ACTA PALEONTOLOGICA ROMANIAE V. 3 (2001), P. 399-407

GEOPHYSICAL LOG INTERPRETATION A CLUE IN OUTLINING AND
CHARACTERIZATION OF NEW SALT DEPOSITS, A CASE STUDY FOR GURA-SLANIC
EAST SALT DEPOSIT

Mihai SARAMET ', Gheorghe GAVRILESCU ? & Cristian ROTARIU®

Abstract. Exploration by wells of a salt accumulation generally involves continuous mechanical
sampling and chemical analyses of cores to determine their NaCl content. Thus is obtaining a
continuous geochemical profile in salt, giving information about salt quality (particularly NaCl
content). As continuous mechanical sampling and chemical analyses are very expensive, this
study propose a new method to achieve continuous geochemical profiles in salt proceeding from
relationship between gamma natural log and NacCl content.

The study area is placed in vicinity of Gura Slanic, Targu Ocna salt deposit where eight exploration
wells were drilled. In four of those wells mechanical continuous sampling was carried out, and in all
of them usual borehole-geophysics (i.e. caliper, electrical standard log and natural gamma log and
neutron-gamma log) was carried out. From our experiments the best correlation between NaCl
content and log recordings in salt appears for natural gamma log. The way of calculating NaCl
content using these logs is as follows:

1) Fix an origin point, and through this point draw a "basis line" so that further measurements refer

to this line;
2) Measure values of curve minimum amplitude (lmin) and maximum amplitude (Iyex) recorded in
salt;
3) Calculate relative size of natural gamma radiation AJ,, with relation:
AJx = (Ix = Imin) / {lmax ‘!min) (1)

Where I, is the value of gamma radiation at given depth ;

4) Use the value of AJy in graph from Figure 6, which shows relationship between aJ, and NaCl
content, to determine the corresponding value of NaCl content.

Using of relative size of natural gamma radiation (dimensionless), allows us to avoid drawbacks
due to using of different units for gamma log (impulses per minute or APl units), radiation back-
ground and tool type. This way NaCl content can be established in wells where no continuous
mechanical sampling was available. To verify method accuracy we compared NaCl contents from
chemical analyses with those calculated by our method, for four wells in which both geochemical
profile and natural gamma log were available. A very good correlation can be observed as residual
analysis gives a mean residual error of 0.73% and a standard deviation of 1.23%. Use of this
method allows us to draw up geo-chemical profiles in wells where these are missing. Using overall
data we draw up maps for various horizons and sections with NaCl content izo-lines. Such a
section is shown in figure 8.

In order to calculate salt geological reserve a map with Salt Formation thickness was drawing up
and correlated with maps and sections with NaCl content izo-lines.

Summarizing, this study achieved a new method to estimate NaCl content using natural gamma
log which facilitate calculation of geological reserve for a new salt accumulation placed eastward
Gura Slanic, Targu Ocna salt deposit.
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Figure 1. Geological map of the area of Gura-Slanic tectonic window, Tg. Ocna, Baciu Depariment;
Tar— Tarcau Unit;, VK — Kliwa Sandstone; VrS — Salt Formation; VrH - Harja Formation;
Per — Pericarpathian Unit; Q — Quaternary deposits.
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INTRODUCTION

To prospect and explore possible salt
accumulation, it is necessary to establish both
salt presence and its quality. In context of wells
driled in a certain study area, salt quality is
proved by chemical laboratory analyses carried
on cores. However, continuous mechanical
sampling rises up the price of investigation, so
drill cuttings and borehole geophysical logs
complete the data. )

Our study suggests a method for processing
natural gamma logs.

This method allows assessment of
percentage in sodium chloride and to substitute
chemical analyses on cores. Thus a continuous
geochemical profile in salt can be obtained in a
borehole which was not continuously sampled.
To verify this method we used geochemical data
and geophysical-borehole logs from exploration
wells drilled in an area in the vicinity of Gura
Slanic-Est, Tg. Ocna salt bearing. In this way the
percentage of sodium chloride from our method
allows us to draw out maps with salt izo-contents
and on this basis we outine a new salt
accumulation.

The prospected area is placed in Gura Slanic
tectonic window, which bellows to Vrancea Unit
and is caught between Tarcdu Unit and
Pericarpathian Unit (Figures 1 and 8). To depict
the geological setting of the prospected area we
used the following data: the map of residual
gravity anomaly, geophysical-borehole logs and
geochemical profiles in following wells A, B, C, D,
E, F, G, and H.

