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ABSTRACT

In this paper a short outline is given on the geological sitwation within the conces-
sion-areas and drilling-permits of AKZO Zout Chemie Nederland B.V. in the
Netherlands, MNew information about the cxtension of the salt boundary coming
from so far not released well data will be given. Successive will be dealr with
geological gravimetrical and seismic dula about the saltdomes of Pieterburen,
Zuidwending, Winschoten, Weerselo and the salicushions in the Eastern part of the
Netherlands. Also new information will be released about the geological findings in
the Twenthe-Rijn concession. regarding Rot and Zechstein salt.

INTRODUCTION

Since the activitics of several oil companies in the
Netherlands and the Netherlands part of the Continental
shelf started in 1963, the knowledge of the subsurface of
these areas has increased considerably. From gravimetrical
measurements, confirmed for the greater part by subsequent
seisinic investigations the distribution of important sali ba-
sing in the North Sea area has been inferred.

The Mid North Sea High and the Ring Kobing Fynn
High separated a Northern and Southern North Sea basin,
Both basing were interconnected by a North-South running
segment of the Central Graben. The Southemn Northsea
hasin is the contineation of the Northwest German Zech-
stein basin. Except for salpillows and salt diapirs, many
saltwalls with a N§ to NNE~SSW strike dominate in the
German and Nelhertands part of this basin. In the W part of
the Netherlands salt basin just as in the British part salt
pillows with a NW-SE strike are predominant. (Fig. i)

Detailed information on the salt occurrences is mot
known as all data gbout the subsurface of the Morth Sea
shelf are confidential, More data are available about the salt
occurrentces on the mainland because many wells have been
drilled in the exploration for oil and gas resulting in the
discovery of rock salt deposits of Zechsiein age fo a
maximum thickness of 200 m in the subsurface of the cen-
tral part of North Holland, the Markerwaard, §. Flevoland
and the NW part of the Veluwe Already known were the
Zechsiein diapirs in the NE and E of the Netheriands
namely the Winschoten diapir, the Schoonlo diapir and the

Weerselo diapir (Fig. 2). The knowledge of these salt
diapirs has increased due to subsequent research, whereas
new ones have been discovered amongst others the salt
diapirs of Zuidwending and Pieterburen.

Alse information is presenled on the exploration ac-
tivities in the Gelriz concession during the period 1924--
1927 and subseguent seismic work, resulting in the detec-
tion of saltpiiows. In this contribution the salt diapiss, pil-
lows and layers will be discussed successively.

ROCKSALT EXPLORATION IN THE
NETHERLANDS

Since ofl and gas exploration ia the Netherlands com-
menced in 1961 many wells drilled in the gas containing
reservoir tacks of the Rotliependes and Carboniferous
passed the Zechstein Formation and proved the presence of
rock salt in arcas where they were thought to be absent. It
has appeared that outside the known Zechstein salt basin in
the eastern and north eastern Netherlands Zechsiein rock
sall also oceurs in the subsurface extending from central
Middle North Holland through the Markerwaard and §.
Flevoland to the NW part of the Veluwe. Based an data’s of
several wells it is possible w indicate the configuration of
the salt boundary (Fig. 3).

Ii has appeared that in this area 3 WNW-ESE running
inlet to the Zechstein salt basin existed and salt has been
deposited there, In contrast w the concept of Ziegler who
desipnates a Tessel-Tlsseimeer High as an island in the
Zechstein sea, preference is given bere to the presence of an
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Figure |. Exmnsion of Zeehstein busin in the Netherlands and
the Netherlands part of the Continemal shelf (P Heybroek, U
Haanstra. D.A. Exdman with addilional data by H. M. Harsveldi).

inlet roward the Zechstein sahi basin. The Southern Zech-
stein salt boundary is interrupted by more of these inlets
{viz. Meiningen, Fulda, Wesel). Ziegler arrives at his rep-
resentation by fracing the salt boundary from well Almelo 3
to the west, leaving the Texci-LFsselmeer High as an area
without salt sedimentation during the Zechstein,

Within this bight of the sakt basin sait thickness of up to
200 m oceyr at two places. These thick layers, representing
deeper parts of the former basin, arc respectively in the
subsurface of the Markerwaard and directly East of the
Veluwemeer, Based oo stratigraphic intevpretation all four
salt cycles may be recognized within this newly discovered
Central Netherlands salt basin, although the saits of the
Aller Series occur locally and in thin depostts. The other
three cycles are represented in the entire basin.
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Figure 2. Outhine mep of salt cccurrences as sturveyed by
AKZG and M, MW,

