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Sedimentary facies characteristics and metallogenic model of the lower Cambrian Maidiping

formation in the Huangjiaping phosphate deposit, Mabian County, southern Sichuan

Abstract: The lower Cambrian Maidiping formation in the Mabian area of southern Sichuan is a crucial ore-bearing
horizon for Kunyang-style phosphate ores. The sedimentary paleoenvironment controls the distribution of phosphate ore.
Based on the field section measurements and borehole core observations of the phosphorus-bearing strata of the Maidiping
formation in the Huangjiaping area of Mabian, the characteristics of the sedimentary phases, phosphate massifs, and the
mode of phosphate ore genesis of the Maidiping formation were studied in detail. The study shows that the Maidiping
formation has developed carbonate tidal flat sedimentary facies, and six micro-phases can be identified in three subphases:
supratidal flat, strand flat, and subtidal flat. The supratidal flat includes supratidal beach and supratidal dolomite flat; the
strand flat includes tidal channel, intertidal beach, and intertidal limestone flat; the subtidal flat is only developed with the
low-energy subtidal flat, showing a sedimentary evolution sequence of sea recession and sea erosion in the vertical
direction. Based on the finding, we established the bay—tidal flat depositional model in the Maidiping formation. The
sedimentary facies strictly controls the enrichment of phosphorite, and the intertidal beach and tidal channel with high
energy hydrodynamics in the strand flat is the most favorable environment for phosphorite formation. The sand—gravel
phosphorite is the most widely developed phosphorite type in the Mabian area. The mineralization mode of phosphate
deposits is that the rising ocean current brings phosphorus-rich seawater into the tidal flat environment of the bay, and the
phosphorus condenses and accumulates in the form of colloid-chemical, by biological and chemical interactions, forming
semi-solidified and weakly-solidified phosphate sediments, which are then subjected to water scouring, crushing,
transporting, and precipitation again, and then formed into high-grade phosphate masses after compaction and
consolidation.
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Fig. 1 Regional geological map of the study area

(a) Sedimentary facies and palaecogeography in the middle-upper Yangtze area during the Early Cambrian Meishucunian (Mou et al., 2012); (b)

Geological sketch of northeast Huangjiaping phosphate deposit, Mabian County, Sichuan Province
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Fig. 2 Synthetical histogram of sedimentary facies of the lower Cambrian Maidiping formation in the Huangjiaping phosphate deposit, Mabian

County
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Fig. 3 Typical sedimentary features and microscopic characteristics of the lower Cambrian Maidiping formation in the Huangjiaping phosphate
deposit, Mabian County

(a) Macrophotograph of the Maidiping formation; (b) Macrophotograph of the phosphorite layer (enlarged by the box in Fig 3a), and siliceous
dolomitite lenticle is seen at the arrow; (c) Hydromica clay rock; (d) Nodular limestone; (¢) The carbonaceous mudstone of the Qiongzhusi
formation is in disconformity with the dolomites of the Maidiping formation; (f) Phosphorus-bearing dolomite with phosphorus gravels
disorderly distributed; (g) Arenite phosphorite, mostly with round, oval arenite and irregular micritecollophanite and dolomite as interstitial
materials (+); (h) Sand-gravel phosphorite, developed with a sedimentary sequence consisting of multi-stage scouring surface and normal graded
bedding; (i) Sand-gravel phosphorite, developed with a sedimentary sequence consisting of multi-stage erosion surface and normal graded
bedding

€, m '—the first member of the Maidiping formation; €, m *~the second member of the Maidiping formation; Z, dn *~the fourth member of the

Dengying formation
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Fig. 4 Sedimentary features and microstructures of phosphate rocks in the first member of the lower Cambrian Maidiping formation in the
Huangjiaping phosphate deposit, Mabian County

(a) Banded phosphorite, intercalated with siliceous lenticle, is intermittently distributed in a lenticular pattern; (b) Dense massive sand-gravel
phosphorite interspersed with dolomite stripes; (c) Phosphorus-bearing dolomite with veined beddings; (d) Sand-gravel phosphorite with micro
wavy beddings; (e) Arenite phosphorite, with phosphorus oolitic structure. Phosphorus crust is developed around the grain, with certain
orientation along the long axis (+); (f) Siliceous dolomitite with siliceous bands and horizontal laminations; (g) Phosphorus-bearing siliceous
dolomitite intercalated with siliceous lenticular; (h) Phosphorus-bearing fine-crystalline dolomite (+); (i) Phosphorous fine-crystalline dolomite,
and collophanites are mostly ellipsoid or irregular arenes (+); (j) Phosphorus-bearing siliceous dolomitite intercalated with siliceous lenticular

and horizontal beddings; (k) Phosphorus-bearing hydromica clay rock with horizontal beddings
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Fig. 5 Sedimentary characteristics and microscopic characteristics of of the second member of the lower Cambrian Maidiping formation in the
Huangjiaping phosphate deposit of Mabian County

(a) Clay rock with muddy texture (+); (b) Nodular limestone with bioclasts and phosphorous gravels in the tumour-body and obvious corrosion
traces at the edge of the tumour-body, and the matrix is argillaceous; (c) Nodular limestone (enlarged by the box in Fig 5b); (d) Phosphorus-
bearing fine-crystalline dolomites with some collophanite gravels wrapped with fine dolomite and quartz particles (+); (e) Phosphorus-bearing
dolorudite with rodlike gravel-sized grain vertical distributed; (f) Phosphorus-bearing fine-crystalline dolostones with orientation; (g) Fine-

powder crystalline dolostones with bird’s eye structure; (h) Phosphorus-bearing dolomite with dentoid gypsum dissolution pores
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Fig. 6 Phosphorus mineralization model of the lower Cambrian Maidiping formation in the Huangjiaping phosphate deposit, Mabian County

(a) Sedimentary model of the Maidiping formation; (b) Enrichment model of phosphorite, and (D, 2 and 3 correspond to the positions in Fig. 6a
respectively. (D represents the initial phosphorite enrichment stage, in which a small amount of laminar or banded phosphorus sediments were

formed by the intermittent water scouring; @ and 3 are the later stages, where high-grade striped or dense massive phosphorites were formed

under the action of scouring and winnowing, respectively.
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