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H YUHCK.'fcOLOG I CAL EEATURES Uf- A ROCK Y MASSIF

10 ut ustl.) AS A NUCLEAR REPOSITORY

Wetten** C. and Urassi* J.í.

A8S TRAC 1

The Sierra de! Medio rocky massif is situated in the central west sector 
of a probably closed Cainozoic sedimentary basin.

Sierra del Medio behaves as an area having a positive relief which recei- 
ves rainfalls and spreads it over the superficial smaller basins around 
it. From the geo lógica I and geophysical points of view it is believed 
that the massif is separated from the adjacent basin water bearing forma- 
tions by fractures belonging to the direct type.

It is formed by Faleozoic inigmatites of granitic to tonalitic composition 
intruded by acidtc, mesosilicic and basic dikes. Ectinite xenoliths can 
al so be found.

The different hydrogeológica I units in the rocky massif under study were 
defined preliminary in geological, geophysical, mechanical and chemical 
detailed studies.

rentative isopiezometric curves are shown and geophysical profiles are 
analyzed.

RESUME

Le massif rocheux de Sierra del Medio est situé dans le centre-ouest d'un 
bassin sédimeritaire Cénozoique probablement fermé.

II se comporte comine une zone en relief recervant les eaux de pluie et 
les répandant sur les bassins superficiels plus petits que l'entourent. 
Les considérations géologiques el géophysiques conduisent á penser que le 
massif est séparé du bassin adjscent renfermant des niveaux aquiféres par 
des failles normales.

Les massif est constitué de inigmatites paléozoiques de composition grani-- 
tique ou tonalitique recoupées par des fi lons de roches acides ábasiques; 
on y recontre également des enclaves d'ectinites.



Les différentes uni tés hydrogéologiques dans le masif rocheux étudié ont 
été délimit^es par des études géologiques, géophysiques, mécaniques et 
chimiques détaillées. La contribution présente un essai de cartographie 
piézométrique et l'analyse des profils géophysiques.

l; INTRODUCTION

This paper describes the most important results derived from different 
geological investigations carried out at Sierra del Medio and the preli- 
minary hydrogeological studies of this rocky massif.

Sierra del Medio is situated in the central-ñorthern sector of the Pro- 
vince of Chubut, Argentina between 69°38' and 69°55' western longitude 
and 42°021 and 42°12" Southern latitude (Fig. N°l).

This orographic unit es a block of 25 km. length and 8 Km. width. Its 
maximun height is 1,350 m.a.s.l. at Las Chivas hill situated almost in 
the widest part of this massif. The mean level difference from plains 
("pampas") sorrounding Sierra del Medio to its highest point is of about 
450m.

The major axis of Sierra del Medio runs with a north-western south- 
eastern trend; in general its relief is smooth with short and shallow 
gaps enclosed by rounden hills.

The regional hydrogeological investigation (1) was developed over a quite 
heterogeneous area where its geographical boundaries are: North, latitude 
42°001, South, latitude 42o30' South; East, longitude 69*00' West, longi­
tude 70°00' West covering an area of about 4,600 km2 that extends over 
part of Gastre and Cushamen departments in the Province of Chubut. Based 
on data obtained from 50 water points located all over Sierra del Medio 
and from the different groundwater static levels measured in 12 geologi­
cal exploration drillholes, the first detailed hydrogeological features 
of the rocky massif are outlined.