The Werra salt, with thicknesses varying between 40 and
129 i is best developed, second best is the development of
the Leine salt (20-60 m) whereas the Stassfurt salt aftains
thicknesses between 5 and 25 meters. There are no indica-
tions of halokinesis in this subbasin. The depths at which
the rock salt occurs varies, due to the presence of fault
patterns and is between 1,500 and 2,200 m. Potash
sedimentation is also absert. Royal Dutch saltworks also
made further progress afler the publication by Cox (15635)
with regard to exploration and exploitation. New salt con-
cessions and drilling permits have been apphied for since
that time. At present the salt indusiry is active in the
Twenthe-Rijn concesaion. obtained in 1933 and the Adolf
van Nassau concession, obtained in 1954 and extended W
1967 with an area around Veendam.

Within the Twenthe-Rijn concession primarily rock salt
of the Triassic series is exploited althoiigh possibilities for
the exploitation of the Zechstoinsalt at greater depths alse
exises. Zechstein sait in this area has proved to be present at
1042 30 m by the deep well Hengele Z1, Within the Adolf
van Nassau concession Zechstein rock sait from the diapirs
of Winschoten and Zuidwending is exploited. The drilling
permit for the Pieterburen area cbmined in 1969, was
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Figore 3, Ceniral Netherlands Salt basin, Open ciscle = borehole without salt, Closed circle = borehole with salt.

explored wirh ane boring, and sfterwards temporarily aban-
doned in 1972.

To date rock salt has not been exploited in the Weerselo
concession, obtained in 1967, In this concession where
some borings had been made previously, the Fleringen 1
well was drilled in 1965 and rock salt of the Zechstein was
encountered at a depth of 1,125 m,

FTWENTHE-RIIN CONCESSION
The number of exploitation wells present here has been
increased from 75 in 1965 to more than 260 to date. In all
the wells. rock salt of the Upper Bunter, the so-called Rot-
salt, has been found.
The upper surface of the rock salt formation occurs be-
tween 300 and 300 m below ground (Fig. 4). The salt layer
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Figure 4.
1) m. Tweothe-Rijh concession.

dips toward SSW and artains thicknesses varying from 10 o
70 m. Locally a thickness of 100 m oecurs, The salt layer
does not inerease gradunily n thickness, but censists of
mterconnected thicker and thinner salt lenmses, which are
shown distincily on the tsochare map (Fig. 3). These
thicker and thinner saliridges are WSW--ENE ortented.
Tie irregular distribution of thickness is caused by the relief
of the upper surface of the Middle Bunter (Fig. 6).

The irregolar surface has been inundated by the trans-
gressing ROt sea, resulting in the development of a land-
scape with lagoons where under the prevailing climate
(desert}, cvaporites have been deposited.

In the deeper parts of the lagoon purey salt deposits have
precipitated than in the stilzones. In Figures 7 and 8 two
N--§ runmag profiles over the salt field are drawn. They
show a distinct relation between relief of the bottom and
thickness of the salt. The salt lens with a thickness of 100 m
found in boring 156 is refated (o considerable subsidence of
the upper surface of the Middle Bunter, whereus the accur-
rence of g thin salt deposit in boring 153G may be ascribed to
the presence of & sill in the Middle Bunter surface. In the
profile on Figure § the same trend is visible,

A closer study on the Rtsait [aver reveals that due to the
presence of intercalated clastic rockbeds-layer can be sub-
divided into four separate salt layers that have been desig-
nated from cldest to youngest with the letters A to I

Salt A is the thickest salt layer. The sglt is coloriess to

Convouy map on top of Upper Bunter salt (in meters below ground) contour interval

brown-gray at some places milky white, opaque, middle to
goarse gramed, with siringers and Jenses of anhydrite and
clay as impurities.

Salt B is thinner than Salt A, also mddie to coarse
grainad with more impurities of anhydrite and clay.

