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Abstract

The Upper Permian Zechstein 2 Carbonate (Ca2), one of the most prolific gas reservoirs in northwestern Germany, shows fair to excellent
reservoir quality where dolomite and decreased reservoir quality where calcite. The majority of calcite is related to an intermediate burial
dedolomitization phase. Dedolomitization, the replacement of dolomite by calcite, is accompanied by calcite cementation and represents the
most intense porosity- and permeability-destroying stage during the diagenetic history of the Ca2. Most of the gas fields within the German
Zechstein fairway are located in the mainly dolomitized platform environment. The remaining fields are in the mainly dedolomitized slope
environment. Significant exceptions to this generalization occur along the slope, where porous dolomitic zones enhance reservoir quality in
otherwise tighter dedolomitized carbonates. Dedolomitized zones also decrease reservoir quality in platform-lithofacies-types carbonates.

The spatial distribution of the gas-bearing dolomite zones is challenging to predict between wells. Detailed petrography and areal mapping of
the dolomite/calcite ratio of wells indicates that most of the dolomitic zones within the slope occur along the upper slope. The middle and
lower slope show dolomite contents of ca. 10% and are thus lower reservoir quality than the upper slope. On the platform a regional pattern is
observed, with intertidal lithofacies types consisting mainly of dolomite, whereas more open marine shallow subtidal lithofacies types show a
higher degree of dedolomitization. The occurrence of dedolomite present within platform lithofacies types is essentially limited to the lowstand
wedge (LSW), which overlies upper slope carbonates basinward of the late transgressive and highstand Ca2 platform carbonates. Porosity-
permeability cross-plots, coded for mineralogy and lithofacies, indicate a strong dependency of reservoir quality on the stratigraphic
architecture of the Ca2.
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The dedolomitizing fluids may originate from the overlying (A2) and/or underlying (A1) anhydrite layer. Calcium-rich pore fluids, released
during the transformation of gypsum to anhydrite, and pressure solution of anhydrite might have entered the Ca2 via a conductive fracture
network, preferentially dedolomitizing lithofacies types with initially high reservoir quality.
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M O A < 1. Reservoir quality correlates to mineralogy: Dolomite (high porosity and permeability) vs. Calcite / Dedolomite (low poro-perm) Z333833503°°933R 87 Fasssagana~cananas | oo LAMIIIAL TR,
M ol hfrlizlqtntal e, LGS ' 2. Almost all calcite is present as dedolomite and cements. Primary limestone is virtually absent. o
: stylolite o i : saetishe, S04 .. . . . . . . : - — .
Stylolites [ AN : , N S 3. Dedolomitization can be texturally partial or pervasive, fabric-selective or completely fabric-destructive |
/ T 8 D oy 4. Dedolomite proportion gradually increases from platform to basin EOD
s | ; - Often, dedolomite is observed to follow initially better reservoir quality depositional lithofacies types T———
I NTE R P R ETATI O N Evamy (1967) Other textures

1) Dolomite
rhombohedra

Distribution of dedolomite essentially controlled by environment of deposition, platform and slope lithofacies types
« Hydrogeologically, flow of dedolomitizing waters preferentially followed the initially more permeable lithofacies types, which locally
led to an inversion of reservoir quality, especially in middle and lower slope sub-facies types; i.e. pore throat and pore
cementation and replacement of dolomite by calcite
- Platform EOD: locally intertidal lithofacies types show lower proportions of dedolomite than higher-energy lithofacies types in the
Northern Zechstein platform, but overall grain-dominated lithofacies has the best RQ (opposite at Southern Zechstein platform)

