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SUMVARY

A newl y devel oped procedure to cal cul ate reserve/resource figures of
di mensi on stone deposits based on geol ogi cal research and mning records is
presented in detail using the Kinawa mgmatite deposit, Mnas Gerais, Brazi
as an exanpl e.

In addition to the general and specific problenms of defining
reserves/resources and grade categories of dinmension stone deposits, the
princi pal geol ogical and mning problens related to marketing and sal es
criteria are outlined.
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For the assessnment and documentation of reserve/resource figures, the UN
Framework Cl assification was applied and the results are di scussed.

l. I NTRODUCTI ON

The application of reserve/resource categories in the mning sector of
i ndustrial rocks is occasionally problematic due to some specia
characteristics and econom cs of such commodities. This applies especially to
the di nension stone sector. Historically the extraction of raw bl ocks of
siliceous and cal careous conposition for use in industry (building and
construction as well as nonunental) is typically linked with small scale
m ni ng, generally w thout geol ogi cal investigations or technical/m ne-economc
studi es (exploration mning).

One of the mmjor problens in assessing reserves/resources in the
di mensi on stone sector in relation to market economic criteria is the
determi nation of the grade or the yield of such deposits. The In-situ-raw
bl ock content of a di nension stone deposit cannot be measured applying the
conventional analytical nethods as for example for netal ore mning or for
certain industrial mnerals.

Si nce approxi mately five years - parallel with the operational task -
detai |l ed and conprehensive research regardi ng the geol ogy, m ning technol ogy,
grade, recovery as well as the assessnent of the reserve/resources inventory
of dinension stone is in progress and carried out by Deutsche Steinindustrie
AG and its subsidiary conmpanies in South Africa, Nam bia, Zi nbabwe, Angol a,
Brazil, USA, Norway, Sweden as well as exploration projects in India, China,
Mongol i a and Nigeri a.

Parallel with deposit related research, a detailed market research
regarding quality and customer/processor requirements was carried out. These
results, important for the raw bl ock eval uati on (econom cs) were sunmarised in
an I n-house-Quality Standard.

The first results are published in Nelles and Di ehl (1995), Nelles (1996)
and Diehl et al. (1996). OQher attenpts to define reserves/resources of
di mensi on stone deposits were nade by Singewald (1992).

. RESERVES/ RESOURCES CALCULATI ON, DEPOSI T PARAMETER AND DEFI NI TI ONS

Wth the introduction of nodern mning technol ogi es and systematic
i nvestigations on natural stone deposits of different types and shapes
t hroughout the world it became necessary to introduce and subsequently adjust
and re-forrmul ate the conventional mning term nology to neet the needs of the
di mensi on stone mning industry. Consequently, intensive geol ogical studies
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were necessary with parallel mning-technol ogical investigations as well as
the establishment of proper mning-record data bases. Wth the help of these
records collected fromoperating mnes and exploration projects, it is now
possible to present a new nethod of cal culating the reserves/resources of

di mensi on stone deposits. Wth the exception of sone commodity specific
alterations the calculation is based on conventional reserves/resources

cal cul ation nethods. In the follow ng, geol ogical and mning
reserves/resources are distinguished (see Figure 1).

One of the major differences to conventional mning is the fact that it
is not possible for dinmension stone to determ ne the grade of a deposit by
means of anal ytical |aboratory methods, as for exanple applied to netal ore
deposit or certain industrial mnerals. Consequently, the geol ogical estimte
of the percentage of the raw block content of a deposit (Bg,) needs to
i ncorporate econonmic market criteria (first/export grade) for the raw bl ock

These criteria for export quality blocks are described in detail and are
standardi sed for the different types of deposits and rock-types [Nelles and
Di ehl (1995), Nelles (1996) and Diehl et al. and are sunmarized in Figure 2.
Geol ogi cal paraneters influencing the estinmated raw bl ock content are
sunmmari sed in Figure 3.

Appropriate exploration nethods can contribute to estimating the
geol ogi cal In-situ-raw block inventory (B,,) as closely as possible. Mthods
applied are: dianond core drilling, detail ed geol ogi cal mapping of surfaces
and m ne benches and | evels, panel wall mapping as well as increasingly
geophysi cal nmethods: e.g. areonmagnetics and deep penetrating radar

The results of the research programme are very encouragi ng and AgradeA
di stribution plans of dinension stone deposits could be produced. These maps,
together with mining records allow giving geologically estimted production
forecast figures at a very high level of confidence. In the follow ng the
Ki nawa m gmatite deposit, Mnas Gerais, Brazil is used to denonstrate the
various and compl ex geol ogical, technical and economc facts and the way to
i ncorporate theminto the proposed reserve/resource cal cul ati on procedure.

