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ABSTRACT 

A remarl<able exposure of carbonate pipe like and slab concretions occurs along the Enza riverbanks on 
tbe Nortbern Apennines foothills (Italy). Based upon geochemical and field evidences, their genesis has 
been attrìbuted to microbial governed carbonate precipitation from hydrocarbon enriched fluids. The 
pipe like concretions are thus interpreted as former conduits (chimneys) rnarking sites of methane 
ascent onto the seafloor. The resulting Enza River chirnney field is arranged in a palisade fashion, a rare 
example of such. Mineralogical and petrographic analyses of some chirnneys and slabs document that 
the dominant cement is dolomite. Although the chimneys show a rather hornogeneous texture, a clear 
zonation is observed in the relative distribution of rnajor and minor elements in their internal and 
external parts. The occurrence of sulphide minerals in the stratigraphically upper samples indicates 
possible renewal of fluids leakage after a major erosive event 
1. lntroduction Oppo et al., in this issue; Angeletti et al. in this issue). The seep car
The formation of authigenic carbonates linked to hydrocarbon 
enriched tluids seepage onta the seatloor is a well known phenom

enon. It is documented in modem and ancient marine sedimentary 
basins worldwide particularly, but not exdusively, in compressive 
tectonic regimes at convergent margins ( e.g., Taviani, 2001; 
Pinheiro et al., 2003; Nyman et al., 2010; Capozzi et al., 2012). 
Microbially mediated anaerobic oxidation of methane (AOM) and 
sulphate reduction (SR) increase the pare water alkalinity, 
favouring the pre àpitation of methane derived authigenic 
carbonates (MDAC) ( e.g. Boetius et al., 2000; Peckmann and Thiel, 

2004; Teichert et al., 2005 ). Their various morphologies indude 
slabs and crusts, cylindrical and pipe like conduits, and irregularly 
shaped bo dies ( e.g. Taviani, 2001; Clari et al., 2004; Lein, 2004; 
Magalhaes et al. 2012). Pipe like con duits are the less reported in 
literature and their formation mecha nisms are still under debate 
(e.g. Nyman et al., 2010; Magalhaes et al., 2012; Oppo et al., in this 

issue). 
Increasing attention is presently devoted to understanding pipe
like concretions characteristics and formative processes ( e.g., 
Orpin, 1997; D iaz del Rio et al., 2001, 2003; Somoza et al., 
et al., 2010; Magalhaes 
bonates show characteristic mineralogy and geochemistry, as the 
authigenic carbonate minerals, such as dolomite, calcite and arago
nite, which compose the MDAC concretions, are usually aver than 

50% bulk weight. Their relative amounts depend on the formation 
environment and on the tluids involved in the preàpitation ( e.g. 
Peckmann and Thiel, 2004; Magalhaes et al., 2012; Vanneste et al., 

2012). Being considered as indicators of hydrocarbon seepages, 
authigenic carbonates testify the present day or past occurrence of 
petroleum generation systems (Capozzi et al., 2012; Oppo et al., 

2013; Unterseh, 2013). 
This study provides fìrst detailed mineralogical, geochemical 

and petrographic information on hydrocarbon imprinted carbon
ates, from the Enza River succession (Capozzi et al., 2013; 
Gunderson et al., 2014; Oppo et al., in this issue). In addition, we 

also provide some compositional data on the host marine sedi
ments for a better characterization of the genetic environments of 
carbonates. At this site, the formation of methane derived authi
genic carbonates is strictly connected with the geologie evolution 
ofthe basin (see Oppo et al., in this issue). 

2. Geological setting

Intense tlooding events aver the last few years resulted in a 
pronounced tluvial incision of the Enza riverbanks in the Northern 
Apennines foothills (Fig. 1 ). 





Figure 2. Example of the carbonate concretions occurring along the Enza riverbanks. a) Various concretions have been exposed by the erosion. The observed chimneys reached up
to 2 m in length. b) Detail of the rhodolith-rich layer. A fine-grained cemented matrix contains numerous rhodolites and biogenic structures. A dark-grey carbonate pebble is
encrusted by red algae. c) Outcropping slab. d) Pipe-like chimney with sub vertical orientation respect to the horizontal. e) The rhodolith-rich bed directly overlies a carbonate slab.
Arrow points to dark-grey carbonate enclosed in the bed.