GEOLOGICAL SETTING

Stratigraphic units outcropping in the area and
intercepted in these wells are shown in Figure 2.
In the following we shell briefly discus about
geology of the area of interest.

2.1. Lithostratigraphy

In Tg. Ocna area sedimentary sequences
including flysh marine clastic deposits and
evaporitic deposits (gypsum, salt and potassium
salt) are present. All these deposits belong to
three main structural units (Figure 2): Tarcau Unit,
Vrancea Unit and Pericarpathian Unit.

2.1.1. Tarc&u Unit

Tarcau Unit is the most spread thrust nappe of
the Eastern Carpathian Flysh, with widths
reaching 45 km. in Vrancea region (south of
prospected area). To the west this unit is
overthrusted by Audia and to the east Tarcau Unit
overthrust Vrancea Unit covering it in entirely and
reaching Pericarpathian Unit. There are Eocene
and Oligocene-Miocene formations belonging to

Tarcau Unit (Figure 2a).

a) Eocene

Lesunt Formation is composed of
calcareous sandstone and clastic limestone with
silica accidents (chaille). Sometimes some
intercalation of conglomerate with Green Shists
and marls pebbles are present. In the upper part
lithographic limestone of Pasiecza type are
present. The thickness is about 250m (Grasu ef
al. 1988).

Plopu Formation is an alternation of bedded,
grey-greenish calcareous sandstone, and red
marls. Thickness is 100m (Grasu ef al. 1988).

Lucacesti Sandstone Formation correspond
to the upper part of the Eocene sequence, and
consist of quarizose sandstone with a total
thickness of 20m.

b) Oligocene-Miocene

Lower Menilitic Formation consist of two
members. The lower member - Fierastrau
Sandstone (Mutihac and lonesi 1974) — consist of
25 m of well bedded sandstone with interbedded
disodilic clay. The upper member is represented
by 40 meters of consitent meniliites.

Brown Bituminous Marl Formation
represent an excelent mapping reper for
Oligocene deposits. In outcrops the marls are
withish due to organic matter alteration. The
thickness is about 40 m.

Lower Shale Formation. Shale have a high
content of silica, are brown or blackish coloured
and very well stratified. In the basal part there are
some menilitic intercalations, which can reach
few meters. The thickness of this formation is
about 40m.

Lower Kliwa Sandstone Formation consist
of massive beds of quartizose sandstone (10-15
m) with subordinate intercalations of black shale.
The thickness of this formation is 200— 350 m.

Upper Shale Formation consist of black
disodilic clays with sulphur and gypsum, and thin
beds of Kliwa type sandsone. The thickness of
this formation is between 40 and 70 m.

Podu Morii Formation consist of argilous
sandsone and calcareous sandstone interbedded
with grey marls. The formation ended with a 0.8
m thick green tuff. The thickness of this formation
is between 80 and 120 m.

Upper Kliwa Sandstone Formation consist
of withish quarizose sandstone medium grained
alternating with disodilic clays. The thickness of
this formation is between 30 and 80 m.

Upper Menilitic Formation consists of
blackish menilite strongly micro-folded in few
centimeter beds. The thickness varies between
20 and 60 m.

2.1.2. Vrancea Unit

Vrancea Unit forms the eastern nappe of
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Eastern Carpathian Flysh and is- almost totally
covered by Tarcau Unit. Occasionally its deposit
detached from the main body of the nappe and
pushed in front of the Tarcau nappe during the
overthrusting process. In the studied area only
Lower Salt Formation and Héarja Formation are
present (Figure 2b).

Lower Salt Formation is Aquitanian in age
(lorgulescu ef al.1962) and consist of evaporitic
deposits as are salt, and rarely gypsum and
clastic deposits (sandstone, clay). In the upper
part is located the salt breccia with fragments of
green schists and rarely sandstone and marls.
The thickness of this formation is between 400 —
600 m.

Harja Formation is up to 1200 m thick and
consists of marls, grey-greenish or red clay,
blue-grey micaferous sandstone and some
gypsum intercalation. The age of this formation
is Aquitanian.

2.1.3. Pericarpathian Unit.

Pericarpathian Unit represents the foreland
basin in front of Eastern Carpathian nappes
system. In the western part its deposits are

overthrusted by Tarciu or Vrancea nappes. In the
studied area Pericarpathian Unit deposits are
encountered only in wells, being represented by
Magiresti Formation and Grey Formation
Aquitanian-Burdigalian in age (Figure 2c).

