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Empirical evidence indicates that processes affecting number and quantity of resources in
geologic settings are very general across deposit types. Sizes of permissive tracts that geo-
logically could contain the deposits are excellent predictors of numbers of deposits. In
addition, total ore tonnage of mineral deposits of a particular type in a tract is proportional
to the type�s median tonnage in a tract. Regressions using size of permissive tracts and
median tonnage allow estimation of number of deposits and of total tonnage of minerali-
zation. These powerful estimators, based on 10 different deposit types from 109 permissive
worldwide control tracts, generalize across deposit types. Estimates of number of deposits
and of total tonnage of mineral deposits are made by regressing permissive area, and mean
(in logs) tons in deposits of the type, against number of deposits and total tonnage of
deposits in the tract for the 50th percentile estimates. The regression equations (R2 = 0.91
and 0.95) can be used for all deposit types just by inserting logarithmic values of permissive
area in square kilometers, and mean tons in deposits in millions of metric tons. The
regression equations provide estimates at the 50th percentile, and other equations are
provided for 90% confidence limits for lower estimates and 10% confidence limits for upper
estimates of number of deposits and total tonnage. Equations for these percentile estimates
along with expected value estimates are presented here along with comparisons with inde-
pendent expert estimates. Also provided are the equations for correcting for the known well-
explored deposits in a tract. These deposit-density models require internally consistent grade
and tonnage models and delineations for arriving at unbiased estimates.

KEY WORDS: Quantitative mineral resource assessment, Undiscovered resources, mineral deposit
density.

INTRODUCTION

Three-part mineral resource assessments pro-
vide a framework for making decisions concerning
mineral resources under conditions of uncertainty
(Singer and Menzie, 2010). The parts include
permissive tracts in which general locations of

undiscovered deposits are delineated based on a
deposit type�s geologic setting; frequency distribu-
tions of tonnages and grades of well-explored
deposits that serve as models of grades and tonnages
of undiscovered deposits; and numbers of undis-
covered deposits that are estimated probabilistically
by deposit type. Recently improved deposit-density
models show how to make probabilistic estimates of
numbers of undiscovered deposits and of total ton-
nages of mineral deposits within permissive tracts.

In estimating the number of mineral deposits
within an area, a robust method is based on mineral
deposit densities, which are a form of mineral
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deposit model wherein the numbers of deposits per
unit area from the well-explored regions are counted
and the resulting frequency distribution enables
estimation of the number of undiscovered deposits
(Singer, 2008). Deposit densities can be used either
directly for estimates or indirectly as guidelines in
some other methods. Deposit-density models were
designed to be used within the three-part form of
assessment, which affects how they should be con-
structed. In three-part assessments, estimates of the
number of undiscovered deposits explicitly repre-
sent the probability (or degree of belief) that some
fixed but an unknown number of undiscovered
deposits that are consistent with the grade-and-
tonnage model exist in the delineated tracts.
Determining a mineral deposit density requires
unambiguous definitions of what is a deposit and
what are the delineation rules for that deposit type.
These definitions and operational rules, including
the spatial rules defining the sampling unit, are
necessary for defining deposits to ensure that
deposits in grade, tonnage, and deposit-density
models correspond to both discovered and estimated
undiscovered deposits consistently (Singer and
Menzie, 2010). Mineral deposit-density models start
with well-explored control tracts where the number
of deposits consistent with the grade-and-tonnage
model is counted along with the area that is well-
explored.

In addition to estimates of number of deposits,
estimates of total tonnage of mineral deposits in
tracts delineated as permissive for a deposit type
are important in assessing undiscovered mineral
resources. Density of deposits (number of deposits/
area) regression models based on well-explored
control areas have power law relationships with
areas of permissive tracts and deposit sizes allowing
estimation of number of deposits and total deposit
tonnages. Empirical evidence also indicates that
processes affecting number of deposits and quantity
of resources in an area are very general across
deposit types. Areas of permissive tracts that geo-
logically could contain the deposits are excellent
predictors of numbers of deposits (Singer, 2008;
Singer and Kouda, 2008).

