P. and Singer, D.A., 

eds., Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 

38-44. 



Singer, D.A., Page, N.J, and Menzie, W.D., 1986a, Grade and tonnage 

model of komatiitic nickel-copper deposits: in  Cox, D.P. and Singer, 

D.A., eds., Mineral deposit models: U.S. Geological Survey Bulletin 

1693, p. 18-23.



Singer, D.A., Page, N.J, and Menzie, W.D., 1986b, Grade and tonnage 

model of synorogenic-synvolcanic nickel-copper deposits: in  Cox, 

D.P. and Singer, D.A., eds., Mineral deposit models; U.S. Geological 

Survey Bulletin 1693, p. 28-31.



Singer, D.A., Theodore, T.J., and Mosier, D.L., 1986, Grade and tonnage 

model of Climax molybdenum deposits: in  Cox, D.P. and Singer, D.A., 

eds., Mineral deposit models:  U.S. Geological Survey Bulletin 1693, p. 

73-75.



Singer, D.A., Menzie, W.D., DeYoung, J.H., Jr., Sander, M., and Lott, A., 

1980, Grade and tonnage data used to construct models for the 

Regional Alaskan Mineral Resource Assessment Program: U.S. 

Geological Survey Open-File Report 80-799, 58p.



Theodore, T.G., and Menzie, W.D., 1983, Fluorine-deficient porphyry 

molybdenum deposits in the western North American Cordillera: 

Proceedings of IAGOD Symposium, Tbikis, USSR, September 1982.



                                                Disclaimer



     This report is preliminary and has not been reviewed for conformity with U.S. Geological Survey editorial standards.  Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

     Although these data have been used by the U.S. Geological Survey, no warranty, expressed or implied, is made by the USGS as to the accuracy of the data, nor shall the fact of distribution constitute any such warranty, and no responsibility is assumed by the USGS in connection therewith.





�  US Geological Survey

   956 National Center

   Reston, VA 22092

� US Geological Survey

   954 National Center

   Reston, VA 22092

�  US Geological Survey, retired




�PAGE  �





�PAGE  �
1
�











