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Abstract

The Miocene Monterey Formation of California provides a potentially unsurpassed archive of Neogene paloeoclimatic and paleoceanographic
evolution as its deposition spans the Miocene Climatic Optimum and the Miocene Climatic transition. It is an important reservoir of organic
carbon, potentially large enough to have influenced the global transition from greenhouse to icehouse conditions, as well as being the major
source rock for petroleum in California. Highly biosiliceous, it is the best-studied of the world’s Neogene diatomaceous deposits that developed
along oceanic upwelling margins in the Miocene. It accumulated in numerous new and rejuvenated sedimentary basins that developed with the
transition from convergent to transform geometry along the Pacific-North American plate margin. The bathymetry of these basins intercepted
open-ocean oxygen minimum zones or created restricted, silled basins that helped preserve organic matter and minimized bioturbation and
degradation of a detailed sedimentary record. Although the member-scale compositional lithostratigraphic succession is similar between basins
— reflecting the climatic/oceanographic stages of the Miocene — local bathymetric gradients and local exposure to deep bottom-scouring
currents, created large lateral variation in environment, sediment thickness and composition. These lateral variations are critical controls of
reservoir and source-rock properties, and also provide challenges and opportunities for generating quantitative histories of biogeochemical
fluxes and paleoceanographic conditions.
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Miocene Monterey Formation

Important link to past climate change
*Important storehouse of carbon
*Major source & reservoir of oil in California

*Characteristics
*Fine-grained (mudstone)
Siliceous (diatom silica-rich)
*Organic matter-rich
*Thin-bedded, laminated

*Age: approximately ~17-6 Ma
*Related deposits span the Pacific Rim
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Bio-Siliceous Sediments are Common

Modified from Hein & Parrish (1987) and other authors



Oceanic Production of Organic Matter
by Photosynthesis (mostly diatoms) is
similar to the Neogene Slllceous Deposits
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Production at surface doesn’t necessarily
mean preservation in the sediment



The Monterey records 5180

the Cenozoic

Climate Transition
from “Greenhouse”,

to “Icehouse”
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Basins formed as the Farallon plate split apart
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Neogene Basinal Stratigraphy

Generalized Basinal Facies of the Monterey Formation
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Irregular depositional surface
& lateral changes in thickness
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Tilted Fault Blocks of the
Offshore Santa Maria Basin

Doris & Behl, 2014
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Plio-Pleistocene inversion & deformation

of thick Miocene depocenters formed oil fields
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Main Sedimentary Components
*Silica
Carbonate
*Organic matter
Phosphate
Detritus (clay, silt & sand)

High diagenetic potential of silica,
carbonate, phosphate & organic matter
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Biogenic or Diagenetic Silica
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Silica Diagenesis

2-step dissolution/reprecipitation:
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Biogenic silica

— Diatoms, radiolarians, sponge
spicules, silicoflagellates, phytoliths

* Hydrous opaline silica
18K L
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1° Diagenetic silica
— Complete dissolution of diatoms, etc.
V75 Reprecipitation as opal-CT

* Hydrous silica with poorly ordered
structure of cristobalite and tridymite
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b Eo
* Diagenetic silica
— Complete dissolution of opal-CT.
— Reprecipitation as quartz

1pm

* Microcrystalline, chalcedonic, megacrystalline
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Sedimentation of Hemipelagic Sediments
Vertical Settling
*Flocculation
Fecal pellets
*Marine snow
Diatom mats and TEP aggregates

Lateral & downslope transport
*Surface suspension (hypopynal flow)
*Nepheloid plumes (hyperpynal flow)
*Turbidity currents
*Slumps
*Resuspension or reworking by currents



Bathymetric Depositional Patterns

Uniform thickness/
Uniform composition

Basinal thickening/
Uniform composition

B
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Basinal thickening/
Silica-rich basin

Basinal thickening/
Detrital-rich basin

Erbele and Behl (2015)



Lateral Variation: Zone E
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Controls of Sediment Distribution

Seafloor morphology
— Basin, slope, banktop/shelf

Proximal or Distal setting

— Inner or outer basins
Arid or Humid climate

— Riverine or eolian supply, or starved for detritus

Currents

— Marginal location and water depth



Organic Carbon (TOC)

* Mostly type Il kerogen - marine algae
 Mostly between 2% - 6%
* Highest in phosphatic mudstone /

carbonaceous marlstone

— Up to 23% TOC
(34% organic matter by weight)



Where the Oxygen Minimum Zone (OMZ) hits the
seafloor affects organic carbon preservation
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Semi-enclosed basins can have spatially &
seasonally complex upwelling patterns
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Riverine & Eolian detritus (sand, silt, clay...and iron)
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Climate Cycles & Lithocyclicity

Evolution of Earth, atmosphere and biosphere

Tectonic cycles: mountain building and weathering annual
L solar forcing
5 Orbital
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Environment=»Sediment=2 Diagenesis=» Rock Properties=»P&P & Def’m Style
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Monterey Summary

Important link to global change & tectonics
Spans the Pacific Rim

Organic-rich, highly siliceous, fine-grained
Vertical and lateral lithofacies variations

— Global and local controls
Thin-bedded and cyclic bedding

High diagenetic potential of silica,
carbonate, phosphate & organic matter

Composition and diagenesis controls physical properties
of sediments and mechanical stratigraphy
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