Permissive tracts, not rectangular cells, can be
considered natural sampling control areas for spe-
cific deposit types. Permissive tracts are based on
geologic criteria found in descriptive deposit models
that are themselves based on studies of known
deposits. Use of cells presents problems related to
the highly skewed distribution of the physical size of

mineral deposits. The physical sizes of deposits by
type are highly correlated with the total tonnages of
deposits. Because of size distributions, sizes of cells
are difficult to define so that a cell can hold either
one or no deposit. If cells can hold more than one
deposit, then the definition of the probability of a
cell containing a deposit becomes questionable. Any
fixed cell size makes it difficult or perhaps impossi-
ble to relate whatever the associated probability of a
deposit in the cell means with respect to the number
of deposits.

The relationship between the size of the per-
missive area and the deposit density has been shown
to apply across deposit types (Singer, 2008; Singer
and Menzie, 2010). The association of deposit den-
sity with deposit size also exists across types. The
average aerial extent of mineralization and alter-
ation is not well known for most deposit types so
that a surrogate, of known, median deposit tonnage,
is used to examine its relationship to deposit density.
Tonnages used here are the median tonnages from
the control areas. Regression models using these
variables provide an easy way to estimate the num-
ber of deposits and the total tonnage of mineralized
rock within tracts. In this article, we provide a
probabilistic method to estimate numbers of
deposits and total tract tonnages and compare the
estimates made with this system to independent
estimates made by experts.

NUMBER OF DEPOSITS ESTIMATES

Estimates of numbers of mineral deposits are
fundamental to assessing undiscovered mineral
resources. Just as the frequencies of grades and
tonnages of the well-explored deposits are used to
represent grades and tonnages of undiscovered
deposits, density of deposits (number of deposits/
area) in the well-explored control areas can serve to
estimate number of deposits. Empirical evidence
indicates that processes affecting the number and
quantity of resources in geologic settings are very
general across deposit types. Sizes of permissive
tracts that geologically could contain the deposits
are excellent predictors of the total numbers of
deposits.

Regression density models using these variables
provide a means to estimate number of deposits and
total tonnage of mineralization. Powerful estimators
are based on analysis of 10 different deposit types
from 109 permissive worldwide control tracts,
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generalizing across deposit types. Estimates of den-
sity of mineral deposits are made by regressing
permissive area (a), and mean log-transformed tons
in deposits (s), against density of deposits for the
50th percentile estimate. The following equation
(R2 = 0.91) can be used for all deposit types:

log10 Density50ð Þ ¼ 4:21� 0:499 log10 að Þ
� 0:225 log10 sð Þ ð1Þ

where Density50 is the 50th percentile estimate in
the number of deposits per 100,000 km2, a is area
permissive in square kilometers, and s is mean log
size in millions of metric tons.

To estimate 90% confidence limits for lower
estimates of density of deposits and 10% confidence
limits for upper density estimates, the following
equation is used:

where 1.290 is the Student�s t at the 10% significant
level with 106 degrees of freedom, t10,106df, 0.3484 is
the standard deviation of logarithmic values of
deposit density given permissive area and deposit
size, 109 is the number of control tracts, 3.173 is the
mean logarithmic values of control tract area in
square kilometers, �0.3292 is mean of logarithmic
values of deposit tonnage in millions on metric tons
in control tracts, 2.615 is the standard deviation of
log-transformed deposit tonnages in control tracts,
and 1.188 is standard deviation of logarithmic values
of area of control tracts. To convert density esti-
mates to number of deposits estimates at the 90th,
50th, and 10th confidence levels, log density per
100,000 km2 needs to be adjusted for tract size:

N%ile ¼ a=100; 000 � 10log10 Density%ileð Þ ð3Þ
The expected number of deposits can be estimated
as 10 to the power of

log10 E Nð Þ

¼ log10 N50ð Þ þ log10 N10ð Þ � log10 N50ð Þð Þ=tð Þ2
� �

=2

ð4Þ
Estimates made this way are for total number of
deposits in tracts. To estimate the number of

undiscovered deposits, the known number in a tract
must be subtracted from the expected number
[Eq. (4)]. In order to estimate the number of
undiscovered deposits, the known number of
deposits in a tract needs to be subtracted from the
estimated total expected number to make a revised
expected number of undiscovered deposits estimate.
This requires revising the expected number and
variance, and estimating a new median and 90th and
10th percentiles. Regression variance is estimated as

varN ¼ log10 N10ð Þ � log10 N50ð Þð Þ=tð Þ2 ð5Þ

Revised estimates of median number of deposits
adjusted for number of known deposits are 10 to the
power of

log10 N50ð Þ ¼ log10 E Nð Þ � known numberð Þ � varN=2

ð6Þ

log10(N50) is used in place of R50 in Equation (2) to
make probabilistic estimates of the number of
undiscovered deposits while accounting for known
deposits.