Salt € is thicker than Salt B but not as thick as Salt A, It
is gray-white to milky white to colotiess middie {0 coarse
grained salt with impurities of anhydrite and clay. About
haifway the section downwards vartous shades of red oceur.
The reddish colors are characteristic for this layer,

Salt D is the thinnest salt. It is characterized by orange to
yellowish orange colors and also anbydritic and clayey.
This type of salt hias not been encountered in all borings.
The subdivision of the Rotsalt layer is shown in Figure 9.
Concerning the interbedded rock lavers i the sall, the
separating bed between the Salis B, € and D consists of 2
sandy clay layer with jenses and nodules of anhydrite, Crev-
ices and cavities in the layer have been filled gp wirh rock
sait, The separating rock layer between Salt A and Sale B
consists of a clayey anhydrite-dolomite layer that locaily
becomes practically completely doiomite. THrectly underiy-
ing Sait A is a massive anhydrite layer, the base of which
overlies the sandy developed Middle Bunter,

A study of the Hithology of the salt shows that upwards in
the salt section the salt becomes increasingly impare. This
indicates a steady warping of the lagoon during the sedimen-
tation of the evaporites.
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Figure 5. lLsochore map of Upper Bunter salt, Twenthe-Rijn concession contour interval 5 m).
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Figure 6. Contour map on op of Middle Bunter in meters below scé fevel, contour intervat 10 m,

Twenthe-Rijn concession,
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Figure 8. Profile along Holmersweg-CGrote Veldweg, Twenthe-Rijn concession. t
To date four XN-8 to NNE~SSW rupning faulis of minor :
importance have been recognized within the sait field
. (Fig, 4. They are indicated with the letters A--D. The
! displacement along the faults is fittle (30 m at the most). In
1965 an exploration was carried out for the rock salt fayers
of the Zechstein in a part of the concession between the
borcholes Oele and Beckum within an area of about 7 km?,
Within this area 5 seismnic sections have been shot by
SEISMOS, showing after interpretation that the top of the
Zechstein in this area could be expected between 95G--
1250 m below sea level. The arca examined is cut by faults,
the largest of which has locuily a suatigraphic throw of
! about {30 m,
l : Furthermore it was found that salt thicknesses in between
st 1 /A 175 m and 300 m couid be expected in the Zechstein, The
M;.ﬂi:r_c: 2 thicker deposits occur in the S part of the examined area
ok | d l [ [ (Fig. 10). in borehole Hengelo Z1t, at shotpoint 6 of seis-
. ) | mic section 4, the op of the Zechstein was cxpected at
swomy- i about 1050 m. Hengelo Z1 found the rock salt of the Rét
= : between 43K and 434 m and entered at 1,042 m the rock salt
At ' of the Leine series. Drilling of the well continued untii the
b oak _l top of the Carboniferous was reached af approximately
b S 1,496 m. The perforated Zechstein section amounts to

454 m. This section wmcludes 26 m Leine rock salt, 18 m

Figure 8. Subdivision of the R3¢ sait imyer in Twenthe-Rijp
Srassfurt rock salt and more than 100 m Werra rock salt, In

CONCesston.
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Figure 10. . Top of Zechstein between borings Oele and Beck-
nm in meters below sea level, contour interval 30 m, Twenthe-
Rijn concession.

Figures 11 and 12 the seismic and geological situation af
Hengelo Z1 is presented. _

It appears that the reflection within the Zechstein repre-
sents the 1p of the Werra anhydrite, as found in Hengelo

7%

ADOLY VAN NASSAU CONCESSION .

Within this concession are siivated the diapirs of Win-
schoten and Zuidwending. Both diapirs were discovered in
the periud 19351945 during a gravity survey of the N, V.
Bataafsche Petroleum Mamschappij. By order of the Royal
Duich Saitworks, the Winschoten diapir was furlher:exam—
ined by the NV, Nederiundse Agrdolic Maats 3]
(1951) with refraction seismics after which three discovery
wells gach to a depth of 1,000 m were drilled. s

Since the concession was granted (1954) nine prod’uction
wells have been drilled and additional seismic uwe:uganons
were carried ont by SEISMOS. Ar interpretation of the
scismic and well data resulted in a geologic picture of un
oblong shaped diapic with a NW - SE strike and x steep cast
flunk, disturbed by a faolt with a: throw of about 300 m
(Fig. 13). The top of the rock salt is af about 400 m, the
basis at 2,500-3,000°m. Close ta the. 1,000 'm contour the
rock salt dips very sxeeply Th;. NE ﬁanknf_ the sait. dldpl!’ is

hydr_dét:n »‘3&3 ': .
ld} ershdvé'b@m

Z1. The reflection is distinct over the entire-examined area. -

It represents the basis of the rock salt section of the first
cycle which is alsn the lowest exploiration boundary.