Figure 3. Simplified stratigraphic column of the studied succession along the Enza
River. The rhodolith-rich layer marks an erosional unconformity, separating the in-
terval hosting the concretions from the underlying Lower Pleistocene succession. The
position of samples discussed in text is marked. Sediments are sampled from 4 to 64 m
bottom top; chimney En5 is the lower one, En10 the upper one; slab Cr2 is the one
just below the corallinaceus bed, while Cr3 is the one collected inside the corallinaceus
bed.
170 cm long and 20 cm in diameter; only the top and the bottom 
have been analysed (Fig. 4 b and c, respectively). The top subsample 
has been divided in external (B) and internal (A) portions.

The Cr3 sample is a concretion within the rhodolith rich layer; it 
shows a dark colour and is well cemented. A dark grey area (Cr3A, 
Fig. 4d) was analysed and compared with the light grey matrix 
(Cr3B, Fig. 4e). The Cr2 slab pertained to the carbonate concretions 
stratigraphically below the rhodolith rich layer; it shows a grey 
colour with a light grey area (Cr2b in Fig. 4f).

The samples have been powdered, homogenized in agate 
mortar and analysed for mineralogy by X ray diffractometry (XRD) 
using a Philips PW 1130 (Cu Ka radiation Ni filtered) in the XRD 
Laboratory of BiGeA department, Bologna University. Powders 
were pressed into alumina holders in order to avoid preferential 
orientation of sheet silicates. Estimates of the relative minerals 
abundance were determined using MacDiff software packages and 
carbonate min eral compositional limits defined according to 
Goldsmith and Graf (1958) and Lumsden (1979).

Nitrogen and Total Organic Carbon (TOC) have been analysed 
with CHNS pre treating 10 mg of powdered sample in 40 ml of HCl 
1.5 N for 2 h in the oven, this procedure have been repeated two 
times to eliminate all the inorganic carbon traces. The resulting 
compounds have been analysed to estimate TOC and Nitrogen by 
CHNS Analizer Flash 2000 Thermo Scientific Gas Chromatographer 
in Pedology Laboratory, BiGeA department, Ravenna, Bologna 
University. This analysis was performed only on En5 samples and 
hosting sediments because the higher number of samples from En5 
gives a better representation of the carbonates bodies in all its parts 
(internal, central and external) and were more accurate for a 
comparison with the hosting sediments samples.

Major and trace elements have been determined by X ray 
fluorescence (XRF) spectrometry on pressed powered pellets using 
a Philips PW 1480 automated spectrometer following the methods 
of Franzini et al. (1972, 1975), Leoni and Saitta (1976) and Leoni et 
al.(1982) for matrix corrections in XRF Laboratory, BiGeA 
department, Bologna University. The estimated precision and 
accuracy for trace element determinations are more than 5% except 
for the elements at 10 ppm and lower (10e15%); the detection 
limit for most of the trace elements is 3 ppm (Leoni and Saitta, 

1976).





Table 1
Mineral abundances in the sediment. Samples position starts from the base of the Enza section.

Samples Position Quartz Chlorite Muscovite Calcite Dolomite Feldspars Pladgioclase Clay minerals Others

(m) (%) (%) (%) (%) (%) (%) (%) (%) (%)

4 1.2 20 6 9 21 2 15 10 15 2
12 4.4 27 7 9 18 0 13 6 19 1
17 6.4 23 9 8 19 0 11 10 17 3
22 8.4 16 6 6 28 2 7 11 23 1
27 10.4 11 5 8 31 0 6 14 23 2
32 12.4 24 8 10 19 0 9 15 11 4
37 14.4 15 7 8 25 0 8 5 30 2
42 16.4 21 9 10 20 0 11 6 20 3
47 18.4 18 7 7 22 2 13 11 16 4
52 20.4 17 5 6 28 2 8 9 23 2
57 22.4 24 8 8 17 0 17 4 19 3
62 24.4 16 5 7 29 0 8 6 25 4
67 26.4 26 6 9 19 0 12 11 15 2
72 28.4 17 7 6 26 1 9 13 19 2
77 30.4 23 6 7 21 3 12 10 15 3
82 32.4 18 7 7 22 3 13 8 16 6
88 34.8 25 7 10 14 0 20 12 11 1
92 36.4 24 9 11 15 4 9 8 17 3
97 38.4 21 6 8 15 2 24 7 15 2
102 40.4 13 10 7 23 2 9 10 24 2
107 42.4 21 8 8 20 3 9 9 19 3
113 44.8 12 5 5 31 2 8 14 21 2
117 46.4 25 7 10 17 2 13 12 10 4
122 48.4 14 7 7 25 1 10 4 29 3
127 50.4 25 7 7 20 2 12 9 17 1
132 52.4 13 11 6 23 2 10 12 20 3
137 54.4 20 8 9 21 0 12 10 19 1
142 56.4 25 5 8 17 2 17 8 16 2
147 58.4 32 10 9 13 0 14 6 12 4
152 60.4 16 4 4 30 1 9 14 19 3
157 62.4 24 8 7 18 2 17 7 15 2
162 64.4 21 6 9 20 2 12 7 21 2