2. RESULTS 0F PREV10US INVESTIGATIONS.

Different aspects of the various stages of research carried on at Sierra 
del Medio can be summarized:

a) Taking into account structural stereoscopic photointerpretation, hel- 
ped by geomorphological-neotectonic, geophysical and geological stu­
dies of Sierra del Medio massif, a central area of 100 km2 delimitated 
by Alderete, Los Sauces, Guzmán and Escobar posts (shepherd dwellins) 
was determined (1) and further investigations in detai 1 were centred 
an it (3,4 and 7).

b) Those mentioned detailed studies have had a geological-petrographical, 
topographical - geomorphological, strustural (geostatistical) and 
geophysical character. The underground investigations were performed 
thanks to 12 shallow and deep drillholes (300 m. and 750 m.). Four 
deep drillholes were situated almost symmetrically in an area sorroun­
ding the highest topographic point (Las Chivas hill, 1,350 m.a.s.l.).



c) From drillholes and surface data, a three dimensional rocky mass dis- 
continuity variabi lity model has been proposed on the basis of a com- 
puterisfed approach. According to geological standards, faults, 
joints, master joints and dikes are enclosed as discontinuities. Hy- 
draulic injection tests and permeability meassuring logs in every 
drillhole have been programmed as following stages and their peizome- 
tric level data wi II be taken as a base in orden to study the f luid 
movement in depth.

3. SURFACE UEOLOGY

ihe differentiated lithological units are migmatites and dikes.

MIGMAJITES: Sierra del Medio is formed by rocks of tonalitic composition 
(Mamuií Choique Formation) being the result of a migmatization process on 
oíd biotitic and amphibolitic schists (Cushamen Formation). At the same 
time the tonal itic inigmatites have been partially or totally granitized 
in some sectors.

rhe main mineralógica i constituents of migmatites are: quartz, plagiocla- 
se, potassic feldspar and biotite. It is impossible to determine the 
migmatite age due to the tact that stratigraphicaI relationships have not 
been found. According to Ravazzoli and Sesana (1977), they would belong 
to the Lower Palaeozoic, according to Proserpio (1978) they would be Car- 
bonic and to Nullo (1978), to the pre-Cambrian-Permian Carbonic period.

DIKES: Various pegmatitic, rhyoIitic-dacitic and microdioritic dikes were 
recognized., These microdiorites are described as follows:

a) Pegmatitic dikes: Ihey are present as sets of dikes distributed all 
over the Sierra. Their trickness varies from a few centimetres to 2 
m. Their predoininant trend is north western/south eastern with a 
north eastern dip from l5uto 25°. There are also local subvertical 
dikes. Their mineralógica! composition is quartz, feldspar and mosco- 
vite. Although their texture is almost constant in a few outcrops they 
may become aplitic in their central stripe. Therir contacts with host 
rock are genera I Iy diffusive but they can be easily observed.

b) Rhyolitic-dacitic dikes: Severa! acidic dikes heve been observed in a 
couple of places in the Sierra; the biggest one is to the west of "El 
Alamo" post, 4 km. in length and b-8 m. thick. It has an almost ver­
tical north eastern trend. Ihe different contacts with the host 
rock can be easily observed. Several rhyolitic dikes with an almost 
vertical east-western trend have been found. These dikes are more re- 
sistant to erosion but they have a high density set of fractures. They 
are considered as being of Lower Permian-Triassic age.

c) Microdiorite dikes: Numerous microdiorite dikes are spread all over 
the Sierra, but most of them are in the central and north-western sec- 
tion. They have a vertical or subvertical position with predominant 
east-western and north-western trends. Their thickness does not ex- 
ceed 2 m. They are quite densely jointed and show clear, well-cut 
contacts. As they cross acidic dikes, they are undoubtedly younger. 
Perhaps they belong to the Permian-Triassic period.



3.1. STRUCTURAL FEACTURES.

Sierra del Medio is a block limited by fractures subparallel to its main 
axis. Therefore it looks like a tectonic pillar. This block is crossed 
by two fracture systems (Figure Itf 1) (5). The most important system has 
a north-western/south-eastern trend and it is represented by two paral leí 
faults with a right strike-slip displacement called "El Alamo" and 
"Escobar". They have a rectilinear topography and an almost vertical po- 
sition. "El Alamo" fault zone has a mean thickness of about 250 m. Rocks 
have undergone an intense cataclasis in this strip. "Escobar" fault co- 
vers a zone 150-200 m. thick and it also yields intense cataclasis. As it 
is a silicified fault it is more resistant to erosion and it is located 
in high topographic sites.

