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Abstract

The understanding of stratigraphic, structural, and petrographic features characterizing outcropping sandstone intrusions is fundamental for the
study of sand injection complexes. Their mutual relationships may strongly help in the discovery and development of oil-bearing sandstone
intrusions reservoirs. The Tumey Injection Complex (TIC) is a large sand injection complex intruding 350 meters of deep marine deposits of
the Kreyenhagen Formation (Eocene) in Central California and extending laterally for over four kilometres. From the base to the top this
formation consists of thin-bedded brown mudstones and shales alternating with two main levels of lithic sandstones. The sequence passes
upward to biosiliceous mudstones which are erosively overlain by other level of sandstone with shales on the top. A detailed geological
mapping supported by stratigraphic, structural, and petrographic analysis allowed understanding the relationships between the depositional
units and injections along different measured logs. The TIC is made by (1) host hydrofractured mudstones and shales, (2) depositional, locally
remobilized, lithic sandstones (parent units), (3) an interconnected network of sills and dykes, and (4) injection breccias developed in the base
of the biosiliceous mudstones. The parent units consist of amalgamated channelized lithic sandstones bodies containing preserved sedimentary
structures and mudstone clasts. These sandstones have been modified by liquefaction and fluidization processes promoted by overpressured
fluids feeding the uppermost intrusions net. The sills are structurally controlled by bedding whereas the dykes by a NW-SE oriented fracture
system probably driven by NE-SW stresses. The injection network shows a range of geometries like multi-layered sills, stepped dykes and
saucer shape intrusions. The depositional and injected sandstones have the same composition (lithic) and a provenance signature of recycled
orogeny. They differ from the sandstones of the underlying formations which show a different mineral assemblage and a provenance from a
dissected magmatic arc. This data attests that the parent units of the TIC are the sandstones of the Kreyenhagen Formation. The TIC is a sand
injection complex intruded in host mudstones producing a range of structures and features and it can be used as an analogous for subsurface
intrusive traps containing oil and gas.
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Introduction LEGEND STRUCTURES
Giant sand Injection complexes besides being special and intriguing geological phenomena play a very important role in the evolution of sedimentary @ . - @ P S e
basins and as hydrocarbon-bearing sandstone intrusion reservoirs (Jonk, et al. 2005; Hurst and Cartwright, 2007). They are typified by evidence of sand Profi T I § X.  Thrust and
fluidization and injection in the shallow crust and are recognized extensively in outcrops (Vigorito and Hurst, 2010) and in the subsurface (Hurst et. al., ronic - T~ _ |- UfarelFermation RGN
2003; Huuse, et. al., 2007). SW----NE 1 IB T~ uiB T~ =
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The Tumey Giant Injection Complex (TGIC) is a large sand injection complex intruding at least 350-400 meters of Eocene deep marine deposits of Multi-layered ~ | — |
Kreyenhagen Formation (KF) in the west portion of San Joaquin Basin in Central California, extending laterally for tens of kilometers. In order to better 400 ‘\ Folded Zone sills A N Breccia Zones Wing-likg . BEFOINEY sanos!eiEeay
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% Om 0,5 km 1 km 1,5 km 2 km 2 5 km 3 km 3.5 km 4 km 4.5 km 5 km Bl Lodo Formation (Paleocene)
Geological Setting = |
L p Moreno formation
The Tumey Giant Injection Complex (TGIC) is a large interconected sand injection net of fine- to medium lithic sandstones intruding a mudstone inter- Flg- 2 = Geologlcal section of Tumey Hiils (|OC8tIOn on Flgure 2)- LIB - Lower Intrusion Belt; UIB - Upper Intrusion Belt; LPU - Lower Parent Umt; UPU - Upper Parent Unit. P erEEeeeln e S 20egi)
val of the deep marine Kreyenhagen Formation (Eocene) in fore arc basin system with excellent expousures at Tumey Hills area (Figs. 1 and 2) = _ - | | —_ = _ 3 | N T - | a —a
The KF consists from the base to the top of thin-bedded brown mudstone with a lower channelized depositional lithic sandstone level. The sequence ArCh |teCtu ral Organ |Zat|0n
grades upward into pale biosiliceous mudstone that alternates with a upper deposits of channelized lithic sandstones representing turbidites as amalgam- Of TGI C ] . - . .
ated channelized fine- to medium grained lithic sandstone in which primary sedimentary structures are preserved and commonly have mudstone clast Tulare UPU -U pper Parent Unit Wlng like Intrusion BZ - Breccia Zones
and conglomeratic basal lags. The upper parts of the these sandstones are typically structureless by extensively liquefaction and fluidization processes Through detailed mapping the TGIC is subdivide Formsalt_'on PESES =S %%}%
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This interval of KF is compleately intruded by fine-to medium sandstones with similar composition of the turbidites. The sequenceis unconformable (2) Upper Intrusion Belt (UIB) (Figs. 2 and 3). Sazgi’iﬁne as part of the A UMRES L
overlaid by the Tumey Sandstone Lentil which cut the biosiliceous mudstones and the sandstone intrusions, constraining the sand injection complex event Unconformmity ~_—_—~_~ — — U I B | "";EE“’S"‘ : > N wing-like in- .
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Fig. 1 - A) Geological map of Central California with the study area location. B) Geological map of Tumey (Flgs ) Fig. 3 - Architectural organization and features of TGIC. (A) Stratigraphic column of Tumey Hills area . (B) Main injectite units of TGIC with respective outcrops and field observations.

