
The accurate shape 
of salt diapir and near-salt 

 commercial hydrocarbon pools
as a result of a 3D joint gravity, 

well-log, and seismic inversion

30+ years of experience IN mapping 
commercial hydrocarbon pools

Commercial wells 
within the pools: 1

Commercial  
success rate 100%

Dry holes 
outside the pools: 2

Dry hole prediction 
probability: 100%

Accurate mapping of the budyschany 
salt diapir reveals two new
commercial near-salt hydrocarbon 
pools within the “salt” area 
by seismic

Dnipro-Donets basin, Ukraine, 2012

study objectives
The central part of the Dnipro-Donets Basin is characterized by active salt tectonics. Hy-
drocarbon accumulations are confined to Carboniferous sediments, which are pierced by 
Devonian salt. Within the investigated area the Budyshchany salt dome is located. Due to 
the absence of seismic reflections in the proximity of the salt dome there was ambiguity 
in the position of the salt wall. High-precision gravity data were used to refine the salt wall 
position and to determine the location and shape of the commercial hydrocarbon pools. 

3D MODELLING WORKFLOW
The 3D structural model consisted of 17 structural surfaces. The latter were built based 
on 3D seismic data in the target formations in Carboniferous, with consideration for well 
tops from the neighbouring Matviivka gas field. The top of Devonian mother-salt and 
basement were built based on the regional 2D seismic data. The density of the initial 3D 
model of the target Carboniferous interval was defined using sonic logs from the wells of
the neighboring Matviivka field. For the rest of the sequence, regional dependencies of 
density from age, lithology, and depth were used.

The shape of the salt diapir and the thickness of mother-salt were refined with a 3D struc-
tural inverse problem. A heterogeneous 3D density distribution was refined for the entire
section from the day surface down to the basement with a 3D linear inverse problem. The 
model consisted of 11.2 mln. cells. The cell size was 100x100x50 m. 

The root mean square deviation between the measured and modelled gravity for the 
initial 3D model was 4.639 mGal (Figure III-1e), while for the final 3D model it was 0.048
mGal (Figure III-1f). Relative to the gravity field, the final 3D model was 97 times more
accurate than the initial one.

GEOLOGICAL RESULTS
Density distribution of the 3D model evidence that the size of the salt diapir by 3D seismic

Figure III-1. Measured (a, b) and calculated (c, d) gravity fields for the initial 
and final 3D density models, and misfits (e, f) respectively
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(Figure III-2а) three times exceeds that by gravimetric data (Figure III-2b). A large area inter 
preted as salt by seismic data is represented by clastic rocks with localized low-density areas
corresponding to reservoir rocks. Cut-off density values of reservoir rocks are 2.37 and 2.5 g/
ccm. These areas are located adjacent to the modified salt wall and correspond to expected
commercial gas pools (Figure III-3). 

Salt diapir
by 3D seismic

Salt diapir
by 3D gravity

Figure III-2. Salt diapir on the seismic cross-section (a) and superimposed 
image of seismic and density cross-sections (b). Commercial gas pools are 
outlined by a cut-off rock density of 2.38–2.37 g/ccm in Upper Visean, Ser-
pukhovian, and Bashkirian formations beside the wall of the salt diapir. The 
location of the cross-section line is shown on Figure III-3. 
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Success factors for mapping the commercial hydrocarbon pools with 
gravity, well log, and seismic data
Ô 3D joint inversion of gravity, well log, seismic, petrophysical, and geological information ensures selection of a single geologically meaningful 3D model from a set 

of possible models that corresponds to the observed gravity field.
Ô Geologically meaningful constraints for the model’s parameters: rock density, depth of geological boundaries.
Ô 3D density model covering the entire geological section from the day surface down to the basement or mantle for a case of regional studies. 
Ô Using the complete Bouguer anomaly, without field separation into anomalies associated with target objects. Compensation of the gravity misfit by transformation 

of the entire density model.
Ô The use of actual rock density enables the conversion to 3D models of petrophysical parameters, including porosity, hydrocarbon saturation, density of hydrocar-

bon reserves (which represents the amount of hydrocarbons per rock unit), recoverable and drained reserves, as well as the initial flow rate of new wells.



Figure II-1. Cross-section of the 3D density model 
across known Runovschyna gas-condensate field 
and newly discovered oil field named after Academi-
cian P. F. Shpak 

Figure II-3. а – 3D model of Runovschyna salt 
diapir and salt wing (rocks shown in yellow with 
density 2.15-2.20 g/ccm), which pierce PZ-MZ 
formations (rocks shown in blue with density 
2.36 - 2.5 g/ccm); b – 3D outlines of commercial 
hydrocarbon pools in Triassic-Jurassic (in yellow) 
and Lower Permian – Upper Carboniferous (in 
green) (2012) and new wells drilled in 2013

DISCOVERY OF the NEW OIL FIELD  
NAMED after ACADEMICIAN 
P. F. SHPAK AND new commercial 
gas pools of the Runovschyna 
gas field
Dnipro-Donets Basin, Ukraine, 2012

STUDY OBJECTIVEs
By the start of the study above the Runovschyna salt diapir there was known 
Runovschyna gas field in Triassic, shown in yellow in Figure II-2а. Exploration 
project by 2011 foreseen new hydrocarbon pools in the Upper Carbonifer-
ous – under the salt wing and beside the salt wall (Figure II-2d), as well as 
within tectonic blocks neighboring the known pool in Triassic. The main risks 
consisted of the absence of commercial hydrocarbon saturation.

