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GEOSTAT SITCAL INVESTIGATIONS OF
ROCK MASSES. THE SIFERRA DEL MEDIO
CASE (ARGENTINA)

Matar*, J.A.; Sarquis, M.A.; Girardi, J.P. and Tabbia, G.H.

ABSTRACT

The geostatistical techniques applied for the selection of a minimum-
fracturation volume in Sier-a del Medio allow to quantify and qualify the
variability of mechanic characteristics and density of fractures and also
the level of rellability in estimations.

The role of geostatistics i3 discussed in this work so as to select mini-
mum fracturation blocks as a very important site selection step..

The only variable used 1s the "jolnting density" so as to detect the
principal fracture systems affecting the rocky massif. It was used on

the semivariograms corresponding to the previously mentioned regionalized
variables.

The different results of fracturation are compared with the deep and sha-
1llow geological surveys to obtain two and three dimensional models. The

range of the geostatistical techniques to detect local geologlcal pheno—
mena such as faults 1s discussed.

The varlablility model obtalnzd from the borehole data computations is in-
vestigated taking as basis “he vertical Columnar Model of Discontinulty
(fractures) hypothesis deriived from geologlical studies about spatial be-
haviour of the Jjolnt systems and from geoestatistical interpretation.

RESUME

Les techniques gfostatistiques utilisées pour selectionner un volume de
minime fracturation dans Sierra del Medio ont permis caractériser cuanti-

tativement et cualitativemeat la variabllité des propriétés mécaniques,

de 1la densité des fractures et aussl du nivel d'exactitude de 1'estima-
tion.

La geostatistique employée pour détérmiqgr des blocs de minime fissure
c'est une trés importante étape dans la sélection d'une place.

On a utilisé seulement une ‘ariable pour comaltro les systémes de fissu~-
re principaux afectant la masse rocheuse. . Zette variable denominée
"densité de dlaclase" fut usée dans les semlv:.riogrames concernants les
variables reglonalisées qu'on a mentionné aviant.
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Aprés on a comparé les re:ultats de fissure avec les études gfologlques
de surface et de sous—sol pour obtenir des modeles en deux et en trois
dimensions et aussi on a malyse le trascendence des techniques ggosta-
tistiques pour comnaltre jes phénoménes gfologlques locaux par exemple
fallles.

Le nndele de variabilité obtenu pour le traltement en ordinateur, des
données des sondages fut Investipué avec 1l'appuli du modéle de colonne
vertical de 1'hypothese de (iscontinuité (fractures), celle-ci a été pri-
se d'une part des étudies gfologiques sur la conduit@ spatiale des syste-
mes de dlaclases et d'autre part de 1'interprétation gfostatistique.

1. INTRODUCTION

It 1s known that foundation road engineering 1s also supported by geo—
logy. All geological data ised to inventory, analize and sinthesize na-
tural phenomena are backgrounds on which an engineer can design, plan and
bulld in a secure and harmoriious way in accordance with the natural envi-
ronment.

One of the most significant parameters provided by foundation engineering
is rock structural features, especlally geological discontinuities, such
as: faults, fractures, bedding planes, cleavage, joints, dikes and so on.
Discontinuittes have a great 1nfluence on rock mechanical behaviour be-
cause they usually increase the rocky mass strain and decrease 1ts resis-
tivity. These two events are responsible for most of the faults occurred
under static or dynamic charge conditions.

In order to obtain trend, d'p, spacing, length, fill, wrinkle and density
data, a complete discontinuity geological mapping of the rocky massif ba-
sed on a plamned study 1s required. Then 1t 1s possible to assess the
number of Joint famlilles present, thelr distribution, significance, in-
tact rock natural blocks etc., 1n quantitative and qualitative terms.

Geostatistics 1s another approach use for accomplish these objetives.

2. METHODOLOGY USED

The general methodology employed in the determination of the least frac-
tured area of a vrocky massl’® was as follows: Collection of data to defi-
ne the final grid and its sumpling.

Twenty elght approximatel.: 1isodistanced stations supplied values of
"Number of Jointg" (N) and heir "Spacing" along 10 m lines normal to the
strike of the two main syst:ms of jolnts that affect the rock mass. Then
"samples" of the definitiv: grid (188 stations) were obtained together
with the geology and survey of the area.