1. MN NG RESERVES OF THE KI NAWA M GVATI TE DEPCSI T, M NAS CGERAI'S, BRAZI L

(a) Locality

One of the mgjor dimension stone mning areas in Brazil is located in the
sout heastern region of the state of Mnas Gerais southwest of the Quadril atero
Ferrifero geographically defined by the towns of Divinépolis, Oiveira, Canpo
Bel o and For m ga.
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The Kinawa mgnatite deposit - owned by Fontex I|nportadora e Exportadora
Ltda. of which Deutsche Steinindustrie AG (DESTAG holds 50 % of the shares -
consi sts of two done-shaped nassifs flanked by boul der occurrences.

Hi storically, extraction of raw bl ocks for export to European markets was
restricted to the so-called | oose formati on of nega-boulders. Systematic
exploration and mning of the solid formation was started in 1992/93 with the
devel opnent of the Kinawa IV bench and | evel quarry.

(b) Reqi onal Geol ogy

Ceologically, the Kinawa m gnmatite bel ongs to the Archean basenent rocks
of the S&o Francisco Craton that is bound by nobile belts and sedi nentary
basins of different ages. These basement rocks were overprinted by nultiple
def ormati on and netanorphismuntil the stabilisation of the craton

The earliest event is the generation of the source rock for the Kinawa
m gmatite. This source rock was then fol ded, boudinaged with stretching and
thinning of the original layers and intruded by di ke rocks of mafic
conmposition. Advanced netanorphi sm segregational processes and partia
mel ting including the deconposition of nost of the mafic di ke rocks gave rise
to a distinct foliation fabric. At a |ater stage, the rock was affected by
sheari ng acconpani ed by a second generation of partial melts along the shear
pl anes. Due to cooling and up-lifting of the mgmtite, brittle deformation
caused the generation of fractures and joints. At the current |evel of
exposure the rock has reacted on the deconpression stress by the formation of
unl oadi ng fractures parallel to the topography.

(c) Deposit Characteristics, Geology and M ning

The geol ogi cal work carried out for the Kinawa |V deposit is docunented
in a feasibility study (detail ed geol ogical study + proven saleability)
i ncludi ng: Detail ed geol ogi cal mappi ng at scales 1:500 and 1:200, panel wal
(bench and | evel s) mapping at scale 1:100, technical description of
geol ogi cal / m neral ogi cal features, diamond core drilling, the nodelling of the
si ze and shape of the m neabl e >granite= body, grade distribution nmaps and the
presentation and eval uati on of the reserve/resource inventory.

Quality control and standardi sati on of the produced raw bl ocks was one of
the key criteria for the market econom c eval uation of the raw product. To
standardi se a nebulitic mgmtite with a wide range of colours, structures,
textures including natural defects - |owering the recoverable rock volune for
a stone processor - hand specinens were collected and eval uated regarding
colour and mneral ogy. It was found that the colour of the mgmatite can be
described by the ratio of pink, white and bl ack. Thus, the col our can be
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depicted in a colour triangular diagram of which each corner represents the
predom nance of one of the three colours. A division into seven colour fields
proved to be practical

In contrast, the structure and the texture of the Kinawa mgmatite was
anal ysed using raw bl ock surfaces as well as bench and | evel exposures. Four
structure-types occur within the deposit and are classified as: Foliated,

Fol ded, Granitic and Patchy.

Regardi ng the natural defects of the rock, mechanical and aesthetic
bl em shes are distingui shed. Mechani cal defects are geol ogi cal features such
as joints, fractures and cracks which negatively influence the physica
properties of the rock and consequently the slab/tile recovery out of a raw
bl ock. Aesthetic blem shes are m neral ogi cal inhonpgeneities such as col our
vari ations, veins, schlieren, patches and enclaves that disturb the overal
characteristic view of the rock which allows inmediate identification (e.g.
Ki nawa Cl assico). The eval uation of such features as an aesthetic blem sh may
vary from custoner to custoner, however, is strongly dependent on the fina
use of the product, e.g. tombstone versus building and construction

The detail ed mappi ng of benches and | evels exposed during m ning (pane
wal | mapping) is carried out at a scale of 1:100 and focuses on the
application of the described standard with the docunentati on of all geol ogica
features | owering the production volune of export grade raw bl ocks. In
addition, the panel wall mapping results act as geol ogical records to update
the geol ogical level plans and to i nprove the geol ogi cal understanding of the
deposit.

The results of the detail ed mapping activities are presented in Figure 4
showi ng a generalised geol ogi cal map of the Kinawa |V quarry.

Panel wall mapping is an inportant tool to forecast production figures
fromprimary blocks and the results are incorporated into the grade
di stribution plan.