Table 2
Major oxides in the sediment. Samples position starts from the base of the Enza section.

Sample Position SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 LOI Mg/Ca Sr/Ca

(m) (wt %) (wt %) (wt %) (wt %) (wt %) (wt %) (wt %) (wt %) (wt %) (wt %) (wt %)

4 1.20 44.70 0.60 12.25 5.20 0.12 3.31 15.28 0.98 2.11 0.11 15.36 0.1828 0.0041
12 4.40 45.93 0.58 12.67 4.83 0.12 3.41 14.42 1.04 2.16 0.07 14.78 0.1996 0.0042
17 6.40 45.29 0.58 12.25 4.90 0.12 3.39 15.50 1.07 2.12 0.06 14.70 0.1846 0.0043
22 8.40 40.64 0.56 11.88 4.63 0.11 2.94 17.90 0.98 1.96 0.05 18.34 0.1386 0.0041
27 10.40 40.55 0.57 12.34 4.81 0.11 2.77 16.72 0.93 2.15 0.08 18.97 0.1398 0.0048
32 12.40 45.94 0.58 12.84 5.02 0.12 3.31 14.06 1.12 2.13 0.07 14.81 0.1987 0.0046
37 14.40 45.99 0.56 12.45 4.57 0.12 3.17 15.00 1.05 2.07 0.07 14.95 0.1783 0.0049
42 16.40 46.12 0.57 12.60 4.64 0.12 3.35 14.16 0.95 2.11 0.07 15.30 0.1996 0.0037
47 18.40 46.57 0.58 12.80 4.59 0.11 3.28 13.95 0.97 2.14 0.07 14.93 0.1984 0.0044
52 20.40 45.54 0.58 12.92 4.76 0.11 3.36 14.29 1.00 2.15 0.07 15.22 0.1984 0.0036
57 22.40 45.88 0.58 12.85 4.92 0.12 3.39 14.60 0.98 2.14 0.12 14.43 0.1959 0.0040
62 24.40 46.64 0.54 12.07 4.09 0.12 3.45 15.08 1.01 1.96 0.08 14.95 0.1931 0.0029
67 26.40 47.06 0.57 12.65 4.77 0.12 3.43 13.99 1.06 2.15 0.05 14.16 0.2069 0.0041
72 28.40 46.45 0.58 13.19 4.75 0.11 3.51 13.46 0.96 2.22 0.09 14.69 0.2201 0.0040
77 30.40 45.97 0.58 12.60 4.63 0.11 3.68 14.32 1.00 2.12 0.06 14.92 0.2169 0.0037
82 32.40 45.20 0.60 12.77 4.77 0.11 3.75 14.69 1.01 2.14 0.07 14.88 0.2154 0.0046
88 34.80 48.54 0.62 13.67 4.87 0.11 3.71 12.11 1.05 2.26 0.10 12.96 0.2585 0.0043
92 36.40 48.06 0.57 12.59 4.54 0.11 3.55 13.65 1.08 2.11 0.07 13.68 0.2195 0.0042
97 38.40 48.36 0.60 13.31 4.99 0.11 3.50 12.41 1.02 2.25 0.10 13.34 0.2380 0.0041
102 40.40 46.55 0.62 13.40 5.13 0.11 3.46 12.97 1.00 2.31 0.12 14.33 0.2251 0.0044
107 42.40 46.05 0.60 13.13 4.87 0.12 3.47 13.62 1.01 2.22 0.09 14.82 0.2150 0.0044
113 44.80 47.17 0.57 12.88 4.70 0.12 3.56 14.05 1.10 2.08 0.06 13.72 0.2138 0.0040
117 46.40 47.44 0.59 13.13 4.77 0.11 3.42 13.20 1.03 2.19 0.11 14.00 0.2186 0.0043
122 48.40 48.12 0.63 14.28 5.21 0.11 3.37 11.37 1.00 2.35 0.08 13.49 0.2501 0.0039
127 50.40 47.73 0.61 12.51 4.77 0.11 3.54 13.77 1.10 2.20 0.08 13.57 0.2169 0.0042
132 52.40 47.93 0.59 12.36 4.85 0.12 3.54 13.59 1.14 2.10 0.11 13.68 0.2198 0.0038
137 54.40 47.93 0.59 12.91 4.65 0.11 3.33 13.29 1.06 2.12 0.08 13.93 0.2114 0.0040
142 56.40 48.28 0.56 12.34 4.57 0.13 3.49 14.28 1.27 2.01 0.13 12.93 0.2062 0.0037
147 58.40 46.38 0.59 12.58 4.73 0.12 3.37 14.43 0.89 2.09 0.09 14.74 0.1971 0.0036
152 60.40 48.07 0.58 12.56 4.54 0.11 3.28 13.79 1.00 2.05 0.09 13.93 0.2007 0.0038
157 62.40 49.09 0.54 12.05 4.30 0.12 3.32 14.46 1.24 1.94 0.09 13.25 0.1937 0.0041
162 64.40 50.63 0.55 12.50 4.32 0.11 3.29 13.19 1.17 1.97 0.10 12.17 0.2105 0.0038