TONNAGE ESTIMATES

The regression coefficients reported here are
based on data provided by Singer and Menzie
(2010), which are updated from Singer (2008).
Estimates of total tonnage of mineral deposits within
a tract are made by regressing permissive area (a),
and mean (in logs) tons in deposits of the type (s),
against total tonnage of deposits in the tract for the
50th percentile estimate. The following regression
equation (R2 = 0.95) can be used for all deposit
types:

log10 Tonnage50ð Þ ¼ � 1:096þ 0:7039 log10 að Þ
þ 0:6202 log10 sð Þ ð7Þ

where a is permissive area in square kilometers, and
s is mean log deposit size in millions of metric tons.
To estimate a 90% confidence limit for a lower
estimate of total tonnage of deposits and a 10%

log10 Density90;Density10ð Þ ¼ log10 Density50ð Þ � 1:290 � 0:3484

�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 1=109ð Þ þ 3:173� log10 að Þð Þ2� �0:3292� log10 tð Þð Þ2= 109� 1ð Þ � 2:615 � 1:188

q

ð2Þ
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confidence limit for an upper estimate of total ton-
nage of deposits, we use the following equation:

where 1.290 is Student�s t at the 10% significance
level with 106 degrees of freedom, t10,106df, 0.5144 is
the standard deviation of logarithmic values of ton-
nage (given permissive area and median deposit
size), 109 is the number of control tracts, 3.175 is the
mean of logarithmic values of control tract areas in
square kilometers, �0.3292 is mean of logarithmic
values of deposit sizes in control tracts in millions of
metric tons, 2.615 is the standard deviation of loga-
rithmic values of deposit sizes in control tracts in
millions of metric tons, and 1.191 is the standard
deviation of logarithmic values of area of control
tracts. To convert to arithmetic units, Equation (9)
can be used.

Tons%ile ¼ 10log10 Tonnage%ileð Þ ð9Þ
The regressions shown above are in log–log space. In
arithmetic space, scatter plots are clearly heteros-
kedastic thereby violating assumptions of tests of
significance, and so it is necessary to perform the
regressions in log space. Testing suggests that errors
about the regressions can be approximated by log-
normal distributions. For lognormal distributions,
the arithmetic median is estimated by 10u and the
arithmetic mean is estimated as 10u+var/2 (Aitchison
and Brown 1963). The regression estimate at the
50th percentile is used for the mean estimate in log
space.

For example, if the permissive area of a par-
ticular deposit type is 1,000 km2 and the median
deposit size is 1 Mt, then the 50th percentile esti-
mate would be 10 Mt, the 90th percentile estimate
2 Mt, and the 10th percentile estimate 48 Mt. To
estimate undiscovered tonnages where there are
known deposits, tonnages of known deposits need to
be properly subtracted from the above estimates by
counting the total tonnage of the known deposits as
an expected tonnage that is subtracted from the total
expected tonnage calculated by the regression and
then recalculating the percentiles.

In a more realistic example, the above
equations can be used to estimate the number of

undiscovered deposits and the tonnage of significant
orogenic gold-bearing deposits in the northern

Bendigo Zone in Victoria, Australia that is unex-
plored because it is under cover. As reported by
Lisitsin and others (2010), the permissive covered
area is 7,600 km2, and the median ore tonnage of the
known significant deposits (>0.8 t Au) is 0.3 Mt.
Using Equations (1)–(4), the 90th percentile esti-
mate of the number of deposits is 6, the 50th is 18,
and the 10th is 51 deposits. The expected number of
deposits is 21 (Table 1). Because there are no well-
explored deposits known under cover, no adjust-
ment for known deposits is necessary here. Expert
estimates of the number of deposits are 15, 25, and
32 at the 90th, 50th, and 10th percentiles, respec-
tively, with an expected number of deposits of 23
(Lisitsin and others, 2010). The expert and regres-
sion density estimates are close to each other with
the most obvious difference being the lower uncer-
tainty associated with the expert estimates as shown
by the smaller difference between the 90th and 10th
percentile estimates compared to the regression
estimates.