Hills. IPU - Lower Parent Unit; UPU- Upper Parent Unit.
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Petrographic analysis

The petrography of TGIC consisted analysis of all representative sand-

stones units that could be related to the sand injectition system (Fig. 4). The

description and classification of sands from different strata allow the compara-
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tive analysis of composition, texture and provenance of each sandstone body
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from diferent units (Fig.5 and 6). 300

CQuestions to answer >

What is the composition, texture and provenance siganture of the
sandstones bodies?
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PrOﬁ Ie B Tumey sandstone Lentil
‘ SW----NE Kreyenhagen | - White biosiliceous shale and diatomites N
Formation o - Injection breccias
_ 8 Grey medium lithic sandstone (turbidites) TGIC
:D Panoche Va”ey Land slide (Eocene) Parent Units | Sandstone Intrusios
. B Brown chocolate mudstones and shales / (sills and dykes)

.| Domengine Formation (Eocene)
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; Moreno formation
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Figure 4 -A) Block diagram of possible sand injection features and the relative relation-
ship of two compositionaly different parent units. B) Hypothetical models with three differ-
ent potential parent units in different cross cutting relationships.

Which of these sandstones have similar characteristics?

Are the sandstone intrusions made of more than one composition?

Fig. 5. Geological cross section of Tumey Hiils with the location of the main sandstone samples to thin section analysis showed in the figures 6 and 7.

Conclusion remarks

Which are the parent units of the injection complex? s ] D?sc/riptioﬂn Sandstone — ——
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To answer these questions geological mapping and sampling of the sedimenta-
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Data Integration

The integration of the geological mapping and the petrography of the TGIC allowed the
iImprovement of the understanding of how it was formed as well as the organization of the
main architectural elements of the complex (Fig. 10). It also define the petrographic charac-
terization of each element of the complex and its inter relationships.

The TGIC was formed by an overpreesured system that increased the pore fluid over-
pressure until reach and overcome the fracture-pressure gradient of the host mudstone and
shales producing the desequilibrium compaction and shear-induced liquefaction of the
sands in the parent units (Fig. 11). This overcome generated the hydrofracture and breccia-
tion of the host rocks as weel as the fluidazation and remobilization of the sand and injec-
tion through the fracture system.

The intrusions created two main disticnt regional scale injection geometries. In the lower
level (LIB) the saucer-shape intrusion with multy-layered sills connected by dykes
(Figs. 10B and 10C). In the upper level (UIB) ocurred the predominance of stepped dykes
and sills forming conical-shape intrusions with wing-like intrusions (Figs. 10, 12 and
13).

The intrusive network comprises near to bedding-parallel sills and bedding-discordant
dykes that are emplaced in a NW-SE oriented fracture system constrained by NE-SW
stresses Figs. 10B).

Pressure

Fig. 11 - A) Possible pres-
sure-depth path (dashed black
line) for a sand body envel-
oped In low-permeability
strata. B) Grain fabric changes
that accompany overpressur-
InNg in a sand body. Modified
from Hurst et. al., (2011).
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Flg 14 . Seismic ex- |

pression of conical sand-
stone intrusions and wing
structures (Cartwright et.
al., 2008).

A - Profile from the Faeroe—Shetland

Basin showing a number of discor-
dant, ‘v-shaped’ high amplitude re-
flections.

B - Seismic profile across the Cuillin }+ o

Fan in the Faeroe—Shetland Basin, s
showing discordant amplitude anom- -
alies.
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Conclusions

- Petrographic studies of the sandstones give the information about textural and
mineral composition, micro-structures, and source area (provenance) of each unit.
These parameters were crucial on the definition and characterization of sand injection
bodies and its respective parent units, improving the understanding of the evolution of
the TGIC and the depositional sandstones of Pelocene and Eocene epoch in the San
Joaquim basin.

- The mapping of TGIC revels an architectural organization of two distinctive intru-
sion belts with sill-dominated saucer-shape intrusions and the stepped-dykes dominat-
ed with the development of wing structures. These geometries are identified in subsur-

face seismic data and can be directly correlated as an outcrop analog (Fig. 14).

- The TGIC is a good example of a giant sand injection complex that is valuable an-
alogue to support subsurface analysis of similar geological environments.
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