Table 3
Minor elements in the sediment. Samples position starts from the base of the Enza section.

Sample Position Sc V Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba La Ce Pb Th S Br Mo TOC

(m) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%)

4 1.2 9 94 138 16 80 19 74 7 113 451 19 110 10 281 15 61 14 2 2250 <20 <3 0.56
12 4.4 11 101 143 14 88 35 93 7 114 429 18 96 10 287 22 67 6 2 770 <20 <3 0.52
17 6.4 7 98 134 11 80 18 70 10 114 473 20 105 11 313 35 62 3 9 1910 <20 3 0.5
22 8.4 2 100 114 12 74 23 95 5 103 531 16 67 10 261 38 69 4 12 1430 <20 <3 0.68
27 10.4 10 104 108 11 74 29 103 10 131 578 22 53 13 293 26 62 11 12 750 <20 3 0.69
32 12.4 11 94 136 16 80 22 96 5 118 464 22 128 13 286 24 62 8 10 670 <20 <3 0.46
37 14.4 7 95 132 13 77 33 94 14 131 522 24 106 13 318 22 50 7 7 2890 <20 <3 0.57
42 16.4 9 100 124 11 80 22 94 <3 104 379 17 88 8 266 13 58 7 10 1600 <20 <3 0.67
47 18.4 9 98 128 10 79 23 101 11 120 435 21 101 9 282 21 60 9 15 2990 <20 <3 0.58
52 20.4 4 101 138 11 85 25 100 <3 103 366 14 84 10 290 22 75 9 12 610 <20 3 0.62
57 22.4 12 104 136 16 87 34 98 20 111 419 20 79 9 280 31 60 7 14 3310 <20 3 0.61
62 24.4 16 87 134 14 74 23 82 11 71 317 14 67 9 251 26 56 2 11 1670 <20 <3 0.5
67 26.4 13 102 147 11 87 19 93 21 111 415 18 102 10 280 19 58 2 7 2800 <20 <3 0.46
72 28.4 10 106 141 15 98 23 96 2 115 385 19 93 11 275 25 50 7 12 2580 <20 <3 0.44
77 30.4 7 104 158 13 96 22 99 9 99 374 18 88 12 274 28 69 7 6 2600 <20 <3 0.38
82 32.4 12 106 165 13 88 16 97 13 122 488 23 122 12 283 20 68 10 9 2830 <20 <3 0.42
88 34.8 12 105 166 13 87 19 95 6 114 371 23 165 11 280 29 87 8 9 1590 <20 <3 0.35
92 36.4 13 102 139 10 76 17 88 <3 111 405 23 141 8 297 13 61 11 14 1980 <20 3 0.41
97 38.4 14 109 148 14 85 32 96 5 109 360 22 118 10 318 21 59 4 16 2760 <20 <3 0.41
102 40.4 11 106 126 11 76 17 82 <3 129 407 21 104 13 286 28 81 9 16 1750 <20 3 0.44
107 42.4 11 111 142 13 77 24 101 11 118 429 20 102 10 318 29 73 8 12 1590 <20 <3 0.43
113 44.8 8 101 132 13 71 19 88 16 111 403 21 143 11 289 17 82 10 7 2260 <20 <3 0.39
117 46.4 13 101 132 10 74 17 74 4 122 403 20 129 12 263 29 72 5 10 1600 <20 <3 0.43
122 48.4 13 113 158 12 87 19 101 6 108 313 18 94 10 294 28 75 13 10 2860 <20 <3 0.42
127 50.4 8 100 137 13 79 14 100 9 116 414 26 136 13 321 15 46 11 6 3660 <20 <3 0.39
132 52.4 16 99 139 13 79 19 97 23 103 370 20 107 12 285 28 72 13 7 1890 <20 3 0.44
137 54.4 12 105 141 14 80 22 99 <3 107 384 22 113 10 301 29 58 12 8 2190 <20 3 0.58
142 56.4 13 84 145 10 71 16 60 20 93 377 19 148 12 303 19 67 6 11 3400 <20 <3 0.52
147 58.4 11 96 130 11 72 18 72 13 98 374 16 82 10 275 44 60 10 14 2330 <20 <3 0.48
152 60.4 11 95 137 10 74 28 90 18 99 375 19 118 9 312 41 60 7 2 2610 <20 4 0.48
157 62.4 10 85 154 11 73 27 81 <3 96 425 23 160 8 304 22 70 8 14 5570 <20 3 0.52
162 64.4 13 86 141 10 73 12 61 16 90 361 18 132 10 273 9 73 2 3 4950 <20 4 0.34