BUURSE CONCESSION

In 1918 this concession was granted to the State, which

recommended the exploitation to the NV, Nederian_dée_ '
Zoutindustrie. The concession has been exploited until
1952, In the period 1918~-1932, eight production wells:

have been drilled. All the wells reached the Rotsalt of the
Upper Bunter formation at depths varying between 270 and
3080 m below ground surface. The Rotsalt layer dips wester-
ty. The strike of the layer ix about N--§. The thickness of
the salt laver lies in between 68 and 93 meters. Also in this
ares the salt layer is subdivided by shale and anhydrite
layers in four smalier salt layers of about the same composi-
tion as the sait javers in the Twenthe-Rijn concession.

The firsr ;ont r 110!.15 conmur lmc over the sall bod:. is the

: .)50 0y C{m{eur The several seismic sections show that the

Zachstein salt has moved upwards from depths between
2,50 and 3.000 m along a comparatively parrow stem
situated: betwm_n 2,000 and 1,000 m. During its movement
to the surface the overlying Mesozoic and Cenozoic layers
were penetrated and pushed aside which has consed . slight
overturn of the flanks of the saht diapir. The southern culmi-
nation has net vet been explored by wells. In the northern
culmination there are seven production wells with total
depths between 1,400 and 1,600 m, In all these weils the
uppermost sarface of the rock salt was found above 200 m.
The rock salt is coarse grained, very pure, clear to dull
wanshicent, colorless to gray, and with very scanry im-
purities in the form of anhiydrite strings.
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™ . ‘ oy o An exact age determination of the salt has not been pos-
o TIIIII T T TS sible due to the absence of continuous limesione or anhy-
; :—::“—""”W "::-w‘—m"—{* T drite layers. Also the density iogs taken do not reveal the
waont- T e -1______,—%—-....-—,/‘/" presence of these layers in the salt section. Locally in well 3
! . and 4 some pink salt was found. All saft encountered smelis
2 %! of sulphuretted hydrogen. Based on the lithology, ivis as-
et "-“..H ,Z—---—---“H--..._,____ e e sumied that the salt is correlative with the Stassfurt Series.
e DU SR e o~ S mem The Potassium content is between 0.01 and §.2%, and the
et ’“"\ _,..“__‘M__%____ N D magnesium content is beiween 001 and 0.03%. Directly
! v above the rock salt a caprock cucurs with g thickness of 40
i D e v to 49 m. The upper part of the caprock consists predomi-
ecnk T nantly of gypsum, at the base rather pere anhydrite occurs.
Figure 12. Hengelo Z%, Zechsiein salt profile, Twenthe-Rija The beginning of diapinsm cannot be inferred from the

concession. profile (Fig. 14). In Zuidwending the thinning of the

T P wmscuore|

Figure 13, Contour map, Top of Zechstein Winschoten and Zuidwending salt diapirs, Adoif
van Nassan concession.
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Figure 14, SE- NW profile over Zuidwending and Winschoten salt diapirs, Adolf van Nassau

CONCES5INN.

overlying Terthary sediments within the timn syncline to-
wards the salt structure show that halokinetic movements
have decreased during Tertiary, The caprock of the diapir of
Winschoten is directly overlain by Upper Crefaceous sedi-
ments also of smaller thickness than directly aroond the
diapir, which means rhat here the salt movements have de-
creased in Upper Cretaceous times.

WEERSELO CONCESSION

Within this concession is the salt diapir of Weerselo. The
first surmise concerning 1he possible occurrence of rock salt
in this area was gxpressed by van Waterschoot van der
Gracht in the annual repert of the Government Institute for
the geclogical expioration of the Netherlands of 1410, He
mentioned the abnormal strong salinity of the groundwater
around Weersela, that is reflected in the saliferous vegeta-
tion particuiarly the presence of the plamt Glanx maritima,
In a well drilled in this arca salt water was found at a depth
between 159 and 166 m below ground i a sandstape of
fower Cretaceous age. No salt beds werc encoumtered. It
was umiil 1942 before the next well in this area was drilled,
This was the Weerseln ) drilled by the combine B.P. M, ~
Eiwerath, This well drilled through the Quatemmary, Ter
tiary and Upper Cretaceons Formations and found s caprock
of anhydrite at 448 m below the surface,

Below the cuprock, at a depth of 476 m, rock salt of the
Zechstein formation was observed w the wotal depth of the
horing at 889.5C¢ m. At that depth the base of the sali was
pot yet teached. In the period 1942- 1943, the same com-
bine successively dritled four wells namely Deumingen 1,
Deurningen 3, Tubbergen t and Tubbergen 2. Only Deur-
aingen 3 found the upper side of the salt ar a depth of 280 m
after drilling through Quaternary, Tertiary and [iassic
sedimentary rocks. The top of the rock sall was found at
319 m below the surface. A caprock consisting of anbhydrite
was found between 280 and 319 m below the surface. The
well reached a total depth of 393 m in rock salt withow
baving reached the base of the salt.