High-precision gravity data were used in 2012 to refine the shape of the Run-
ovschyna salt diapir and to identify commercial hydrocarbon pools beside 
and above the salt dome.

3D modelling technique
The structural framework was built using 3D seismic data interpretation 
results for target horizons in the Carboniferous. A structural model of the 
underlying Devonian sequence (including mother-salt) and basement was 
built using regional 2D seismic lines. Wells from nearby fields were used to 
define the density model of the target Carboniferous interval. Generalized 
petrophysical density relations derived for the Dnieper-Donets Basin were 
used for deeper horizons. 

The structural 3D model consisted of 16 surfaces. The 3D voxel density model 
was constructed down to a depth of 20 km. Dimensions of the 3D density 
model were 43x25.5 km. Voxel property model discretization (cell size) was 
100x100x50 m. 

The standard deviation (SD) between observed and modeled gravity from the 
initial 3D density model was 7.154 mGal; between observed and modeled 
gravity from the final 3D density model, 0.219 mGal. Relatively the gravity 
field, the initial 3D density model was improved by 33 times.

GEOLOGICAL RESULTS
3D joint inversion of gravity, seismic, and well data revealed that the salt 
dome shape, as determined by 3D seismic data interpretation, overlaps with 
that obtained from inversion results; however, there were still areas of signif-
icant difference. The low-density area associated with known Runivshchina 
gas fields was clearly identified in the 3D density model (Figure II-3). Apart 
from that, near the south-western wall of the salt dome and under the salt 
wing, there was mapped a new oil pool, which is controlled by a localized 
low-density zone with a cut-off value of 2.36 g/ccm (Figures II-1, II-2e, II- 4). 
In 2013 well #110 was drilled and discovered a commercial oil pool in Lower 
Permian – Upper Carboniferous. It obtained 106.8 m3/day of oil and proved 
the discovery of a new oil field named after Academician P. F. Shpak  (Figures 
II-2d,e, II-4).
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Runovschyna 
salt diapir

In Triassic–Jurassic sequence overlaying the Runovschyna salt diapir, to the northeast of the known 
Runovschyna gas-condensate field in the neighboring tectonic block a new commercial gas pool 
was mapped (Figures II-2b, c). In 2013 two wells, #100 and #101, were drilled within the mapped 
new gas pool yielding 19.5 and 12.5 thousand m3 of gas/day, respectively. Outside the outline of 
the pool the “dry” (water-producing) hole #102 was drilled. Thus a 100% success rate was achieved 
in mapping of commercial oil and gas pools (Figure II-3b).

Discovered new oil pool of 
the field  named by Acade-

mician  P.F.Shpak

Gas pool of  
Runovschyna 

field

Figure II-2. а – top of the producing 
horizon in Triassic, and Runovschyna 
gas-condensate field shown in yellow 
(2011); b – mapped commercial gas 
pool which is limited by spatially 
localized low-density zone shown in 
yellow, with a cut-off value of 2.2 g/
ccm; c – outline of the commercial 
gas pool (in yellow), penetrated by 
producing wells #100 and 101, and 
location of the dry well #102; d – top 
of the producing horizon in Permian 
and Upper Carboniferous, the outline 
of expected prospects (hatched areas) 
and location of the planned well #110 
according to the field exploration plan 
by 2011; e –outline of the commercial 
oil pool in the Lower Permian – Upper 
Carboniferous (in green) and actual 
well path of the well #110
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1 – faults, 2 – expected oil-water contact (OWC), 3 – 
exploration well, 4 – seismic horizons, 5 – stratigraphic 
boundaries, 6 – tested intervals, 7 – oil inflow, 8 – oil 
reservoir, 9 – expected oil accumulations, 10 – oil by 
well logging, 11 – water reservoir,12 – salt diapir
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Figure II-4. Cross-section across new exploration 
well #110 of the oil field named after Academi-
cian P. F. Shpak 
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Mapping the shape of the solotvino 
salt diapir and subsalt 
commercial hydrocarbon pools
Dibrivka and Solotvino gas fields, Solotvino trough, 
Transcarpathian region, Ukraine, 2005

STUDY OBJECTIVEs
The study area is located within the Miocene molasse basin of the Transcarpathian trough which is 
underlain by Paleogene-Mesozoic basement. In the south-eastern part of the study area salt pierces 
Neogene clastic sequence and forms the Solotvyno salt diapir. Due to the alteration of salty and 
clastic beds, the top and the bottom of salt are not distinguished by seismic method.