Table 4
Mineral abundances in the carbonates concretions.

Sample Calcite Dolomite Detrital

(%) (%) (%)

En5 8A 0 65 35
En5 8B 6 57 37
En5 7A 12 61 27
En5 7B 0 66 34
En5 7C 0 73 27
En5 6A 5 58 37
En5 6B 1 65 34
En5 6C 5 60 35
En5 5A 0 75 25
En5 5B 0 74 26
En5 5C 10 55 35
En5 4A 0 78 22
En5 4B 0 71 29
En5 4C 13 46 41
En5 3A 0 80 20
En5 3B 0 80 20
En5 3C 11 50 39
En5 2A 0 82 18
En5 2B 1 75 23
En5 2C 6 60 34
En5 1A 0 71 29
En10 1A 0 76 24
En10 1B 2 75 22
En10 2A 0 81 19
Cr2A 0 80 20
Cr2B 4 71 25
Cr3A 0 65 35
Cr3B 11 52 37
4. Results

4.1. Hosting sediments geochemistry and mineralogy

XRD analyses (Table 1) show ca. 21% content of carbonate 
minerals in the sediments, mainly formed of calcite, dolomite is
Table 5
Major oxides in the carbonate concretions.

Sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO

(wt %) (wt %) (wt %) (wt %) (wt %) (wt %)

En5 8A 12.94 0.17 3.46 1.83 0.09 17.98
En5 8B 21.53 0.26 6.04 2.68 0.13 13.32
En5 7A 14.95 0.18 3.72 1.86 0.09 17.34
En5 7B 14.47 0.18 4.02 1.78 0.10 17.52
En5 7C 16.60 0.23 4.75 2.18 0.11 15.36
En5 6A 13.34 0.19 3.67 1.84 0.09 18.02
En5 6B 12.74 0.18 3.75 1.73 0.09 17.97
En5 6C 16.94 0.20 4.22 2.16 0.11 15.63
En5 5A 14.91 0.19 3.89 1.87 0.10 17.47
En5 5B 16.54 0.21 4.24 2.00 0.10 16.82
En5 5C 23.32 0.27 6.05 2.95 0.13 12.92
En5 4A 14.52 0.18 3.72 1.81 0.10 17.65
En5 4B 15.40 0.18 3.81 1.77 0.10 17.37
En5 4C 24.95 0.29 6.41 3.23 0.15 11.84
En5 3A 15.00 0.19 4.08 1.84 0.10 17.41
En5 3B 17.01 0.19 3.92 1.89 0.10 16.80
En5 3C 25.96 0.29 6.62 3.12 0.14 11.50
En5 2A 13.08 0.18 3.77 1.69 0.09 17.80
En5 2B 15.62 0.19 3.93 1.70 0.09 17.20
En5 2C 22.81 0.26 5.92 2.80 0.14 12.48
En5 1A 19.66 0.26 5.62 2.56 0.12 14.00
En10 1A 14.79 0.20 4.36 1.78 0.10 17.13
En10 1B 21.75 0.27 6.08 2.40 0.11 13.45
En10 2A 16.78 0.21 4.59 2.05 0.11 16.07
Cr2A 25.40 0.28 6.04 2.46 0.15 12.95
Cr2B 26.93 0.24 5.80 2.12 0.11 14.04
Cr3A 14.14 0.27 5.60 8.94 0.26 13.19
Cr3B 25.47 0.27 5.27 2.60 0.14 16.86
also present (1%) but just in few samples located between 28.4 m 
and 64.4 m along the section, coupled with the appearance of 
protodolomite.