Rock quallty was evaluated. from the mechanical point of view, through
the N/L and RQDS parameters, the latter being defined as the summation of
spacing lengths (more than 10 cm long) per linear meter. N/L and RQDS
values were estimated taklpys these primary data as basis.

DELFRMINATION OF ''HE DEFINITLVE GRID

Different forms and mesh deasifications were proposed once the required
accuracy 1in the knowledge of the variable had been established. This
analysis was carried out only with the N/L parameter.



HISTOGRAPHY OF N/L AND RQDS

The distribution pattern to which the sampling of N/L and RQDS obey, was
used in selecting the type cf semivarlography to be estimated from them.

The chi-square criterion allwed to define the adjustment of the N/L his-
tography to the correspondinz distribution.

The correlation between the N/L and RQDS parameters 1s shown at this
point (Figure N°1).

SEMI-VARIOGRAPHY OF N/L AND 3QDS

To carry out the geostatisti:al representation of the variables employed,
the model of varlability from the corresponding experimental semivario-—
graphies were obtained. These were estimated considering N-S, NE-SW, E-W
and NW-SE strikes (Figure N°2).

To check the realiahility of the N/L semivariography to be used in the
krigeage operator, the Re-Us= method was applied.

DETERMINATION OF 'THE MINIMUM FRACTURATION AREA

It was based on the kriging estimation of the mean values of the varia-
bles corresponding to each area in which the sampled surface was assumed
to be divided in.

At the same time, the gepologlc data were analysed in detall which allowed

to establish the rpliability of the geostatistical model of the investi-
gated area (Figure N°3).

3. DATA ON DEPTH

Once the minimum fracturaticn area had been selected and in order to be-
gin with the study in depth, the location of U4 deep core drillings (450
to 750 m) was proposed. Such core drilling could be of the inclined or
vertical type. Several 4 core drilling - configuration were proposed in
the area taking into account the surface fracturation semivariography mo-
del. The mesh that became to be related with the least typical deviation
of kriging was that once eloagated east-west with a side ratio of 5/3.

It should be mentioned th:i ; at this stage of the planning, three core
drillings between 200 m anr 300 m deep had already been performed; thus
some fracturation character stic data were available.

Four deep core drillings w re made - PPl; PP2; PP3 and PP4 - and from
them the one called PPl hac a 60°south dip on purpose, to detect the in-
fluence of some geological tructues.

A1l this work ylelded datsn on the number of fractures per linear meter
N/L from 3.05 m deep cores.

The N value comprises all fractures and it is independants of their cha-
racteristics. The L value is referred to the core run.

The N/L mean values, corresponding to the bearing resulting from inter-
sectlng the drillings with the horizontal bench mpdel derived from the
highest point in Sierra del Medio - i.e. Chivas Hill, some 1.350 m
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a.8.1., to be used In the tI ~ee-dimendional mpdel calculations, were com-
puted. The benches were a sumed to be 25 m high, this value resulting

from studying the semlvario raphy of N/L values for core lengths of 3.05
M.

Since he ranges determined for the vertical drillings are consistent
with the bench height, incl.sion of short range variabilites 1s avoided
in this first stage of the work., Figure N°4 shows, schematically, the
bench model proposed.

L, CONCLUSIONS

This study has allowed to determine the location of a minimum fractura-
tion area of about 600 x 1000 meters in Sierra del Medio. Geostatistical
techniques were applied to the parameters "Number of Joints per linear
meter (N/L)" and "Index of surface rock quality (RQDS)".

To accomplish the previously mentioned determination, N/L was employed
because 1t 1s the most representative parameter of the surface structural
characteristics of the rock mss.

The minimum fracturation area has maximum values of 5 jolnts permeter and
25 % typical deviation (this error-affecting the former in 1 disconti-
nuity at the most).

The reliabllity of this area location was coroborated not only by the
good correlation existing with data resulting from the Geology in detail,
but also by the 200 m deep boreholes in the sampling zone.

It 1is noteworthy that the application of Geostatistics to this type of
problems 1s assoclated with a time shorter than that required for the ap-
plication of traditional exploration techniques.

A three dlmensional model using the N/L surface mean values and the depth
ones 1s being carried out at presente.
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