2) Composite
calcite

3) Partially-calcitized
dolomite
rhombohedron ™=

4) Pseudomorphic

dedolomite \

5) Poikilitical inclusion

e n = . W | . , R S i - Upper Slope: Quantitatively lowest degree of dedolomitization compared to Lower and Middle Slope EODs | orcomodes
s ) ¥, P o o B e - - AT ST - Middle Slope: High poro-perm dolomite preferentially consists of facies types defined by the occurrence of soft-sediment
Dedolomitized matrix ) : Tl . | ; i SV S SRR R deformational structures (MSE 2 and MSF 2 after Strohmenger et al., 1996). Dedolomitization appears to have happened equally in
| " i ,‘ T PR S both, within regularly-spaced mm- to cm-bedded mudstones (MSE1 and MSF 1 after Strohmenger et al., 1996) and the re-worked
CL image: Dedolomitized matrix _ 0 ok, 7 G g lithofacies types.
shows same luminescence as vein Cc ; RPN i T S TN - Lower Slope: High poro-perm dolomite preferentially consists of facies types defined by the occurrence of soft-sediment
oy DIt CTNIIE b " ‘ deformational structures (LSD 2 after Strohmenger et al., 1996). Dedolomitization appears to have happened equally in both, within 100%
DAt St regularly-spaced mm-bedded mudstones (LSD1 after Strohmenger et al., 1996) and the re-worked lithofacies types. @ o0% - dolomite
) e mmenfsm d‘m@;r-hjt'gﬁé"-ix Qf,és-é:t-(;-:c»c.,\,_eij : . Fracturgs, locally ggtec_l as_conduiys. fqr matrix-dedolomitizing fluids, which is supported by core observations where a higher degree . -
AT e e B SN B of matrix dedolomitization in the vicinity of Cc-cemented veins was observed. ] Quantitative distribution
: ° of dolomite and
- Cc vein R dedolomite with EOD
HYPOTHESES ON THE ORIGIN OF DEDOLOMITE 2 x|
A. BASIN- SLOPE-DERIVED DEDOLOMITIZING FLUID o
* CO,: CO, is needed to dissolve dolomite — derives from thermal degradation of organic material in basinal mudstones: Reason for 2o |
overall higher amount of dedolomite in slope vs. platform setting (hypothesis of Clark, 1980; partially of Below, 1992) - _
- Anhydrite: Often, total dedolomitization on a volume for volume basis has been observed - an external source for Ca2+ is . dedolomite
S , ,, | . Y ek , , needed: In these cases, Ca2+ may originate from dewatering (gypsum-to-anhydrite dehydration) and pressure solution of the |
o By o Stable isotope data of Ca? sandvv_mhmg anhydrites (A1, A2). D_edolomltes show a very high Sr-content compareq to the dolomite (Huttel ,1987). It is more likely b Lowersope Mddosope Tuttes Uppersope 5w pitomelll e e o aione
L > + Large range in 520 is interpreted with increasing burial that this Sr comes from the anhydrite layers above and below rather than from the original seawater or even from deeper-basinal
Eh_ 'r[r)g?roil(omitized tight dedolomitized matrix temperatures fluids. a2k SBtzsns —
FNE \/ 7 A - . * 81°C values interpreted to represent slightly modified - Model assumes that CO, was generated in basinal and lower slope organic-rich(er) mudstones. This CO, went into solution, Aecal . rtom ('\)"f'?érg“‘;rf]‘ ESTJZ? @tmz reservoir A2 anhydrite
% &E ] f/ee?:":;‘fr:p?g:‘g?gp‘lj;’;etrgﬁ;ign('?ri'r?]"‘é ;?553 ate migrating updip towards more proximal EODs, preferentially following lithofacies types with initially highest TR Source of Ca2+ \ 4
31 3 3 - diagenetic carbonate precipitation permeability/accessability in slope EODs. The dolomite dissolution potential was then almost lost as the CO,-bearing fluids arrived ; NATA Z’Qﬁyﬁﬁtﬂ SAl’ A2 Dolomite
_ao 3 E ' Selow (1952) » Group | vein calcite isotopes probably early on the platform. K A . /\/\ A — phyaies
| PJ . . _ E:ZZ::B dlagepetlc QUrlng or closely after dedolomitization B. FAULT-DERIVED DEDOLOMITIZING ELUID 5 A
2 Qe A 5 o (fluid inclusion T range: 39° - 67°; from T vs. 8180) L _ _ A
= ° A : - Fiocher (2006) - Group Il vein calcite shows large range in 513C « Model suggests that larger-scale fault systems and related fractures controlled distribution of nonporous dedolomite by acting as A
4 o L ' isotopes due to enhanced Temps (range: 71° - 142°; conduits for calcitizing fluids originating from the A1 anhydrite (Love et al., 1997). | A1 anhydrite
{5 10 —— Tvs. 3%0) and CO, from thermal degradation of - In this case, the distribution of dedolomite within the slope EODs would be not facies-dependent but rather that the same facies is —
T ) organic material (Clark, 1980; Below, 1992) and/ or : . e : . i 4
- ,_/// thermochemical sulfate reduction subjected to different degrees of dedolomitization, depending on the proximity to these fault systems. Love & Strohmenger (1997)
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