The bulk of these carbonates is made of biogenic residuals, 
mainly foraminifera and calcareous nannoplancton. The other 
minerals in the Argille Azzurre Fm. sediments of the Enza section 
are quartz (ca. 20%), clay minerals as smectite and illite (ca. 18%), 
feldspars (ca. 12%), plagioclase (ca. 9%); muscovite (ca. 8%) and 
chlorite (ca. 7%). The along section chemical profiles show a clear 
perturbation around 10 m (Tables 2 and 3; Fig. 5) where a positive 
peak of CaO, LOI and in part TOC is matched by a negative peak of 
to SiO2, Al2O3, Fe2O3, and K2O. This is the most evident occurrence, 
but as other minor peaks in the logs of these elements, reflect the 
biogenic carbonate/silicate proportion.

MgO displays a peculiar trend with a maxima in the central 
portion of the log (between 30 and 35 m) and an increasing trend 
up section. Cr and Ni show a similar trend. TOC has a variable 
distribution with concentrations around 0.6% up to 22 m, then a 
decrease around 0.4% up to 52 m and then an increase at the top of 
the section. The normalisation with respect to Al (Fig. 6) shows that 
the peaks of SiO2, Al2O3, Fe2O3, K2O, Cr and Ni persist at 10, 25 and 
50 m.

Figure 6 shows peaks in the normalized profiles of Cr, Ni and Mg 
between 30 and 40 m.
4.2. Carbonate geochemistry and mineralogy

Carbonate bodies are mainly composed of dolomite (in average 
68% bulk weight) with low and variable amounts of calcite (up to 
13%) (Table 4).

The detrital fraction (up to 41%) is similar in all the samples: 
major components are quartz, feldspars, plagioclase, clay minerals 
and micas. The concretion Cr3A has also high content of pyrite and 
arsenopyrite (5%) and is the only sample where strontianite is 
present (1%).
CaO Na2O K2O P2O5 LOI Mg/Ca Sr/Ca

(wt %) (wt %) (wt %) (wt %) (wt %)

25.26 0.55 0.58 0.09 37.06 0.6007 0.0018
23.47 0.66 0.94 0.09 30.87 0.4789 0.0018
24.01 0.60 0.63 0.09 36.53 0.6094 0.0021
24.56 0.60 0.62 0.08 36.08 0.6020 0.0016
25.54 0.57 0.77 0.11 34.77 0.5075 0.0018
24.91 0.52 0.63 0.06 36.73 0.6104 0.0017
25.07 0.53 0.60 0.07 37.27 0.6049 0.0018
24.59 0.60 0.72 0.10 34.73 0.5364 0.0023
24.40 0.58 0.66 0.10 35.83 0.6042 0.0020
24.05 0.59 0.74 0.12 34.58 0.5902 0.0022
22.96 0.66 0.98 0.08 29.68 0.4748 0.0023
24.67 0.54 0.63 0.11 36.07 0.6037 0.0018
24.41 0.58 0.66 0.10 35.61 0.6005 0.0023
23.08 0.72 1.03 0.14 28.15 0.4329 0.0019
24.47 0.61 0.63 0.10 35.58 0.6004 0.0022
24.32 0.66 0.68 0.11 34.33 0.5829 0.0019
22.68 0.74 1.07 0.10 27.78 0.4279 0.0017
25.11 0.54 0.62 0.08 37.03 0.5982 0.0020
24.46 0.66 0.65 0.11 35.40 0.5934 0.0022
24.01 0.74 0.94 0.09 29.84 0.4386 0.0020
23.46 0.62 0.90 0.10 32.70 0.5036 0.0014
23.90 0.37 0.57 0.21 36.59 0.5680 15.2939
22.31 0.50 0.85 0.20 32.07 0.6585 11.1116
23.85 0.45 0.61 0.23 35.05 0.4833 21.6196
22.80 0.68 0.84 0.14 28.26 0.6379 6.0197
21.32 0.82 0.73 0.23 27.66 0.7167 15.6611
27.29 0.92 0.78 1.30 27.33 0.6029 18.8705
26.43 0.73 0.75 0.32 21.16 0.6738 19.5430