Solotvyno gas field is situated in the eastern part of the study area. A gas pool in the Lower Badenian 
tuffs of Novoselytsya formation N1nv was discovered by wells #1 and #2. Dibrivka gas field is situated 
in the central part of the study area. Gas pool in Grushivka formation of Paleogene P3gr was discov-
ered by wells #4 and #22. Both fields are located near the Solotvyno salt diapir and are overlaid by 
salt beds of Tereblya formation. 

Based on 2D seismic data, Solotvyno and Dibrivka gas pools were considered to be trapped in anti-
clines. Wells #4 and #22 of Dibrivka field were placed in the southern pericline of Dibrivka anticline; 
while wells #1 and #2, in the western pericline of Solotvyno anticline. 

The main objective of the study was to delineate distribition of commercial hydrocarbon pools, dis-
covered by producing wells of Solotvyno and Dibrivka fields, as well as to refine the shape of the 
Solotvyno salt diapir.

3D MODELLING WORKFLOW
A 3D structural framework was built using 20 2D seismic lines as well as stratigraphic well tops from 
different wells including wells #4 and #22 of Dibrivka field, wells #1 and #2 of Solotvyno field. Struc-
tural model consisted of 7 surfaces, featuring the structure of Neogene and Paleogene. An initial 3D 
density model (Figure I-2а) was built using generalized petrophysical relations down to 7km depth. 
Dimensions of the 3D density model were 14.4x10 km with discretization (cell size) - 100x100x50 m. 
3D model consisted out of 2 million cells. The misfit between observed and modelled gravity from 
the initial 3D density model was 3.792 mGal (Figure I-1d).

At the first stage we refined the shape of salt diapir with non-linear structural inverse gravity prob-
lem, which reduced deviation between observed and calculated gravity down to 1.5 mGal. Thus 
initial 3D density model was improved by 2.5 times. At the next stage  we refined the 3D density 
model with 3D linear gravity inversion, which reduced deviation between observed and calculated 
gravity to 0.316 mGal. Relatively the gravity field, the initial 3D density model was 12 times improved 
(Figure I-1e).

Figure I-3. Top of Paleogene superimposed with mapped com-
mercial gas pool showed up as low-density anomaly with the 
cut-off value of 2.5 g/ccm. Dry holes #23 and #28 penetrated 
tight rocks within the apical part of the Solotvino anticline out-
side the commercial gas pool. 

GEOLOGICAL RESULTS
Compared to the initial model, the bottom of the Solotvino salt diapir has 
deepened to 2.5 km (from an initial depth of only 1.3 km) (Figure I-2). 
Paleogene gas pool of Dibrivka field shows up as a low-density area outlined 
by a cut-off value of 2.50 g/ccm. The low-density anomaly embraces wells 
#4 and #22 (Figure I-3) and extends southward underneath the diapir. The 
apical and northern parts of the anticline are represented by tight rocks with 
densities of 2.52 g/ccm and higher. Absence of commercial hydrocarbons in 
this part of the anticline was confirmed by dry wells #23 (drilled in 2005) and 
#28 (2011) (Table I-1).
The Neogene gas pool of the Solotvyno field is revealed in the 3D densi-
ty model as a low-density area outlined by a cut-off density of 2.38 g/ccm 
(Figure I-4). According to the density distribution the Solotvino gas pool ex-
tends to the east and south-east from producing wells around the salt diapir. 
Predicted gas saturation of the eastern apical part of Solotvino anticline was 
confirmed in 2012 by new well #15, which obtained gas inflow of 62 thou. 
m3/day. 
All three wells 100% proved the accuracy of created 3D model of Solotvino 
diapir and outlines of mapped commercial gas pools.

Table I-1. Drilling results

a

d e

b

SD = 3,792 mGal SD = 0,316 mGal

Figure I-1. Observed (а) and calculated gravity fields from initial (b) and final (c) 3D 
density models, and gravity misfits respectively (d, e)

Figure I-2. Initial (а) and final (b) 3D density models. Salt is shown in yellow

a

Figure I-4. Top of Novoselytsia formation of Neogene superim-
posed with mapped commercial gas pools of Solotvino and 
Dibrivka anticlines outlined by the cut-off density value of 
2.32 g/ccm and new commercial well #15 in the crest of 
the Solotvino anticline

The thickness of 
saliferous bed 
and Solotvyno 
salt diapir has 

changed

Paleogene pool of Dibrivka field and 
Neogene pool of Solotvyno field correspond 
to low-density rocks with values less than 

2.50 g/cm3 and 2.38 g/cm3 correspondingly, 
shown by light blue and green
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Producing well #15 drilled in 2012 within the low-density area

Dry holes #23 and #28 drilled in 2005 and 2011
accordingly within the high-density area

Outline of the 
salt diapir
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Year Well number Age Prediction Well test

2005
2011
2012

23
28
15

P3gr
P3gr
N1nv

dry
dry

dry
dry

gas gas

Density, g/ccm