The wells Tubbergen | and Tubbergen 2 reached total
depths of 667.50 and 589 m respectively in the Muschel-
kalk. Deurningen ! was {erminated at 25%.20 m in the
Upper Bunter. The last three wells are outside the area of
the salt piercement.

tn the fifties, a seistuc suvestigation of the salt structure
near Weerselo was executed by the NV, Nederiandse Aar-
dalic Muatschappij. In 1965 after taking over the {inder-
rights of the salt by the N.V. Koninkifke Nederlandse
Zoutindustrie from the Nederlandse Aurdolie Maatschappij
b.v., the aren was further investigated seismically by
SEISMOS. This investigation was followed by drilling the
Fleringen | well in which rock salt of the Werra and Stass-
furt series were found,

The complicated setting is distinctly visible in the profile
over the Fleringen [ well {Fig. 15) and from the strati-
graphic sequence in the well. Due o the presence of the
Gronaver thrust fault the Stassfurt salt at 1,159 m is under-
lain by deposits of the Lower Bonter, whereas at 1266 m
strata of the Lower Bunter overlie the Stassfuit salt. The
profile over the southern part of the salt piercement and over
the Deurninger 3 well (Fig. 16) shows a more goiet tec-
tonic picture.

The stratigraphic subdivision of the Zechsiein below the
upthsust phane iy as foilows: Srassfurt rock salr (Na2) from
£262~1363 m, Below here from 1363~1396 is the Basal
Anhydrite (A2), 2 dark gray to brown-gray, locally white
anhydrite with thin intercalations of dolognite, Crevices and
ceacks in the Basal Anhydrite have been filled with salt
From 13961390 m is the Mamdolomite (Ca2). It is sub-
divided into an upper dolomine part (1396-14530 m), a
middie anhydrite part (1430— 14835 m) and a lower dalomite
(1485-1590 m). Between 1390 and 1658 m, the Upper
Werraanhydrite { A1 5} Is presens. It has thin intercalations of
light brown colored dolomite. The Werra rock salt (Nai}
oueurs frony 1638- 1709 g,

From 1 709~ 1753 m is the Lower Werraanhydrite (A e
The Zechstein section rerminates with Zechstein {imestone
¢Caly from 1753~ 1758 and the Coppershale from 1758~
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Figure 15. Profile N part Weerselo salt diapir over Fleringen 1, Weerselo concession.
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Figure 6. Profile § part Weenselo sali diapir over Deurnin-
gen 3, Weerselo concession,

1739 m. The rock salt encountered is rather pure locadly, as
clear as glass. The scarce impuritics consist of thin aphy-
drite and clay intercalations occurting as lenses and
laminze. The compilation of the geologic and seisnic data
resufted in a conlour map {Fig. 17) showing a rather com-
plicated NW - 8¥ strike and in the nowthern part bifurcated
intensely faulted sait piercement, pressed ap high against
the eastern face of the Gronauer upthrust.

The Grorauer upthrust origirated as 2 consequence of
the Laramic phase of the alpine oropenesis after the deposi-
tion of the Upper Cretaceous and hefore the sedimentation
of the Tertiary, that he discordant over the folded older
subsurface. Undar the influence of this orogenic movement,
the Zechstein sait and part of the Bunter were dragged aiong
the upthrust face. As a consequence, the west flank of the
salt piercernent became overturned. It can be inferred from
ihe profiles Figures 15 and 16 that befote the Laramic phase
the Zechstein salt very probably was present gs a piflow
covered by Triassic, Liassic, and locally, Cretaceous sedi-
ments. This piltow developed during the Triassic as a result
of a beginging halokinesis. Only during the Laramic phase
was the halokinese wriggered that led 1o the development of
the Weersclo salt diapir,

GELRIA CONCESSION
The Gelria concession was gramted to the ** Nederlandse
Maatschappij tot het verrichten van mijnbouwkundige Wer-
ken N.V.”" for the exploitation of rock salt and coal. Previ-

i
i

|
|
1

. Figure 17. Top Zechstein in meters helow sea level, contour

mterval 300 meters, Weerselo concession.