Table 6
Minor elements in the carbonate concretions.

Sample V Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba La Ce Pb Th S TOC

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%)

En5 8A 24 35 <3 34 6 34 5 23 320 2 2 2 223 12 23 <3 <3 1950 0.48
En5 8B 40 56 <3 39 4 26 10 32 308 3 17 7 300 12 40 <3 <3 1060 0.60
En5 7A 22 36 <3 30 4 32 <3 30 356 3 2 6 264 <3 22 <3 6 2330 0.24
En5 7B 21 36 <3 27 12 29 <3 18 286 3 2 5 235 11 47 <3 7 2150 0.22
En5 7C 36 51 <3 33 12 40 10 29 332 2 2 6 269 4 39 <3 5 1380 1.00
En5 6A 26 39 <3 32 7 34 <3 25 301 2 2 8 250 <3 25 <3 <3 2250 0.45
En5 6B 24 35 <3 27 14 33 <3 22 331 2 2 5 258 11 31 <3 <3 2450 0.93
En5 6C 33 43 <3 38 10 39 5 36 413 2 2 6 250 10 53 <3 7 2660 0.36
En5 5A 27 37 <3 31 9 38 <3 26 349 5 2 5 245 9 44 <3 3 2160 0.67
En5 5B 32 50 <3 30 14 37 <3 33 384 4 2 6 273 9 37 <3 4 1850 0.26
En5 5C 44 65 4 45 10 51 13 48 380 7 19 9 278 18 37 <3 7 1590 0.40
En5 4A 26 35 <3 29 10 35 <3 21 310 4 2 6 243 <3 28 <3 4 2590 1.13
En5 4B 27 38 <3 27 6 35 7 34 397 3 2 6 259 4 25 <3 5 2061 0.77
En5 4C 45 70 <3 47 17 50 <3 36 310 3 6 5 296 13 33 <3 7 1340 0.29
En5 3A 23 35 <3 27 8 31 <3 24 376 5 2 4 272 9 25 <3 <3 2880 0.20
En5 3B 27 48 <3 33 6 36 4 24 334 5 2 3 258 <3 33 <3 5 2280 0.22
En5 3C 50 64 4 49 19 51 7 30 269 6 16 5 259 6 54 <3 8 1830 0.35
En5 2A 26 34 <3 29 10 35 <3 26 365 2 2 6 223 <3 31 <3 <3 2390 1.02
En5 2B 20 40 <3 30 6 33 <3 29 388 2 4 4 251 3 32 <3 10 1940 0.22
En5 2C 40 61 4 44 21 47 8 36 352 10 13 6 284 26 43 <3 4 1910 1.39
En5 1A 42 55 <3 37 17 44 <3 23 239 5 2 4 255 12 37 <3 <3 1750 0.49
En10 1A 39 36 <3 30 14 16 4 30 374 6 17 5 202 10 32 12 4 2520
En10 1B 49 58 <3 42 13 25 13 44 421 10 39 7 253 3 26 15 <3 2270
En10 2A 37 52 <3 25 9 16 5 36 466 10 34 5 251 9 13 11 <3 2380
Cr2A 41 71 <3 34 8 23 14 45 349 11 73 4 284 <3 3 13 <3 3560
Cr2B 46 67 <3 35 8 22 5 27 237 7 65 3 201 3 26 10 <3 3070
Cr3A 116 71 22 53 15 42 87 42 590 21 20 7 241 4 35 92 <3 32,000
Cr3B 40 58 4 39 12 20 41 17 159 3 36 <3 202 <3 <3 20 <3 4390