The secondary system with a north-eastern/south-western trend belongs to 
a tensión fracture system represented by the "Portezuelo del Angelito" 
and "Quebrada Larga" faults. They have well-defined rectilinear plots 
which coincide with depressed areas that control peculiar long, straight, 
deep creeks.

Some evidence such as: siickensides, gouges, crackling, adjacent rock al- 
teration and so on were recognized in order to carry on the faulted 
structure investigation.

Although no outcrop was found in some sites its presence was made evident 
by means of geophysical profiles.

Not only migmatites but also pegmatites and aplites are affected by cata- 
clastis ef-fects. On the other hand, dacitic and microdioritic dikes be- 
longing to the latest generation are not affected. This fact shows that 
the most important tectonic events were previous to the basic 
(Permian-Triassic) dikes emplacement. Consequently, it can be seen that 
cataclastic-forming processes were very ancient, perhaps mid to upper Pa- 
leozoic (pre-Permian).

4. HYOROGEOLOGICAL FEATURES

From regional hydrogeological investigation it was determined that Sierra 
del Medio is an upward block (horst) situated in the central northwestern 
sector of an underground water basin. It was also established that this 
Sierra contributes the basin recharge partially transferring the surface 
and subsurface runoff derived from rainfalls over its area of about 170 
kmZ.

Its annual mean rainfall of 150 mm makes it possible to estimate that 25 
hm3/y are distributed mainly between direct runoff and evapotranspira- 
tion. Groundwater flow and storage variations are unknown up to date, 
but several approaches have been planned for future research considering 
log testing and mathematical modelling with finite element techniques.



4.1. HYDROGEOLOGICAL UNITS

Some hydrogeologicaI studies such as hydraulic conductivity measurements 
wil'l be carried on in the near future in order to define with accuracy 
they hydrogeo lógica I behaviour of each rock unit and any geological 
Structure involved in secondary permeabi1ity or hydraulic conductivity. A 
hydrogeologica! research unit classification is proposed as a guide and 
it is shown in Diagram N°l, Figure N°l.

UNITS ÜF 
HYDROGEOLOGICAL 
INVESTIGA!ION

STRUCTURES THICKNESS
(m)

LENGTH
(Km)

TYPE
OF

FRACTURE

I Rocky mass

11 Regional faults 
Edges of the Sierra

+ 300 + 50

Escobar A 140.230 25 Trend emplacement

El. A lamo B 240.310 25 Trend emplacement

Portezuelo del 
Angelito C

120-240 8 stress

III
Oda. Larga 0 

La 1 apera E

__85-110___

60-80

... ..8

8

II

Chivas Norte F 40-90 8 Trend emplacement

Chivas Sur G 35 3 Trend emplacement

El Tornilio H-I 5-10 0.250 shear

Jointed and frac- 
tured zones J

In dri1lholes

IV Dikes 2 0.600 stress

V Quaternary sedi- 
ments and soils

UNIT I: Rocky mass

It is mainly formed by migmatites. These rocks are partially covered by 
a regolithic soil (Unit N"V). A portion of the water percolated from 
such e soil or directly is the recharge to the joint and fracture system.



UNIT II: Regional fractures

i
As very depressed groundwater levels and very important runoff were de- 
tected in the drillhole injection circuit SI and GI situated to the nort- 
hern part of the Sierra, these regional fractures could be compared with 
those units that are more pervious than the rocky massif.

An important fact to be mentioned is that these fractures would partially 
be the hydrogeological link between the rocky massif and the Cainozoic 
and Mesozoic sediments bordering Sierra del Medio.

UNIT III: Loca 1 Fractures

The hydrogeological interpretation of the major fracture behaviour of the 
so-called tnain system determines that these fractures are associated with 
the most important springs in the Sierra.