Méagiresti Formation is an alternation of
calcareous sandstones and grey and brown-
reddish marls with flysh-like sedimentation (Grasu
el al. 1999). The thickness of this formation is
about 500 m.

Grey Formation begins with gypsum level
named Perchiu Gypsum followed by a sequence of
sandstones and calcareous and sandy clays
(Grasu ef al. 1999). The thickness varies between
300 and 500 m.

2.2. Tectonics

Three major tectonic units built-up the tectonic
architecture of the region: Tarcidu Nappe, Vrancea
Nappe and Pericarpathian Nappe (Figures 1 and
8). These units were westward through as follows
Vrancea Nappe thrusts over the Pericarpathian
Nappe the Pericarpathian Nappe and experiences
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Figure 2. Lithological columns of the main units in studied area: a) Tarcau Unit, b) Vrancea Unit,
c) Pericarpathian Unit.
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Figure 3. Maps and block-diagrams of the Salt Formation in the prospected area: a) map on the top of the
Salt Formation; b) map on the bottom of the Salt Formation; ¢) map of thickness of the Salt Formation.
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the thrusting of Tarciu Nappe. Its structure was
built-up in two stages during the Old Stiric tecto-
genesis and New Stiric tecto-genesis. It thrust
westward over Vrancea Nappe covering it
completely in places and reaching Pericarpathian
Nappe. The structure of Vrancea Nappe was
built-up in two stages during the Old Stiric tecto-
genesis and New Sfiric tecto-genesis, it
experiences the thrust of Tarciu Nappe, and in
it's tum thrusts over Pericarpathian Nappe. Due
to the thrust of Tarcdu Nappe patches of the main
body of Vrancea Nappe were detached and
pushed-up in the front of Tarcdu Nappe as
happened in the studied area. In some places
formations belonging to Vrancea Nappe outcrop
in the middle of Tarcidu Nappe due to erosion
phenomena (Figure 1). Pericarpathian Nappe
superimposed over the foreland basin in front of
Eastern Carpathian thrust-and-fold belt.

Using KRIGE geostatistical method, which
allows a very good interpolation of data between
wells and a satisfactory extrapolation outside
wells we have drawn maps of depth and
thickness of Salt Formation (Figure 3a, b, and c).
After analyzing these maps and previous works
we draw some conclusions about salt
accumulation genesis:

- During Lower Miocene age, after the laying
down of Paleogene Flysh salt rose in a lagoon
which bordered Oriental Carpathians;

Iso-Ines of top of the Salt Farmation
—————— Iso-lines of Bouguer gravity anamaly

N T ¥

- Sc. 1:’5.00[;
Figure 4. Overlapping maps of top of the
Salt Formation and Bouguer gravity anomaly
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- During Badenian age, the Salt Formation and all
overlaying deposits (which bellows to Vrancea
Unit) were pushed up by Tarciu Unit, detached
from the preexistent basement and through over
the Pericarpathian Unit;

- In prospected area thickness variation of Salt
Formation, shows a thinning on SW-NE direction,
corresponding to general direction of stress tecto-
genesis events (Figure 3c);

- After completion of the tectonic movements, salt
got lithostatic decompressed due to erosion. This
process was accompanied by diapirism, aspect
shown in Figure 3c, where in well B a structural
protuberance of Salt Formation, which affected
Héarja Formation, is observed.

The eastward extension from well G is justified
by observations that could be made by
overlapping the depth izo-lines map on the top of
Salt Formation and on the map of residual gravity
anomaly (figure 4). It is well known that in areas
with salt deposits in subsurface, the residual
gravity anomaly is negative due to salt density
(2.02 — 2.08 g/cm’) which is smaller that density
of adjacent deposits.

In the studied area salt was intercepted in
wells A, B, C,D, E, F and G. In wells F and G,
where salt was intercepted at depth of about 300
m (Figure 8), it seems that this rule is not valid
and the residual gravity anomaly is positive. It is
obviously that the positive residual gravity
anomaly does not indicate the total disappearing
of salt in the subsurface, but a burring of them
under more thick deposits with greater density
(sandstones and marls) (Figures 4 and 8). In
conclusion we suppose that the Salt Formation
continues in the eastern extension from the
alignment of wells F and G.