ous to scquiring the gramt, this company had drilled five
deep wells and six test wells in the years 1924-19727. In the
deep wells the presence of Zechstein rock salt and coal was
proven,

Because it was stipulared in the concession-conditions
that in contradiction tw exploitation elsewhere in the Nether-
lands, the mining was allowed only by means of the room
and pillar method, the salt-exploitation never started. More
clarity ahout the distribution of the tock salt in the subsue-
face wus obtained after a seismic investigation by the
Nederiandse Aardolie Maatschappll b.v. in the period
1950~ 1952, Seven seismic profiles were shot, four in N-S

i

e e
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and three in an E— W direction, The setsmic program was
concinded with the drilling of the Lichienvoorde 2 to test
the Zechstein possibilities for mineral resources.

An interpretation of the seismric and well data concluded
upon the presence of salt pillows in the subsurface between
750 and 430 m below sea leve! (Figs. 18, 19). Due 1o the
wide meshes of the seismic net an exact delineation of the
sait pillows is impossible. A salt pillow measuring 2% X
215 km les just west of the town of Groenlo and is demon-
strated 1m0 the Gelria 4 well (salt thickness over 350 m). A
smaller one, proven in Gelria 1 well is sitnated about 3 km
west of Winterswijk (salt thickness over 200 m),

Based on seismic evidence it may be concluded that {wo
more small sait pillows oceur. One is just west of Corle {(salt
thickness over 300 m) and the other {s just west of Lichwen-
voorde (salt thickness over 250 m) {Fig. 200, The rock salt
present belongs 1o the Werra cycle. Tt is gray w0 brownish
gray, locally reddish, clear, with few anhydrite impurities,
The Stassfurt and Leine cycles in this area are only de-
veloped in the dolomite-anhvdrite facies, Some rock salt is
from the Stassfurt cycle (Gelria b 15 m; Gelriz 5: 3 m) and
the Leine cycle {Gelria 51 9 m) oceurs sporadically. Over
the entire area the salt is sealed off from the Mesozoic layers
hy the Plattendolomite and the Mainanhydrite,
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DRILLING PERMIT GRONINGEN- WADDENZEE

The drilling permit was apphed for in 1968 by NV,
Koninklijke Nederlandse Zoutindustrie. Apart from z
gravimetrical investigation carried owt before 1968 tha
showed the presence of a deficiency of mass (—18 m gal)
prubably cavsed by the presence of salt in the subsurface, a
seismic survey was conducted to evaluate the rock salt pros-
pects. Eight seismic sections were shot over the area. Four
of these sections traversed in WSW-ENE direction, four in
NW 10 SE direction. With this, the area was sufficiently
covered to get an insight in the configuration of the upper
side of the salt formation and the outline of the salt diapir.

The geological picture resuliing from the interpretation
of the seismic sections shows a diapir with 8 WSW - ENE
sirike faulted m the central and northern part. Based on
these data & drilling permit was granted in 1969, Drilling of
the Pieterburen | well started in 1971, It is located directly
south of the village of Pielerburen, and south of the
WEW - ENE running fault directly north of the village. be-
tween the shotpoints 650649 of seismic section 2187
(Fig. 21).

The top of the Zechstein was found at 219 m below the
surface. From the surface 1o 219 m the well penetrated the
Quaternary (fo 40 m), Tertary (to 160 m) and Upper
Cretaceous (to 219 m). A caprock with a thickness of
93.50 m consisting cntirely of gypsum was found above the
rock salt. The rock salt was found at a depthof 313.5 m. In
alternating succession the Liniensalz (Nay/3) and Orangesalz
(Nayy) occur, indicating rumbling of ihe salt layers and
lower down, from 746.60- 774 .80 the Banksalz (Na, 8} was
found. in the lattgr interval, from 752,40-754.20 potash-
magnesiur salts of the Ronnerberg seam (I, Ro) were en-
countersd.

The Mainanhydrite { A3) with a thickness of about 30 m
occurs from 774.80- 805,44 m and dips about 50 degrees.