Based on the silification observed in Escobar Fault (III A; Figure N°1) 
it is assumed that the correct hypothesis is that it is an almost imper- 
vious unit having a positive palaeoreleif and when the underground flow 
section decreases it makes the groundwater level increase until aligned 
springs crop out. Due to the fact that the underground flow moves in 
these spring sorroundings partially as a result of the Quaternary filling 
it is rather difficult to define whether the water comes from the Qua­
ternary or from the fractures or from both. Future studies may solve this 
problem.

UNIT IV:.Dikes

ihe different kinds of dike behaviour has not been reached yet from the 
hydrogeological point of view. There can be no doubt that they form an 
element giving a distinct anisotropy to the rocky massif, in particular 
to those having a major length and, due to this fact, they may have a 
great influence an the direction of groundwater flow.

On the other hand, as their mechanical properties or resistance to weat- 
hering differ from the host rocks they always constitute either drainage 
paths or impervious screens (2).

UNIT V: Quaternary sediments and soi Is (Reqolith)

Even though this unit has not been mapped in the hydrogeological study 
due to its poor area representation, it is an important element in Sierra 
del Medio because it has a high intergranular porosity, permeability and 
capacity of percolation (100-120 mm/h with Müntz method). It is also an 
importantn element in the local hydrological cycle development (reception 
and transference of shallow and underground runoff). These sediments fill 
almost every Sierra depression (water points and "mallines" which is the 
local ñame for ponds), have poor human settlements and are frequently fi- 
lled with water working as big natural sponges. Based on points such as: 
water points, springs and wells present in this zone it was possible to 
make the preliminary isophreatic curve map.



5. GROUNDWATER LEVEL. SPRING DISCHARGE.

Taking the topographic curves and the highest levels of ground water mea- 
suced at 50 water points as a guide, the different isophreatic curves we­
re plotted with a contour line interval of 50 m (Fig. N°2).

No differentiated marks were observed when the 12 drillholes piezometric 
levels were compared with the levels suggested for these points by the 
isophreatic curves.

It was established that the distributed discharge is about 3 % and 27 % 
of the rainfall volume in order to find a relationship between the mean 
annual volume of water fallen over four small hydrographic basins of the 
massif and the mean annual volume of water distributed by the four 
springs discharged by these basins.

As they are the first measurements achieved, it is impossible to desing 
either hydrogeological correlations or adjusted interpretations of the 
rocky massif hydrological performance.

6. SUBSOIL STUDY.

Twelve diamond drillholes were performed so as to know the rocky massif 
underground geology from 200 m. down to 750 m. depth and fairly good 
drill cores were obtained. A detailed study of the fractures, fracture 
minerals, rock formations, dike presence and so on as achievel based on 
these DDH cores (4, 10,11).

Certain parameters such as per centage core recovery, ROD, N/L (frequency 
of fractures per metre) and E (fracture spacing) were measured not only 
to lócate and assess the fractured zones but also to correlate them with 
the surface geophysical and geological cross-sections. Furthermore, 
each fracture site was measured taking into account the drillhole axis, 
roughness, opening size, filling type, etc..

Moreover, temperature profiles (logging) using a thermal sensor made in 
San Juan (Argentina) with an accuracy of 0.S* C, digital depth gauge and 
an electronic display of point display were carried on at every vertical 
dri1Ihole.

From the analysis of these logs negative and positive thermal anomalies 
were detected (Fig. 3). They show thermal anomalies that coincide with 
fractured zones (Unit III J). Another anomaly coincidental with a dike of 
basis type (Unit IV ) can also be observed. These thermal anomalous va­
lúes may be considered as zones of groundwater flow in the rocky massif 
discontinuities (faults, joints, dike contacts).

Figure N°4 shows drillhole groundwater level variation in time.
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Fig. 2. Preliminary rnap of groundwater level (11/1984).

Fig. 3. Ori1lholes.

Fig. 4. Groundwater level variations in drillholes.
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