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   Geology 103 Lecture #10
   Evaporite deposits, phosphate Boggs, 5th edition, pp. 168-174, 189-
   194
   - Today: Evaporite deposits, phosphatic rocks
   I) Evaporite deposits
   A) Chemistry of evaporites
   1) Chemistry of seawater
   - The first step toward looking at evaporites
   - Source of evaporites: is seawater
   - Note: "normal" salinity:
   - Includes all dissolved ions = 34.7 ppt
   - Most common ions: Cl-, Na+, Mg ++, SO4--, Ca++, K+...
   - Trace components: Br, F, B, Sr
   - These components of seawater can all contribute to evaporite
   mineralization
   2) Evaporation sequence
   - What happens first?
   - We will look at the evaporation of a volume of seawater, see what
   minerals would precipitate
   - Different minerals precipitate in order as ionic potential increases
   See Figure 8.3 from Reading (1986) Sedimentary Environments and
   Facies, p. 193. SEE SLIDES
   a) Calcite:
   - Precipitates if < 50% of seawater is removed
   - Only accounts for a small % of the total solids
   b) Gypsum:
   - Precipitates if 80-90% of seawater has been removed
   - Solution is denser
   c) Halite:
   - Precipitates if 86-94% of original seawater has been removed
   - Brine (solution) is very dense
   d) Potassic salts:
   - Precipitate if > 94 % of original seawater has been removed
   - So: ionic strength (potential) of evaporating seawater has a strong
   control over minerals that form
   3) Rates of evaporite deposition
   - Rates of evaporite deposition are FAST (compared to other sediments)
   See Table 8.4 from Reading, 1986, p. 194
   - Subaqueous evaporites may be deposited at rates exceeding 10 cm/yr!!
   - Compare this to mm/1000 yr for most sediments
   B) Evaporate minerals
   - Now: will look specifically at the minerals
   See Table 7.1 from Boggs, Principles of Sedimentology and
   Stratigraphy, p. 169. SEE SLIDES
   - 3 major groups:
   - Chlorides, Sulfates, Carbonates
   - Should know formulas for members of each:
   halite, sylvite, anhydrite, gypsum, calcite, dolomite
   Ask class: does this list include all of the evaporites?
   - Answer: NO!
   See Table 8.3 Reading (1986) Sedimentary Environments and Facies, p.
   193. SEE SLIDES
   - There are hundreds of evaporite minerals
   - Note: stability varies!!
   - Some forms do not persist
   - Common example: gypsum converts quickly to anhydrite
   - Anhydrite is common in the rock record, gypsum is common in near-
   surface environments
   C) Rock names
   Evaporite-rich rocks are named by the minerals present:
   Ex: Rock salt: is halite-rich
   Rock gypsum: is gypsum-rich
   Textures may also be used to name evaporites:
   Chicken-wire anhydrite = nodular
   Laminated (bedded) anhydrite = laminated
   Massive anhydrite = no internal structure
   D) Environments for evaporite precipitation
   - Evaporites form in a variety of settings:
   See Figure 7.6 from Boggs, Principles of Sedimentology and
   Stratigraphy, 5th ed., p. 173. SEE SLIDES
   - Volumetrically, each can be significant:
   1) Coastal evaporites
   - Form in a Sabkha environment: A coastal, supratidal mudflat
   - Evaporites do not precipitate directly from seawater
   - Evaporites replace other material (mineral) in the shallow
   subsurface
   - Marine processes dominate
   - One of the most interesting areas to sedimentologists
   - Forms many oil traps
   - Also provides one model for dolomite formation
   2) Eolian/interdune
   - Between sand dunes and ridges
   3) Continental: Sabkha/playa
   - Shallow saline lakes
   - Note: these models don’t explain all evaporites
   - The importance of shallow vs. deep water is still debated
   - A problem: To deposit 2000 m of evaporite, you would need to
   evaporate a LOT of seawater!!
   - Ex: Evaporation of the entire Mediterranean Sea would only produce
   60 m of evaporites
   - So: We need models or mechanisms that can replenish the supply of
   ions
   E) Models for evaporite sedimentation
   See Figure 7.7 from Boggs, Principles of Sedimentology and
   Stratigrapy, p. 175. SEE SLIDES
   1) Deep- water, deep basin model
   - Relies on a sill to separate the basin from open ocean
   - Allows occasional exchange and replenishment of marine water to the
   basin
   - Maintains a brine inside the basin
   2) Shallow- water, shallow basin model
   - Shallow, silled basin has hypersaline brine
   - A reef may act as the sill
   - Basin subsides to accommodate sedimentation
   - This model seems to fit several intracratonic basins:
   Williston Basin, Michigan Basin, Permian Basins (Midland and Delaware
   Basins)
   3) Shallow- water, deep basin model
   - Seawater seeps through the sill, replenishes ion supply in the basin
   - Evaporative drawdown keeps the water (brine) level in the basin low
   F) Large-scale patterns of evaporite deposition
   - Follow idealized precipitation sequence: as water evaporates,
   salinity (ionic potential) increases
   See Figure 8.40 from Reading, 1986, p. 219. SEE SLIDES
   a) In a closed basin:
   - Are ideally a bullseye pattern
   b) In a restricted basin:
   - Grow out from back edge
   II) Sedimentary Phosphorites
   - Sedimentary phosphorites are significantly enriched in P2 O5 (> 15%)
   - Occur in rocks of all ages, but mostly in marine sediments
   See Figure 7.18 from Boggs, Principles of Sedimentology and
   Stratigraphy, 5th ed, p, 224- See Slides
   - Common names:
   Rock phosphate, phosphates
   - Phosphates are commonly interbedded with marine shale, limestone,
   and dolomite
   - Implies a marine origin
   - Form in restricted areas near continental margins: where deep ocean
   currents are upwelling
   See Figure 7.20 from Boggs, Principles of Sedimentology and
   Stratigraphy, 5th ed, p, 229- See Slides
   - Phosphorus is a limiting nutrient in many marine and fresh water
   ecosystems: limits primary productivity
   - Very little phosphorus is supplied to the oceans by river inflow
   - When phosphorus is supplied by upwelling from the deep ocean,
   productivity skyrockets
   - A rain of phosphate-rich skeletal debris falls to the ocean floor
   - Minerals in phosphates are varieties of apatite and related
   minerals: Ca5(PO4)3F
   - Phosphatic deposits are also found where bat guano or bird guano are
   especially abundant- like some S. Pacific islands
   - Distinguished by chocolate brown color, may have pellets, lumps or
   nodules (mm scale)
   - Marine deposits often have nodules
   - Deposits can be extensive
   See Figure 7.19 from Boggs, Principles of Sedimentology and
   Stratigraphy, 5th ed, p, 226- See Slides
   - Ex: The Phosphoria Formation in Utah is phosphate-rich shale
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