VWere no sufficient information can be collected from surface geol ogy,
di anond core drilling is carried out. The boreholes are drilled both
vertically and horizontally between 15 and 25 min length. Due to the steep
dip of the deformation fabric, the maxi mum core information is obtained from
hori zontal drilling results. The results are collected including the reference
of the position within the deposit and kept on data base for the conpilation
of mining records.
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M ne Layout

The m ning method at Kinawa is characterised by |evel and bench m ning,
ranp access to every level, primary cutting with diamond wire saws (vertica
and horizontal), and secondary drilling. The primary cuts forma saw tooth
pattern (angle of 45 degrees always present). As a result of this approach
vari ous workabl e faces have been opened. The mning direction and direction of
extraction forman angle of 90 degrees to each other (Figure 5). Two main
criteria are applied to determ ne the extracti on sequence of the primry
bl ocks. The first depends on the optinmum bl ending of primary blocks to reach
t he budgeted production w thout high-grading the deposit. The second criteria
depends on how to acconplish a snmooth sequencing of activities. The overal
renoval rate has been established at 1000 m/nmonth. At |east 3 primary bl ocks
are mned per nmonth with primary bl ock di nensions theoretically of
9.0 mx 9.0 mx 3.8 m- 6 m(length x width x height). The volume of one
primary block is regarded as the smallest reserve block. The total volume of
m neabl e rock body V, is cal cul ated by addi ng the vol unmes corresponding to each
pl anned primary block. A plan view of the Kinawa 4 quarry with its basic
| ayout characteristics is shown in Figure 5. Details are given in Junge
(1996).

(d) Distribution of Grades

From the very beginning of the mning activities at Kinawa |V the actua
m ned raw bl ock volunme of first/export grade has been recorded, based on
i ndi vidual primary bl ocks. For each primary bl ock the actual mnined raw bl ock
volune is cal cul ated as the percentage of the total volune of such a primary
block (9 mx 9 mx 6 n). Hence, the percentage of recovered raw bl ocks froma
primary cut (B,), is a reflection of in-situ grade or yield of such a m ning
unit (Byey) -

At Kinawa IV the grade of the individual primry blocks units mned
ranges fromO vol.-%to up to 60 vol.-% Figure 6 illustrates the grade
di stribution based on m ning records from88 primary bl ocks | ocated throughout
the deposit and on different |evels.

Five grade categories or classes are distinguished:
very high (B, 45 vol . -% - maxi mum

hi gh (B, 30 - 44 vol .- %
medi um (B, 20 - 29 vol.-%
| ow (B, 10 - 19 vol .-%
very |low (B, 0- 9vol.-%

The achi eved production percentage of the mning units were plotted on
| evel plans and the different production areas are delineated (see Figure 7).
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These production (grade) distribution plans are inmportant for forecasting the
production (B, for the underlying levels and finally for calculating the
reserve/resource inventory.

Projecting all avail able production data onto one single plan (see
Figure 7) reveals that the migmatite body is conposed of a high
producti on/ grade central zone which is bordered by | ow grade zones. These
pl ans are regularly used for sequencing of primary bl ocks especially as
bl ending is necessary for production planning.

(e) Reserve/ Resource Cal cul ati on and Assessnent
The reservel/resource figures presented in the follow ng for the various
categories were calculated using the formula R, =V, _ B, (see Figure 1) and are

regarded as extractable mning reserve of the Kinawa deposit.

For the presentation of the results, the UN Framework Cl assification
matri x was applied which provides information about

A t he degree of economic viability
B. the stage of mineability assessment and
C. the stage of geol ogi cal assessment

given in code (ABC).

The codified classes presented are based on the following criteria.
= Econom ¢
= Feasibility Study + M ning Report
= Det ai | ed Expl oration
= Potentially Econom c
Prefeasibility Study
= General Exploration
= Intrinsically Econom c
= Ceol ogi cal St udy
3 = Prospecti ng
Definitions of these terms and the application procedure is given in docunent
ENERGY/ WP. 1/ R. 70 (1997).

W W NDNDNPEFP PR
1

The cal cul ation of the reserve/resource figures is based on the grade
distribution maps and the actual raw bl ock yield docunmented in mning reports
as shown in Figure 7.

Figure 8 illustrates the procedure of calculation the proved m nera
reserves for Kinawa IV in detail

According to the procedure and definition above, the Total M nera
Resources of the Kinawa mgmatite deposit were cal cul ated and assessed using
the UN Framework Classification matrix as shown in Figs. 9 and 10.
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V. DI SCUSSI ON AND CONCLUSI ON

The nethod presented in this paper for the cal cul ati on of
reserves/resources in the dinension stone sector has proved to provide
accurate results and is successfully applied for financial budgeting and
production forecast purposes. However, it also shows that the UN Framework
Classification can be directly applied to assess di nensional stone deposits
and reserves/resources.

One of the mpjor results of this study - especially as the conplexity of
these deposits is commonly underestimated - is the fact that the mning and
eval uati on of dinension stone deposits requires detailed exploration and test
quarrying.

Rel i abl e reserve figures, especially proved reserves, can only be
presented at an advanced stage of a dinmension stone project at which a

m neability assessnment can be carried out.
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