SALT QUALITY

Determination of salt quality refers to an
estimation of sodium chloride content using data
from borehole-geophysical logs. From our
attempts, the best cormrelation between sodium
chloride content and values recorded on logs was
observed for natural gamma curve. The way of
calculating the value of percentage of sodium
chloride from these curves is as follows (figure 5):

1) Fix an origin point, and through this point
draw a ‘"basis line" so that further
measurements refer to this line;

2) Measure values of curve minimum
amplitude (Imn) and maximum amplitude (Imax)
recorded in salt;

3) Calculate relative size of natural gamma
radiation, aJx, with relation:

Adx = (Ix = Imin) / (Imax =Imin) (1)
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Figure 5. The way of calculating the sodium chloride content in well G, using gamma-ray log.
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where |; is the value of gamma radiation at
given depth;

4) Use the value of AJx in graph from Figure 6,
which shows relationship between AJxand NaCl
content, to determine the corresponding value
of NaCl content. The use of relative size of
natural radioactivity allows to avoid the drawback
due to using of different units for gamma curve
(impulses per minute or APl units), radiation’s
background, and type of tools;

Introduction of the value of AJy is based upon
the abscissa of graph from figure 6, and read on
the ordinate the corresponding value of sodium
chloride percentage.

The same value can be obtained analytically
using the following relation:

CON (%) = 100 - 2542 *Ady + 123,43*AJ7 -
198,01*Ady 2)
Where CON is sodium chloride percentage. So
we can determine sodium chloride content
percentage in other wells where geochemical
profiles are missing, but which have natural
gamma logs. -

We used the polynomial regression to obtain
equation (2), by interpolating the content
measured values, (Figure 6). From this figure it
can be observed that the effect of hole-wall
excavations and statistical variations (which
usually accompany the natural gamma
recordings) was removed.

Calculating the sodium chloride contents in
wells A, E, F and G we checked the method,
where both natural gamma log and geochemical
profile were available. Statistical analysis of
residuals for sodium chloride content values,
calculated as absolute value of difference
between calculated value and laboratory
measured value, allows to establish the mean

residual and its standard deviation. In the
observed wells the mean residual of sodium
chloride content and its standard deviation does
not exceed 0.73 and 1.23 percent respectively.
Note that residuals obtained by this method are
much smaller than the differences between
sodium chloride content from cores and sodium
chloride content from drill cuttings.

To determinate salt quality in overall zone, we
drew out maps of izo-contents corresponding to
exploitation slabs included between -50m and -
104m horizons. We achieved these maps in the
following way:

- Establish exploitation slabs of 18m thickness
beginning with -50m level;

- Calculate of condense sodium chloride content
for each well and for each slab, at mean level of
the slab (i.e. for 9m above and 9m bellow the slab
mean level);

- With condensed values of sodium chioride
content, using the KRIGE geostatistical method,
we drew out maps with izo-contents (Figure 7).
The accuracy of each map was verified by other
mathematical methods for interpolation and
extrapolation (polynomial equations and 2-D
SPLINE functions).

Using izo-content maps we drew out
vertical sections shown in figure 8, and
analyzing the achieved maps and sections we
observed that generally sodium chloride
content is good (> 97%), but some remarks
must be made:

a) At levels -50m, -68m), -86m and -104m salt
was not intercepted in wells F and G;

b) In wells B area appears a decrease of
sodium chloride content under the value of 97%,
at levels -68m and -104m.
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Figure 6. Graph of sodium chloride content, NaCl% in terms of relative size of natural radioactivity,
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Sc. 1/5.000

Figure 7. Map of sodium chloride content at
level-50m

CONCLUSIONS

In this study we propose a new method to
estimate the percentage content of sodium
chloride using natural gamma log. We pointed out
that method could not track down possible salt
accumulations, but once salt accumulation
founded by usual geological and geophysical
methods, then, based on the proposed method,
the volume of data concerning salt quality could
be completed, and so, price of exploration
considerably reduced. Results obtained by using
this method are more accurate that those
obtained from drill cuttings. Additionally drawing
out maps with izo-contents allows increased
accuracy of salt quality estimation.

So we can conclude:

(1) In prospected area the Salt Formation
continue eastward wells F and G alignment;

(2) The maximum of positive residual gravity
anomaly from well's G area does not mean that
salt layer will entirely disappear, but it will get thin
and will continue to remain under more thick

——95—— NaCl content in %

Figure 8. Overlapped geological and
geo-chemical sections, and Bouguer gravity
anomaly profiles

deposits (figure 8). Anyhow salt was intercepted
in this well. It seems that eastward well F and
well G, Salt Formation is becoming narrow and is
rising up towards the surface;

(3) Maps and sections with izo-contents show
that the quality of salt eastward wells F and G is
maintained over the threshold imposed by
technology.
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