Figure 18. Geiria salt pillow. The following lithological subdivision has been made;
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Figore 19,

Corle salt pafiow.
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Figure 21,  Contour map Top Zechstein in meters helow sea fovel
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774 80-777.10: straiified blue-gray unhiydrite, The stratift-
carion is caused by intercalations of biack shale films ro thin
shale lavers. Directly underlying i a3 compact massive
blue-gray 1o brown-gray anhydsite with oif traces 1w
781 .45 m, Further down o o depth of 784,20 m, struti-
fication occurs again, caused hy laser developinent of the
fayers that constitute ihe aphydrite. Also truces of oil occur
in this rock unit, Prom 784.26 m 1o 792,98 m dolomite and
shale lavers of varving thickeess (some immn to local § dm)
are present in the anhydrite, The dolomite coment increases
strongly between 752.98--795 m and doe 10 fhe presence af
altzrnating thin dolomire, shale and anhydrite lamina, the
Maipanhydrite obtaing a shaly character. The rock in this
point of the section has @ strong bituminous smefl. Between
78579750, the lithology is not known due to loss of core.
From the gammaray and density log the presence of inter-
calated potash-magnesiun salt may be inferred.

Fram 797,50~ 79%_80. the Mainanhydyite consists again
mainly of avhydrite. Downward to & depth of 800,16 m the
rock has the same composition as thar between 792.98-—
745 m. Below the latier depth down 1o 805.29 m the Main-
anhydriie is composed of massive marbie-tike anhydrite
with scarce thin intercalations of delomitie anhydrite and
saft. At 8B05.29 m a black to locally gray to brown-gray clay
has been found, This clay is tectonically compressed and
disturbed and occurs down tr B05.44.

This clay very tikely represents the “‘schwarze Ton-
tage.”” Directly below this clay. rock sait (Basissalz: Na3)
foliows until the total depth of the well at 903.20 m. The
sabt bs of rather pure composition, locally brownish-yeliow
hut for the greater part dufl white translucent, middle coarse
to coarse grained and containing two very thin anhydrire
laminac. Summartzing, it may be stated that in the Pieter-
bitren 1, afwr'dri-liing through the overburden, steeply in-
clined und folded evaporites of the leine series were
reached. Strong folding may be tnferred from the alternating
occurrence of Liniensaly and Orangesaiz,

it is also evident that front the succession of the varions
salts (Liniensalz, Orangesatz, Linlensalz, Orangesalz, Lin-
tensatz, Orangesaiz, Banksalz) that a reversal of the normal
stratigraphic sequence may be observed.

Contrary to all expecrations younger salts have been
found instead of older salis. In Picterburen the Mainan-
hyidrite was encountered beltow the Banksalz. The transition
of Banksalz into Mainanbydrite 1s sbnormal. Accerding o
the section eocountered, below the Banksalz the younger
salts of the Leine serie would have been expecied. To ex-
plain the abnormsl contact berween Banksalz and
Matnanhydsite a thrustfault s assumed to be present at the
contact of both rock formations ar 774,80 below the surface.
i7 this fault must bring abeut the contact as i has beer: found
in Pieterburcs, the displacement caused by it must be equal
w0 the thickness of the salt section between Mainanhydrize
and a part of the Banksalz. In order to schieve this, the
thickness of rhe Rasissalz, the Liniensalz, the Orangesalz

und part of the Banksalz unti} the assumed fault, must be
known. In Figure 22, the real thicknesses of the salts have
been constructed, taking inte account the observed dips.
Doing this for the Basissalz a thickness of at least 70 m is
found. for the Liniensalz at least 60 m, for the Grangesaiz
15 m and tor that part of the Baoksalz ep to the fault ahout
20 m. This means that in wtal at least {163 m of salt have
been displaced along the fault {Fig, 23).

Besides this another reason for assumption of 2 fault at
774,80 are rwo other indications. The first indication is
noticezhle on the tempermture log (Fig. 243 This log was
run trom total depth to surface, the lemperature curve shows
a gradual temperature drop upwards from 103°F at 903 m to
79°F at the top of the rock sait. In the interval 805 to 775 m
the regular course of the temperawre curve is disturbed,
From 803-795 m the temperature drops suddenly from
97°F o 94.5°%, from 795-775 m the temperature rises
from 94.5°F to 96°F. The sudden temperature drop beiween
805 and 775 may be explained by accelerated cooling along
a faclf plane.

A third indication for assuming a fault in the Picterburen
salf section is found in the seismic interpreiation of VAR
section 2187 (Fig. 25). Bencath the shotpoints 631650, a
chrust fault is present at the base Zechstein reflection.