Using Equations (7)–(9) and the tonnage ver-
sions of Equations (4)–(6), the 90th percentile esti-
mate is 4 Mt, the 50th is 21 Mt, and the 10th is 95 Mt
with an expected number of 28 Mt (Table 2). These
estimates can be compared to the total tonnage
estimates made by the Monte Carlo simulation of
the expert estimates of number of deposits and the
tonnages from the grade and tonnage model. The
combined estimates are the 90th percentile estimate

log10 Tonnage90;Tonnage10ð Þ¼ log10 Tonnage50ð Þ�1:290 �0:5144

�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 1=109ð Þþ 3:175� log10 að Þð Þ2� �0:3292� log10 tð Þð Þ2= 109�1ð Þ �2:615 �1:191

q

ð8Þ

Table 1. Estimates of the Number of Undiscovered Orogenic

Gold Deposits in the Northern Bendigo Zone, Victoria, Australia

Estimates

Expert Density Regression

90% Chance of at least 15 6

50% Chance of at least 25 18

10% Chance of at least 32 51

Expected 23 21

Expert estimates from Lisitsin and others (2010).
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of 16 Mt or more, the 50th of 54 Mt or more, and the
10th of 110 Mt or more with an expected number of
59 Mt (Lisitsin and others, 2010). Although the
expected tonnage from the density regression model
is about half of that produced by the method of
estimation used by Lisitsin and others (2010), the
10th percentile estimates are similar. At present,
there is no way to know which estimate is closer to
the correct total undiscovered tonnage in that area.

CONCLUSIONS

The regression models of deposit density and
tonnage presented above are powerful tools in esti-
mations of number of deposits and of tonnages of
these undiscovered mineral deposits. In addition, the
universal regression density models presented in this
article provide unbiased and reasonable estimates in
the most situations. The density models of number
of deposits and total tonnages were constructed
using control areas with mineral deposits defined by
certain consistently applied rules, such as distance to
adjacent deposits, grade and tonnage models that
follow these rules, and permissive tracts or belts also
defined by consistent rules. For most deposit types,
the relationships developed here represent robust
methods to estimate the numbers of deposits and the
total resources in delineated tracts. These tonnage
densities and the number of deposit densities (Singer
and Menzie, 2010) could be used with the lognormal
distributions of contained metals within deposit

types (Singer, 2011) to make global resource esti-
mates if permissive tracts were properly delineated.
Conditions where regression density estimates of
number of deposits and total tonnages are robust are
where the deposit type setting can be delineated
using geology and the deposits belong to a type
based on well-explored deposits with spatial limits
and associated grade-tonnage models.

The strength of the relationships (R2 = 0.95 for
tonnage of mineralized rock) argues for the broad
use of these predictors of total resources in permis-
sive tracts. Of course where specific density models
for a deposit type exist, they are likely to lead to
better estimates in that they would have lower
variances and should be used rather than the general
model presented here. Deposit densities can now be
used to provide a guideline for expert judgment or
used directly for estimates of number of deposits or
of total deposit tonnages of most kinds of mineral
deposits. These density models should not be
expected to be applicable to situations such as belts
of rock that are not permissive or where consistent
grade and tonnage models do not exist.

These deposit-density models serve two func-
tions: one, they make explicit the uncertainty related
to estimates of number and tonnages of undiscovered
mineral deposits, and two, they provide estimates of
undiscovered resources that are independent of other
methods such as expert judgment.
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Table 2. Estimates of Total Tonnage (Mt) of Undiscovered

Orogenic Gold Deposits in the Northern Bendigo Zone,

Victoria, Australia

Estimates

Expert Density Regression

90% Chance of at least 16 4

50% Chance of at least 54 21

10% Chance of at least 110 95

Expected 59 28

Mt millions of metric tons.

Expert estimates from Lisitsin and others (2010).

93Probabilistic Estimates of Number and Tonnages of Undiscovered Mineral Deposits


	Probabilistic Estimates of Number of Undiscovered Deposits and Their Total Tonnages in Permissive Tracts Using Deposit Densities
	Abstract
	Introduction
	Number of Deposits Estimates
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


