Metalliferous sediments of the hydrothermal field Pobeda-1, Mid-Atlantic Ridge: key to the geochemical and temporal evolution of the venting system
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Metalliferous sediments are associated with seafloor hydrothermal vent systems widely developed at mid-ocean ridges. They record modern and/or ancient hydrothermal activity and can be extremely informative in understanding of geochemical evolution of the system, sources of metals and processes of ore accumulation. As the last heavily depends on the time span of the vent system circulation it becomes crucial to reconstruct the duration and periodicity of hydrothermal activity. Apart from sulfide dating, important chronological information can be obtained from examination of sediment cores. Unlike sulfides they maintain continuous records of the hydrothermal events and thus can play a crucial role in understanding of the duration and time span of the ore-forming processes. Despite the fact, that they also encounter some obstacles due to the changes in sedimentation rate, interruption of sedimentation process, disturbance of the accumulated sediments and some others it still remains quite informative.
In order to reconstruct geochemical and temporal evolution of hydrothermal system within recently discovered Pobeda ore field (Bel’tenev et al., 2015) we have performed geochemical and geochronological study of sulfide ores and a core of metalliferous sediments. The field Pobeda-1 is located at 17°09΄ N, a depth of 1950-2400 m at the eastern slope of the rift valley and consists of four sulfide ore bodies (fig. 1) composed of several ~10 m high edifices and ore talus. Together with metalliferous sediments it covers an area of about 750 m2 (Bel’tenev et al., 2016). Core 75k (64 cm deep) was recovered by TV grabs from the depth of 2208 m below water surface in close proximity to sulfide ore body II. 
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Figure 1. Schematic map of Pobeda-1 hydrothermal field with the positions of the studied core (modified after Bel’tenev et al., 2016).

Sediments are mainly foraminiferal oozes with small amounts of sand material and organic detritus (bivalvia and pteropod shells). On-board observation revealed gradual contacts between different lithological units within the core except for one at a level 46 cmbsf between the metalliferous and overlying sediments (Bel’tenev et al., 2016).
The core was put to detailed geochemical investigation through each 1 cm. Sixty-two samples were analyzed for S, Mn, Fe, Cu, Zn, Pb, As, V, Cr, Co, Ni, Si, Ti, Al, Mg, Ca, K, P, Sr, and Ba concentrations by XRF spectrometry. Chemical composition of 12 sulfide ore samples from hydrothermal field Pobeda-1 was also determined by the same method and set of elements in the same Keppen-Laboratory of the St. Petersburg State University. Seven 14C data were also performed in the Laboratory for the different parts of the sediment core.
Geochemical composition of studied core is typical for metalliferous sediments – they are strongly enriched in Fe, Mn, and other transition elements relative to normal pelagic sediments. Besides CaCO3 which content varies from 34 to 71 wt%, the main constituents are Fe (3-18 %) and Si (0,6-7,0 %). Among minor elements are Cu (0,2-1,7 %), Al (0,2-1,8%), Mg (0,1-1,8%), K (0,1-0,5 %) and also P, Sr, Mn, Zn and V (up to 0,2%). Sulfides are composed of massive pyrite-marcasite ores with pyrrhotite relicts, pyrite-chalcopyrite and pyrite-sphalerite assemblages, ore breccias and stockwork. The bulk chemical and trace-element analysis indicate that the high Cu and Zn, concentrations (up to 18 and 2% respectively), and elevated Ba, Sr, As, Co, Ni are typical for chalcopyrite and sphalerite-bearing samples whereas pyrite-marcasite ores are moderately enriched in Fe, Mn, Pb and V.  
Vertical distribution pattern of some elements in the core shows levels of pronounced enrichment of Fe, Mn, Cu, Zn, V, Cr and Pb which maxima occur at 4-9, 12-17 and 46-63 cmbsf (fig. 2). The edge of last maximum corresponds to the sharp interlayer contact observed between coccolite-foraminiferal oozes and metalliferous deposits. Others such as Sr, Ba, Al, Ti, K, As and Si tend to follow distinct patterns, sometimes opposite to that of ore elements. 
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Figure 2. Lithological composition of core 75k, its 14C ages and down core distribution of elements.

A strong positive correlation was revealed between Fe and Co, Zn, Pb, V, As, P and Ba. On the other hand, P correlates negatively with Sr and Ba. The source for the first group of elements might be hydrothermal precipitates as it was established earlier for Pacific sediments (see for example Dymond, 1981; Gurvich, 2006). Other elements exhibited bimodal distribution in the sediments or no linear relations at all. Figure 3 demonstrates a typical example of such bimodal element distribution: with Fe/Cu ratio 81 (1) and with Fe/Cu ratio 8 (2). Projection of the first correlation line will inevitably end up at an area of pyrite-chalcopyrite (Cu-type) ores while the second trend will end up close to pyrite-marcasite ores (Fe-type). It allows us to suggest that different parts of the core sediments present mixtures of three end-member phases – enriched in Cu and Fe (A), enriched in Fe (B) and depleted in both elements (C).  Phase C is probably a carbonate matter, whereas phases A and B correspond more likely to hydrothermal fluid precipitates which composition evolved through the studied time interval (about 40 ky) from Fe- and Pb- to Cu- and Zn-enriched.
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Figure 3. Linear relationship between Cu and Fe in the sediments (open circles) and sulfide ores (filled circles). Open square shows theoretical position for phase C (see text for further explanations). Cu-type correspond to pyrite-chalcopyrite ores, Fe-type for pyrite-marcasite ores. Numbers in circles indicate two different correlation trends.
Figure 2 presents preliminary 14C ages of core sediments which were calculated without accounting of isotope exchange effects. It is well known that marine carbonate rocks are prone to isotope exchange with the dissolved hydrocarbonates of near-bottom ocean water which affects its primary isotopic composition. So, these ages should not be accounted as definite. Nevertheless, we can assume that ages of the sediments vary from 5 ky at the top to 30.3 ky at a layer 40-42 cm. It is interesting enough that underlying metalliferous deposits demonstrates younger 14C age of 22.3+/-0.25 ky. This might be caused by sediment perturbations (like downslope displacement). According to 14C data the average rate of sedimentation for the core 75k was about 1.6 cm/ky. It varies with the depth from 0.9 cm/ky for the upper 2-18 cm to 2.8 cm/ky for the lower 18-40 cm. However, it is in a good agreement with the rate of sedimentation for metalliferous deposits at other Mid-Atlantic Ridge hydrothermal fields: Logatchev-1 (1.35 cm/ky), Krasnov (1.30-0.94 cm/ky) and Ashadze-2 (2.6-0.48 cm/ky) obtained by 230Th chronometry (Kuznetsov, Maksimov, 2012). 

Taking into account the position of ore elements maxima and 14C ages of sediments we can calculate the time span of hydrothermal activity which led to the formation of metalliferous layers. It fits in interval of 6.4-9.6 ka which is similar to estimation of ~10 ka given by E.G. Gurvich (Gurvich, 2006). 
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