The displacement azlong this fault amounts © 150 m.
This thrust fault may be extended without difficulty into
Pigterbwren at 774.80 m without disarranging the construe-
tion, for which reason it may he assumed that this basal
Zechstemn thrust fault is the same as the thrust fault present
in the Pieterbured secticn. The dip of the fault plane may be
about 70°,
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dolomite in the Pieterburen sectinn, Finally, jithologic evi-
dence may also lead to the assumption of an extra fuult
because the ' Aphydritschale,”” normally ocourring above
the “*schwarze Toniage™ should be present Here below the
“schwarze Tonlage' but is absent. Directly below the
*‘schwarze Tonlage'™ the Basissalz was found, This fault
may be assumed to have cut the Pieterburen section directly
below the “'schwarze Tonlage,’”” at B0%.44 m below the
surface.

Only a mipor displacement atong this fault is needed
(Fig. 23} to explain the absence of the ** Anhydritschale™ in
Pieterburen. The dip of the fault plane is opposite to the dip
of the farge thoust fault found at 774.80 m in the well,
Directly below the fauit, the Basissalz is found until total
depth at 903.20 m i the Picterburen section,

An attempt has been made 10 give a geological interprera-
tion of seismic section 2187 by means of aj} data available
{Fig. 26). Threc faults can be traced distinetly in the salt;
the central one is the thrust fault found in the Pieterburen
barehole section, Relying on the succession of the salt
tavers, it may be assumed that directly 8E of Pieterburen,
the Stassfur salt will be present and directly NW of Pieter-
buren witl be the Leine salt. As the Stassfurt sait is the most
mobile of al! the salts in the Zechstein it has very probably
been the impetus for the contortion of the salt layers within
the diapir, The assumption as sketched shows iatruded
Stassturt salt in the central part of the diapir.

The mechenics of sait dome formation are shown in Fig-
wre 27, Since the sedimentation of the Zechsiein salt layers
the following movements of the salt may be assumed to
have taken place. In view of the thinoing of the Bunter
towards the salt body, it is concluded that during the Bunter
a salt pillow developed from the Zechstein saly layer (27B).

The absence of Jurassic deposis above the salt is caused
either by non-deposition or by grosion during a younger
pericd. At that time the salt deposits may have been close to
the surface and may have been parily subjected to erosion
nefore the sediments of the Cretuceous were deposited
(27C), After sedimentation of the Cretaceous (27D), the
pitlow stage developed into the diapiric stage (27£). This
diapiric stage very probably has been introduced by the
alpine orogenssix at the end of the Upper Cretaccous
{(Laramic phase). Triggered by orogenesis the salt moved
hafokinetically upwards along the originated faults and jo-
cally broke through the Cretaceous layers to the Tediary
surface.

The possibitity should not be excluded that dwring this
time the sait diapir was subjected Lo solution by ground-
water. The fact that the Pleterburen caprock consisis mainly
of gypsum points 10 this assumption. It is al present known
that the salt during its passage through the overburden has
pierced Lhe Bunter, the Lower Cretaceous and locally the

Figure 26. Geological tmerpretation of seismic vefleciion pro-
file.
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SBait Rasources in the Netherlands

Upper Cretaceous {Fig. 27F). The minor thickness of the
Terttary and Quaternary sediments above the salt diapir
indicates that the salt movements have continued up to the
Quaternary,

This means that the salt diapir of Pieterbares should be
classified as a voung salt dome. Influenced by the latest
movements a slight overhang to the NW was formed. The
presence of an overhang may also be concluded from com-
paring the gravimetrical map with the top of rock salt con-
tour map. The graviraetrical map shows a mass deficiency
about 4 km sauth of the village of Pleterburen, indicating
the largest rock salt volume to be south of the village. Ac-
cording to the top rock salt contour map, the highest point of
the Picterburen diapir is just below the village. It is apparent
that the movement to the NW initiated under influence of
tectonics and halokinese resulted in an NW gverheng of the
salt body.

DISCUSSION
D H. Kupfer:

Question, You show the Pieterboren {uali as reverse or thrust,
implying compression. ls reverse (compressive) faulting commun-
place in Nerthern Netherlunds or unuswal?

Answer. There are many normal faults in the Northern Nether-
lands area ubove and below the salt. Within the salt the effects of
faulting are less easy discernable however in the case of Pleter-
buren the evidenve for compression and contortion iy clear seen the
reversed succession of the separate salt layers, The phesomenon
thrustfaubting is not commonplace in the Northern Netherlands.

G. Richter-Bernburg

Question. Did you have enovgh cores from the bore holes for
identifying the stratigraphic position of the perforated salts?

Answer. Yes, the full salt section was cored, The recovery
amounted 1o 97%, which made identification possible.
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